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General

1.2. Conditions of use
•• Read the “General and Safety Information” section carefully and keep the manual for future consultation.
••

Data” section of this manual.
••

product. This product must contain an enclosure to protect it from dust, humidity and other environmental 
interactions. In the event of outside use, this enclosure must be rated at least IP-65.

•• Do not place Waspmote in contact with metallic surfaces; they could cause short-circuits which will permanently 
damage it. 

Further information you may need can be found at: http://www.libelium.com/development/waspmote

The “General Conditions of Libelium Sale and Use” document can be found at:
http://www.libelium.com/development/waspmote/technical_service

http://www.libelium.com/development/waspmote
http://www.libelium.com/development/waspmote/technical_service
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New version: Smart Water v3.0

2. New version: Smart Water v3.0
product lines Waspmote v15 and Plug & Sense! v15, released on October 2016. 

This board is not compatible with Waspmote v12 or Plug & Sense! v12, so it is NOT recommended to mix product 
generations. If you are using previous versions of our products, please use the corresponding guides, available on 
our Development website. 

You can get more information about the generation change on the document “New generation of Libelium product 
lines”.

•• The old ion sensor circuitry is removed. Now there is a dedicated sensor board for this kind of sensors. 
•• Now the turbidity sensor circuitry is plugged directly to the Smart Water sensor board, avoiding the need of 

leaves free the socket 0 of Waspmote to include another radio module. 
•• The on-board connector for the Conductivity sensor has been replaced by an SMA connector to make the 

connection to the board easier and reducing the electrical noise in the measurements.

* Note: Since July 2019 this sensor is no longer available for the Smart Water model. It is only available for the Smart 
Water Xtreme model. 

http://www.libelium.com/v12/development/
http://www.libelium.com/downloads/new_generation_libelium_product_lines.pdf
http://www.libelium.com/downloads/new_generation_libelium_product_lines.pdf


http://www.libelium.com/development
http://www.libelium.com/development
http://www.libelium.com/
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Waspmote Plug & Sense!

Finally, the user can choose between 2 probes to connect the desired Industrial Protocol: A standard DB9 connector 
and a waterproof terminal block junction box. These options make the connections on industrial environments or 
outdoor applications easier.

Figure: DB9 probe

Figure: Terminal box probe
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Waspmote Plug & Sense!

3.11.1. Smart Water
The Smart Water model has been conceived to facilitate the remote monitoring of the most relevant parameters 
related to water quality. With this platform you can measure more than 5 parameters, including the most relevant 
for water control such as dissolved oxygen, oxidation-reduction potential, pH, conductivity and temperature.

The Smart Water Ions line is complementary for these kinds of projects, enabling the control of concentration of 
ions like Ammonium (NH4+), Bromide (Br-), Calcium (Ca2+), Chloride (Cl-), Cupric (Cu2+), Fluoride (F-), Iodide (I-), 
Lithium (Li+), Magnesium (Mg2+), Nitrate (NO3-), Nitrite (NO2-), Perchlorate (ClO4-), Potassium (K+), Silver (Ag+), 
Sodium (Na+) and pH. Take a look to the Smart Water Ions line in the next section. 

Refer to Libelium website for more information.

Figure: Smart Water Plug&Sense! model

http://www.libelium.com
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Waspmote Plug & Sense!

Sensor 
Socket

Sensor probes allowed for each sensor socket
Parameter Reference

A pH 9328
B Dissolved Oxygen (DO) 9327
C Conductivity 9326
E Oxidation-Reduction Potential (ORP) 9329
F Soil/Water Temperature 9255-P (included by default)

Figure: Sensor sockets configuration for Smart Water model

Note: For more technical information about each sensor probe go to the Development section on the Libelium 
website.

http://www.libelium.com/development




http://www.libelium.com/development




http://www.libelium.com/development
http://www.libelium.com/development
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Waspmote Plug & Sense!

3.11.4. Smart Security

detection and doors and windows openings. Besides, a relay system allows this model to interact with external 
electrical machines.

Figure: Smart Security Waspmote Plug & Sense! model

Note:



http://www.libelium.com/development




www.libelium.com/development/waspmote/examples/sw-06-temperature-sensor-reading
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Sensors

5.2. Conductivity sensor

5.2.1. Speciɲcations

Sensor type: Two electrodes sensor
Electrode material: Platinum
Conductivity cell constant: 1 ± 0.2 cm-1

Cable length: ~500 cm
 

5.2.2. Measurement Process

The conductivity sensor is a two-pole cell whose resistance varies in function of the conductivity of the liquid it is 
immersed in. That conductivity will be proportional to the conductance of the sensor (the inverse of its resistance), 
multiplied by the constant cell, in the case of the Libelium sensor around 1cm-1, leading to a value in Siemens per 
centimeter (S/cm). For an accurate measurement, please take a look at section “Calibration Procedure”, where the 
calibration procedure is detailed.

To power the conductivity sensor an alternating current circuit has been installed in order to avoid the polarization 
of the platinum electrodes. 

In the case of the conductivity sensor the readConductivity() function will return the resistance of the sensor in 
ohms. In order to convert this value into a useful conductivity unit (uS/cm) function conductivityConversion() 
will have to be invoked with the calibration parameters of the sensor (please refer to section “API” for more 
information about how to use this function).

Below we can see a basic code for reading the conductivity sensor using the API functions (for more information 
take a look at section “API”):

{
	 // Reading of the Conductivity sensor
	 cond = ConductivitySensor.readConductivity();

	 // Print of the results
	 USB.print(F(“Conductivity Output Resistance: “));
	 USB.print(cond);

	 // Conversion from resistance into ms/cm
	 calculated = ConductivitySensor.conductivityConversion(value_cond);
	 // Print of the results
	 USB.print(F(“ Conductivity of the solution (uS/cm): “));
	 USB.println(value_calculated);
}

www.libelium.com/development/waspmote/examples/sw-05-conductivity-sensor-reading

Note: 

Figure:  Conductivity sensor

www.libelium.com/development/waspmote/examples/sw-05-conductivity-sensor-reading
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Sensors

5.2.3. Socket

To connect the conductivity sensor to its respective socket (highlighted in the image below) it is needed a pigtail to 
adapt the BNC connection of the sensor to the SMA-RP socket in the board. That pigtail is included when acquiring 
the Smart Water board from Libelium. 

Figure:  Image of the connector for the conductivity sensor

5.2.4. Calibration procedure

of the water we want to measure. Each calibration kit takes two solutions:

•• K=0.1 
-- around µS 220 
-- around µS 3000 

•• K=1 
-- around µS 10500 
-- around µS 40000

•• K=10 
-- around µS 62000 
-- around µS 90000 

Note: The concentration value may vary in each batch with respect to the value shown above, due to the nature of 
the manufacturing process. That is why we wrote “around”. The sticker in each bottle indicates the exact value. Please 

values. 

 





http://www.libelium.com/development/waspmote/examples/sw-05-conductivity-sensor-reading/
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Sensors

5.3. Dissolved Oxygen sensor

5.3.1. Speciɲcations

Sensor type: Galvanic cell
Range: 0~20 mg/L
Accuracy: ±2%
Maximum operation temperature: 50 ºC
Saturation output: 33 mV ±9 mV
Pressure: 0~100 psig (7.5 Bar)
Calibration: Single point in air
Response Time: After equilibration, 2 minutes for 2 mV
Cable length: ~500 cm

5.3.2. Measurement process

The galvanic cell provides an output voltage proportional to the concentration of dissolved oxygen in the solution 

measured with the analog-to-digital converter placed on the Smart Water board. Below, a sample of code to read 
the sensor is shown (for more information take a look at section “API”):

{
	 // Reading of the DO sensor
	 value_do = DOSensor.readDO();

	 // Print of the results
	 USB.print(F(“DO Output Voltage: “));
	 USB.print(value_do);

	 // Conversion from volts into dissolved oxygen percentage
	 value_calculated = DOSensor.DOConversion(value_do);

	 // Print of the results
	 USB.print(F(“ DO Percentage: “));
	 USB.println(value_calculated);
}

The value returned by the readDO() function for this sensor is expressed in volts. For a conversion into a percentage 
of oxygen saturation function DOConversion() will have to be used, introducing the calibration value in volt as an 
input. Take a look at section “API” for more information about how to call this function.

Note: One of the drawbacks from using a galvanic probe is that it consumes a very small amount of the oxygen it 
reads. Therefore, a small amount of water movement is necessary to take accurate readings, approximately 60 ml/
min

www.libelium.com/development/waspmote/examples/sw-04-dissolved-oxygen-sensor-reading

Figure:  Image of the Dissolved Oxygen sensor

http://www.libelium.com/development/waspmote/examples/sw-04-dissolved-oxygen-sensor-reading
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Sensors

5.3.5. Maintenance kit

Figure: Dissolved oxygen maintenance kit

The Dissolved oxygen probe reacts with oxygen in the water: the more oxygen it reacts with, the more the probe 
is depleted of its electrolyte solution. Typically, a dissolved oxygen probe will last ~2 years before the electrolyte is 

out and the internal electrolyte solution could leach out of the probe. The dissolved oxygen maintenance kit will 
get your dissolved oxygen probe back in working order quickly. Although it is not necessary to replace the sensing 
membrane or electrolyte solution during normal operation; the membrane can be damaged if it is hit with fast 
moving debris in the water. 

Probe maintenance: 

2.	 Remove the cap from the bottle of DO Electrolyte Solution. Remove the 10 mL syringe from packaging and 

bubbles into syringe. It is necessary to avoid inserting bubbles into the sensor. 
4.	 Insert the needle into each of the four holes surrounding the silver cathode. Inject solution until it leaks 

white residue, it will be good to inject more solution to clean the sensor. 

between the sensor and the membrane cap. 





www.libelium.com/development/waspmote/examples/sw-01-ph-sensor-reading
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Sensors

1. Turn on the Waspmote with the Smart Water sensor board and the pH sensor and the Pt-1000 connected. 

2. Upload the code “pH Sensor Reading” and make sure the data is being correctly received through the USB or 
another communication module.

3. Pour the solutions in three beakers. The 4.0 pH solution is red, the 7.0 pH solution yellow and the 10.0 pH 
solution blue. It is recommended that the solutions are at the temperature that will be found at the installation 
environment.

4.
may take a few minutes. Make sure the sensors are completely immersed in the solution. When there is a stable 
output for the sensors, annotate the value in volts obtained.

several minutes.

Figure: This value in volts should be annotated for each calibration solution

5. Get the sensor out of the solution and rinse it gently, preferably with distilled or de-ionized water, and introduce it in the  
4.0 pH solution, which will cause an increase in the output voltage, along with the Pt-1000 sensor to check that all 
the solutions are at the same temperature. Again, wait for the stabilization of the output values and write them 
down.

6. Repeat step 3 with the 10.0 pH solution, which should make the sensor output voltage fall below that for the 7.0 
pH solution. Under 25 ºC the outputs expected for these solutions are 2.048 V for 7 pH, 2,227 mV for 4.0 pH and 

7.

thermometer will remove them, solving the problem.

8. Introduce the calibration values in the measurement code as shown in the images below. 

http://www.libelium.com/development/waspmote/examples/sw-01-ph-sensor-reading/
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Sensors

Figure: 

9. Upload the code again with the new calibration values obtained from the calibration process.

10. To know more about the calibration kits provided by Libelium go to the “Calibration Solutions” section.

5.4.5. Operation and maintenance

1.
immerse the sensor in a 3.3 mol/L KCl (potassium chloride) solution for 2 hours. 

2.	
absorbent paper. 

3.	 If the electrode gets dirty, soak it in acetone for 8 hours. After that clean it carefully with distilled water. 
4.	 Do not use the sensor in a non-aqueous solution. 
5.	 The BNC connector should be kept clean and dry. 



www.libelium.com/development/waspmote/examples/sw-02-orp-sensor-reading
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Sensors

1. Turn on the Waspmote with the Smart Water sensor board and the ORP sensor connected. 

2. Upload the code “ORP Sensor Reading” and make sure that the data from the sensor is being received through the 
USB or another communication module.

3. Pour the calibration solution in a beaker. Libelium provides a standard solution of 225 mV at 25 ºC.

4.

5. Introduce the sensor into the calibration solution, making sure it stays completely immersed without contact 
with the beaker walls or bottom, and wait for the output value to stabilize. If the test is being carried out with the 
solution provided by Libelium at approximately 25 ºC, the output should be around the 225 mV, with a 10%~15% 
error.

6. 
take several minutes.

7. A similar problem to the one mentioned for the pH sensor may appear owed to air bubbles in the sensitive bulb. 
If this is the case, shaking the sensor downward as stated for that sensor will also solve this problem.

8. Remove the sensor, rinse it with distilled or de-ionized water again and return it to its working place.

9.
processing in the receiver. Take into account that there is no conversion function for this sensor in the Smart 
Water libraries.

Figure: 

To know more about the calibration kits provided by Libelium go to the “Calibration Solutions” section.

http://www.libelium.com/development/waspmote/examples/sw-02-orp-sensor-reading/
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Sensors

5.5.5. Operation and maintenance

1.
immerse the sensor in a 3.3 mol/L KCl (potassium chloride) solution for 2 hours. 

2.
absorbent paper. 

3.	 If the electrode gets dirty, soak it in acetone for 8 hours. After that clean it carefully with distilled water. 
4.	 Do not use the sensor in a non-aqueous solution. 
5.	 The BNC connector should be kept clean and dry.



http://www.libelium.com/




http://www.libelium.com/development/waspmote/examples/sw-07-turbidity-sensor-reading


http://www.libelium.com/development/waspmote/examples
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Sensors

5.8. General considerations about probes performance 
and life expectancy
When developing a new application with the Smart Water sensor board the conditions of the environment the 

recommended to carry out an exhaustive study of the characteristics of the location of the device and perform 
all the laboratory tests required in order to assure the correct election of the sensors and of the way they will 
be deployed. Libelium provides standard sensors which have been largely tested and will work in most of the 

scenarios they may be irreversibly damaged. Below a few tips regarding the setup of the sensors are listed:

Sensor deployment

The main problems regarding the setup of the sensors concern both the way and the place they are deployed in.

First of all, they must be installed in a way in which there is no interference between the sensor and near objects, 
making sure that the sensing parts (the bulb of the pH and ORP sensors, the membrane of the dissolved oxygen 
probe and the electrodes of the conductivity sensor) are not in touch with the objects nearby. In the case of the 
conductivity sensor, as stated in the section about this sensor, take into account that it will have to be placed at 

Figure: Image of two sensors wrongly and correctly placed

Secondly, it must be made sure that the sensors are completely submerged in the liquid all the time or the sensors 
may give an incorrect output. This problem may mainly appear in locations where the volume of water is variable 

given in locations where there is a continuous entry of air in the water, owing to the waves formed in the surface, 

distort the output signal.

The best method to avoid all these problems is to select a location where a minimum level of steady water is 
available all along. If the location where the sensor is going to be deployed does not meet these requirements and 

Figure: Image of several situations with the sensor incorrectly installed
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6. Board conɲguration and programming
6.1. Hardware conɲguration
The Smart Water sensor board does not require any other manipulation than the sensor connection to its 
corresponding socket. There are two kind of connectors on the Smart Water board:

First of all, the temperature sensor probe and the Turbidity sensor are connected through PTSM connectors, 
which allow to easily assemble the wire by pressing it into the pin. To remove the wires press the slot above the 

Figure: Diagram of the socket extracted from the Phoenix Contact data sheet

Secondly, SMA-RP connectors have been used for the other four kinds of sensors. Since the sensors are supplied 
with a BNC connector, it is necessary to connect a pigtail in between. In case several sensors are connected at the 
same time, beware that the BNC shells are not in contact when the board is in operation.

Figure: Image of the pigtail to adapt the sensors with BNC connector





http://www.libelium.com/development/waspmote/sdk_and_applications
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Safety guides

Section 12: Ecological Information
•• Ecotoxicity (aquatic and terrestrial): Not considered an environmental hazard.

Section 13: Disposal Considerations
Check with all applicable local, regional, and national laws and regulations. Local regulations may be more stringent 
than regional or national regulations. Small amounts of this material may be suitable for sanitary sewer or trash 
disposal.

Section 14: Transport Information
•• DOT Shipping Name: Not regulated by DOT
•• DOT Hazard Class:
•• ϥdentiɲcation Number:
•• Canada TDG: Not regulated by TDG
•• Hazard Class:
•• UN Number:

Section 15: Regulatory Information
•• EINECS: Not listed
•• TSCA: All components are listed or are exempt
•• WHMIS Canada: Not WHMIS Controlled
•• California Proposition 65: Not listed

the MSDS contains all the information required by the Controlled Products Regulations.

Section 16: Other Information
•• Current Issue Date: January 2011

Disclaimer: Libelium believes that the information herein is factual but is not intended to be all inclusive. The 

other materials or its use as to any particular process. Because safety standards and regulations are subject to 
change and because Libelium has no continuing control over the material, those handling, storing or using the 
material should satisfy themselves that they have current information regarding the particular way the material is 
handled, stored or used and that the same is done in accordance with federal, state and local law. Libelium makes 
no warranty, expressed or implied, including (without limitation) warranties with respect to the completeness or 
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Safety guides

8.7. Dissolved Oxygen Maintenance Solution
Section 1: Product and company identiɲcation 

Product name: Dissolved Oxygen Electrolyte Solution

Product use: Equipment maintenance

NFPA ratings: Health: 0 Flammability: 0 Reactivity: 0

#US/Canada/International: 

-- 24 Hour Emergency Information Telephone Numbers
-- CHEMTREC (USA): 800.424.9300
-- CANUTEC (Canada): 613.424.6666
-- International 703-527-3887

#Spain:

-- Centro Nacional de Toxicología
-- Teléfono: 91 5620420
-- http://www.mju.es/toxicologia

Section 2: Composition/ information on ingredients

COMPONENT CAS NO. % LD50 mg/kg
Water 7732-18-5 70 90000(ORL-RAT)
Sodium Tetraborat 1303-96-4 15
Sodium Chloride 7647-14-5 15

Section 3: Hazards identiɲcation

••
••
••

Section 4: First aid measures

•• Eye and skin contact: In case of contact with eyes, rinse immediately with plenty of water and seek medical 
advice. After contact with skin, wash immediately with plenty of water. 

•• Ingestion: If swallowed, do not induce vomiting: seek medical advice immediately and show this container or 
label.

•• Inhalation: In case of accident by inhalation: remove casualty to fresh air and keep at rest. 

Section 5: Fire ɲghting measures

•• Flash point: NA
•• Autoignition point: NA
•• Flammability limits: UPPER: NA
•• Lower: NA
•• Extinguishing media: 

http://www.mju.es/toxicologia
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Safety guides

Section 16: Other information

The above information is believed to be accurate and represents the best information currently available to us. All 

solely for use in analytical testing. The manufacturer shall in no event be liable for any injury, loss or damage 
resulting from the handling, use or misuse of these products. 



www.libelium.com/development/waspmote/documentation/changelog/#SmartWater




http://www.libelium.com/products/waspmote
http://www.libelium.com/products/plug-sense
http://www.libelium.com/products/meshlium
http://www.libelium.com/certifications
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Disposal and recycling

13. Disposal and recycling
•• In this section, the term “Waspmote” encompasses both the Waspmote device itself as well as its modules and 

sensor boards.
•• When Waspmote reaches the end of its useful life, it must be taken to a recycling point for electronic equipment.
••

waste. Please, dispose it properly.
•• Your distributor will inform you about the most appropriate and environmentally friendly waste process for 

the used product and its packaging.
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