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WTMIP SOP 001 – Operation and 

Maintenance of TriOS OPUS & TriOS NICO 

Optical Nitrate Sensors 

1. Purpose and scope 

This document provides guidance on the procedures employed during the Wet Tropics Major Integrated Project (WTMIP) to 
use TriOS OPUS and TriOS NICO sensors for the measurement of nitrate in water. 

The methods outlined in this document apply to the operation and maintenance of TriOS OPUS sensors used to collect high-
frequency nitrate data from streams and TriOs OPUS and TriOS NICO sensors used as mobile units to take on-the-spot 
nitrate measurements in the field. 

2. Training, competency and responsibilities 

Program staff, contract staff, landholders and external stakeholders participating in the collection of samples are provided 
with training in water sampling methods. Records of participant competency are maintained within the Terrain Natural 
Resource Management (NRM) file management system (SharePoint). 

Table 1 Roles and responsibilities of WTMIP program participants 

Position Responsibilities 

WTMIP Project Leader Provide resources for the implementation and continued 
development of this method. 

WTMIP Water Quality Project Officers 
(Leader/Technicians) 

Ensure methods described in this method document are 
followed. Train new staff members in the methods. 
Continually review and develop the methods where 
appropriate. 

WTMIP program staff, contract staff, landholders and 
external stakeholders 

Follow the methods described in this document. Provide 
feedback to WTMIP Water Quality Project Officers for 
continued development of this method document. 

 

3. Workplace health and safety 

Field-based work activities must adhere to Terrain NRM work health and safety (WHS) requirements. The following 
procedures and available equipment must be considered prior to undertaking laboratory or fieldwork: 

▪ Joint Corporate Nature, Terrain NRM, Cape York NRM and Northern Gulf Resource Management Group Health and 
Safety Policy and Procedures Manual. 

▪ Terrain NRM Water Quality Monitoring Risk Assessment. 

▪ Trip plan, including call-in schedule and emergency response procedures. 

▪ Communication devices required for the trip (e.g. mobile phone, SPOT GPS device, EPIRB). 

▪ First Aid Kit. 

▪ Personal Protective Equipment, such as safety boots, pants, long sleeved shirt, hat, safety glasses and gloves. 

4. Record Keeping 

For each instrument the following procedures and documents should be established and kept up to date: 

▪ List of spare parts and suppliers/sources of repair. 
▪ Written inspection, maintenance and nitrate standard spot check schedules. 
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▪ Maintenance sheet which has a record of inspection, maintenance and repair activities detailing dates and people 
involved (Figure 1). 

▪ Nitrate standard spot check report which has a record of nitrate standard spot check activities detailing dates, 
times, results, standard(s) used, and people involved (Figure 2). Keeping records allows it to be determined 
whether the equipment has been maintained in a sound operating condition and the recorded data is credible. This 
information is vital when undertaking investigations or if an audit is taking place. 
 

Maintenance sheets and nitrate standard spot check sheets are kept in SharePoint under MIP - Knowledge and info - Data 
Storage – Local Scale Monitoring. 
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Figure 1 Maintenance sheet 
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Figure 2 Example of standard check sheet for TriOS OPUS and TriOS NICO 
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5. Equipment 

The TriOS OPUS and TriOS NICO are optical sensors and should not require calibration to maintain accuracy; however, 

nitrate standard spot checks are required to maintain confidence in operational performance. Equipment required for 

this procedure includes: 

▪ Toughbook with downloaded nitrate standard spot check record sheet and Device Configuration Utility 
program. 
▪ 12V battery, 700-Watt invertor, 12V 1.6 Amp battery charger, G2 Interface box, G2 interface power cable and 
Australian power plug/adaptor, ethernet cable accessories for mobile units. 
▪ Data logger to Toughbook USB cable for in-stream units. 
▪ Certified 0 mg/L, 1 mg/L and 10 mg/L nitrate (as nitrogen) standard solutions. 
▪ Laboratory-verified 0.125, 0.25, 0.5, 1, 2, 4 and 8 mg/L nitrate (as nitrogen) standard solutions (prepared on 
request by CRC Water Laboratory). 
▪ VALTub (leakproof container used for validating TriOS photometers). 
▪ Personal Protective Equipment (PPE) – protective glasses, gloves, long sleeve shirt, closed-in shoes. 
▪ TriOS OPUS and NICO maintenance worksheets. 
▪ EnviroSys field app nitrate standard spot check report template. 
▪ Lint free cleaning cloths and reverse osmosis (RO) water. 
 

Figures 3 and 4 show the TriOS OPUS and TriOS NICO. Figures 5 and 6 show the Toughbook and the icon for the Device 
Configuration Utility desktop app used to access data at in-stream monitoring stations. Figures 7 and 8 show the PPE to 
be used when conducting nitrate standard tests and an example of the standards required. Figure 9 shows the VALTub 
which is used to hold the nitrate standard or sample solution. Figures 10 to 15 show the equipment required power the 
mobile TriOS sensor and perform a nitrate standard test. Table 2 lists the standards and solutions required to undertake 
a nitrate standard spot check. 

 

  

Figure 3 Trios OPUS (Source: TriOS OPUS manual, 2017) Figure 4 Trios NICO (Source: TriOS OPUS manual, 2017) 

 
 

Figure 5 Toughbook  Figure 6 Device Configuration Utility desktop app 
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Figure 7 Gloves (Source: officeworks.com) and safety glasses 

(Source: rowe.com.au) 

Figure 8 Nitrate standard spot check solutions 

 

 

Figure 9 VALtub (Source: TriOS OPUS manual, 2017) Figure 10 G2-Interface box (Source: TriOS OPUS manual, 

2017) 
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Figure 11 12V battery Figure 12 700-Watt invertor (Source: 

supercheapauto.com.au) 

 

 

Figure 13 12V 1.6Amp battery charger (Source: 

supercheapauto.com.au) 

Figure 14 EnviroSys Field App nitrate sensor standard check 

form 
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Figure 15 Mobile TriOS nitrate sensor set up 

 

 

Manufacturer  
  

Parameter/Reagent  Nitrate standard spot check point  

Cairns Regional Council Water 
Laboratory  

Milli Q water Pre-nitrate standard spot check rinse and zero-
point check 

Cairns Regional Council Water 
Laboratory  

Reverse Osmosis water Pre-nitrate standard spot check rinse 

ACR  Nitrate as nitrogen (NO3-N) 1, 10 mg/L N 

Cairns Regional Council Water 
Laboratory 

Nitrate as nitrogen (NO3-N) 0.125, 0.25, 0.5, 1, 2, 4 and 8 mg/L N 

Table 2 Nitrate standard spot check solutions 

  

G2 Interface box to 
laptop ethernet (LAN) 
cable 

G2 Interface 
box Rechargeable battery 

Battery to inverter power 
cables 

700 Watt Inverter Power connection 
from inverter to G2 
Interface box 

Power and 
communications cable 
from G2 Interface box to 
OPUS/NICO 
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6. TriOS nitrate sensor overview 

6.1 TriOS OPUS 

The TriOS OPUS is a versatile optical sensor for the measurement of nitrogen and carbon compounds (TriOS, 2017a). The 
OPUS differs from other optical sensors with its ability to correct for turbidity, salinity and organic ingredients (CODeq, 
BODeq, DOCeq and TOCeq) when measuring for nitrate (TriOS, 2017a). The WTMIP is using the TriOS OPUS as an in-
stream and mobile real time nitrate sensor in both fresh and brackish water environments. All WTMIP TriOS OPUS 
sensors are equipped with 10 mm optical pathlengths and the information provided in this document will refer to 
operational information relevant to sensors with 10 mm optical pathlength. Further information for sensors’ equipment 
with shorter or longer pathlengths can be found in the TriOS OPUS user manual (TriOS, 2017a). 

The TriOS OPUS sensor uses known absorption levels of different parameters to determine nitrate (as nitrogen, NO3-N) 
concentrations in water environments. The following diagram shows the TriOS OPUS optical arrangement (Figure 16). 
For more information on the theory on which the sensor is based, refer to Section 2.3 Measurement and Design, in the 
OPUS manual located on SharePoint: 

https://terrainnrm.sharepoint.com/projects/MIP/ManualsOperating%20Procedures/OPUS%20-%20manual%20(D01-
049en201706a,%20lr).pdf 

 

 

Figure 16 Trios OPUS optical arrangement (Source: Trios, 2017a) 

Optical path absorption range 
To ensure the accurate performance of the TriOS OPUS, the optical path length of the sensor is chosen so that 
absorption at desired wavelengths does not exceed the optical range. As the absorption spectra for nitrate and nitrite 
are very similar, if absorption levels exceed upper thresholds, or drop below the lower threshold, the TriOS OPUS is 
unable to discern a difference between the two parameters. This introduces uncertainty to the measured value (NO3-N) 
or it may not be able to be calculated at all, in which case the OPUS will register a ‘NAN’ reading (TriOS, 2017a). 
Measurement ranges of the TriOS OPUS and the effects of salinity and turbidity on absorption levels can also be found in 
the sections below. 

The absorption levels limit at 210 nm and 360 nm are shown in Table 3. Green indicates that the levels are within 
acceptable limits, yellow is acceptable but close to its limit, and red is unacceptable, indicating the nitrate readings 
produced are questionable.  

https://terrainnrm.sharepoint.com/projects/MIP/ManualsOperating%20Procedures/OPUS%20-%20manual%20(D01-049en201706a,%20lr).pdf
https://terrainnrm.sharepoint.com/projects/MIP/ManualsOperating%20Procedures/OPUS%20-%20manual%20(D01-049en201706a,%20lr).pdf
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It is possible when nitrate readings reach the higher end of the OPUS detection limits (10 mg/L) for absorption to go out 
of range at Abs210. If all other parameters are within range, the remaining wavelengths employed by the TriOS OPUS 
will compensate, albeit with a small loss in accuracy (pers. comm. Annemarie Koppen, TriOS Support, email dated 21st 
January 2020). 

 

Table 3 TriOS OPUS absorption limits at 210nm and 360nm (Source: TriOS, 2017a) 

Measurement ranges and limits of detection 
The measurement ranges and limits of detection for available parameters on the TriOS OPUS depend on the pathlength 
selected. Different pathlengths have differing absorption capabilities which affect the measurement range and limit of 
detection. All TriOS OPUS used in WTMIP are set at a 10 mm path-length which was chosen under the guidance of the 
Queensland Department of Environment and Science (DES). Previous work conducted by DES with TriOS OPUS in the 
Tully and Johnstone basins has shown the 10 mm pathlength to be the most effective given likely local nitrate and 
turbidity ranges. This, however, is site-dependent and it is prudent to collect local data from new locations to determine 
the best optical pathlength for any new installation (pers. comm. Ben Ferguson, Department of Environment and 
Science, email dated 16th October 2018). The table below describes the measurement ranges and limits of detection for 
a TriOS OPUS with a 10 mm path-length (Table 4). 

 

 

 

Table 4 TriOS OPUS 10 mm path-length measurement ranges and limits of detection (Source: TriOS, 2017a). 

Salinity 
Salt water can affect TriOS OPUS readings of nitrate and give inaccurate results unless a salt or brackish water calibration 
(LSA) is applied. The salinity tolerance range varies depending on the path length selected. The table below describes the 
tolerance range of the TriOS OPUS at each pathlength before a salt or brackish water calibration is required. The WTMIP 
TriOS OPUS operate at a 10 mm pathlength (Table 5). 
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Path (mm) Sea salt (PSU) Salinity (µS/cm)  
(values estimate based on Wagner et al, 

2006 Table 1) 
0.3 33 19,931 

1 10 17,000 

2 5 9,000 

5 2 3,800 

10 1 2,000 

50 0.2 500 

Table 5 Trios Opus limit values for sea salt (Source: TriOS, 2017a and Wagner et al, 2006). 

For brackish water (monitoring sites with known salinity influence above 1 Practical Salinity Unit (PSU)) three LSAs are 
used. Two LSAs are calibrated for varying levels of salinity and one LSA for freshwater (i.e., salinity below 1 PSU). The 
type of LSA used at any time depends on the salinity level (PSU) at the time of reading. The in-stream TriOS OPUS relies 
on an external conductivity sensor reading which triggers a Modbus command from a data logger to the OPUS to switch 
to the required LSA. For the mobile TriOS OPUS this is a manual process (Section 8). The salinity ranges of each LSA can 
be found in Table 6 below. 

LSA Name 
  

Salinity Range (PSU) Salinity Range (µS/cm) 
(values estimate based on Wagner et al, 
2006 Table 1) 

003C (N_NO3 & DOC)  Above 25 PSU Above 38,000 
 

103C (N_NO3 & DOC) 1 to 25 PSU 2,000 – 38,000 

203C Below 1 PSU Below 2,000 

Table 6 Brackish water LSA salinity range for TriOS OPUS with 10 mm pathlength (Pers. comm. Jennie Metman, Control 

Components, email dated 6th November 2019 and Wagner et al, 2006). 

Turbidity 
There is a correlation between turbidity and absorption. The higher the turbidity, the higher the absorption (TriOS, 
2017a). The limit at which turbidity affects the readings of nitrate varies with the size of the TriOS OPUS pathlength and 
the type and sizes of the particulates suspended in the water. As turbidity in water is only an indicator of the size and 
types of particles suspended in the water column, turbidity threshold limits should also be used only as an indicator for 
TriOS OPUS optical performance (Table 7). If the turbidity limit value is reached, absorption levels at 360 nm should be 
checked (see Optical path absorption range above for absorption limits). 
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Table 7 Turbidity limit value for TriOS OPUS at varying path lengths (Source: TriOS, 2017a). 

 

6.2 TriOS NICO 

The TriOS NICO is an optical sensor designed to measure nitrate and nitrite as oxidised nitrogen (NOx) only in freshwater 
conditions. All WTMIP TriOS NICO sensors are equipped with 10 mm optical pathlengths and the information provided in 
this document will refer to operational information relevant to sensors with 10 mm optical pathlength. The WTMIP has 
modified the standard in-stream deployment of the TriOS NICO to use the TriOS NICO as a mobile NOx measurement 
tool. Unlike the TriOS OPUS, the TriOS NICO is unable to distinguish between nitrate and nitrite due to the reduced 
number of wavelengths used to detect nitrate in solution (three wavelengths and a detector) (TriOS, 2017b). The 
calibration curve used is polynomic with the best fit being in the mid-range (3 mg/L NOx). This will result in the sensor 
always measuring slightly lower when concentrations are below 3 mg/L and slightly higher when concentrations are 
above 3 mg/L (pers. comm. Annemarie Koppen, TriOS Support, email dated 12th December 2019). The variation of results 
with the TriOS NICO at the installed 10 mm pathlength is ± (5% +0.1) (Table 10). 

The TriOS NICO can only be calibrated to detect NOx in freshwater. The TriOS NICO will not operate accurately in salt or 
brackish waters. The optical arrangement of the TriOS NICO can be found in Figure 17. For more information on the 
theory on which the sensor is based, please refer to Section 2.3 Measurement principle and design, in the NICO manual 
located on SharePoint. 

https://terrainnrm.sharepoint.com/projects/MIP/ManualsOperating%20Procedures/NICO%20-%20manual%20(v.D01-
062en201810).pdf 

 

https://terrainnrm.sharepoint.com/projects/MIP/ManualsOperating%20Procedures/NICO%20-%20manual%20(v.D01-062en201810).pdf
https://terrainnrm.sharepoint.com/projects/MIP/ManualsOperating%20Procedures/NICO%20-%20manual%20(v.D01-062en201810).pdf
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Figure 17 TriOS NICO optical arrangement (TriOS, 2017b). 

 

Optical path absorption range 
To ensure the accurate performance of the TriOS NICO, the optical pathlength of the sensor is chosen so that absorption 
at desired wavelengths does not exceed the optical range. All TriOS NICO used in WTMIP are set at a 10 mm pathlength 
which was chosen under the guidance of the Queensland Department of Environment and Science (DES) 
recommendations for the TriOS OPUS. Previous work conducted by DES with TriOS OPUS in the Tully and Johnstone 
basins has shown the 10 mm pathlength to be the most effective (pers. comm. Ben Ferguson, Department of 
Environment and Science, email dated 16th October 2018). 

The measurement ranges of the TriOS NICO and the effects of salinity, turbidity and organics on absorption levels can 
also be found in the sections below. 

The SQI (sensor quality index) value for the TriOS NICO indicates the quality of the measurement. The SQI measures the 
light intensity (absorption) of four wavelengths: 212 nm, 254 nm, 360 nm and the pre-set reference diode. If any of the 
absorption wavelengths are outside the absorption range and affecting performance of the sensor, this will be reflected 
in the SQI. 

The SQI limits are shown in Table 8. Green indicates the readings are within acceptable limits; yellow is acceptable but 
close to the limit; and red is unacceptable, indicating the nitrate readings produced are questionable.  

 

Table 8 TriOS NICO sensor quality index (SQI) (TriOS NICO, 2017b).  

  



 
 

Page 17 of 71 

Individual limits for each reference light intensity, that make up the sensor quality index, can be found in Table 9. 

Reference parameter  Acceptability limit 

RefA (light intensity at 212 nm)  ≥ 150 

RefB (light intensity at 254 nm) ≥ 150  

RefC (light intensity at 360 nm) ≥ 150 

RefD (Reference diode light 
intensity) 

≥ 13,0001 

Table 9 TriOS NICO light intensity limits (TriOS, 2017b) 

Measurement ranges and limit of detection 
The measurement ranges and limit of detection for TriOS NICO depend on the pathlength selected. Different 
pathlengths have differing absorption capabilities which affect the measurement range and limit of detection. All TriOS 
NICO in WTMIP are set at a 10 mm pathlength. The table below describes the measurement ranges and limits of 
detection for TriOS NICO at differing pathlengths (Table 10). 

 

Table 10 Trios NICO measurement ranges and limits of detection for varying path-lengths (TriOS, 2017b). 

Salinity 
The presence of salinity greater than ≥ 1 PSU can interfere with the nitrate measurement. Where salinity is greater than 

1 PSU, an alternative tool, such as the TriOS OPUS or the NECi photometer, should be used to measure nitrate. 

Turbidity 
There is a correlation between turbidity and light intensity (TriOS, 2017b). The limit at which turbidity affects the 
readings of nitrate varies with the size of the TriOS NICO pathlength and type and sizes of the particles suspended in the 
water. As turbidity in water is only an indicator of the size and types of particles suspended in the water column, 
reference light intensity limits should also only be used as the performance indicator of the TriOS NICO (see Table 9 
above for reference light intensity limits). 

 
1 If the reference diode (Ref D) value is below 13,000 the sensor must be sent in for inspection to TriOS as the lamp is most 
likely at the end of it’s working life. 
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Nitrite 
Nitrate and nitrite absorption occurs over the same wavelength range. As a result, spectral analysis at a single 
wavelength of 212 nm may result in an overlap of the two parameters (TriOS, 2017b). While the TriOS OPUS 
compensates for nitrite by measuring nitrate using more than one wavelength, the NICO does not. As such, the TriOS 
NICO really measures NOx, the sum of nitrate and nitrite (NO3-N + NO2-N), despite the results being displayed as NO3-N.  

Nitrite concentrations are generally negligible under oxic aquatic conditions, in which case NOx is a good surrogate for 
NO3-N, but this cannot always be assumed to be the case. Thus, it is important to differentiate between the two TriOS 
instruments with respect to which parameter is actually being measured. Given the WTMIP aims are focused on 
reducing DIN loads in the environment, which includes both nitrate and nitrite, the data generated by the NICO is 
considered relevant and useful. Care just must be taken when reporting the results to be clear which parameter is being 
measured by the NICO.  
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7. TriOS OPUS – In-stream application 
The WTMIP has established three in-stream monitoring stations equipped with TriOS OPUS nitrate sensors (Figure 18). 
Two stations are located within the Tully Basin and one in the Johnstone. The TriOS OPUS sensors are run at 24 volts, 
deployed in flow cells and are housed in the station cabinets rather than in the stream itself. The in-stream TriOS OPUS 
sensors are all connected via telemetry to eagle.io where real-time nitrate measurements can be accessed (Figure 21). 

The TriOS OPUS sensors are cleaned with a mechanical wiping mechanism (Zebra Tech Wiper) (Figure 19). The Zebra 
Tech wiper is a brush that is connected to the TriOS OPUS and moves over the lenses before each reading to remove 
algal growth, sediment and air bubbles. Initially the sensors were cleaned using ultra-sonic flow cells (Figure 20). The 
ultra-sonic flow cells use high frequency pressure (sound) to prevent biofouling on the lens of the TriOS OPUS. A nitrate 
sensor validation program run at the commencement of the TriOS instrument installation to assess performance and 
required maintenance schedules found the ultra-sonic flow cells to be inadequate as a cleaning mechanism in the three 
WTMIP monitoring stations. Results showed the rate of biofouling at the in-stream monitoring station exceeded the 
capacity of the ultra-sonic flow cell to clean. The ultra-sonic flow cells were replaced with Zebra Tech wipers in January 
2020. 

The WTMIP TriOS OPUS validation results review (2019) provides further information on the performance of the TriOS 
OPUS nitrate sensors installed at in-stream monitoring locations (WTMIP, 2019a). 

 

  

Figure 18 Example of in-stream monitoring station at 

Sandy Creek. 
Figure 19 Example of TriOS OPUS with Zebra Tech Wiper installed. 
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Figure 20 Example of TriOS OPUS with ultra-sonic flow cell 

installed. 

Figure 21 Example of real time data exported onto eagle.io which 

is used to compare against laboratory measured nitrate. 

 

7.1 Maintenance 

The schedule of maintenance required for in-stream TriOS OPUS depends on site conditions and application. Below is a 
list of general maintenance required. Schedules can be found in the LSM maintenance Outlook calendar. 

1. Operational checks on eagle.io – daily. 
2. Nitrate sensor validation samples – schedule will change according to site requirements, but checks should be 

conducted immediately after deployment and quarterly once it is determined the TriOS OPUS is performing 
satisfactorily. 

3. General clean – monthly. 
4. Nitrate standard spot checks – on installation and quarterly thereafter. 
5. Spectrum data downloads – quarterly. 

 

Daily operational checks on eagle.io 
Data from the TriOS OPUS in-stream monitoring sites can be access via eagle.io at https://eagle.io/. To view the data in 
near real time on the eagle.io platform, follow the step-by-step instructions below. 

1. Log on to eagle.io at https://eagle.io/using your Terrain NRM username and password. 
2. Select the first site under the Xylem workspace on the far left-hand side (e.g. ‘Bamboo Creek’). 
3. Select Campbell Pakbus Logger. 
4. Scroll down to ‘FreshResults_OPUS1000-N-N03’ and right click to bring up a small table. 
5. Scroll down the small table and select ‘Historic Data’ and then ‘Table’ on the top left-hand corner. 
6. Scroll through dates and time of samples over the last 24 hours or select the date of interest on the calendar on 

the bottom left-hand corner. If there are any gaps in data, check to see whether results have been recorded in 
‘EstuarineResults_OPUS1000-N-NO3’, if applicable (Bamboo Creek only). If there are still gaps in data or no 
recent recordings, contact a Water Quality Technician for advice. 

7. To view data as a chart, select ‘Chart’ on the top left-hand corner. While in ‘Chart’ you can customise your view 
for a select period of time. To do this, click on the toggle that is displaying ‘7 days’ and select the desired time-
frame. 

https://eagle.io/


 
 

Page 21 of 71 

8. Go through each of the parameters listed with OPUS in the title and check there are no alerts and that 
parameters are within acceptable limits (see Section 6.1). 

9. Repeat instructions to access data for the remaining two sites. 

Exporting data from eagle.io to excel.csv 
Data housed on eagle.io can be exported into excel as CSV files. Step-by-step instructions to export TriOS OPUS in-
stream monitoring station data is listed below. 

1. Log on to eagle.io using Terrain NRM username and password. 
2. Select the first site under the Xylem workspace on the far left-hand side (e.g. ‘Bamboo Creek’). 
3. Select Campbell Pakbus Logger. 
4. Scroll down to ‘FreshResults_OPUS1000-N-N03’ and right click to bring up a small table. 
5. Scroll down small table and select ‘Historic Data’ and then ‘Table’. 
6. Scroll through dates and time of samples over the last 24hours. If there are any gaps in data check to see 

whether results have been recorded in ‘EstuarineResults_OPUS1000-N-NO3’, if applicable (Bamboo Creek only). 
If there are still gaps in data or no recent recordings, contact a Water Quality Technician for advice. 

7. On the top left-hand corner select ‘Export’. 
8. Within the export window under Format, select ’Delimited Text’ and then under ‘Selection’, select the desired 

timeframe and then click ‘Apply’. 
9. On the far right-hand side select ’Advanced’. This will open a series of options. Scroll down to the bottom and in 

‘Quality’ select ‘include as a separate value’ and in ‘Annotations’ select ’include as a separate value’. 
10. Select ‘Export’ at the bottom of the export window. An excel csv file will now download to your computer. 

NAN readings on eagle.io 
A NAN reading on eagle.io is an indication the TriOS OPUS is detecting water quality conditions outside its operational 
limits. Turbidity levels above 200 NTU will produce NAN readings, as will dissolved organic carbon (DOC) levels over 
90 mg/L. If turbidity measured by the EXO2 and DOC levels on the TriOS sensor are within range at the time the NAN was 
recorded, it suggests that there may be biofouling on the lens of the TriOS OPUS. This can be determined by checking 
absorption levels at Abs360. If absorption levels are over 0.8 with turbidity on the EXO2 and DOC on the TriOS sensor 
within range, it is likely the sensor requires manual cleaning (please refer to General clean). If absorption is within range, 
it may be that concentrations of nitrate are below detection limit. 

No data recorded on eagle.io 
If there is no data present on eagle.io there may be a number of causes: 

1. If the TriOS OPUS is set up with a brackish water calibration it may have reached the required threshold and be 
logging data under ‘EstuarineResults_OPUS1000-N-NO3’. 

2. The site may have communication issues and not be uploading to eagle.io. Check for communication alerts 
under ‘Message-Status-Msg’ in eagle.io under the site in question. 

3. There may be a power failure at the site. To check battery power, scroll down through the site list and check 
power levels on ‘System Internals – batt-volt’. Battery power should be higher than 12.3 volts. 

4. Communications may have been lost between the TriOS OPUS and the site’s data logger. Peripherals on the 
TriOS OPUS will need to be checked on site (Please refer to Peripheral Settings on TriOS OPUS). 

If there are any concerns on the integrity of data on eagle.io contact a Water Quality Officer for advice. 

Nitrate sensor validation 
The WTMIP Local Scale Monitoring team has implemented a TriOS OPUS nitrate sensor validation program as part of the 
WTMIP Quality Assurance Framework. The nitrate sensor validation (NSV) program involves collecting samples from the 
bypass tap on the monitoring station for laboratory nitrate (NO3-N) analysis and comparing the results to the TriOS OPUS 
measured NO3-N (WTMIP, 2019a). 
 
Follow the stepwise procedure below to collect a nitrate sensor validation sample at in-stream locations. 
 

1. The laboratory nitrate samples are collected two minutes after the TriOS OPUS measurement is recorded.  
2. Run the bypass tap for 30 seconds to flush the line. 
3. Once the line has been flushed, rinse the bottle twice with the bypass tap water. 
4. Collect a NSV sample from the bypass tap with a 100 mL intermediate bottle. 
5. Shake the sample to resuspend, then pour into a 25 mL syringe with 0.8 µm prefilter and a 0.45 µm filter. 
6. Rinse the 50 mL sample collection bottle twice with approximately 5 mL of filtered water. 
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7. Filter the remaining sample water into the 50 mL sample bottle.  
8. To make up the minimum 40 mL for laboratory analysis, the intermediate bottle is again shaken to resuspend 

the sample, which is then poured into the syringe with filters and filtered into the sample bottle. 

9. Place the NSV sample immediately into the vehicle fridge/freezer for transportation to the Terrain office water 
sample freezer where it awaits delivery to the Cairns Regional Council Laboratory. 

 

Once the laboratory analysis reports are received, the TriOS OPUS individual values are compared as difference in mg/L 
and percent difference to the corresponding laboratory measured results. Results are considered acceptable if the TriOS 
OPUS result falls within +/- 20% of the laboratory result. If the TriOS OPUS results is outside +/- 20% of the laboratory 
result but within 0.05 mg/L of the laboratory result, it is also considered acceptable. Results for each site are plotted and 
assessed using linear regression, with a R2 greater than 0.9 and slope between 0.9-1.1 indicating acceptable 
performance. 
 

General clean 
A general clean to remove bio-fouling and foreign matter is conducted monthly on the in-stream TriOS OPUS. Step-by-
step instructions on how to conduct a clean are listed below. 

1. Ensure you have a clean working space and ample room. Wipe space down with reverse osmosis (RO) water and 
lay out disposable lab matting to create a clean workspace. 

2. Take the small key inside the steel cabinet and turn off the monitoring station pump by placing key into outside 
lock and turning one click to the right. The key should be vertical in the centre of the lock. 

3. Remove the TriOS OPUS from the flow cell by unscrewing the white screws in the top of the flow cell in an anti-
clockwise direction. Once the screws have been taken off, lift the flow cell lid up and off the body of the flow 
cell. You can now remove the TriOS OPUS and set aside in a secure location, being careful not to bump or 
scratch the lenses. 

4. Take a damp, lint free cloth and with tap or deionised water clean the inside of the flow cell. Ensure all algae and 
dirt is removed. Set aside to dry. 

5. Clean the TriOS OPUS sensor body and lens with a damp, clean, non-abrasive and lint free cloth. Gently wipe 
over the lens face and the space between the lenses so all biofouling, foreign matter and water droplets are 
removed. Do not abrasively scrub the lenses. Any scratch or mark on the lens will nullify the calibration of the 
Trios OPUS and will require replacement lenses. 

6. Once the TriOS OPUS is clean, replace it back into the flow cell. Taking care not to bump or scratch the lens, 
secure OPUS in the flow cell by screwing down screws and washers in a clockwise direction until sealed. Ensure 
the lids are screwed down evenly to prevent leaks. 

 

Nitrate standard spot check method  

Pre-nitrate standard spot check clean 
The cleanliness of the TriOS OPUS lenses and validation cup are of upmost importance to ensure contamination or 
dilution of nitrate standard solutions does not occur. Please follow the methods outlined below before each nitrate 
standard spot check. 

1. Ensure you have a clean working space and ample room. Wipe space down with RO water to create a clean 
workspace. If a clean workspace is not available/achievable use disposable lab matting. 

2. Remove TriOS OPUS from the flow cell by unscrewing the white screws in the top of the flow cell in an anti-clockwise 
direction. Once the screws have been taken off, lift the flow cell lid up and off the body of the flow cell. You can now 
remove the TriOS OPUS and set aside in a secure location, being careful not to bump or scratch the lenses. 

3. Take a damp cloth, lint free cloth and with tap water clean the inside of the flow cell. Ensure all algae and dirt is 
removed. Set aside to dry. 

4. Clean the TriOS OPUS sensor body and lenses with a damp, clean, non-abrasive and lint free cloth. Gently wipe over 
the lens face and the space between the lenses so all biofouling, foreign matter and water droplets are removed. Do 
not abrasively scrub the lenses. Any scratch or mark on the lens will nullify the calibration of the Trios OPUS and will 
require replacement lenses. 

5. Take out the VALTub validation cup (Figure 9). Clean the validation cup with a clean cloth and RO water. Ensure 
validation cup is as clean as possible as this holds the reagent during the nitrate standard spot check process. 

6. Once the TriOS OPUS and validation cup are clean, attach the VALTub validation cup to the TriOS OPUS by slipping 
the VALTub under the TriOS OPUS so that the opening of the VALTub is displaying the lenses of the TriOS OPUS. 
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7. Set the TriOS OPUS aside in a secure location. 
8. Take the USB data logger connector and connect to the data logger at the monitoring site via the USB port. Then 

connect the remaining end to the USB port on the Toughbook (Figure 22). 
9. On the Toughbook desktop open the ‘Device Configuration Utility’ (Figure 23 and 24), on the left-hand side of the 

display screen select data logger CR1000, then under ‘comm port’ select ‘USB’ and then select ‘connect’ (Figure 25). 
10. Once the data logger is connected to Device Configuration Utility, along the top of the screen are a series of tabs. 

Select data monitor, then listed on the screen will be a series of public parameters. This will give you all of the 
readings live and also allow you to trigger readings required for nitrate standard spot checks (Figure 26). 

11. Familiarise yourself with the safety data sheets for each of the nitrate standard reagents. 
 

 

Figure 22 CS1000x data logger inside WTMIP in-stream monitoring station electronics cabinet  

 
 

Figure 23 Toughbook Figure 24 Device Configuration Utility desktop app 

Data logger 

USB port 
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Figure 25 Device Configuration Utility home screen (Source: Campbellscientific.com). 



 
 

Page 25 of 71 

 

Figure 26 Device Configuration Utility home screen after connection is established with CS1000 data logger (Source: 

Campbellscientific.com). 

 

Nitrate standard spot check 
Now that the TriOS OPUS is clean and connected to ‘Device Configuration Utility’ the nitrate standard spot check can 
begin. 

Before installation of a new TriOS OPUS sensor, multiple nitrate standard spot checks are conducted to assess 
performance of the TriOS OPUS at 0, 0.125, 0.25, 0.5, 1, 2, 4, 8 and 10 mg/L.  These standards are prepared by CRC 
laboratory using locally collected stream water spiked with a known concentration of nitrate. Ongoing quarterly nitrate 
standard spot checks involve standards with known nitrate concentrations of 0 mg/L (Milli Q water prepared by CRC 
laboratory) and 1 mg/L nitrate standard prepared by ARC and supplied by Xylem Analytics Australia.   

The first nitrate standard spot check conducted is always 0 mg/L (i.e. Milli Q water), working your way up in 
concentration to avoid possible contamination. 

Ensure when conducting nitrate standard spot checks, you start at the least concentrated solution and work up to 
the most concentrated solution. This will reduce the risk of contamination from nitrate standards with higher 
concentration. 

1. Using the required nitrate standard, fill the VALTub ½ way, pouring standard over each lens and gently agitating 
the TriOS OPUS so the lenses and VALTub get a good rinse. Tip out the nitrate standard and repeat. 

2. Using the required nitrate standard, fill the VALTub to the top, pouring solution along the side of the VALTub to 
reduce bubbles in the solution settling on the lenses, until both lenses are completely submerged. Set the TriOS 
OPUS aside so that it is sitting level, in a secure location. 

Bubbles on the lens will affect the TriOS OPUS readings. If any bubbles are present, gently tap the TriOS OPUS to 
shift bubbles. If that does not work, tip out the standard and refill. 

3. In ‘Device Configuration Utility’ on the Toughbook go to the public table and ask the system to take a reading 
using “measure now” public value. 

Data monitor tab 
containing real time 
data 
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4. Record reading along with the date and time in the nitrate standard spot check EnviroSys App (please refer to 
WTMIP SOP 016: Management of water quality data using EnviroSys and SharePoint). 

5. Empty the nitrate standard solution out of the VALTub and rinse the TriOS OPUS and VALTub with Milli Q water 
four times. Shake gently to remove as much water as possible. Repeat procedures above for remaining nitrate 
standards. 

If the nitrate results in ‘Device Configuration Utility’ do not match the nitrate standard being used, repeat the nitrate 
standard spot check. If this does not resolve the discrepancy, contact the Water Quality Technician or Water Quality 
Leader for advice. 

 

Downloading and storing spectrum data 
Raw spectrum data is used by TriOS to correct for any inaccuracies in data collection or to restore data lost by the failure 
of the sensor SD card. Spectrum data is collected quarterly to ensure there is a good backup of raw data available in the 
event it is required.  

Please follow the step-by-step process below to download and store raw spectrum data. 

1. Connect to G2 via Wi-Fi on your laptop (Figure 27). 
2. Enter the IP address for an OPUS as shown below and press “enter” (Figure 28). Then log in as “service”  

IP address: 192.168.77.1 
User name: service 
Password: ecivres  

3. Select data logger (Figure 29). 
4. Select date and time range.  
5. Select Export.  

The OPUS will automatically export the required files onto the Toughbook compressed into a .tar file. This will be found 
in the Toughbook download folder as logger.tar  

6. Rename .tar file with the following naming convention: MIP_LSM_SiteIdentifier_OPUSIdentifier_DateRange (e.g. 
MIP_LSM_J6_OPUS71EF_20200101_20200401) 

7. Upload the file to SharePoint under Terrain > Data Storage > MIP Data Storage > TriOS Spectrum Data 
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Figure 27 Connecting to G2 via Wi-Fi on the laptop (Source: Control Components, 2019) 

 

Figure 28 Accessing TriOS optical sensor web interface and logging in as “service” (Source: Control Components, 2019) 
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Figure 29 Location on TriOS web interface to access and download raw TriOS sensor data  

 

7.2 Troubleshooting 

The following procedures have been developed on the advice provided by a TriOS Australian distributor, Control 
Components, through verbal and email correspondence. 

Connecting in-stream TriOS OPUS to the G2 interface box for maintenance 

and troubleshooting 
To undertake maintenance or troubleshooting of the TriOS OPUS, connection to the G2 Interface box is required. The G2 
Interface box allows communication between the TriOS sensor and the technician’s laptop or tablet. To connect the G2 
interface box to the OPUS and laptop follow the stepwise procedure below: 

1. Pack G2 interface box, LAN cable, power cord and OPUS communications cord in the car along with the 
Toughbook and small flat-blade screwdriver and drive to site. 

2. Once on site, wire the OPUS communications cord into the corresponding connection bank. Match colour for 
colour when wiring (e.g. pink wire into available slot opposite the pink wire). Loosen screw above the wire with 
a small flat blade to open, insert wire, then retighten screw until snug. Repeat until all wires are connected. 

3. Connect the opposite end of the communications cord into the G2 interface box.  
4. Wire the power cord into the data logger, the white wire going into the “12Volt” slot and the silver wire going 

into the “ground” slot. Loosen screw above the wire with a small flat blade to open, insert wire, then retighten 
screw until snug. Repeat until all wires are connected. 

5. Connect the opposite end of the power cord into the G2 interface box. The three lights on the G2 interface box 
should now light up. 

6. Open and turn on the Toughbook and connect the LAN cable to the G2 interface box and the opposite end into 
the Toughbook. Communications between the OPUS and Toughbook should now be established. 
Open Google Chrome and enter the IP address: 192.168.77.1 and hit “enter”. 

7. The OPUS is now ready to use. 

Please note: If you have trouble establishing connection to the TriOS sensor via the IP address please make sure there 
are no kinks in the LAN cable and all wires and cables are fitting snugly in the correct location. If the problem persists, try 
establishing connection without the LAN cable by connecting to the G2 interface box via Wi-Fi on your Toughbook.  
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Updating firmware 
This may be required to ensure the performance of new spectral analysis (LSA). See below for step-by-step instructions.  

Updating firmware should only be conducted on the direction of TriOS technical staff, or their representatives, as it can 
have a direct effect on the performance of the sensor. 

1. Connect G2 interface box to OPUS via signal cable and power up the G2 as described in the section above. 
2. Connect to the G2 via Wi-Fi on your laptop (Figure 27) 
3. Enter the IP address for an OPUS as shown below and hit “enter”. Then log in as “service” (Figure 28). 

IP address: 192.168.77.1 
Username: service 
Password: ecivres  
A menu “service” will appear.  

4. Under Firmware Upgrade, browse and choose the firmware file to be uploaded (Figure 30 (1)) 
5. Press the upload button (Figure 30 (2)) 
6. Restart the OPUS once the upload is complete by clicking “Reboot OPUS!” (Figure 30 (3)) 

 

 

Figure 30 Steps to upload new LSA on TriOS OPUS (Source: Control Components, 2019) 

 

Uploading a new LSA 
Occasionally there may be the requirement to change the LSA installed on the TriOS OPUS (e.g. when environmental 
conditions are observed outside the expected range. For example, higher salinity levels than expected requiring a change 
from a fresh to a brackish LSA). 

Uploading a new LSA should only be conducted on the direction of TriOS technical staff, or their representatives, as it 
can have a direct effect on the performance of the sensor. 

1. Connect G2 interface box to OPUS via signal cable and power up the G2 as described in the start of section 7.2. 
2. Connect to G2 via Wi-Fi on your laptop (Figure 27). 
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3. Enter the IP address for an OPUS as shown below and hit “enter” (Figure 28). Then log in as “service”  
IP address: 192.168.77.1 
User name: service 
Password: ecivres  

4. Go to Data Logger 
1. Before uploading the new LSA calibration, download all raw spectrum data as a back-up. Select data logger 

(Figure 29), select date and time range, elect Export.  
2. Once spectrum data has completed the download go to System. 
5. To upload new LSA calibration, Expand Recovery Point (Figure 31). 
6. The TriOS sensor requires the user to clear the sensor of the previous LSA before uploading the new LSA. Upload 

a “delete LSA” file provided by TriOS. To do this, select Browse under Recovery Point and select the delete LSA 
file (e.g. Delete LSA 003S_71EC) on your computer and hit Upload. 

7. Once this is complete, upload the new LSA. To do this, select Browse under Recovery Point and select the new 
LSA file (e.g. keyed_final_LSA_Config_003R71EC) on your computer and hit Upload. 

8. Go to Calibration Menu, expand Settings and check that the correct parameters and LSA appear in the available 
set (Figure 32). 

9. If the correct parameters and LSA do not appear, repeat steps 4-8. If the issue is still not resolved, contact a 
Water Quality Project Officer for advice. 
 

 

Figure 31 Recovery Point under System in TriOS web interface 
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Figure 32 Location of parameter options in TriOS web interface  

 

Downloading raw spectrum data 
Raw TriOS OPUS data saved on the TriOS OPUS may be required to be downloaded and sent to TriOS technical staff for 
analysis during troubleshooting. For the step-by-step instructions see below: 

1. Connect G2 interface box to OPUS via signal cable and power up the G2 as described in the start of section 7.2. 
2. Connect to G2 via Wi-Fi on your laptop (Figure 27). 
3. Enter the IP address for an OPUS as you can see below and hit “enter” (Figure 28). Then log in as “service”  

IP address: 192.168.77.1 
User name: service 
Password: ecivres  

4. Select data logger (Figure 29). 
5. Select date and time range. 
6. Select Export. 

The OPUS will automatically export the required files onto the Toughbook compressed into a .tar file. This can often take 
significant amounts of time if the date and time range is large. Downloaded files will be found in the Toughbook 
download folder as logger.tar. logger.tar files are selected as the preferred download file as this format is required by 
the manufacturer TriOS in the instance that data is required for repair or correction. 

7. Send the logger.tar file to TriOS via their preferred platform, Hidrive, using the link below (Figure 33); 

https://my.hidrive.com/share/9eo9vpvj67 

 

https://my.hidrive.com/share/9eo9vpvj67
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Figure 33 TriOS Terrain NRM HiDrive folder for sharing raw TriOS sensor data. 

 

Peripheral Settings on TriOS OPUS 
The peripheral settings selected in the TriOS OPUS allow communication to and from the TriOS OPUS and the external 
data logger. The data logger sends Modbus commands to trigger the OPUS to sample and then collects the OPUS 
readings which are sent via telemetry to eagle.io. If the peripheral settings change, which can occur during an LSA upload 
or OPUS reboot, the communication links will be broken and data will not be recorded. Peripheral settings for WTMIP in-
stream TriOS OPUS are shown in Table 11. 

Peripherals  

  
WTMIP Settings 

Transceiver  R-232 

Protocol Modbus RTU 

Baudrate 9600 

Flow Control None 

Parity  None 

Stop Bits One 

Table 11 Peripheral settings for WTMIP in stream TriOS OPUS 

To check and change the peripheral settings, follow the stepwise procedure below: 

1. Connect to G2 via Wi-Fi on your laptop as described at the start of section 7.2. 
2. Enter the IP address for an OPUS as shown below and hit “enter” (Figure 28). Then log in as “service”  

IP address: 192.168.77.1 
Username: service 
Password: ecivres  

3. Go to Peripherals 
4. Under Digital I/O Settings check the settings match those in Table 11. 
5. If the settings require changing, select Edit in the bottom right-hand corner of the Digital I/O Settings window. 
6. Go to the setting that requires changing and in the setting box click on the drop-down menu. Select the correct 

setting. Do this for all settings that require changing. 
7. Select Save. 
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8. TriOS OPUS mobile application 

8.1 Mobile set-up and accessories 

The use of the TriOS OPUS as a mobile unit is a non-standard application of the sensors, which are usually deployed in a 
fixed location for the generation of high frequency nitrate data. All WTMIP TriOS OPUS sensors used as a mobile unit are 
operating with a 10 mm pathlength. The information provided in the section below refers to instructions for a sensor 
with a 10 mm pathlength. For further information on operational requirements of a sensor equipped with a different 
pathlength please refer to the TriOS OPUS user manual (TriOS, 2017a).  

The mobile sensors are housed in waterproof, robust Vault pelican cases and wrapped in bubble wrap for protection 
(Figure 34). The validation cup VALTub is used as the holding vessel for a sample in the same way the VALTub is used as a 
holding vessel for nitrate standards. Readings from the mobile TriOS OPUS are collected by using the TriOS G2 web 
interface (Figure 37) powered by a G2 interface box, 12V 8Ah battery with a 700W MSW inverter (Figure 35 and 36). 

The 700 w MSW inverter requires careful handling. Please note and follow the below requirements (SCA Inverter 
Instruction Manual): 

1. The inverter must not get wet.  
2. Do not cover the or obstruct the ventilation openings on the front or back of the inverter. 
3. Do not install in any areas where flammable fumes may exist. 
4. Do not install in dusty environments. Dust can be pulled into the unit when the cooling fan is on, preventing the 

cooling operation of the inverter. 
5. The inverter should be switched off and powered down prior to any maintenance or connection to instruments. 
6. The inverter is fitted with a low voltage alarm that will beep at 11.9V, at which point the battery will need to be 

charged before use. 

To set up the TriOS OPUS for mobile use please refer to Figure 35 below. 

 

Figure 34 TriOS OPUS/TriOS NICO carry case 
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Figure 35 G2 interface box connected to TriOS OPUS/NICO 

 

 

Figure 36 TriOS OPUS 12 Volt battery and accessories Figure 37 TriOS G2 web interface  

 

8.2 Taking a mobile reading 

The standard operation of the TriOS OPUS in a fixed location is to connect to an external data logger connected to a 
multiparameter sonde that relays site environmental conditions such as temperature, turbidity and salinity to the data 
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logger. This information triggers programming within the data logger, sending a Modbus command to the OPUS to select 
the relevant LSA required and take a reading. In this process the data logger essentially acts as the “operator”.  

In the case of a mobile unit the technician or field officer is the “operator”. It is up to the field officer to assess 
environmental conditions and select the relevant LSA for the TriOS OPUS before triggering the command to sample. This 
procedure is outlined in the sections below. Follow each of the sections in chronological order to ensure accurate 
measurements. 

Physico-chemical readings 
It is important that the environmental conditions of the water body fall within the acceptable operating range of the 
TriOS OPUS. There are two main physico-chemical ranges that need to be adhered to for accurate nitrate results: salinity 
and turbidity (see Section 6.1 for information on how these parameters affect readings). The instruments listed below 
can be used to obtain the phyico-chemical readings required. All physico-chemical readings should be recorded in the 
comments section of the EnviroSys field app along with the relevant TriOS OPUS results. 

YSI ProDSS Multiparameter hand-held meter 
Follow the steps below using a calibrated YSI ProDSS hand-held meter. For more detailed information on the operation 
and maintenance of the ProDSS please refer to WTMIP SOP 005 (WTMIP, 2020a). 

1. Before heading into the field ensure any calibrations that may be required are completed (e.g. temperature, salinity 
and turbidity). 

2. Once on-site put on task-appropriate PPE and inspect the site for potential hazards. 
3. Attach the ProDSS bulkhead to the sampling pole using the clamp. Unravel sufficient cable to extend the meter 

bulkhead as close as possible to the centre of the stream, avoiding vegetation, backwaters and eddies. 
4. Turn on the meter and place the sensors in the water to a depth of 0.3 m (to reduce impact surface slicks) upstream 

from or beyond the area of disturbance. Avoid touching the substrate and allow any water disturbed by the 
movement of the bulkhead to flow past you. 

5. Gently shake the sensors to release any air bubbles that may be on the sensors. 
6. Allow the readings to stabilise. This may take up to 5 min. 
7. Once readings have stabilised, check that “log one sample” is highlighted and hit “enter”. You may have to hit 

“enter” twice if the screen has lost illumination: once to turn the screen light on and the second time to log the 
sample. The display at the bottom of the screen will show “one sample logged”. Remove the sensor bulkhead from 
the water. 

8. To access measurement records from the ProDSS handheld, select “file” on the main handheld, “save data”, “view 
data”. Scroll down and across using the arrows to view all data logged. 

9. Record the measured values directly into the EnviroSys field app. 
10. Record the following details: sampler name, site details (e.g. site code, site name, waterway, GPS co-ordinates), date 

and time of measurement, all measured values, any factors that may have affected the measurement (e.g. presence 
of an algal bloom, recent rainfall etc.). 

11. Store the meter back in the pelican case, ensuring there is enough water in the calibration cup to create a humid 
environment for the sensors. 

Note: Generally, if sampling in a tidal area, sampling is to be conducted on the ebb (outgoing) tide. 

Turbidity Tube 
To use the turbidity tube, follow the steps below: 

1. Fill the turbidity tube with environmental sample until it reaches the 200NTU graduation marker. 
2. Look down the tube to see the markings (black squiggles on a white base). If the markings can be seen clearly, 

the turbidity of the environmental sample is below 200NTU. If the markings cannot be seen, the sample is over 
200 NTU and will require filtering before using the TriOS OPUS (see Filtering turbid samples). 

Milwaukee EC59 Electrical Conductivity (EC)/Temperature Meter 
To use the EC59 EC/temperature meter, follow the steps below in Figure 38 and Figure 39 (Milwaukee, 2014).  It is 
important to ensure the EC59 meter is calibrated before use at the beginning of each sample using the supplied 
1413 µS/cm calibration standard. 

The Milwaukee EC59 has an upper detection limit of 10,000 µS/cm which may be well below the EC levels at some 
brackish water sites. If you reach 10,000 µS/cm you will need to use the ProDSS with a YSI conductivity probe to 
determine if a brackish or salt water LSA is required. Step-by-step instructions on taking physico-chemical readings with 
a ProDSS can be found above.  
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Figure 38 EC59 User Manual Calibration and Operational Guide page 1 (Milwaukee, 2014) 
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Figure 39 EC59 User Manual Calibration and Operational Guide page 2 (Milwaukee, 2014) 
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Choosing the correct LSA 
Once the required environmental conditions are recorded, these are used to select the appropriate LSA. Please use the 
Tables 12 and 13 below as reference. 

Turbidity 
Please note: there is the option to record turbidity on the ProDSS in both FNU and NTU. The WTMIP records data as 
FNU; however, turbidity values with the YSI turbidity probe between FNU and NTU are 1:1. See YSI Technical Note T627 
below; 

“The actual values associated with measurements made with YSI turbidity sensors will be comparable whether NTU or 
FNU is used for the units, as YSI has always used methodology consistent with ISO 7027. Therefore, no conversion of the 
data values is necessary if YSI instrumentation has been used to collect the data.” (YSI, 2017). 

Turbidity (NTU) 
  

LSA 

0-200 NTU  Any LSA is suitable 

200+ NTU Sample is too turbid. Filter sample with 0.8 µm 
pre-filter and 0.45 µm filter before taking a 
measurement. 

Table 12 Turbidity range for TriOS OPUS 10 mm pathlength 

 

Salinity 
LSA Name 
  

Salinity Range (PSU) Electrical conductivity (EC) (µS/cm) 
(values estimate based on Wagner et al, 
2006 Table 1) 

003C (N_NO3 & DOC)  Above 25 PSU Above 38,000 
 

103C (N_NO3 & DOC) 1 to 25 PSU 2,000 – 38,000 

203C Below 1 PSU Below 2,000 

Table 13 Salinity range and corresponding LSA for TriOS OPUS 10 mm pathlength 

Once the required LSA for the water body salinity levels is known, the next step is to select the LSA on the TriOS OPUS. 
Ensure the TriOS OPUS is correctly connected to the G2 interface box and powered. Follow the step-by-step procedure 
below to connect to the TriOS OPUS and select the LSA. 

1. Connect to G2 via Wi-Fi on your laptop (Figure 40). 
2. Enter the IP address for an OPUS in Google Chrome as shown below and hit “enter” (Figure 41). Then log in as 

“service”  
IP address: 192.168.77.1 
Username: service 
Password: ecivres  

3. Go to Calibration Menu, expand Settings and check that the LSA appear in the available set (Figure 42). 
4. The first three numbers and the first letter will be the reference for the relevant LSA (eg. 203C7158 is LSA 203C). 
5. Click on the correct LSA and double check the pathlength selected is 10mm. Click “save”. 
6. The OPUS is now ready to take a measurement. 
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Figure 40 Connecting to G2 via Wi-Fi on the laptop (Source: Control Components, 2019) 

 

Figure 41 Accessing TriOS optical sensor web interface and logining in as service (Source: Control Components, 2019) 
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Figure 42 Selecting LSA on TriOS OPUS before taking mobile nitrate measurements  

 

Collecting sample from water body using an intermediate container 
To mitigate the risk of sample contamination it is mandatory that staff wear non-powdered gloves during all stages of 
sample collection and avoid touching the mouth of bottles, underside of lids, end of syringes and filters and the inside of 
the VALTub. 

Washing intermediate containers 
Before collecting samples from water body, it is important to ensure the intermediate 500 mL high density polyethylene 
sample bottle is clean. The step-wise procedure below should be conducted before each sample collection.  

1. Remove the lid of the sample bottle, taking care not to touch the inside surfaces of the lid or the sample bottle. 
2. Fill the bottle with ~20 mL of RO water, replace the lid and shake the sample bottle to rinse, ensuring the inside 

of the bottle and lid come into contact with RO water. Discard this water downstream of the sampling area. 
3. Repeat steps 1-2 three times. 
4. On the fourth rinse, replace RO water with Milli Q water. Replace the lid and shake the sample bottle to rinse, 

ensuring the inside of the bottle and lid come into contact with RO water. Discard this water downstream of the 
sampling area. 

5. The intermediate bottle is now ready for sampling. 

Collecting sample from water body 
For the collection of nutrients from a water body, please refer to WTMIP SOP 002_FM001: Manual water quality 
sampling for total suspended solids and nutrients (DES & WTMIP, 2018). 

1. Identify a representative section of the stream from which to collect the water samples. 
2. Extend the sampling pole to the required length, ensuring it is clean. If the pole is not clean, wipe down with a 

paper towel dampened with RO water. With clean gloves on, place the intermediate 500 mL high density 
polyethylene sample bottle into the clamp attachment. 

3. Remove the lid of the sample bottle, taking care not to touch the inside surfaces of the lid or the sample bottle. 
4. Position the sample bottle above the surface of the water where the sample will be collected. With the neck of 

the bottle facing down, submerge it into the main flow of the stream to a depth of approximately 0.3 m, thereby 
avoiding collection of a non-representative sample from the waterbody surface. 

5. Rotate the submerged sample bottle upstream into the direction of flow and allow the bottle to fill 
approximately one third with stream water. 

6. Remove the bottle from the water and replace the lid on the sample bottle. 
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7. Shake the sample bottle to rinse, ensuring the inside of the bottle and lid come into contact with the stream 
water. Discard this water downstream of the sampling area. 

8. Repeat steps 3 to 7 so the sample bottle is rinsed twice with stream water. 
9. To fill the sample bottle, repeat steps 3 to 5, this time allowing the sample bottle to fill completely. 
10. Replace the lid, ensuring a good seal. 

Filling VALTub to prepare for TriOS OPUS measurement 
1. Ensure TriOS OPUS lenses and VALTub are clean (see Section 8.4 General clean if there is visible dirt and debris 

on the TriOS OPUS lenses and/or VALTub). 
2. Rinse TriOS OPUS lenses and VALTub 3 times with RO water and once with Milli Q water, ensuring all areas of 

the lenses and VALTub have been rinsed.  
3. Before conducting rinses with environmental sample, it is important to ensure there is no nitrate contamination 

by conducting a “blank” with Milli Q water. To do this, pour ~30 mL of Milli Q water into the VALTub until there 
is sufficient volume to cover the lenses. Ensure the solution is poured along the side of the VALTub in a steady, 
gentle stream to avoid bubbles forming on the lenses. 

4. If bubbles form on the lenses gently tap the TriOS OPUS to dislodge bubbles. If this is not successful, tip out the 
solution and refill.  

5. Take a blank measurement using the following stepwise procedure: 
1. On the TriOS OPUS web interface home page, select “measurement” on the far-left hand side. 
2. Select “measure now!” (Figure 43). 
3. Review data and ensure all parameters fall within operational range (Table 14). If even one parameter 

falls outside the acceptable range the nitrate measurement recorded will not be a valid representation 
of nitrate concentrations.  

6. If the results for NO3-N display 0 or “± Limit” it is ok to move on to preparing the VALTub with the environmental 
sample. If the blank comes back with trace readings of NO3-N, repeat the Milli Q rinse and conduct the blank 
again. Ensure all parameters from the Milli Q readings are recorded in the EnviroSys field app under the “OPUS 
QC” form. 
 
If repeated readings of trace NO3-N are recorded on ultrapure Milli Q water, record readings from all 
parameters, do not continue sampling, and contact a Water Quality Project Officer for advice.  
 

7. If the physico-chemical readings showed turbidity levels to be above 200 NTU, move on to Filtering turbid 
samples. 

8. If the physico-chemical readings showed turbidity levels to be below 200 NTU, shake solution and then pour 
~20 mL of the sample water over the lenses and into the VALTub. Pick up the TriOS OPUS and rotate so that the 
solution completely covers the VALTub and lenses. Tip out solution. Repeat. 

9. Shake solution and then pour ~30 mL of sample water into the VALTub until there is sufficient volume to cover 
the lenses. Ensure the solution is poured along the side of the VALTub in a steady, gentle stream to avoid 
bubbles forming on the lenses. Ensure the solution does not overtop the VALTub as this could result in possible 
contamination of the sample. 

10. If bubbles form on the lenses, gently tap the TriOS OPUS to dislodge bubbles. If this is unsuccessful, tip out the 
solution and refill. 

11. Once the solution is in the VALTub and the lenses are clear of bubbles, move on to Taking a measurement using 
the TriOS OPUS. 

Filtering turbid samples 
Filtering of samples is only required if the results from the YSI ProDSS show the turbidity in the water body is above 
200 NTU. 

During filtration it is important that staff be patient as the process may become difficult if samples contain a high 
concentration of suspended solids. Change the filters as frequently as necessary to ensure the minimum required 
filtered sample volume is obtained. 

1. Prepare the work area to ensure it is free of contaminants and contents of the sampling kit are easily accessible. 
Filters and syringe should be placed on the work area unopened until required. 

2. Visually inspect all items, ensuring packages of 50 mL syringes and filters are sealed. Discard all items if the 
integrity of the packaging is compromised or potential for contamination has occurred. 

3. Attach 0.8 µm pre-filter and then a 0.45 µm filter to the syringe. Connect filters without touching end of the 
filter by using the plastic packaging. 
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4. Remove plunger from the syringe. Avoid touching the internal surfaces of the barrel and plunger. 
5. Shake the intermediate bottle containing the sample thoroughly to resuspend the sample and fill the syringe to 

the top with sample water and replace the plunger. 
6. Discard the first 2 mL of sample water pushed through the filters as a filter rinse. 
7. Empty 20 mL into the VALTub connected to the TriOS OPUS. Ensure filtered sample water is filtered over each 

lens. Rinse by moving the OPUS from side to side so the whole VALTub and OPUS lenses are rinsed with the 
water. Empty contents out of the VALTub. 

8. Repeat steps 5 to 7 to rinse TriOS OPUS twice. 
9. Refill the syringe using steps 4 and 5. If filtering becomes difficult, change the filter (and pre-filter), making sure 

each set of filters is rinsed with 2 mL of sample water before continuing to filter the sample. 
10. Once enough volume is reached so that both TriOS OPUS lenses are covered (~30 mL), set aside the 

intermediate bottle, filter and syringes and prepare to perform a measurement on the sample. 

Taking a measurement using the TriOS OPUS 
1. On the TriOS OPUS web interface home page, select “measurement”. 
2. Select “measure now!” (Figure 43). 
3. Review data and ensure all parameters fall within operational range (Table 14). If even one parameter falls 

outside the acceptable range the nitrate measurement recorded will not be a valid representation of nitrate 
concentrations. The exception is Abs210 which can go over absorption range and still record a valid value, 
albeit with a small drop in accuracy (pers comms: Annemarie Köppen, TriOS Support, email, 22nd January 
2020). If Abs210 range is exceeded, it is recommended that the sample be diluted and re-run (see 
Section 6.1 for further information on how each parameter affects nitrate results. 

4. Record the results for all parameters listed in the EnviroSys App (see WTMIP SOP 016) (WTMIP, in prep).  
5. If measurement parameters are above operational limits (10 mg/L), record results for all parameters listed 

in the EnviroSys field app and proceed to Diluting field samples method below. Record a comment in the 
comment section of the EnviroSys field app that the sample was diluted. 
 

 

Figure 43 Example of TriOS NICO measurement read using web interface. The same interface is used for TriOS OPUS (TriOS NICO 

user manual, 2017). 

 

  



 
 

Page 43 of 71 

Salinity 

  
Turbidity (NTU) 
  

TSSeq Absorbance at 
210 nm 

Absorbance at 
360 nm 

Nitrate detection 
limit 

0-1 PSU 
Apply LSA 203C  

0-200 NTU  0-150 mg/L 0.2-3 nm 
 

≤ 0.5-0.8 nm ≤0.03 

1-25 PSU  
Apply LSA 103C  

≥ 200 NTU – NO GOOD 
DATA 

≥ 150 mg/L – NO GOOD 
DATA 

 ≥ 3 nm - NO GOOD DATA ≥ 0.8 nm – NO GOOD 
DATA 

≥0.03 

Above 25 PSU 
Apply LSA 003C  

     

Table 14 TriOS OPUS acceptable parameter ranges (green shaded is within acceptable ranges, red shaded is outside acceptable 

range). 

Diluting field samples 
When nitrate readings exceed the operating range of the TriOS OPUS (0.03 – 10 mg/L), dilution of the sample into Milli Q 
water is required. The rate of dilution required will depend on the expected nitrate levels of the solution. In general, a 
1:10 dilution into a 50 mL volumetric glass should be sufficient. Please see Table 15 below for guidance. Equipment 
required for conducting field sample dilutions can be found in Table 16. 

Nutrient concentration 

  
Dilution Factor  
 

Field Sample (mL) 
(dilution volume (50 mL) x dilution factor 
= Field sample volume) 

10 mg/L - 30 mg/L  1:10  5 mL 

30 mg/L and above  1:20  2.5 mL 

Table 15 Dilution volumes for field samples with nitrate concentrations over 10 mg/L.  

Diluting field samples equipment list 

1 x 50 mL volumetric glass 

1 x 10 mL cylinder 

2x 5 mL plastic bulb pipettes 

Milli Q water 

Environmental field sample 

Table 16 Diluting field samples equipment list. 

Dilution method 
To dilute field samples, it is important that all equipment has been washed and rinsed to remove trace contaminants by 
following WTMIP SOP 008: Washing intermediate sample containers used for paddock surface water and stream 
monitoring (WTMIP, 2020c). 

1. Prepare a clean working space away from dust and debris. Arrange the dilution equipment required on a clean 
working surface. 

2. Check Table 12 to see the appropriate dilution factor based on an estimate of the expected nitrate 
concentration in the sample. If you are unsure, start with a 1:10 dilution. 

3. For a 1:10 dilution take a clean 10 mL measuring cylinder and fill with 5 mL of the field sample. To do this, 
sample is poured up to around the 4.5 mL graduated line and then use the bulb pipette to add sample, one drop 
at a time, until the bottom of the meniscus reaches the 5 mL line. Pour the 5 mL of field sample into the clean 
volumetric glass.  

4. Carefully pour approximately 40 mL of Milli Q water into the volumetric glass with the field sample. Take care to 
stop filling the volumetric glass with Milli Q short of the 50 mL graduated line on volumetric glass.  

5. Fill a clean pipette with Milli Q water and carefully continue filling the volumetric glass a drop at a time until the 
bottom of the meniscus reaches the 50 mL graduated line on the volumetric glass.  

6. This diluted sample can now be used to measure nitrate in the TriOS sensor. 

Please note: If you go over the 50 mL line on the volumetric glass, discard the sample and repeat the dilution 
procedure above.  
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8.3 Data records 

Please refer to WTMIP SOP 016: Management of Water Quality Data Using EnviroSys and SharePoint (WTMIP, in prep) 

8.4 Maintenance 

The mobile TriOS OPUS should be cleaned before and after each use and stored dry in the carry case. If the TriOS OPUS 
is stored wet, humidity in the carry case can damage electronics and grow unwanted algae on the lenses. 

General clean 
1. Ensure you have a clean working space and ample room. Wipe space down with deionised water and lay out 

disposable lab matting to create a clean workspace. 
2. If not already done, remove TriOS OPUS from the carry case and lay on the clean working space, being careful 

not to bump or scratch the lenses. 
3. Clean the TriOS OPUS sensor body and lenses with a damp, clean, non-abrasive and lint free cloth (Do not use 

paper towel as it may scratch the lenses). Gently wipe over the lens face and the space between the lenses so all 
biofouling, foreign matter and water droplets are removed. Do not abrasively scrub the lenses. Any scratch or 
mark on the lens will nullify the calibration of the TriOS OPUS and will require replacement lenses. 

4. Take out VALtub validation cup. Clean the validation cup with a clean cloth and Milli Q water. Ensure validation 
cup is as clean as possible as this holds the water quality sample. Do not abrasively scrub the VALTub as this may 
create scratches which can hold contaminants during sample measurements. 

5. Rinse TriOS OPUS 4 times with Milli Q water with VALTub attached before moving on to rinses with sample 
water. 

6. When cleaning at the end of use, ensure that steps 1 to 4 are followed and then using a dry, lint free cloth 
carefully wipe down the VALTub, TriOS OPUS and carry case so that it is dry before packing away. 

Nitrate sensor validation  
The WTMIP Local Scale Monitoring team has implemented a TriOS OPUS nitrate sensor validation (NSV) program as part 
of the WTMIP Quality Assurance Framework (Alluvium & WTMIP 2020). The NSV program involves collecting samples 
from the field for laboratory nitrate (NO3-N) analysis and comparing the results to the TriOS OPUS measured NO3-N. 
Nitrate sensor validation is conducted extensively on commissioning and once a month thereafter. This is done primarily 
to test the operational performance of the TriOS OPUS in brackish and freshwater environmental conditions.  
The results of the mobile TriOS OPUS nitrate sensor validation checks should be recorded in the EnviroSys field app and 
in an excel spreadsheet on SharePoint. 

Nitrate sensor validation method 
1. Collect the environmental sample and conduct the TriOS OPUS measurement as per the steps outlined in 

section 8.2 Taking a mobile reading, ensuring that there is at least 100ml of sample water in the intermediate 
container. 

2. With the remaining environmental sample, shake the sample to resuspend, pour into a 25 mL syringe with a 
0.8 µm pre-filter and 0.45 µm filter. 

3. Pick up the corresponding NSV 50 mL laboratory sample bottle and rinse twice with approximately 5 mL of the 
environmental sample.  

4. Filter the remaining environmental solution into the 50 mL sample bottle.  
5. To make up the minimum 40 mL for laboratory analysis, the standard solution is again shaken to resuspend the 

sample, poured into the syringe with filters and filtered into the 50 mL sample bottle.  
6. Place the NSV sample immediately into a designated water sample freezer for to await transportation to the 

CRC Laboratory. 
 

Sending natural water standards to the laboratory to verify nitrate concentrations 
Natural water standards designated for Cairns Regional Council Laboratory must be frozen (-20°C) and remain frozen 
during transport to the laboratory. It is important to ensure an adequate number of ice bricks is placed in eskies with the 
samples.  

To minimise contamination through leakage, eskies should be clean, bottle lids must be on tight and bottles should be 
packed upright. Bagged ice should only be used instead of ice bricks as an absolute last resort due to contamination risk 
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from melt waters. Stocks of ice bricks are maintained in the designated sample refrigerators in the Tully, Innisfail and 
Cairns Terrain offices. 

Given the proximity of CRC Water Laboratory to the Cairns Terrain office, and the number of WTMIP staff travelling 
between Innisfail, Tully and Cairns each week, it is often practical for a WTMIP staff member to deliver the samples to 
the laboratory in person. A courier can be used in cases when no WTMIP staff are available. Delivery by WTMIP staff is 
preferred over a courier to avoid the reliance on a third party and the risk that eskies may be left in a hot environment 
for an unacceptable period of time. 

Each batch of samples shipped to the laboratory should contain the relinquishment form issued with each set of bottles 
prepared by CRC Water Laboratory. When packing samples, the CRC Water Laboratory project number (i.e. the 09XXXX 
number) on the sample bottles should be cross checked with that on the relinquishment forms accompanying the 
samples and on the CoC form emailed to the laboratory ahead of the sample delivery (WTMIP, 2020b).  

Comparison of TriOS OPUS nitrate measurements to laboratory-measured natural 

water standard concentrations 
Once the laboratory analysis reports are received, the TriOS OPUS individual values are compared as difference in mg/L 
and percent difference to the corresponding laboratory measured results. Results are considered acceptable if the TriOS 
OPUS result falls within +/- 20% of the laboratory result. If the TriOS OPUS results is outside +/- 20% of the laboratory 
result but within 0.05 mg/L of the laboratory result, it is also considered acceptable. Results for each site are plotted and 
assessed using linear regression, with an R2 and slope of 1 indicating excellent performance. 

Nitrate standard spot check  
The WTMIP Local Scale Monitoring team has implemented a TriOS OPUS nitrate standard spot check schedule as part of 
the WTMIP Quality Assurance Framework (Alluvium & WTMIP 2020). The nitrate standard spot check involves testing 
the operational performance of the TriOS OPUS under laboratory conditions for nitrate levels at 0 and 1 mg/L. This is 
done primarily to test the condition of the instrument’s lenses and lamp performance. Nitrate standard spot checks 
should be conducted quarterly.  
 
The results of the mobile TriOS OPUS nitrate sensor standard spot checks should be recorded in the EnviroSys field app 
and in an excel spreadsheet on SharePoint. 

Pre-nitrate standard spot check clean  
The cleanliness of the TriOS OPUS lenses and validation cup are of upmost importance to ensure contamination or 
dilution of nitrate standard solutions does not occur. Please follow the methods outlined below before each nitrate 
standard spot check.  

To mitigate the risk of sample contamination it is mandatory that staff wear non-powdered gloves during all stages of 
nitrate standard spot check and avoid touching the mouth of bottles, underside of lids and the inside of the VALTub. 

1. Ensure you have a clean working space and ample room. Wipe space down with RO water to create a clean 
workspace. If a clean workspace is not available or achievable, use disposable lab matting. 

2. If not already done, remove TriOS OPUS from the bag and lay on the clean working space, being careful not to 
bump or scratch the lenses. 

3. Clean the TriOS OPUS sensor body and lenses with a damp, clean, non-abrasive and lint free cloth (Do not use 
paper towel as this will scratch the lens). Gently wipe over the lens face and the space in-between the lenses so 
all biofouling, foreign matter and water droplets are removed. Do not abrasively scrub the lenses. Any scratch or 
mark on the lens will nullify the calibration of the TriOS OPUS and will require replacement lenses. 

4. Take out VALTub validation cup. Clean the validation cup with a clean cloth and RO water. Ensure validation cup 
is as clean as possible as this holds the reagent during the nitrate standard spot check process. 

5. Once the TriOS OPUS and validation cup are clean, attach the VALTub validation cup to the TriOS OPUS by 
slipping the VALTub under the TriOS OPUS so that the opening of the VALTub is displaying the lenses of the 
TriOS OPUS. 

6. Rinse TriOS OPUS 4 times with Milli Q water with VALTub attached before moving on to rinses with nitrate 
standards. 

7. Set the TriOS OPUS aside in a secure location. 
8. Connect the TriOS OPUS to the web interface 

1. Connect to G2 via Wi-Fi on your laptop (Figure 40). 
2. Put in the IP address for an OPUS in Google Chrome as shown below and hit enter (Figure 41). Then 

login as “service”  
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IP address: 192.168.77.1 
Username: service 
Password: ecivres  

9. Familiarise yourself with the safety data sheets for each of the nitrate standard solutions. 

Nitrate standard spot check 
Now that the TriOS OPUS is clean and connected to the web interface the nitrate standard spot check can begin. 

1. Two nitrate standard spot checks are conducted to assess performance of the TriOS OPUS at 0 and 1 mg/L. The 
first nitrate standard spot check is at 0 mg/L (i.e. Milli Q water). 

Ensure when conducting nitrate standard spot checks, you are moving from the least concentrated solution up to 
the most concentrated solution. This will reduce the risk of contamination from nitrate standards with higher 
concentration. 

2. Using the required nitrate standard, fill the VALTub halfway, pouring standard over each lens and gently agitate 
the TriOS OPUS so the lenses and VALTub get a good rinse. Tip out the nitrate standard and repeat. 

3. Using the required nitrate standard, fill the VALTub to the top (~30ml), pouring solution along the side of the 
VALTub to reduce bubbles in the solution settling on the lenses until both lenses are completely submerged. Set 
the TriOS OPUS aside so that it is sitting level, in a secure location. 

Bubbles on the lens will affect the TriOS OPUS readings. If any bubbles are present, gently tap the TriOS OPUS to 
shift bubbles. If that does not work, tip out the standard and refill.  

4. In the web interface select measure on the far left-hand side and then click “measure now!”  
5. Record reading in EnviroSys App (WTMIP 016). 
6. Empty nitrate standard solution out of the VALTub and rinse the TriOS OPUS and VALTub with Milli Q water 

4 times. Shake gently to remove as much water as possible. Repeat procedures above for remaining nitrate 
standards. 

If the nitrate results reported in the G2 web interface do not match the nitrate standard being used, repeat the nitrate 
standard spot check. If this does not resolve the discrepancy contact the Water Quality Technician or Water Quality 
Leader for advice. 
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Nitrate sensor calibration curve check 
The WTMIP Local Scale monitoring team has implemented a TriOS OPUS nitrate calibration curve check as part of the 
WTMIP Quality Assurance Framework (Alluvium & WTMIP 2020). The nitrate sensor calibration curve check involves 
collecting samples from the field for laboratory nitrate (NO3-N) analysis and comparing the results to the TriOS OPUS 
measured NO3-N. Nitrate sensor calibration curve check is conducted extensively on commissioning and once every six 
months thereafter. This is done primarily to test the operational performance of the TriOS OPUS in brackish and 
freshwater environmental conditions. The results of the mobile TriOS OPUS commissioning checks are recorded on 
SharePoint in the following excel file: WTMIP Mobile OPUS and NICO commissioning_std checks, 2019 

Collecting the stream water to be used as the standard base medium. 
1. Check the TriOS OPUS results for each WTMIP in-stream monitoring station (on eagle.io) and select the location 

that has the lowest nitrate levels. This is where the base medium (i.e. low-nitrate stream water) to be used to 
prepare the nitrate standards should be collected. 

2. The base medium water is collected two minutes after the TriOS OPUS measurements are recorded. This is so 
we know the base medium nitrate concentration and account for this when preparing the set of natural water 
standards. 

3. Run the bypass tap for 30 seconds to flush the line. 
4. Once the line has been flushed, rinse a 1 L intermediate bottle twice with the bypass tap water. 
5. Collect a base medium water sample from the bypass tap with a twice rinsed 1 L intermediate bottle. 
6. Place the bottle into a car fridge or esky with ice as soon as possible and deliver to the office for testing.  

Preparing a set of standard solutions using natural waters 
In instances where there is time and budget, nitrate standards can be prepared by a laboratory from the environmental 
samples collected. To organise laboratory-prepared environmental standards, contact a Water Quality Project Officer.  

To prepare a set of standard solutions in-house using environmental waters, follow the stepwise procedure below: 

1. Once back in the office, check the nitrate measurement at the station where the sample was taken, at the time 
the sample was taken. Note the NO3-N value as this will be used in the calculations to determine the nitrate 
spike volume. 

2. Calculate the spike volumes required to prepare a set of standards suitable for generating a calibration curve 
over a range of operationally relevant concentrations for the instruments pathlength. For a 10 mm pathlength 
use the following concentrations: 0, 0.125, 0.25, 0.5, 1, 2, 4, 8, 10 mg/L. 
 
The calculation below is appropriate, provided the volume of stock solution added makes up <1% of the final 
volume (i.e. < 1 mL). 
 

(Desired standard concentration – Base medium concentration) × Sample volume (100 mL) 
Concentration of stock solution (200 mg/L) 

 
3. Once the spike volumes are known, set up a row of 100 mL sample collection bottles for each sample 

concentration. Label each bottle with the desired standard concentration volume. 
4. Pull out the 50 mL “MIP FS OPUS NSV” project bottles and number up against the spike volumes and make note 

in the eCOC comments section which bottle has which standard concentration volume (e.g. NSV OPUS 1 against 
0.1 mg/L standard solution). 

5. Rinse each 100 mL sample collection bottle twice with approximately 5 mL of filtered water from the 1 L bottle 
6. Rinse a clean 100 mL graduated cylinder twice with approximately 5 mL of water from the 1 L bottle. 
7. Pour approximately 90 mL of base medium into a volumetric flask.  
8. Using the CRC Laboratory 200 mg/L nitrate stock solution, measure out the desired amount with a variable 

volume transfer pipette to spike the first 100 mL volume to create a concentration of 0.1 mg/L (see the section 
below for the method to use a variable volume transfer pipette). Repeat for each concentration level. 
 

Using the adjustable volume pipettes 
Adjustable volume pipettes have been purchased for sub-sampling a specific volume of sample for nitrate testing. The 
accuracy and precision of the adjustable volume pipettes will yield more accurate and precise nitrate measurements if 
used correctly. 
 
The following steps outline the correct use of the variable volume pipette: 
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1. Ensure you are familiar with the different components of the pipette. 
2. Check the volume displayed on the volume setting window and adjust, if needed, using the volume adjustment 

dial. 
3. Load a disposable pipette tip onto the tip cone without touching the pipette tip. 
4. Gently invert the intermediate sample container at least three times to mix the sample before removing the lid. 
5. Depress the pipette plunger until you feel the first point of resistance, submerge the tip just below the surface 

of the sample (i.e. 0.5-2 cm below), taking care not to touch the neck of the bottle with the pipette tip, or to 
fully submerge the tip. 

6. Slowly release the plunger, allowing the pipette to draw up the set volume of sample. 
7. Transfer the sub-sample to the destination receptacle (e.g. a test kit buffer solution vial) and position the 

pipette tip just above the surface of the solution (i.e. approximately 0.5 cm). 
8. Slowly depress the plunger through the first resistance point to the second, fully releasing the sub-sample into 

the destination receptacle. 
9. Visually check that the entire sample has been released from the pipette tip. Should some sample remain, the 

transfer was incomplete, and the sub-sample should be repeated into a new receptacle. Should some sample 
remain in the pipette tip, be very careful that it is not drawn up into the pipette when the plunger is released as 
sample in the shaft of the pipette can contaminate subsequent samples. 

10. Eject the disposable pipette tip into the bin using the tip ejector button. 
11. Use a fresh pipette tip for each sample. 

Measuring the standard nitrate concentrations to produce a calibration curve 
1. Now a measurement is made using the TriOS OPUS. Follow the steps in section 8.4 General clean to ensure the 

TriOS OPUS is clean and ready for the sample. 
2. Shake the standard solution and then pour ~10 mL of over the TriOS OPUS lenses and into the VALTub. Rotate 

the OPUS to ensure all surfaces are covered and then tip out the solution. Repeat. 
3. Once the OPUS is rinsed with standard solution, shake the standard solution again and then pour ~30 mL of 

sample water into the VALTub until there is sufficient volume to cover the lenses. Ensure the solution is poured 
along the side of the VALTub in a steady, gentle stream to avoid bubbles forming on the lenses. 

4. If bubbles form on the lenses, gently tap the TriOS OPUS to dislodge the bubbles. 
5. On the TriOS OPUS web interface home page, select “measurement”. 
6. Select “measure now!” (Figure 43). 
7. Review data and ensure all parameters fall within operational range (see Table 14). If even one parameter falls 

outside the acceptable range the nitrate measurement recorded will not be a valid representation of nitrate 
concentrations. The exception is Abs210 which can go over absorption range and still record a valid value, albeit 
with a small drop in accuracy.  

8. Record the results for all parameters listed in the EnviroSys field app. 
9. Repeat steps 1 to 8 for all spike concentrations. 

Preparing natural water standards to send to the laboratory to verify nitrate 

concentrations 
Once the spiked solutions have been measured with the TriOS OPUS, the remaining solution will need to be filtered, 
frozen and sent to CRC Laboratory for analysis. 

1. Take the lowest standard concentration (0.1 mg/L) and shake the sample to resuspend, pour into a 25 mL 
syringe with a 0.8 µm pre-filter and 0.45 µm filter. 

2. Pick up the corresponding NSV 50 mL laboratory sample bottle and rinse twice with approximately 5 mL of 
filtered standard solution. 

3. Filter the remaining standard solution into the 50 mL sample bottle. 
4. To make up the minimum 40 mL for laboratory analysis, the standard solution is again shaken to resuspend the 

sample, poured into the syringe with filters and filtered into the 50 mL sample bottle. 
5. Place the NSV sample immediately into a designated water sample freezer to await transportation to the CRC 

Laboratory. 

Sending natural water standards to the laboratory to verify nitrate concentrations 
Natural water standards designated for Cairns Regional Council (CRC) Laboratory must be frozen (-20°C) and remain 
frozen during transport to the laboratory. It is important to ensure an adequate number of ice bricks is placed into eskies 
with the samples. 

To minimise contamination through leakage, eskies should be clean, bottle lids must be on tight and bottles should be 
packed upright. Bagged ice should only be used instead of ice bricks as an absolute last resort due to contamination risk 
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from melt waters. Stocks of ice bricks are maintained in the designated sample refrigerators in the Tully, Innisfail and 
Cairns Terrain offices. 

Given the proximity of CRC Water Laboratory to the Cairns Terrain office, and the number of WTMIP staff travelling 
between Innisfail/Tully and Cairns each week, it is often practical for a WTMIP staff member to deliver the samples to 
the laboratory in person. A courier can be used in cases when no WTMIP staff are available. Delivery by WTMIP staff is 
preferred over a courier to avoid the reliance on a third party and the risk that eskies may be left in a hot environment 
for an unacceptable period. 

Each batch of samples shipped to the laboratory should contain the relinquishment form issued with each set of bottles 
prepared by CRC Water Laboratory. When packing samples, the CRC Water Laboratory project number (i.e. the 09XXXX 
number) on the sample bottles should be cross checked with that on the relinquishment forms accompanying the 
samples and on the CoC form emailed to the laboratory ahead of the sample delivery (see WTMIP SOP 006).  

Comparison of TriOS OPUS nitrate measurements to laboratory-measured natural 

water standard concentrations 
Once the laboratory analysis reports are received, the TriOS OPUS individual values are compared, as difference in mg/L 
and percent difference, to the corresponding laboratory measured results. Results are considered acceptable if the TriOS 
OPUS result falls within +/- 20% of the laboratory result. If the TriOS OPUS results is outside of +/- 20% of the laboratory 
result but within 0.05 mg/L of the laboratory result, it is also considered acceptable. Results for each site are plotted and 
assessed using linear regression, with a R2 of 1 and a slope of 0.9-1.1 indicating acceptable performance. 
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9. TriOS NICO mobile application 

9.1 Mobile set-up and accessories 

The use of the TriOS NICO as a mobile unit is a non-standard application of the sensors, which are usually deployed in a 
fixed location for the generation of high frequency nitrate data. All WTMIP TriOS NICO sensors used as a mobile unit are 
operating with a 10 mm pathlength. The information provided in the section below refers to instructions for a sensor 
with a 10 mm pathlength. For further information on operational requirements of a sensor equipped with a different 
pathlength please refer to the TriOS NICO user manual (TriOS, 2017b).  

The sensor is housed in a robust and waterproof Vault carry case for protection (Figure 44). The validation cup VALTub is 
used as the holding vessel for a sample in the same way the VALTub is used as a holding vessel for nitrate standards. 
Readings from the mobile TriOS NICO are collected using a G2 interface box powered by a 12volt 8 Ah battery with a 
700w MSW inverter (Figure 45 and Figure 46). Figure 47 shows the TriOS software interface powered by the G2 interface 
box. 

The 700w MSW inverter requires careful handling. Please note and follow the requirements below (SCA Inverter 
Instruction Manual): 

1. The inverter must not get wet  
2. Do not cover the or obstruct the ventilation openings on the front or back of the inverter. 
3. Do not install in any areas where flammable fumes may exist. 
4. Do not install in dusty environments. Dust can be pulled into the unit when the cooling fan is on, preventing the 

cooling operation of the inverter. 
5. The inverter should be switched off and powered down prior to any maintenance or connection to instruments.   
6. The inverter is fitted with a low voltage alarm that will beep at 11.9V, at which point the inverter will need to be 

charged before use.  

To set up the TriOS NICO for mobile use please refer to Figure 4 below. 

 

Figure 44 Trios OPUS/Trios NICO carry bag 
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Figure 45 G2 interface box connected to TriOS NICO 

 

Figure 46 TriOS NICO 12 Volt battery and accessories 
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Figure 47 TriOS software interface  

 

9.2 Taking a mobile reading 

Using the TriOS NICO as a mobile device is a non-standard application and, as such, the normal operations of the TriOS 
NICO have been adapted. Traditionally the TriOS NICO is connected to an external data logger which is also connected to 
a multiparameter sonde that relays site environmental conditions such as temperature, turbidity and salinity to the data 
logger. This information triggers programming within the data logger which then sends a Modbus command to the NICO 
that environmental conditions are within acceptable range and to take a reading. In this process the data logger acts as 
the “operator”. In the case of a mobile unit the technician or field officer is the “operator”. It is up to the field officer to 
assess environmental conditions and trigger the command to sample. 

The procedure for using the NICO as a mobile unit is outlined in the sections below. Follow each of the sections in 
chronological order to ensure accurate measurements. 

Physico-chemical readings  
It is important that the environmental conditions of the water body fall within the acceptable operating range of the 
TriOS NICO. There are two main physico-chemical ranges that need to be adhered to for accurate nitrate results: salinity 
and turbidity (see section 6.2 for information on how these parameters affect readings). The instruments listed below 
can be used to obtain the physico-chemical readings required. All physico-chemical readings should be recorded in the 
comments section of the EnviroSys field app along with the relevant TriOS NICO results. 

YSI ProDSS hand-held multiparameter meter 
Follow the steps below using a calibrated YSI ProDSS hand-held meter. For more detailed information on the operation 
and maintenance of the ProDSS please refer to WTMIP SOP 005 (WTMIP, 2019a). 

1. Before going into the field, ensure any calibrations that may be required are completed (e.g. temperature, 
salinity and turbidity). 

2. Once on site, put on task-appropriate PPE and inspect the site for potential hazards. 
3. Attach the ProDSS bulkhead to the sampling pole using the clamp. Unravel sufficient cable to extend the 

bulkhead as close as possible to the centre of the stream avoiding vegetation, backwaters and eddies. 
4. Turn the meter on and place the sensors in the water to a depth of 0.3 m (to reduce impact surface slicks) 

upstream from, or beyond the area of disturbance. Avoid touching the substrate and allow any water disturbed 
by the movement of the bulkhead to flow past you. 

5. Gently shake the sensors to release any air bubbles that may be on the sensors. 
6. Allow the readings to stabilise, this may take up to 5 min. 
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7. Once readings have stabilised, check that “log one sample” is highlighted and hit “enter”. You may have to hit 
“enter” twice if the screen has lost illumination: once to turn the screen light on and the second time to log the 
sample. The screen will then display at the bottom “one sample logged”. Remove the bulkhead from the water. 

8. To access measurement records from the ProDSS handheld, select “file” on the main handheld, “save data”, 
“view data”. Scroll down and across using the arrows to view all data logged. 

9. Record the measured values directly into the EnviroSys field app. 
10. Record the following details: sampler name, site details (e.g. site code, site name, waterway, GPS co-ordinates), 

date and time of measurement, all measured values, any factors that may have affected the measurement (e.g. 
presence of an algal bloom, recent rainfall etc.). 

11. Store the meter back into the pelican case, ensuring there is enough water in the calibration cup to create a 
humid environment for the sensors. 

Note: Generally, if sampling in a tidal area, sampling is to be conducted on the ebb (outgoing) tide. 

Turbidity tube 
To use the turbidity tube, follow the steps below: 

1. Fill the turbidity tube with environmental sample until it reaches the 200NTU graduation marker. 
2. Look down the tube to see the markings (black squiggles on a white base). If the markings can be seen clearly, 

the turbidity of the environmental sample is below 200NTU. If the markings cannot be seen, the sample is over 
200 NTU and will require filtering before use with the TriOS NICO (see Filtering turbid samples below). 

Milwaukee EC59 Electrical Conductivity (EC)/Temperature meter 
To use the EC59 EC/temperature meter, follow the steps below in Figure 48 and Figure 49 (Milwaukee, 2014). It is 
important to ensure the EC59 meter is calibrated before use at the beginning of each sample using the supplied 
1413 µS/cm calibration standard. 

The Milwaukee EC59 has an upper detection limit of 10,000 µS/cm which may be well below the EC levels at some 
brackish water sites. However, if you reach 10,000 µS/cm you are well above the tolerance limit of the TriOS NICO and 
will require the use of a TriOS OPUS equipped with a brackish or salt water LSA instead. 
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Figure 48 EC59 User Manual Calibration and Operational Guide page 1 (Milwaukee, 2014) 
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Figure 49 EC59 User Manual Calibration and Operational Guide page 2 (Milwaukee, 2014) 
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Assessing environmental conditions 
Once turbidity and salinity have been measured, the reported values need to be checked against the operating ranges of 
the TriOS NICO. Please use the Tables 17 and 18 below as reference. 

Please note: Turbidity levels are based on operational performance of the TriOS OPUS at 210 nm wavelength. It is an 
indicator only. If turbidity reaches greater that 200 NTU it is recommended that the samples are filtered before TriOS 
NICO measurements are taken. 

Turbidity 
Turbidity (NTU) 
  

LSA 

0-200 NTU  No action required 

200+ NTU Sample is too turbid. Suggest filtering sample 
with 0.8µm pre-filter and 0.45µm filter before 
taking a measurement. 

Table 17 Turbidity range for TriOS OPUS 10mm path length 

Salinity 
Salinity Range (PSU) Electrical conductivity (EC) (µS/cm) 

(values estimate based on Wagner et al, 
2006 Table 1) 

Action 

Below 1 PSU ≤ 2,000  Ok to proceed with TriOS NICO measurement 

Above 1 PSU above 2,000  Over TriOS NICO salinity range. Do not use TriOS 
NICO to measure nitrate. 

Table 18 Salinity range for TriOS NICO 10 mm path length 

Once the environmental condition is known, the next step is to connect the TriOS NICO to the web interface using the 
G2 interface box. 

1. Connect to G2 via Wi-Fi on your laptop (Figure 50). 
2. Put in the IP address for an OPUS as you can see below and hit “enter” (Figure 51). Then login as “service”  

IP address: 192.168.77.1 
Username: service 
Password: ecivres  

3. The NICO is ready for measurement. 

      

Figure 50 Selecting LSA on TriOS OPUS before taking mobile nitrate measurements (Source: Control Components, 2019). 
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Figure 51 Accessing TriOS optical sensor web interface and loging in as “service” (Source: Control Components, 2019) 

 

Collecting sample from water body using an intermediate container 
To mitigate the risk of sample contamination it is mandatory that staff wear non-powdered gloves during all stages of 
sample collection and avoid touching the mouth of bottles, underside of lids and end of syringes and filters and the 
inside of the VALTub. 

Washing intermediate containers 
Before collecting samples from the water body, it is important to ensure the intermediate 500 mL high density 
polyethylene sample bottle is clean. The stepwise procedure below should be conducted before each sample collection.  

1. Remove the lid of the sample bottle, taking care not to touch the inside surfaces of the lid or the sample bottle. 
2. Fill the bottle with ~20 mL of RO water, replace the lid and shake the sample bottle to rinse, ensuring the inside 

of the bottle and lid come into contact with RO water. Discard this water downstream of the sampling area. 
3. Repeat steps 1-2 three times. 
4. On the fourth rinse, replace RO water with Milli Q water. Replace the lid and shake the sample bottle to rinse, 

ensuring the inside of the bottle and lid come into contact with RO water. Discard this water downstream of the 
sampling area. 

5. The intermediate bottle is now ready for sampling. 

Collecting a sample from water body 
For the collection of nutrients from a water body please refer to WTMIP SOP 002_FM001: Manual water quality 
sampling for total suspended solids and nutrients (DES & WTMIP, 2018). 

1. Identify a representative section of the stream to collect the water sample or samples. 
2. Extend the sampling pole to the required length, ensure it is clean, and with clean gloves on, place a clean 

500 mL high density polyethylene sample bottle into the clamp attachment. 
3. Remove the lid of the sample bottle, taking care not to touch the inside surfaces of the lid or the sample bottle. 
4. Position the sample bottle above the water where the sample will be collected. With the neck of the bottle 

facing down, submerge it into the main flow of the stream (avoiding surface contamination) to a depth of 
approximately 0.3 m. 

5. Rotate the submerged sample bottle upstream into the direction of flow and allow the bottle to fill 
approximately one third with stream water. 

6. Remove the bottle from the water and replace the lid on the sample bottle. 
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7. Shake the sample bottle to rinse, ensuring the inside of the bottle and lid come into contact with the stream 
water. Discard this water downstream of the sampling area. 

8. Repeat steps 3 to 7 so the sample bottle is rinsed twice with stream water. 
9. To fill the sample bottle, repeat steps 3 to 5, this time allowing the sample bottle to fill completely. 
10. Replace the lid, ensuring a good seal. 

Filling VALTub to prepare for TriOS NICO measurement 
1. Ensure TriOS NICO lenses and VALTub are clean (see section 9.4 General clean). 
2. Rinse TriOS NICO lenses and VALTub three times with Ro Water and follow with one rinse with Milli Q water. 

Ensuring all areas of the lenses and VALTub have been rinsed.  
3. Before conducting rinses with environmental sample, it is important to ensure there is no nitrate contamination 

by conducting a “blank” with Milli Q water. To do this, pour ~30 mL of Milli Q water into the VALTub until there 
is sufficient volume to cover the lenses. Ensure the solution is poured along the side of the VALTub in a steady, 
gentle stream to avoid bubbles forming on the lenses. 

4. If bubbles form on the lenses, gently tap the TriOS NICO to dislodge bubbles. If this does not work tip out the 
solution and refill.  

5. Take a blank measurement using the stepwise procedure below Taking a measurement using the TriOS NICO. 
6. If the results for NO3-N come back at 0 or the text “± Limit”, you can continue preparing the VALTub with the 

environmental sample. If the blank comes back with trace readings of NO3-N, repeat the Milli Q rinse and 
conduct the blank again. Ensure all parameters from the Milli Q readings are recorded in the EnviroSys field app 
under the “NICO QC” form.  

 
If repeated readings of trace NO3-N are recorded on ultrapure Milli Q water, record readings from all parameters, 
do not continue sampling, and contact a Water Quality Project Officer for advice.  
 
7. If the proDSS showed turbidity levels to be above 200 NTU, move on to Filtering turbid samples below. 
8. If the proDSS showed turbidity levels to be below 200 NTU, shake solution and then pour ~20ml of the sample 

water over the lenses and into the VALTub. Pick up the TriOS NICO and rotate so that the solution completely 
covers and rinses the VALTub and lenses. Tip out solution. Repeat. 

9. Shake solution and then pour ~30 mL of sample water into the VALTub until there is sufficient volume to cover 
the lenses. Ensure the solution is poured along the side of the VALTub in a steady, gentle stream to avoid 
bubbles forming on the lenses. 

10. If bubbles form on the lenses, gently tap the TriOS NICO to dislodge bubbles. If this does not work tip out the 
solution and refill. 

Filtering turbid samples 
Filtering of samples is only required if the results from physico-chemical readings show the turbidity in the water body is 
above 200 NTU. 

During filtration it is important that staff be patient as the process may become difficult if samples contain a high 
concentration of suspended solids. Change the filters as frequently as necessary to ensure the minimum required 
filtered sample volume is obtained. 

1. Prepare the work area to ensure it is free of contaminants and the contents of the sampling kit are easily 
accessible. Filters and syringe should be placed on the work area unopened until required. 

2. Visually inspect all items ensuring packages of 50 mL syringes and filters are sealed. Discard any items where the 
integrity of the packaging is compromised or potential for contamination has occurred. 

3. Attach 0.8 µm pre-filter and then a 0.45 µm filter to the syringe. Connect filter without touching end of the filter 
by using the plastic packaging. 

4. Remove plunger from the syringe. Avoid touching the internal surfaces of the barrel and plunger. 
5. Shake the intermediate bottle containing the sample thoroughly to resuspend the sample and fill the syringe to 

the top with sample water and replace the plunger. 
6. Discard the first 2 mL of sample water pushed through the filters as a filter rinse. 
7. Empty 20 mL into the VALTub connected to the TriOS NICO and rinse by moving the NICO from side to side so 

the whole VALTUB and NICO lenses are rinsed with the water. Empty contents out of the VALTub. 
8. Repeat steps 5 to 7 to rinse TriOS NICO twice. 
9. Refill the syringe using steps 4 and 5. Filter the entire contents of the syringe into the VALTub, refilling syringe if 

necessary, using steps 4 and 5. If filtering becomes difficult, change the filter (and pre-filter), making sure each 
set of filters is rinsed with 2 mL of sample water before continuing to filter the sample. 



 
 

Page 59 of 71 

10. Once enough volume is reached so that both TriOS NICO lenses are covered (~30 mL), set aside intermediate 
bottle, filter and syringes and prepare to perform a measurement on the sample. 

Taking a measurement using the TriOS NICO 
1. On the TriOS NICO web interface home page, select “measurement”. 
2. Select “Measure now!” (Figure 52). 
3. Review data ensuring all parameters fall within operational range (see Table 19). If even one parameter falls 

outside the acceptable range the NO3-N measurement recorded is not a valid representation of nitrate 
concentrations (see section 6.2 for further information on how each parameter affects NO3-N results). 

4. If NO3-N range is exceeded, it is recommended that the sample is diluted and re-run (see Diluting field samples 
section below). Record a comment in the comment section of the EnviroSys field app that the sample was 
diluted. 

5. If measurement parameters are outside of operational limits, record results for all parameters listed in the 
EnviroSys field app and contact a Water Quality Officer for advice. 

6. Record all parameters in EnviroSys field app. 
 
It is important to note here that while the TriOS NICO reports nitrate as nitrogen (NO3-N), the instrument is 
unable to distinguish between nitrate and nitrite. As a result, both NO3-N and NOx-N values measured will be 
the same. For reporting purposes NOx-N should be used. 

 

 

Figure 52 TriOS NICO measurement read using web interface (TriOS NICO, 2017b). 

 

Salinity 
  

SQI 
  

Ref A Ref B Ref C Ref D 

0-1 PSU  ≤ 0.5 ≤ 150  ≤ 150  ≤ 150  ≤ 13,000 

≥ 1 PSU 0.5 - 1 ≥ 150 ≥ 150 ≥ 150 ≥ 13,000 

Table 19 TriOS NICO acceptable parameter ranges (green shaded is within acceptable ranges, red shaded is outside of acceptable 

range). 

Diluting field samples 
When nitrate readings exceed the operating range of the TriOS NICO (0.05 – 6 mg/L) dilution of the sample into Milli Q 
water is required. The rate of dilution required will depend on the expected nitrate levels of the solution. In general, a 
1:10 dilution into a 50 mL volumetric glass should be sufficient. Please see Table 20 below for guidance. Equipment 
required for conducting field sample dilutions can be found in Table 21. 
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Nutrient concentration 

  
Dilution Factor  
 

Field Sample (mg/L) 
(dilution volume (50 mL) x dilution factor 
= Field sample volume) 

6 mg/L - 30 mg/L 1:10 5 mL 

30 mg/L and above 1:20 2.5 mL 

Table 20 Dilution volumes for field samples with nitrate concentrations over 10 mg/L.  

Diluting field samples equipment list 

1 x 50 mL volumetric glass 

1 x 10 mL cylinder 

1x Sterile pipette 

Milli Q water 

Environmental field sample 

Table 21 Diluting field samples equipment list. 

Dilution method 
To dilute field samples, it is important that all equipment has been washed and rinsed to remove trace contaminants by 
following WTMIP SOP 008: Washing intermediate sample containers used for paddock surface water and stream 
monitoring (WTMIP, 2020c). 

1. Prepare a clean working space away from dust and debris. Arrange the dilution equipment required on clean 
working surface. 

2. Check Table 20 to see the dilution factor that should be employed, based on an estimate of the expected nitrate 
concentration in the sample. If you are unsure, start with a 1:10 dilution. 

3. For a 1:10 dilution take a clean 10 mL measuring cylinder and fill with 5 mL of the field sample. To do this, 
sample is poured up to around the 4.5 mL graduated line and then the bulb pipette is used to add sample, one 
drop at a time, until the bottom of the meniscus reaches the 5 mL line. Pour the 5 mL of field sample into the 
clean volumetric glass.  

4. Carefully pour approximately 40 mL of Milli Q water into the volumetric glass with the field sample. Take care to 
stop filling the volumetric glass with Milli Q short of the 50 mL graduated line on volumetric glass. 

5. Fill a clean pipette with Milli Q water and carefully continue filling the volumetric glass a drop at a time until the 
bottom of the meniscus reaches the 50 mL graduated line on the volumetric glass. 

6. This diluted sample can now be used to measure nitrate in the TriOS sensor. 

Please note: If you go over the 50 mL line on the volumetric glass, discard the sample and repeat the dilution 
procedure above.  

9.3 Data records 

Please refer to WTMIP SOP 016: Management of Water Quality Data Using EnviroSys and SharePoint (WTMIP, in prep). 

9.4 Maintenance 

The mobile TriOS NICO should be cleaned before and after each use and stored dry in the carry case. If the TriOS NICO is 
stored wet, humidity in the carry case can damage electronics and grow unwanted algae on the lenses. 

General clean 
1. Ensure you have a clean working space and ample room. Wipe down space with deionised water and lay out 

disposable lab matting to create a clean workspace. 
2. If not done so already, remove TriOS NICO from the carry case and lay out on the clean working space, being 

careful not to bump or scratch the lenses. 
3. Clean the TriOS NICO sensor body and lenses with a damp, clean, non-abrasive and lint free cloth (do not use a 

paper towel as this will scratch the lenses). Gently wipe over the lens face and the space in-between the lenses 
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so all biofouling, foreign matter and water droplets are removed. Do not abrasively scrub the lenses. Any scratch 
or mark on the lens will null the calibration of the TriOS NICO and will require replacement lenses. 

4. Take out VALTub validation cup. Clean the validation cup with a clean cloth and Milli Q water. Ensure validation 
cup is as clean as possible as this holds the water quality sample. Do not abrasively scrub the VALTub as this may 
create scratches which can hold contaminates during sample measurements. 

5. Rinse TriOS NICO with VALTub attached 4 times with Milli Q water before moving on to rinses with sample 
water. 

6. When cleaning at the end of use, ensure that steps 1 to 4 are followed and then using a dry, lint free cloth 
carefully wipe down the VALTub, TriOS NICO and carry case so that it is dry before packing away. 

Nitrate sensor validation  
The WTMIP Local Scale monitoring team have implemented a TriOS NICO nitrate sensor validation (NSV) program as part 
of the WTMIP Quality Assurance Framework (Alluvium & WTMIP 2020). The NSV program involves collecting samples 
from the field for laboratory nitrate (NO3-N) analysis and comparing the results to the TriOS NICO measured NO3-N. 
Nitrate sensor validation is conducted extensively on commissioning and once a month thereafter. This is done primarily 
to test the operational performance of the TriOS NICO in freshwater environmental conditions. 

The results of the mobile TriOS NICO nitrate sensor validation checks should be recorded in the EnviroSys field app and 
in an excel spreadsheet on SharePoint. 

Nitrate sensor validation method 
1. Collect the environmental sample and conduct the TriOS NICO measurement as per the steps outlined in 

section 9.2 Taking a mobile reading, ensuring that there is at least 100 mL of sample water in the intermediate 
container. 

1. With the remaining environmental sample, shake the sample to resuspend, pour into a 25 mL syringe with a 
0.8 µm pre-filter and 0.45 µm filter. 

2. Pick up the corresponding NSV 50 mL laboratory sample bottle and rinse twice with approximately 5 mL of the 
environmental sample. 

3. Filter the remaining environmental solution into the 50 mL sample bottle. 
4. To make up the minimum 40 mL for laboratory analysis, the standard solution is again shaken to resuspend the 

sample, poured into the syringe with filters and filtered into the 50 mL sample bottle.  
5. Place the NSV sample immediately into a designated water sample freezer for to await transportation to the 

CRC Laboratory. 

Sending natural water standards to the laboratory to verify nitrate concentrations 
Natural water standards designated for CRC Laboratory must be frozen (-20°C) and remain frozen during transport to the 
laboratory. It is important to ensure an adequate number of ice bricks are placed in eskies with the samples.  

To minimise contamination through leakage, eskies should be clean, bottle lids must be on tight and bottles should be 
packed upright. Bagged ice should only be used over ice bricks as an absolute last resort due to contamination risk from 
melt waters. Stocks of ice bricks are maintained in the designated sample refrigerators in the Tully, Innisfail and Cairns 
Terrain offices. 

Given the proximity of CRC Laboratory to the Cairns Terrain office, and the number of WTMIP staff travelling between 
Innisfail/Tully and Cairns each week, it is often practical for a WTMIP staff member to deliver the samples to the 
laboratory in person. A courier can be used in cases when no WTMIP staff are available. Delivery by WTMIP staff is 
preferred over a courier to avoid the reliance on a third party and the risk that eskies may be left in a hot environment 
for an unacceptable period of time. 

Each batch of samples shipped to the laboratory should contain the relinquishment form issued with each set of bottles 
prepared by CRC Water Laboratory. When packing samples, the CRC Water Laboratory project number (i.e. the 09XXXX 
number) on the sample bottles should be cross checked with that on the relinquishment forms accompanying the 
samples and on the CoC form emailed to the laboratory ahead of the sample delivery (WTMIP, 2020b).  

Comparison of TriOS NICO nitrate measurements to laboratory-measured natural 

water standard concentrations 
Once the laboratory analysis reports are received, the TriOS NICO individual values are compared, as difference in mg/L 
and percent difference, to the corresponding laboratory measured results. Results are considered acceptable if the TriOS 
NICO result falls within +/- 20% of the laboratory result. If the TriOS NICO results is outside of +/- 20% of the laboratory 
result but within 0.05 mg/L of the laboratory result, it is also considered acceptable. Results for each site are plotted and 
assessed using linear regression, with a R2 and slope of 1 indicating excellent performance. 
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Nitrate standard spot check & calibration curve checks 
The WTMIP Local Scale monitoring team have implemented a TriOS NICO nitrate standard spot check and calibration 
curve check schedule as part of the WTMIP Quality Assurance Framework (Alluvium & WTMIP 2020). The nitrate 
standard spot check involves testing the operational performance of the TriOS NICO under laboratory conditions for 
nitrate levels at 0 and 1 mg/L. This is done primarily to test the condition of the instrument’s lenses and lamp 
performance. Nitrate standard spot checks should be conducted quarterly. The calibration curve check is conducted 
every 6 months and tests the operational performance of the TriOS NICO across the full operational range of the 
instrument (0 to 6 mg/L). 

Initial checks of the NICO’s performance using nitrate standards prepared on a Milli Q base medium showed the NICO is 
unable to accurately measure nitrate in clean water standards. This is due to the inbuilt calibrations to correct for 
organics and turbidity in the water. It was recommended that a more realistic means of checking the NICO was to use a 
set of ‘standards’ based on natural waters to prepare a standard curve and have the nitrate concentrations verified by 
the laboratory (WTMIP, 2019 and pers comm: Annemarie Köppen, TriOS Support, email, 19th December 2019). The 
natural water standards are prepared using a 200 mg/L nitrate (NO3-N) stock solution prepared by CRC Laboratory and 
stored frozen until required. 

The results of the mobile TriOS NICO nitrate sensor spot and calibration curve checks should be recorded in the 
EnviroSys field app and in an excel spreadsheet on SharePoint. 

Collecting the stream water to be used as the standard base medium. 
1. Check the TriOS NICO results for each WTMIP in-stream monitoring station (on eagle.io) and select the location 

that has the lowest nitrate levels. This is where the base medium (i.e. low-nitrate stream water) to be used to 
prepare the nitrate standards should be collected. 

2. The base medium water is collected two minutes after the TriOS NICO measurements are recorded. This is done 
so we know the base medium nitrate concentration and account for this when preparing the set of natural 
water standards. 

3. Run the bypass tap for 30 seconds to flush the line. 
4. Once the line has been flushed, rinse a 1 L intermediate bottle twice with the bypass tap water. 
5. Collect a base medium water sample from the bypass tap with a twice rinsed 1 L intermediate bottle. 
6. Place the bottle into a car fridge or esky with ice as soon as possible and deliver to the office for testing.  

Preparing a set of standard solutions using natural waters 
In instances where there is time and budget, nitrate standards can be prepared by a laboratory from the environmental 
samples collected. To organise laboratory prepared environmental standards, contact a Water Quality Project Officer.  

To prepare a set of standard solutions in house using environmental waters, follow the stepwise procedure below. 

1. Once back in the office, check the nitrate measurement at the station where the sample was taken, at the time 
the sample was taken. Note the NO3-N value as this will be used in the calculations to determine the nitrate 
spike volume. 

2. Calculate the spike volumes required to prepare a set of standards suitable for generating a calibration curve 
over a range of operationally relevant concentrations for the instruments pathlength.  
For a spot check use the following concentration: 0 and 1 mg/L.  
For a calibration curve check use the following concentrations: 0, 0.125, 0.25, 0.5, 1, 2, 4, 6 mg/L. 
 
The calculation below is appropriate provided the volume of stock solution added makes up <1% of the final 
volume (i.e. < 1 mL). 
 

(Desired standard concentration – Base medium concentration) × Sample volume (100 mL) 
Concentration of stock solution (200 mg/L) 

 
3. Once the spike volumes are known, set up a row of 100 mL sample collection bottles for each sample 

concentration. Label each bottle with the desired standard concentration volume. 
4. Pull out the 50 mL “MIP FS NICO NSV” project bottles and number up against the spike volumes and make note 

in the eCOC comments section which bottle has which standard concentration volume (e.g. NSV NICO 1 against 
0.1 mg/L standard solution). 

5. Rinse each 100 mL sample collection bottle twice with approximately 5 mL of filtered water from the 1 L bottle 
6. Rinse a clean 100 mL graduated cylinder twice with approximately 5 mL of water from the 1 L bottle. 
7. Pour approximately 90 mL of base medium into a volumetric flask.  
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8. Using the CRC Laboratory 200 mg/L nitrate stock solution measure out the desired amount with a variable 
volume transfer pipette to spike the first 100 mL volume to create a concentration of 0.1 mg/L (see the section 
below for the method to use a variable volume transfer pipette). Repeat for each concentration level.  

Using the adjustable volume pipettes 
Adjustable volume pipettes have been purchased for sub-sampling a specific volume of sample for nitrate testing. The 
accuracy and precision of the adjustable volume pipettes will yield more accurate and precise nitrate measurements, if 
used correctly. 
 
The following steps outline the correct use of the variable volume pipette: 

1. Ensure you are familiar with the different components of the pipette. 
2. Check the volume displayed on the volume setting window and adjust, if needed, using the volume adjustment 

dial. 
3. Load a disposable pipette tip onto the tip cone without touching the pipette tip. 
4. Gently invert the intermediate sample container at least three times to mix the sample before removing the lid. 
5. Depress the pipette plunger until you feel the first point of resistance, submerge the tip just below the surface 

of the sample (i.e. 0.5-2 cm below), taking care not to touch the neck of the bottle with the pipette tip, or to 
fully submerge the tip. 

6. Slowly release the plunger, allowing the pipette to draw up the set volume of sample. 
7. Transfer the sub-sample to the destination receptacle (e.g. a test kit buffer solution vial) and position the 

pipette tip just above the surface of the solution (i.e. approximately 0.5 cm). 
8. Slowly depress the plunger through the first resistance point to the second, fully releasing the sub-sample into 

the destination receptacle. 
9. Visually check that all the sample has been released from the pipette tip. Should some sample remain, the 

transfer was incomplete, and the sub-sample should be repeated into a new receptacle. Should some sample 
remain in the pipette tip be very careful that it is not drawn up into the pipette when the plunger is released as 
sample in the shaft of the pipette can contaminate subsequent samples. 

10. Eject the disposable pipette tip into the bin using the tip ejector button. 
11. Use a fresh pipette tip for each sample. 

Pre-nitrate standard spot or calibration curve check clean  
The cleanliness of the TriOS NICO lenses and validation cup are of upmost importance to ensure contamination or 
dilution of nitrate standard solutions does not occur. Please follow the methods outlined below before each nitrate 
standard spot check. 

To mitigate the risk of sample contamination it is mandatory that staff wear non-powdered gloves during all stages of 
nitrate standard spot check and avoid touching the mouths of bottles, undersides of lids and the inside of the VALTub. 

1. Ensure you have a clean working space and amble room. Wipe space down with RO water to create a clean 
workspace. If a clean workspace is not available/achievable use disposable lab matting. 

2. If not done so already, remove TriOS NICO from the bag and layout on the clean working space, being careful 
not to bump or scratch the lenses. 

3. Clean the TriOS NICO sensor body and lenses with a damp, clean, non-abrasive and lint free cloth (Do not use 
paper towel as this will scratch the lens). Gently wipe over the lens face and the space in-between the lenses so 
all biofouling, foreign matter and water droplets are removed. Do not abrasively scrub the lenses. Any scratch or 
mark on the lens will null the calibration of the TriOS NICO and will require replacement lenses. 

4. Take out VALTub validation cup. Clean the validation cup with a clean cloth and RO water. Ensure validation cup 
is as clean as possible as this holds the reagent during the nitrate standard spot check process. 

5. Once the TriOS NICO and validation cup are clean, attach the VALTub validation cup to the TriOS NICO by 
slipping the VALTub under the TriOS NICO so that the opening of the VALTub is displaying the lenses of the TriOS 
NICO. 

6. Rinse TriOS NICO with VALTub attached 4 times with Milli Q water before moving on to rinses with nitrate 
standards. 

7. Set the TriOS NICO aside in a secure location. 
8. Connect the TriOS NICO to the web interface 

1. Connect to G2 via Wi-Fi on your laptop (Figure 53). 
2. Put in the IP address for an NICO in Google Chrome as you can see below and hit enter (Figure 54). 

Then login as service  
IP address: 192.168.77.1 
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Username: service 
Password: ecivres  

9. Familiarize yourself with the safety data sheets for each of the nitrate standard solutions. 

Measuring the standard nitrate concentrations to produce a calibration curve 
1. Now a measurement is made using the TriOS NICO. Follow the steps in section 9.4 Maintenance, General Clean 

to ensure the TriOS NICO is clean and ready for the sample. 
2. Shake the standard solution and then pour ~10 mL of over the TriOS NICO lenses and into the VALTub. Rotate 

the NICO to ensure all surfaces are covered and then tip out the solution. Repeat. 
3. Once the NICO is rinsed with standard solution. Shake the standard solution again and then pour ~30 mL of 

sample water into the VALTub until there is sufficient volume to cover the lenses. Ensure the solution is poured 
along the side of the VALTub in a steady, gentle stream to avoid bubbles forming on the lenses. 

4. If bubbles form on the lenses gently tap the TriOS NICO to dislodge the bubbles.  
5. On the TriOS NICO web interface home page, select “measurement”. 
6. Select “measure now!” (Figure 52). 
7. Review data and ensure all parameters fall within operational range (see Table 19). If even one parameter falls 

outside the acceptable range the nitrate measurement recorded will not be a valid representation of nitrate 
concentrations. The exception is Abs210 which can go over absorption range and still record a valid value, albeit 
with a small drop in accuracy.  

8. Record the results for all parameters listed in the EnviroSys field app. 
9. Repeat steps 1 to 8 for all spike concentrations. 

Preparing natural water standards to send to the laboratory to verify nitrate 

concentrations 
Once the spiked solutions have been measured with the TriOS NICO, the remaining solution will need to be filtered, 
frozen and sent to CRC Laboratory for analysis. 

1. Take the lowest standard concentration (0.1 mg/L) and shake the sample to resuspend, pour into a 25 mL 
syringe with a 0.8 µm pre-filter and 0.45 µm filter. 

2. Pick up the corresponding NSV 50 mL laboratory sample bottle and rinse twice with approximately 5 mL of 
filtered standard solution. 

3. Filter the remaining standard solution into the 50 mL sample bottle. 
4. To make up the minimum 40 mL for laboratory analysis, the standard solution is again shaken to resuspend the 

sample, poured into the syringe with filters and filtered into the 50 mL sample bottle.  
5. Place the NSV sample immediately into a designated water sample freezer for to await transportation to the 

CRC Laboratory. 

Sending natural water standards to the laboratory to verify nitrate concentrations 
Natural water standards designated for CRC Laboratory must be frozen (-20°C) and remain frozen during transport to the 
laboratory. It is important to ensure an adequate number of ice bricks are placed in eskies with the samples.  

To minimise contamination through leakage, eskies should be clean, bottle lids must be on tight and bottles should be 
packed upright. Bagged ice should only be used over ice bricks as an absolute last resort due to contamination risk from 
melt waters. Stocks of ice bricks are maintained in the designated sample refrigerators in the Tully, Innisfail and Cairns 
Terrain offices. 

Given the proximity of CRC Laboratory to the Cairns Terrain office, and the number of WTMIP staff travelling between 
Innisfail/Tully and Cairns each week, it is often practical for a WTMIP staff member to deliver the samples to the 
laboratory in person. A courier can be used in cases when no WTMIP staff are available. Delivery by WTMIP staff is 
preferred over a courier to avoid the reliance on a third party and the risk that eskies may be left in a hot environment 
for an unacceptable period of time. 

Each batch of samples shipped to the laboratory should contain the relinquishment form issued with each set of bottles 
prepared by CRC Water Laboratory. When packing samples, the CRC Water Laboratory project number (i.e. the 09XXXX 
number) on the sample bottles should be cross checked with that on the relinquishment forms accompanying the 
samples and on the CoC form emailed to the laboratory ahead of the sample delivery (see WTMIP SOP 006).  
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Comparison of TriOS NICO nitrate measurements to laboratory-measured natural 

water standard concentrations 
Once the laboratory analysis reports are received, the TriOS NICO individual values are compared, as difference in mg/L 
and percent difference, to the corresponding laboratory measured results. Results are considered acceptable if the TriOS 
NICO result falls within +/- 20% of the laboratory result. If the TriOS NICO results is outside of +/- 20% of the laboratory 
result but within 0.05 mg/L of the laboratory result, it is also considered acceptable. Results for each site are plotted and 
assessed using linear regression, with a R2 and slope of 1 indicating excellent performance. 

9.5 Troubleshooting 

The following procedures have been developed on the advice provided by TriOS’s Australian distributors Control 
Components through verbal and email correspondence. The following procedures are based on instructions provided for 
the TriOS OPUS. However, they are also relevant for the TriOS NICO. 

Updating firmware 
This may be required to ensure the performance of new spectral analysis (LSA). See below for step-by-step instructions.  

Updating firmware should only be conducted on the direction of TriOS technical staff, or their representatives, as it can 
have a direct effect on the performance of the sensor. 

1. Connect G2 Interface box to NICO via signal cable and power up the G2 
2. Connect to the G2 via Wi-Fi on your laptop (Figure 53) 
3. Put in the IP address for an NICO as you can see below and hit enter. Then login as service (Figure 54).  

IP address: 192.168.77.1 
Username: service 
Password: ecivres  
A menu “service” will appear.  

4. Under Firmware Upgrade, browse and choose the firmware file to be uploaded (Figure 55 (1)) 
5. Press the upload button (Figure 55 (2)) 
6. Restart the NICO once the upload is complete by clicking “Reboot NICO!” (Figure 55 (3)) 

 

Figure 53 Connecting to G2 via Wi-Fi on the laptop (Source: Control Components, 2019) 
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Figure 54 Accessing TriOS optical sensor web interface and logining in as service (Source: Control Components, 2019) 

 

Figure 55 Steps to upload new LSA on TriOS NICO (Source: Control Components, 2019) 
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Uploading a new LSA 
Occasionally there may be the requirement to change the LSA installed on the TriOS NICO (e.g. when environmental 
conditions are outside the expected range are observed. For example, higher salinity levels than expected requiring a 
change from a fresh to a brackish LSA). 

Uploading a new LSA should only be conducted on the direction of TriOS technical staff, or their representatives, as it 
can have a direct effect on the performance of the sensor. 

1.  Connect to G2 via Wi-Fi on your laptop (Figure 53). 
2. Put in the IP address for an NICO as you can see below and hit enter (Figure 54). Then login as service  

IP address: 192.168.77.1 
Username: service 
Password: ecivres  

3. Go to Data Logger 
4. Before uploading the new LSA calibration, download all raw spectrum data as a back-up. Select data logger, 

select date and time range, elect Export.  
5. Once spectrum data has completed the download go to System 
6. To upload new LSA calibration, Expand Recovery Point (Figure 56) 
7. The TriOS sensor requires the user to clear the sensor of the previous LSA before uploading the new LSA. To do 

this you will need to upload a “delete LSA” file provided by TriOS. To do this select Browse under Recovery Point 
and select the delete LSA file (e.g. Delete LSA 003S_71EC) on your computer hit Upload 

8. Once this is complete you can now upload the new LSA. To do this select Browse under Recovery Point and 
select the new LSA file (e.g. keyed_final_LSA_Config_003R71EC) on your computer hit Upload 

9. Go to Calibration Menu, expand Settings and check that the correct parameters & LSA appear in the available 
set 

10. If the correct parameters and LSA does not appear repeat steps 4-9. If the issue is still not resolved, contact a 
Water Quality Project Officer for advice. 
 

 

Figure 56 Recovery Point under System in TriOS web interface  
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Figure 57 Location of parameter options in TriOS web interface (Source: Control Components, 2019) 

Downloading raw spectrum data 
Raw TriOS OPUS data saved on the TriOS OPUS may be required to be downloaded and sent to TriOS technical staff for 
analysis during troubleshooting. For the step-by-step instructions see below; 

1. Connect to G2 via Wi-Fi on your laptop (Figure 53). 
2. Put in the IP address for an OPUS as you can see below and hit enter (Figure 54). Then login as service  

IP address: 192.168.77.1 
Username: service 
Password: ecivres  

3. Select data logger (Figure 58) 
4. Select date and time range. 
5. Select Export. 

The NICO will automatically export the required files onto the Toughbook compressed into a .tar file. This can often take 
significant amounts of time if the date and time range is large. Downloaded files will be found in the Toughbook 
download folder as logger.tar. logger.tar files are selected as the preferred download file as it is the format that is 
required by the manufacturer TriOS in the instance data is required for repair or correction. 

6. Send the logger.tar file to Trios via their preferred platform Hidrive using the link below (Figure 59); 

https://my.hidrive.com/share/9eo9vpvj67 

 

https://my.hidrive.com/share/9eo9vpvj67
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Figure 58 Location on TriOS web interface to access and download raw TriOS sensor data  

 

Figure 59 TriOS Terrain NRM HiDrive folder for sharing raw TriOS sensor data. 
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