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Background
Nutrient monitoring is an important part of freshwater nutrient 
loading studies and water quality assessments in estuaries and 
coastal environments. Long term nutrient monitoring can help 
scientists with the prediction of phytoplankton blooms and with 
watershed TMDL (Total Maximum Daily Load) assessments. 
To allow these predictions and assessments to be calculated 
accurately, a buoy needs to be moored in the lake close to the 
point where wastewater is processed at a treatment facility or 
where a watershed empties into a lake.

The NDB (Nutrient Dynamics Buoy) was designed to provide a 
means of studying the nutrient dynamics. It is based on the YSI 
6600 sonde and includes an ISUS Nitrate Sensor and a CYCL-P 
Phosphate sensor. It also includes a QCR2200 reference PAR 
sensor mounted above the water surface and a submersible ECO-
PAR sensor that is immersed at 2m below the water surface 
together with the YSI sonde, Nitrate sensor and Phosphate sensor 
(see Figure 1 below).

Figure 1: NDB with 10W Solar Panels
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ABSTRACT
The Nutrient Dynamics Buoy (NDB) is currently based on a multi-parameter sonde with 7 sensors and includes an integrated Nitrate Sensor and a Phosphate 
sensor. It also includes a reference PAR1 sensor mounted at the water surface as well as a submersible PAR1 sensor that is immersed at 2m below the water 
surface together with the mult-parameter sonde, Nitrate sensor and Phosphate sensor.

The multi-parameter sonde monitors the temperature, depth, conductivity, pH, turbidity, chlorophyll and dissolved oxygen. It also has an anti-fouling wiper 
mechanism that removes any debris that may accumulate on the sensors during extended deployment.

The immersed PAR1 sensor also has an anti-fouling wiper mechanism, while the reference PAR1 sensor at the surface has a cover that is opened just before 
the PAR1 measurements are made and then closed after the measurements have been taken.

The readings for these sensors were recorded by a logger mounted in the NDB at the LV1 mooring at station 750 in Lake Ontario. This test report summarizes 
these results for the deployment during September of 2010.

The calibration results for the sensors are included in the appendices.

1PAR = Photosynthetically Available Radiation measured between 400nm and 700nm with a constant quanta response.
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The YSI 6600V2 sonde includes temperature, depth, conductivity, pH, turbidity, chlorophyll and dissolved oxygen sensors. It also 
has an anti-fouling wiper mechanism that removes any biofouling that may accumulate on the sensors during deployment.

The ECO-PAR immersed PAR sensor also has an anti-fouling wiper mechanism, while the QCR2200 reference PAR sensor has a 
cover that is opened just before the PAR measurements are made and then closed again after the measurements have been taken.

A CR3000 logger was used to collect the data from all the sensors except the Phosphate sensor which has a built-in logger. A Raven 
X cellular modem was used to monitor the status of the buoy. The voltage ranges and current requirements of these instruments are 
summarized below:

Table 1: NDB Sensors and Instruments
Sensor/Instrument Voltage range Current requirements
QCR2200 PAR + Hydro-wiper 8-15V 64mA + 90mA/wipe (for ~6sec.)
ECO-PAR + Bio-wiper 7-15V 80mA + 140mA/wipe (for ~6sec.)
YSI 6600V2 sonde + Anti-fouling kit Internal batteries 0 if YSI battery voltage >12V
ISUS V3 Nitrate sensor 6-18V 410mA avg
CYCLE-PO4 Phosphate sensor 9.5-18V 125mA avg
CR3000 data logger 10-16V 38mA avg
Raven X cellular modem 9-28V transmit/receive 239mA avg

Laboratory tests and pre-field calibrations
The nitrate standards obtained from NLET for testing the nitrate sensor are:
0.045 mg/L (S1)
0.150 mg/L (S2)
0.375 mg/L (S3)
0.750 mg/L (S4)
1.50 mg/L (S5)
The procedure used for testing the nitrate sensor with the NLET nitrate standards is:
1.	 run NSLcommV1.06 after the nitrate sensor has been on for 10 minutes
2.	 immerse the sensor channel with DIW in a test tube
3.	 record the reading, then remove and reinsert the test tube to make sure there are no bubbles
4.	 click the “Start Acquisition” button when you are satisfied that the readings are valid
5.	 after acquiring at least 100 readings (~2 minutes), click “Stop Acquisition” and remove the test tube
6.	 rename the NS_Data.txt file to NS_DIW.txt (or NS_S1.txt, NS_S2… etc.)
7.	 repeat steps 2 through 6 using the S1, S2, S3, S4 and S5 standards instead of DIW.

The Nitrate sensor readings obtained for the NLET standards are plotted below:
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Table 2: Summary of Nitrate Sensor Test Results
The pre-field lab tests for the Phosphate sensor are shown below:

5 µg/l Date Time Run CAPO4(uM) VAPO4 VAS State Flush1 Amb Min
0.052647 7/19/2010 14:50:12 1 0.205 nan 0 4 3598.3 3542
0.052647 7/19/2010 15:20:12 2 0.198 nan 0 4 3591.8 3540
0.052647 7/19/2010 15:50:13 3 0.196 nan 0 4 3589.6 3539
0.052647 7/19/2010 16:20:13 4 0.191 nan 0 4 3587.8 3540
0.052647 7/19/2010 16:50:13 5 0.192 nan 0 4 3587.3 3539

ave
stde

v  0.199667

Table 3: Phosphate Sensor Test Results for 5 µg/l phosphate standard
7 µg/l Date Time Run CAPO4(uM) VAPO4 VAS State Flush1 Amb Min
0.073706 7/16/2010 10:35:12 1 0.242 nan 0 4 3583.9 3506
0.073706 7/16/2010 11:05:12 2 2 0.281 nan 0 4 3580.6 3480
0.073706 7/16/2010 11:35:13 3 0.241 nan 0 4 3580.3 3503
0.073706 7/16/2010 12:05:13 4 0.278 nan 0 4 3578.8 3480
0.073706 7/16/2010 12:35:13 5 0.244 nan 0 4 3579.1 3500

ave  0.254667
stde

v     0.022811

Table 4: Phosphate Sensor Test Results for 7 µg/l phosphate standard
10 µg/l Date Time Run CAPO4(uM) VAPO4 VAS State Flush1 Amb Min

0.105295 7/20/2010 8:50:12 1 0.307 nan 0 4 3606.6 3490
0.105295 7/20/2010 9:20:12 2 0.304 nan 0 4 3597.5 3483
0.105295 7/20/2010 9:50:13 3 0.309 nan 0 4 3595.6 3478
0.105295 7/20/2010 10:20:13 4 0.307 nan 0 4 3594.1 3478
0.105295 7/20/2010 10:50:13 5 0.304 nan 0 4 3591.3 3477

ave 0.306667
stde

v     0.002517

Table 5: Phosphate Sensor Test Results for 10 µg/l phosphate standard
15 µg/l Date Time Run CAPO4(uM) VAPO4 VAS State Flush1 Amb Min

0.157942 7/15/2010 12:05:12 1 0.442 nan 0 4 3559.9 3367
0.157942 7/15/2010 12:35:12 2 0.459 nan 0 4 3558.6 3356
0.157942 7/15/2010 13:05:13 3 0.468 nan 0 4 3561.7 3354
0.157942 7/15/2010 13:35:13 4 0.448 nan 0 4 3561.3 3365
0.157942 7/15/2010 14:05:13 5 0.456 nan 0 4 3561.9 3361

ave 0.456333
stde

v    0.013204
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Table 6: Phosphate Sensor Test Results for 15 µg/l phosphate standard
20 µg/l Date Time Run CAPO4(uM) VAPO4 VAS State Flush1 Amb Min

0.210589 7/15/2010 15:20:12 1 0.591 nan 0 4 3566.8 3290
0.210589 7/15/2010 15:50:12 2 0.597 nan 0 4 3564 3284
0.210589 7/15/2010 16:20:13 3 0.588 nan 0 4 3564.2 3289
0.210589 7/15/2010 16:50:13 4 0.581 nan 0 4 3564.1 3293
0.210589 7/15/2010 17:20:13 5 0.595 nan 0 4 3564.8 3286

ave 0.592
stde

V  0.004583

Table 7: Phosphate Sensor Test Results for 20 µg/l phosphate standard
25 µg/l Date Time Run CAPO4(uM) VAPO4 VAS State Flush1 Amb Min

0.263236 7/14/2010 14:35:12 1 0.791 nan 0 4 3558.3 3173
0.263236 7/14/2010 15:05:12 2 0.8 nan 0 4 3551.1 3162
0.263236 7/14/2010 15:35:13 3 0.787 nan 0 4 3538 3157
0.263236 7/14/2010 16:05:13 4 0.755 nan 0 4 3539.8 3176
0.263236 7/14/2010 16:35:13 5 0.737 nan 0 4 3539.2 3185

ave 0.792
0.00665
stdev 8

Table 8: Phosphate Sensor Test Results for 25 µg/l phosphate standard
50 µg/l Date Time Run CAPO4(uM) VAPO4 VAS State Flush1 Amb Min

0.526473 7/15/2010 8:50:12 1 1.532 nan 0 4 3581 2818
0.526473 7/15/2010 9:20:12 2 1.502 nan 0 4 3569.5 2823
0.526473 7/15/2010 9:50:13 3 1.506 nan 0 4 3565.6 2818
0.526473 7/15/2010 10:20:13 4 1.403 nan 0 4 3492.8 2809
0.526473 7/15/2010 10:50:13 5 1.509 nan 0 4 3558.5 2811

ave 1.513333
stde

v 0.016289

Table 9: Phosphate Sensor Test Results for 50 µg/l phosphate standard
100 µg/l Date Time Run CAPO4(uM) VAPO4 VAS State Flush1 Amb Min
1.052946 7/13/2010 12:05:12 1 3.34 nan 0 4 3580.7 2077
1.052946 7/13/2010 12:35:12 2 3.225 nan 0 4 3566.5 2109
1.052946 7/13/2010 13:05:13 3 3.207 nan 0 4 3558.7 2111

ave 3.257333
stde

v 0.072155

Table 10: Phosphate Sensor Test Results for 100 µg/l phosphate standard
200 µg/l Date Time Run CAPO4(uM) VAPO4 VAS State Flush1 Amb Min
2.105893 7/13/2010 14:20:12 1 6.93 nan 0 4 3558.2 1126
2.105893 7/13/2010 14:50:12 2 6.834 nan 0 4 3547.3 1141
2.105893 7/13/2010 15:20:13 3 6.827 nan 0 4 3540.2 1140
2.105893 7/13/2010 15:50:13 4 6.8 nan 0 4 3539.5 1145
2.105893 7/13/2010 16:20:12 5 6.84 nan 0 4 3538.4 1137

ave 6.8462
stde

v 0.049277
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Table 11: Phosphate Sensor Test Results for 200 µg/l phosphate 
standard

µg/l µM ave stdev
5 0.052647 0.199667 0.004726
7 0.073706 0.254667 0.022811
10 0.105295 0.306667 0.002517
15 0.157942 0.456333 0.013204
20 0.210589 0.592 0.004583
25 0.263237 0.792667 0.006658
50 0.526473 1.513333 0.016289
100 1.052946 3.257333 0.072155
200 2.105893 6.8462 0.049277

Table 12: Summary of Phosphate Sensor Test Results

Field trial
The readings for the NDB sensors were recorded by a CR3000 
logger mounted in the NDB enclosure on mooring number 
2010-00S-71A in Lake Ontario at station 750 at latitude N. 43° 
33’ 19” and longitude W. 79° 32’ 04”.

Figure 2: Location of mooring (station 750)

The results for the deployment during September of 2010 are 
summarized below.

The NDB battery voltage was found to drop by 0.5 Volts during 
the night. During the day the batteries would almost fully recharge 
except during cloudy days as shown in Figure 3 below:

Figure 3: CR3000 Data Logger Battery Voltage

When the primary power drops below 9.6V the CR3000 suspends 
execution to prevent data corruption. As shown in Figure 3, after 
Julian day 270 the CR3000 suspended execution to allow the 
batteries to recharge but the 10W solar panels were not able to 
provide enough energy to recharge the batteries. Higher efficiency 
and larger solar panels are needed to increase the deployment time 
of the NDB from one month to two months or longer.

The measurements recorded in the CR3000 from the PAR sensors 
are shown in Figure 4 below. During the cloudy days the readings 
obtained from both PAR sensors were substantially lower than 
those obtained during sunny days. As shown in the third plot 
in Figure 4, there were occasionally some days when the PAR 
measurements that were much lower than expected (Julian days 
253, 260 and 271). This may be due to increased debris in the 
water or wave activity.

Figure 4: PAR sensor data
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Figure 5: YSI, Nitrate and Phosphate sensor data

The measurements recorded in the CR3000 from the YSI and 
Nitrate sensors are shown in Figure 5. There is a drop in the water 
temperature and pH and a corresponding increase in the dissolved 
oxygen and nitrate concentrations between Julian days 247 and 
257. The wind data will be obtained for this period to determine if 
these changes are due to an increase in the wind speed or direction. 
The air temperature near station 750 for September was found at 
the following archive:
http://climate.weatheroffice.gc.ca/climateData/dailydata_e.html
?timeframe=2&Prov=CA&StationID=45667&Year=2010&Mo
nth=9&Day=3

The phosphate sensor has a built-in logger and was not connected 
to the CR3000 data logger. It also had a dedicated external battery 
pack but unfortunately there were no divers available in September 
to change the batteries. In the plot below the data recorded after 
September 21 cannot be used since the batteries had not been 
replaced on time.

The phosphate data and nitrate data are plotted together in Figure 
6 below and both show a sharp peak during Julian day 256.

Anti-fouling devices
The QCR2200 reference PAR sensor has a cover that is opened 
just before the measurements are made and then closed again after 
the measurements have been taken. The ECO-PAR sensor has a 
built-in copper anti-fouling wiper mechanism which rotates when 
power is applied to remove any debris. The YSI 6600 also has an 
anti-fouling wiper mechanism that removes any biofouling that 

may have accumulated on the sensors during deployment. The 
ISUS Nitrate sensor has an anti-fouling guard which prevents the 
accumulation of debris during deployment.

Figure 6: PAR, YSI and Nitrate Sensor Anti-fouling devices

Appendix A
The pre-field calibration certificates for the YSI 6600V2 sonde 
are shown below:

The pre-field lab tests for the YSI sonde have been included below:
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Appendix D
The pre-field calibration certificate for the ISUS Nitrate sensor 
is shown below:
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Appendix E
The pre-field calibration certificate for the Phosphate sensor is 
shown below:

Appendix F
The PAR Hydro-Wiper power consumption during a wipe is 
shown below:

Sample Time	 Current 
(mA DC)
12:44:58 PM	 0.001
12:44:59 PM	 0.002
12:45:00 PM	 0.002
12:45:01 PM	 0.002
12:45:02 PM	 0.002
12:45:03 PM	 3.561
12:45:03 PM	 2.679
12:45:03 PM	 7.259
12:45:04 PM	 90.5
12:45:04 PM	 88.7
12:45:05 PM	 268.88
12:45:05 PM	 96.47
12:45:05 PM	 89.07
12:45:06 PM	 87.71
12:45:07 PM	 85.69
12:45:07 PM	 53.89
12:45:08 PM	 86.64
12:45:09 PM	 86.42
12:45:10 PM	 86.32
12:45:11 PM	 0.303

12:45:11 PM	 0.304
12:45:12 PM	 0.303
12:45:13 PM	 0.302
12:45:14 PM	 0.013
12:45:15 PM	 0.003

Appendix G

The daily loading for the NDB sensors with continuous sampling 
is shown below:

Table 13: NDB Sensor and Instrument Daily Loading

Figure 7: Insolation Map

The average insolation2 for the mooring at station 750 is 2-3 solar 
hours/day.
2Insolation is a measure of solar radiation energy received on a 
given surface area in a given time. In the case of photovoltaics it 
is commonly measured as kWh/(kWp•y) (kilowatt hours per year 
per kilowatt peak rating).While the solar constant varies with the 
Earth-Sun distance and solar cycles, the losses depend on the time 
of day (length of light’s path through the atmosphere depending 
on the Solar elevation angle), cloud cover, moisture content, and 
other impurities.

Appendix H
The schematic/wiring diagrams for the SunSaver PV controller 
are shown below:
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Schematic Diagram: Appendix J – NDB Rev.A Schematic

Appendix K – NDB Rev.B Schematic
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Conclusions and recommendations
The anti-fouling devices worked as expected and adequately 
protected the sensors from bio-fouling. There were some interesting 
peaks in the phosphate and nitrate data that should be further 
analysed. Similar changes were observed in the water temperature, 
pH, dissolved oxygen and Chlorophyll concentrations. Wind data 
will be obtained to determine if the wind speed or direction could 
have contributed to these changes [1-9].

The two 10 Watt solar panels did not provide enough energy to 
keep the battery voltage above 12 Volts during the cloudy days 
we had in September.
The recommendations are:
1.	 The 10W solar panels need to be replaced with a 40W solar 

panel.
2.	 The phosphate sensor should be powered from the main 

batteries.
3.	 The phosphate sensor data should be stored in the CR3000 

logger.
4.	 The PAR sensor dark current needs to be used to correct the 

PAR data.
5.	 Fuses need to be used for power connections to the submersed 

sensors.

The minimum solar panel required for our application (4.0448Ah/
day) is 40W.
The minimum battery required for the NDB is 58Ah (see Table 14).

Table 14: Minimum Solar Panel and Battery Requirements
Sampling 
Time

Daily Loading Required
Solar Panel (W)

Required
Battery (Ah)

10min/hr 4.0448 Ah/day 40W 58h (for 2-3 
solar hours/day 
insolation)

20min/hr 8.0896 Ah/day 80W 99Ah
60min/hr 24.2688 Ah/

day
240W 260Ah
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