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1. Introduction

The Lake Taihu monitoring station was constructed over September and October
2007. It is intended to provide real-time, internet accessible data for the water quality
and meteorology of Lake Taihu, as well as contributing to the Global Lakes
Ecological Observatory Network (www.gleon.org).

The system was commissioned by the Nanjing Institute of Geography and Limnology,
Chinese academy of Sciences, and designed and built by Chris McBride and Professor
David Hamilton of Waikato University, New Zealand, with direction from Associate
Professor Guangwei Zhu, and Dr. Liancong Luo (NIGLAS).

A range of high quality environmental sensors have been used in order to provide
reliable and accurate observations of the climate and limnology at Taihu. The sensors
were chosen for their accuracy and long-term stability, however, as with any sensor-
based monitoring, regular maintenance and calibration of the sensors is essential for
the collection of accurate and precise data over long time periods.

This manual is intended to provide background information about the function and
configuration of the monitoring system, and to act as a step-by-step guide for the
proper cleaning and calibration of the sensors.


http://www.gleon.org/

2. Overview

The monitoring station can be operated either from the Taihu field station pier (as in
the initial October 2007 installation, Figure 1), or as the monitoring buoy for use in
other regions of the lake (Figure 2).
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Figure 1. Sensors deployed from the Taihu station pier.

The surface sensors are attached to a float, so that they take measurements from just
below the surface water, regardless of the lake level. The thermistor (temperature
sensor) string is attached to a separate rope which is anchored at the bottom. Keeping
this rope tight will give temperature measurements from accurate depths. The deep
sensors are attached to a separate line and mounted on a disc to keep them level. The
height of the sensors from the bottom of the lake can be altered by the user, and may
be changed depending on the research question being investigated.

In the stationary (pier) installation, power is supplied to the system by a UPS and AC
to 12V DC voltage converter. When the system is installed on the buoy, power is
supplied by a 60W solar panel, with a 50AH sealed lead-acid battery for reserve
power.



Figure 2. The monitoring buoy (without sensors installed).



2.1 Sensors

The Taihu system contains sensors for many water quality and meteorological
variables (Table 1). These sensors have been chosen from many types available, for
their low power consumption, accuracy, long-term stability, and cost effectiveness.

Table 1. Sensor types used for the Taihu monitoring station.

Sensor Variable Depths (m)
Ne.xsens TSI107 thermistor Water temperature 0,05,1,15,2,25
string
- 5 -

Zebra-tech “D-opto” Dissolved oxygen (ppm & % saturation), 0, bottom

water temperature
Seapoint chlorophyll fluorometer | chlorophyll a 0, bottom
Seapoint turbidity fluorometer Turbidity 0, bottom
INW “TempHion T2” pH 0, bottom

Air temperature, relative humidity, wind
Vaisala WXT510 speed, wind direction, barometric n/a

pressure, rainfall, hail.
Apogee pyranomoeter Solar (short-wave) radiation n/a




2.2 Power and data management

All the electronic components of the system are contained within a weatherproof
stainless steel case. The case is resistant to heavy weather and splashing, but is not
submersible. Cables enter the case through watertight cable glands. Each sensor is
connected to a circuit board within the case, and in turn connected to the datalogger
for the measurement and storage of the data (Figure3).
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Figure 3. Components of the electronics case.

1. Sensor connection circuit board

2. D-opto connection boards

3. Datalogger: iQuest DS-4483 datalogger

4. GPRS modem: iQuest iCE? cellular modem
5. Solar power regulator: SunSaver SS-10 12V
6. System power switch

7. TempHion T2 voltage converte.



Circuit board
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Figure 4. Correct wiring for the installation of the sensors. If any changes or repairs are
required to the wiring, care must be taken to ensure the signal paths are correct before the
power to the sensors is switched on, or damage to the sensors could result. Note that the red
wires on the chlorophyll and turbidity sensors are not connected to the 6-pin plug. This is in
order to set the gain of the instrument. See the Seapoint manuals (Appendix 2 and 3) or
section 3 for more information.



Power consumption
Table 2. Theoretical power consumption for the Taihu monitoring station.

Number of Subtotal

Iltem Mode Volts mAmps Watts Hours sensors  (Watt hours)
iQuest DS-4483 datalogger Sleep 12 20 0.24 235 1 5.64
Active 12 80 0.96 0.5 1 0.48

iCE cube cellular modem 12 20 0.24 24.0 1 5.76
Seapoint chl a fluorometer Standby 12 1 0.01 23.9 2 0.57
Active 12 15 0.18 0.2 2 0.05

Seapoint turbidity fluorometer 12 1 0.01 23.9 2 0.57
12 6 0.07 0.2 2 0.02

D-opto Standby 12 12 0.14 0.2 2 0.04
Active 12 0.2 0.00 23.9 2 0.11

Nexsens thermistor string 12 0.00 24.0 1 0.00
TempHion T2 12 2.3 0.03 24.0 2 1.32
Appogee pyranometer n/a 0 0.00 24.0 1 0.00
Vaisa WXT510 12 3 0.04 24.0 1 0.86
Total 160.5 15.44688

2.3 Basic operation of the monitoring system

Datalogger

The logger stores data internally and also transmits data every 10 minutes via the
GPRS modem, to the iQuest “HydroTel” database system. The data is then made
accessible on the internet at the website:

https://data.iquest.co.nz/hydrotel

Please contact Assoc. Prof. Guangwei Zhu, or Dr. Liancong Luo (NIGLAS) to
acquire a username and password in order to view the data. An archive of the data
will also be routinely sent to NIGLAS as a backup to the Hydrotel system.

Operation of the iQuest DS-4483 datalogger and iLink software

Proper calibration and configuration of the Taihu station requires a basic knowledge
of how to operate the datalogger and configuration software (iLink). The appropriate
manuals are available in electronic form; however, the following provides instructions
for the basic use of the datalogger and iLink.


https://data.iquest.co.nz/hydrotel

Installing iLink

Insert the iLink software installation CD, follow the instructions to install iLink under
the Program files folder. Please contact Assoc. Prof. Guangwei Zhu for a registration

code if required.

In order to pre-load the Taihu station configuration, two files must be copied into
separate foldersunder the iLink menu.

1. The file “Taihu station.prf” must be copied into the folder:
C://Program files/iQuest (NZ) Ltd/iLink/Profiles

2. The file “Taihu station.tpl” must be copied into the folder:
C://Program files/iQuest (NZ) Ltd/iLink/Profiles

After the files are copied, open iLink. The Taihu station should be listed on the left.
The Taihu datalogger is configured to communicate over com port 1. If your serial
cable is not configured to use coml, use the Windows control panel to change to

coml.

Alternatively, the com port used by the logger can be changed by clicking the

“Configuration” menu and choosing “communications”.

3o

B iLink - Registered to: University of Waikato

£ it &

LConnect  Lar Cfg Help

[ Computer Setup
Fort Speed

File Yiew Tools Configuration Help

CoM1 =] |aE00 |

BRetries Timeaut [rmz] CT5 Delay [ms]
|3 |2000 |0
Leading Chars Trailing Charz PC's Addiess
1o I |0
Communication Mode
| Direct R5232 -
Device: MG Wersion: MIA DISCOMNMECTED

Device Setup

Address |29I37 =i
MORMAL Profile: Taihu Station. prf
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Now that your com port settings are correct, select Taihu station at the left (so that it
has a red arrow as in the picture below) then press the “Connect” button.

-

ﬂ iLink - Registered to: University of Waikato

BEx]

File Wiew Tools Configuration Help

@1@\

Connect Lar Cfg Help
=B iLink Profils Detsils
1 Default
£ Demo Profile:  Taihu Station jprf
Comiment:  Taihu Station
Device: [=-4483

< =2 Taihu Station >

Address: 290

Firtrwaeare:  %LI2.15

Template:  Taihu Station tpl

Unload File: Taihu test 2007-10-03.c5v

|| Device: MG Sersion: M)A

DISCOMNMECTED MORMAL

Profile: Taihu Station. prf

11



If the logger successfully connects to the computer, you will be taken through to the

logger information screen:

-

=)

=,

Eile @ Tools Enﬁguratian ﬂe.lp

E «© =

Dizconnect  Dewlnfo  Kew /LCD Unload Program Lar Cig

222200
cooce o VM o

A8 SRR VR AR RRE R, SRR R EEE,

Device Details

Model: D5-4453 ROM Version:  L/2.18
FCE Revision: 1.3 td emnony: 1086 Kb
Serial Mumber.  AL1-0290 Battery Valtz, 1284
Manufactured:  17./11/2008 Temperature 232 °C

¥4 iLink - Registaﬂad to: Uniwasity of 'lgikatu 5 7

WP
@ B 13
W iz

Help N cd

Feal Time Clack

Computer D ate/Time
8A10/2007 12:30:44 am.

Device Date/Time
Update pauzed

| Bead Device Clock

DOffset hours) |0 %

Addrezs: 290

&

Sunc

Comment | T aikw Station

Device: D5-4453 Yersion: L2, 18 CONMECTED MORMAL

Profile: Taibu Station. prf

1. Sync: Pressing this button will syncronise (match) the clock of the datalogger to the

clock of the computer.

2. Disconnect: disconnects the computer from the datalogger.

3. Dev Info: This is the main screen (shown above). It displays basic information
about the datalogger, such as the clock time, memory, battery volts etc.
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4. Key/LCD: This enables the user to view information from the logger on the

computer, and to control the display of the logger using the computer.

B4 iLink - Registered to: University of Waikato E]
File Wiew Tools Configuration Help
. i @ [
A {w i Wi 1.3
& @ e I &) W ot
Lizconnect  Devnfo Kew/LCD Unload Program Lar Cig Help W cd

F1 ‘ F2 | F3 | F4 ‘ CLEAR FPglp

~

|
v |

W

0 | - ‘ _ ‘ ENTER FaDn
(B Refresh [ Auto Update [v Auto refresh LCD after keypress

Device: DS-4483 Version: WLIZ.18 COMNMECTED MORMAL Praofile: Taihu Station.prf

The arrow buttons can be used to scroll through the data from the different sensors.
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5. Unload: This button can be used to retrieve data from the logger when the internet
database is not available.

Unloading data from the logger

Click the “Unload” button.

B4 iLink - Registered to: University of Waikato E]

File “iew Tools Configuration Help

F § i E 1 g & e

Dizsconnect  Devinfo  Rep /LCD Urload Program Lar Cfg Help W o

Thig wizard azzizte pou with unloading your datalogger.

Unload Wizard Progress There are a few items to select and the unload process

Step 1: Introduction can begin, Wou can alzo views the data file aftenwards.
Step 2 Unloaded data file name
Step 3: Replace / append mode
Step 4: Unloaded data format
Step 5: Date format

Step B: Automatic clock spnc [ Skip wizard and go directly to Step 7 [Unload Configuration)
Step ¥: Unload configuration
Step 8: Feview settings

Step 9 Unload data / images

MOTE: All the unload zettings are stored for use nest time.

Press the Mext button to continue. ..

Mext ‘ X Cancel ‘

Device: DS-4483 Wersion: WL/2.18 COMMNECTED MCRMAL Profile: Taibu Station. prf

=

Follow the wizard to unload the data: click next.

2. Choose a file name for the unloaded data. Also choose the location where you
want the data saved. Click next.

3. Choose replace if you want to overwrite any old datafiles with the same name.
Choose append if you only want to add new data to the old file. Click next.

4. Choose Table: your data will be saved as a “.csv” file, which will open in MS
Excel. Click next.

5. Select the date format you require. Click next.
6. Do not tick the auto sync box unless you wish to change the datalogger clock

to match your computer. Click next. iLink will now retrieve the sensor
information.
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7. You can now choose to download all the data, or to download only a selection

by changing the Start of Data (SOD) and End of Data (EOD) points.

554 iLink - Registered to: University of Waikato

BE] %]

Dizconnect  Dewvlnfo  Kep/ LCD

Unload Wizard Progress

Step 1: Introduction

Step 2: Unloaded data file name
Step 3: Replace / append mode
Step 4: Unloaded data format
Step 5 Date format

Step B: Automatic clock syhe

S : Unlas uration
Step 8: Review zettings
Step 3: Unload data / images

File View Tools Configuration Help

]
@ i 13
W cte

Lar Cig Help o cd

E =
Unload

Program

Starage information retrieved from the datalogaer

Thiz pravides iTerm with detailz of the available logged data .
‘f'ou can edit the Start OF Data and/or End OF Data painters if
wou want to recover only a subset of the available data.

EOD Py 136534

x LCancel |

< Back

Device: DS-4483 COMNMECTED MORMAL Prafile: Taihu Station.prf

Wersion: YL[Z.18

8. Check your settings and press unload. The computer will now retrieve the data

you have selected. This may take up to several minutes.

B4 iLink - Registered to: University of Waikato g

Eile Wiew Tools Configuration Help
Moy
B"‘ @ W 143
_lcts

&
Lar Ckg Help o cd

Disconnect  Dev |nfo

[Priy
Program

Key /LCD Unload

Unload Wizard Progress Unloading logged data fram the datalogger. ..

Step 1: Introduction
Step 2 Unloaded data file name
Step % Replace / append mode

Step 4: Unloaded data format Progress: Unloading Block Mo. & of 32,

Step & Date format

I 13%

Step B Automatic clock sync
Step 7: Unload configuration
Step & Review zettings

| x LCancel |

Version: YL/2.18 COMMECTED NORMAL Profile; Taihu Station, prf

9 Device: DS-4483

10. Your data should open in MS Excel automatically. You can now save it as a

Xls file.
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6. Program: This page can be used to load specialised programs that control complex
sensors (for example the thermistor string). It should not be altered or used without
special instruction being given.

7. Lgr Cfg (Logger Configuration): This will be the most useful page for the routine
calibration of the sensors. Click on the Lgr Cfg button.

| Contirm Uq‘
2 Then oeofide s brkad to the terrpiate:
.

Cr'Program FlasQuest (NZ) LidULINEA Terplates Taiw Station, tol

D0 pous st 10 opens this terplate?

Click “Yes” to load the template, which should look like this:

4 iLink - Registered to: University of Waikato E]

File Wiew Tools Configuration Help

Z & i € 9 o @ e

Dizconnect  Dewlnfo  Kew /LCD Unload Program Lar Cig Help o cd
Temp Line Array
Senzar Selection 2
M . | Temp Line &g Array 1D: |1
wi01: Temp Line Araw = Heme: [Terrp ¢ =
w| 02 DO Surface % =
| 0% DO Surface ppr = = Units:  |'C - Display Format: | 00.00 -
w| 04: D-Opto SFTemp =
w| 05 DO Deep & =
v| 06 DO Deep ppm =
w| 07 D-Opto Dp Temp =
w| 08 chl a Surface = Gereral |IHI:I SE.'tLIDJ Mea&urement] LoggingJ Alarmsl DutputJ Cu:ummentJ
w| 03; chl a Deep =
v 10 Turb Surface = ;
¥| 11: Turb Deep = . ] - C‘) Betrieve
w| 12 pH Surface = Site Mame: |Lake Taihu
w13 pHD = . :
v 14 galar?:dpiatian = [v Enable Sleep Digital Input DI2 Functlions A Send
w| 15 Vaizala WixTRI0 = [ RS5232 Inztrumentation [~ “wake Up / Toggle Display L
v 1E: Battery Volts = v Waizala W=TE10 present geen
17 = - [~ Reset Totalizers '
18 1 = [ SDI-12 wia Bridge link
13 =
M = Mizc |Base Callback | Radia Mcu:lemJ SWilChJ Lookup Table‘ 3 |
Template: Taihu Station,tpl
Device: D5-4483 Version: VL1218 CONMECTED MORMAL Profile: Taibu Station. prf

- Area 1: shows all the sensors which are configured on the logger. When the box to
the left of the sensor is ticked, the sensor is active. If unticked, the sensor is disabled.

-Area 2: Stores all information specific to each sensor. The measurement tab is
particularly useful for calibrating the sensors. Please see the Section 3 for information
on how to calibrate each sensor.

-Area 3: Shows communications settings and should not be altered, unless under
specific instructions.



¥4 iLink - Registered to: University of Waikato E]
File Wiew Tools Configuration Help
P . [
& is @ ol Bl | @ W 173
I_F1 ) io| M]' W ci:
Dizsconnect  Dewlnfo Kep /LCD Unload Program Lar Cig Help W cd
Temp Line Array
Sensor Selechion
Mame: |Temp Line Ara Array D: |1
will: Temn Line Aray (= Heme: [Tene d =
v| 02 DO Surface % =
w| 03 D0 Surface pprn - = Units:  |'C - Dizplay Farmat; | 00.00 -
v| 04: D-Opto 5F Temp =
w| 05 DO Deep % =
w| (& DO Deep pprm =
w| 07 D-Opto Dp Temp =
| 08: chl a Surface = Gereral | [/0 Setup J b eazurement J Logging J Alarms I Dutput J CDmmentJ
w| 09 chl a Deep =
v 10 Twb Surface = . ;
| 11: Tub Deep = _ . ¢ Betiieve
w| 12 pH Surface = Site Mame: |Lake Taihu
W : = .- -
] :lli glzlg?:dpiatiun = W Enable Slesp Digital Input DI2 Functions A Send
: :Ilg g:::fea[la \."}\;'.TgE'I ] : [ HS.232 Instrumentation [~ Wake Up / Toogle Display Open
: Y = [v “aizala 'W=TS10 present )
" e [ Reset Totalisers 23
18 = [ SDI-12 via Bridae link
19 =
a0 = Misc | Baze Callback | Radio MDdemJ Switch] Lookup Table I
Template: Taibu Station.tpl
Device: D3-4483 Version: YLIZ.18 CONMECTED MORMAL Profile: Taibu Station. prf

- Retrieve: Pressing this button will retrieve and load all the settings from the logger.

- Send: This will send the settings made on the computer to the datalogger. If you
have made changes (for example to a calibration offset and multiplier), you must
press “send” before they will take effect.

- Open: Can be used to open a new template. This button should not be used for
operating the Taihu station.

- Save: After making changes and sending them to the logger, it is important to save
the new settings on the computer. This way, both logger and computer should have
the same settings saved before you disconnect them from each other.

- Print; This should not be needed.
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iCE® GPRS modem

Configuring the modem

The iQuest iCE® GPRS modem is configured correctly to transmit data from the
datalogger every 10 minutes to the HydroTel database. It should not require any
maintenance.

However, if for any reason the modem appears to stop communicating with the
database, the following troubleshooting guide should help to diagnose the problem.

Problem: No new data is being transmitted to the internet.

1. Wait for a few hours, to see if any new data appears. Occasionally there will be
short outages of the iQuest servers while maintenance or upgrades are being
performed. If you wish to check this, contact Chris McBride (University of Waikato,
see appendix for contact details).

2. Check the blue LED light of the modem. When idle, it will flash once every few
seconds. When trying to connect to GPRS, the modem will quickly flash twice every
few seconds. If the modem goes for >10 minutes without changing to the double flash
pattern, it is not trying to go online and there may be a configuration problem.

3. Unplug the modem from the datalogger, and connect your computer to the modem

cable using your serial adapter. In Windows, click
Start>Programs>Accessories>Communication>Hyperterminal.

Connection Description -\

-

"k Mew Connection

Enter a name and chooze an icon for the connection:

I ame;

lcor:

Name the connection (e.g. “Taithu modem™)

18



= = 1

Connect To

o Tahu?

Enter detailz far the phone number that you want to dial;

Country/regiorn: | Australia [B1] M

Area code:

Fhone nurber:

Connect using: | TOSHIBA Software Modem W

TS HIE Goftware Modem
COM3

COM1

TCFPAP [Winzock]

From the drop down menu at the bottom, select com1.

FCGM1 Properties
Part Settings |

Bitz per second: | 2400 BI
Data bits: |B M
Earity: | More M
Stap bits: |1 |
Elaw contral; |Hardware M

[ Bestore Defaulkz ]

[ ] l [ Canicel ] Apply

Change “Bits per second” to 9600. Change “Flow control” to “None”. Click OK.

19



You should see a window like this:

@ Talhu2 - HyperTerminal
(Ho f Yew Col Travefer b
NE &35 O &

3
@
g

J

0K

OK
Vo. "8 réd#* (Vo- ¢ "G réd#* tVo- ¢ réd#* fVo- 2B réd#! (Vo2 8 réd# Vo 2”0 réd¥ r

Corryected 0;00:00 MtoCatect 2600 041 ’ " . \ [

The mixed symbols (e.g. Ve©[] "1 U, etc) simply means the modem is trying to
connect to the database. If it isn’t trying to connect you will not see any symbols.

Try typing “at”. If no characters appear, you must take the modem offline by holding
down shift and pressing the + key 3 times.

You should now be able to check the settings of the modem by typing the command:
at*idas?

20



Here is how the settings should be:

@ Taihu? - HyperTerminal g@

File Edit Wiew Call Transfer Help

0K
*IHPN: cmnet” < GPRS network
IDFC: @
“I0T0: 20 < IDTO should be 20
“IHDT: @ (Normal)
“IHPS: 9600, "8N1"
“TIPA: 1,° '9.0.0.0","255.255.255.255"
“TIPA: 2,70.0.0.0","255.255.255.255"
“TIPA: 3,70.0.0.087,7255.255.295.295"
“IIPA: 4,70.0.0.07,"255.259.255.259"
“IIPA: 5,70.0.0.07,"2595.255.255.255"
“ILIP: 1@ 143. 169 223 —— This is the cmnet IP address, and will change every time the
“IPTI: 12@ < IPTI should be 120 modem connects
“IPWD: est” < This is the cmnet password, should be “guest”
“IRIP: 2@3 198.210.84" , #180<«——————— This is the Quest IP address, and should be set to the numbers
“IRTS: 1 Shown here

“ISDA: 298 < sShould be 290
“ISNO: RAEB-B21 7« Modem serial number

“IUID: "guest™< This is the cmnet userID, should be “guest”
“IVER: 1.15
0K

Connected 0:04:24

Auto deteck 9600 5-N-1

If the settings you see are different to those above, you need to re-configure the
modem with the above settings. To change a setting type:

at"(four letter code)=(new value)
e.g. at“apn="cmnet”

To check that that the settings have been applied, type:

at(four letter code)?
e.g at"iapn?

Change all the necessary settings until your settings match those shown above.

Type :

atMiace=2

This will make sure the modem is set to go online with a dynamic IP address.

Close Hyperterminal (save the connection for future use) and re-connect the modem
to the datalogger. Data should now transmit.

If you are still having problems, please contact Chris McBride (University of
Waikato, New Zealand).
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Changing the frequency of data transmission

Connect to the modem using Hyperterminal, as described in the above section.

Take the modem offline by holding down the shift key and pressing the + key three
times quickly.

Type: at*acs?

You should see something like:

% Taihu modem - HyperTerminal g@

File Edit Wiew Call Transfer Help

at"iacs?
B%HCS: 0,2359,180,10,0

The 3" and fourth numbers represent the number of seconds the modem stays online
for, and the number of minutes between data transmission. To change the frequency,

type:

at"iacs=0000,2359,(seconds online),(minutes between),0

e.g. at"iacs=0000,2359,300,20,0 would put the modem online for 300 secs (6 mins)
every 20 minutes.

You can check your new settings by typing: at"iacs?
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3. Maintenance

Buoy: Battery

The battery used for the Taihu station should be a 12-volt, sealed lead-acid battery
(also called a “gel cell”) with a capacity of 40 amp hours or greater. This type of
battery does not require regular maintenance. It is, however, important not to let the
battery drain to <11.5 volts, as this will damage the capacity of the battery to re-
charge.

Pier: UPS and voltage converter

The UPS and voltage converter supply continuous DC power to the monitoring
system. The trimpot on the voltage converter should be set to supply ~12.5V DC at
the datalogger. Take care that the connections at the UPS and voltage converter
cannot short-circuit.

Vaisala WXT510 weather station

The Vaisala weather station is considered stable and should not require regular
maintenance. Refer to the manual (appendix 4) for more information.

Apogee Pyranometer

The Apogee pyranometer is factory calibrated. The effect of temperature on the
sensor output is minimal (<1% between 5 and 40°C). The output of all radiation
sensors tends to decrease over time as the detector ages. The average decrease of the
Apogee sensor is 1 to 2 % per year. Do not attempt recalibration without a radiation
standard. Apogee recommends that you send your sensors in every 3 years for
recalibration. See the manual (appendix 6) for more details.

Nexsens TS110 thermistor string

The TS110 thermistor string has a stable output and should not require regular
maintenance. If a thicklIf desired, the sensor may be returned to the factory every three
years to check the accuracy of the thermistors.
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Seapoint chlorophyll and turbidity fluorometers

These sensors are very stable. According to the manual, the lamp intensity would
reduce by 10% after 5000 hours use. The fluorometer lamps are configured to be in
operation less than 100 hours per year (10 seconds operation every 15 minutes).
Theoretically, this results in a decrease of ~0.2% per year.

The most likely cause of error with these fluorometers is bio-fouling. The optical
windows of the sensors should be regularly checked for algal growth and snails. If
bio-foul is present, clean the windows with a soft, non-abrasive pad, such as those
supplied with the D-opto sensors. Do not touch the optical windows with your fingers.

It is important to remember that fluorometers provide only a millivolt response.
Various algae and partical types, as well as intense sunlight, will cause differing
responses from these instruments. It is important to collect regular water samples for
solvent extraction chlorophyll lab analysis for comparison.

Background information

These sensors produce an output of 0-5 volts. Each sensor has four gain (sensitivity)
settings, which are set using the green and red wires of the cable. Hardwiring the gain
does not require an external voltage source. To hardwire a line to +5V, simply leave it
open, which allows an internal pull-up to hold it at +5 VDC. To set a line to 0V, tie it
to the power ground.

Cable colour codes
white: Power Ground
black: Signal Output

blue: Signal Ground
orange: Power In
green: Gain Control A
red: Gain Control B
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Table 3. Wiring configuration for setting gain for the Seapoint fluorometers.

Green Red Gain Range Multiplier
Chlorophyll Vi(ng/) (iLink)

ov ov 1X 0.033 300 g/l 60

ov +5V 3X 0.1 100 pg/l 20

+5V ov 10X 0.33 30 ng/l6

+5V +5V 30X 1V 10 pgl/l2

Turbidity VIFTU

ov ov 1X 0.033 n/a

ov +5V 5X 0.1 500 FTU 100
+5V ov 20X 0.33 125 FTU 25
+5V +5V 100X 1V 25 FTU 5

The range of the instruments has been set to reflect the expected ranges observed in
Taihu. For chlorophyll a, the gain has been set at 3x, and at 5x for turbidity. It is
important to remember that without calibration to lake water, the response of the
fluorometers is a voltage only. Therefore, a change in gain is only required if:

- the fluorometer is “peaking” i.e. frequently returning the maximum (equivalent to
5V) response, or
- the range of values observed are within the lower region (equivalent to 0-1V) of the
sensor’s output.

If a change in the gain settings is required, simply connect the appropriate coloured
cable to the 6-pin connector at the end of the sensor cable. This will tie it to the
ground circuit of the datalogger.

It is not advised to calibrate the fluorometers using the datalogger coefficients!

Rather, collect water samples for lab analysis, and if desired calibrate during
post-analysis of the data.
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D-opto dissolved oxygen sensors

Compared to other types of dissolved oxygen sensors, the D-opto sensors are
extremely stable. They may require re-calibration every 1-2 months, however, they
can remain stable for much longer periods.

The most likely cause of error with these sensors is bio-fouling. The optical windows
of the sensors should be regularly checked for algal growth or snails. If bio-foul is
present, clean the windows with a soft, non-abrasive pad, such as those supplied with
the D-opto. Do not touch the optical windows with your fingers.

Calibrating D-opto sensors

Materials required

Bucket of water

Oxygen pump

Sodium Sulfite (if two-point calibration is needed).

Calibration process:

Calibrating the D-opto sensors is relatively easy, and does not require the use of
iLink.

1. The D-opto connector boards (Fig. 3) have a available DB-9 port (9-pin serial
connector). Connect your computer to this port using the serial cable, and open
the D-opto sensor software (“DoptoCom™). Select the correct com port (and
SDI-12 address if required) for communication and connect to the sensor.

Surface sensor: SDI-12 address 1
Deep sensor: SDI-12 address 2

You should see the following screens:

A D-Opto g@

D-Opto found, collecting system information....please wait
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Then...

D-0pto Dissolved Oxygen Sensor

Digzolved Oxpgen PC Data Logger

Setti
Saturabiore 1099 % Current File:  C:\Program R
aturatior: 10,41 = Files\D-0ptaCam*datafile. dat
Content: 2,705 PPt Loginterval: 30 Seconds

Calibrate
Temperature Statuz: Inactive

2D ¢ _Stnloogeg | =

Ingtrument Details

Serial Mumber: 2263 SD112 Addrezs: 2 g g

2. Fill a bucket with clean water (not lake water if possible) and use the air pump
to aerate the water to saturation (at least 10 minutes). Check that the optical
window is free of biofoul (if not then clean it with a soft, non-abrasive sponge)
and place the sensor in the bucket. Allow the sensor to attain a stable reading.

Optical window
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3. Click the “calibrate button”.

D-Opto Dissolved Oxygen Sensor

Digzolved Oxpgen

Saturation: 103,37 %
Content: 3,705 PPM
Temperature

2395 °C

Inztrument Details
Senal Mumber: 2269

PC Data Logger

Current File:  C:\Program

Filegh\D-OptoCamdatafile. dat

Log interval: 30 Seconds

|nactive

Start Logging |

SOI-12 Address: 2

Status:

Settingz

4. Once the reading from the sensor is stable, click the “reset span” button. This
will re-calibrate the d-opto at 100% saturation. The Taihu station does not
require altitude correction when calibrating the d-opto sensors.

D-Opto Calibration

Offzet

Span

Flace the D-Opto into a reference zolution of
known dizzolved oxpgen content [ideally 0%,

Once the zignal has

zettled, enter the dizszolved
ospgen & saturation in the
test bow, and click "Reszet

0

Rezet offzet

The zpan ghould only be reget after the offset
calibration haz been performed.

Flace the D-Opto into a reference zolution of
known dizzolved oxygen content [ideally around
100%]. Correct the value for altitude.

Once the zignal has settled, 100
enter the dizolved oxpgen %
zaturation in the text box and

e click "Rezet zpan"'
Al
N
Current Reading
Dizgolved owpgen: 10292 X% e ———
ihiltitude Comection; Restore Defaultz Cloze ‘
TEmpEraturE: 233? °|: Hrrrerrerrrorererereeererererrererereroren H

5.
If the calibration is successful, you will see:

D-Opto

ﬁ

Span calibration reset successtully
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6. If you wish to perform a 2-point calibration: place a teaspoon of Sodium
Sulfite in a small bucket of water and stir. This should consume all oxygen in the
water within about 5 minutes. Place the sensor into the de-oxygenated water,
allow the reading to stabilise, and then press “reset offset”. This will recalibrate
the d-opto for 0% saturation.

7.

D-Opto Calibration

Offzet Span

The zpan ghould only be reget after the offset

Place the D-Opto inta a reference solution of calibration has been performed.

known dizzolved oxpgen content [ideally 0%,

Flace the D-Opto into a reference zolution of
known dizzolved oxygen content [ideally around

Once the signal has 100%). Correct the value for altitude.

zettled, enter the digzolved .
oxygen % satuiation in the Once the zignal has settled, 100

best bose. and click "'Feset enter the dizolved oxpgen %

i Resat offse zaturation in the text box and
: click "Rezet zpan"' Feset span

Current Reading

Digzolved ompgen: 10292 % | [

é.-'l'-.ltitude Eu:urreu:tiu:uné Restore Defaults
TEFﬂpE[aturE: 233? °|: Hromosommmmsaseoaeneooansomanosomononn ;

Cloge ‘

Resetting the offset using this method should be required less often than the
100% calibration. After a few months of testing, it should be clear how often
calibration must be performed.
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TempHion T2 pH sensors

The TempHion pH sensors have a “reference electrode” (underneath the white cap)
and a “sensing electrode” (the glass hemisphere set into the steel case). The reference
electrode should be filled with reference solution. The sensing electrode is exposed to
the lake water. The T2 sensor also has a thermistor (temperature sensor), however,
this is not used for the Taihu station. The following is a guide to the maintenance and
calibration of the pH sensors. Please read the manual for more detailed information
into the operation of the pH sensors.

Calibrating the T2 Sensors

Replacing the reference solution
Every 1-3 months, it will be necessary to replace the reference solution of the T2
Sensors.

1. Unscrew the white cap and empty the old solution. Thoroughly rinse the
electrode, and the inside of the cap with distilled water, and allow them both to
dry completely.

2. Place 12-15 drops of fresh reference solution (no more than 15 drops) into the
white cap. Holding the sensor and cap upright, screw the white cap back onto
the end of the sensor. As the cap becomes tight, reference solution should spill
over the top of the cap. Screw the cap on firmly, but do not over-tighten.

3. Wash your hands if they have come into contact with the reference solution.

30



Calibrating the T2 sensors

Materials required:

- pH buffer solutions: Two or three pH buffer solutions than cover the range of pH

likely to be observed in Lake Taihu (i.e. ~pH5 — pH10)
- A squirt bottle of distilled water
- Cylinders in which to place the buffer solutions

Calibration process

1. Connect to the datalogger using iLink

¥4 iLink - Registered to: University of Waikato

BE X

File Wiew Tools Configuration Help

£ \it @

LConnect | Jlar Chg Help

PLink Profile Details
£ Default
2y Demo Profile:  Taihu Station prf

Fotorua Buo Comment:  Taihu Station
t'l 2 Tahu 5t ;t'im Device:  DS-4483
Address: 290
Firmweare: L1218
Template:  Taibu Station tpl
Unload File: Taibw test 2007-10-05.c5v

Device: MNia Version: MiA DISCOMMECTED MORMAL

Profile: Taibu Station. prf
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2. Select the logger configuration tab

¥4 iLink - Registered to: University of Waikato E]

z & L E =

Dizsconnect  Dewlnfo Kep /LCD Unload Program

File Wiew Tools Configuration Help
W
@ Wiz 1.2
M iz

Help W cd

Feal Time Clack

Computer D ate/Time
FADA2007 7:51:38 pom.

Device Date/Time

Update pauzed
[~ Bead Device Clock @

S RIS, R ] EEFEE Offset [howrs) |0 = Sync

Device Details

Model: D5-4483 ROM Version:  WL/218
FCE Revision: 1.3 b epniony: 1086 Kb
Senal Mumber:  AL1-0290 Battery Voltz: 1286
Manufactured:  17/11/2006 Temperature  24.5°C Address; 290

Comment | Taihu Station]

Device: D3-4483 Version: YLIZ.18 CONMECTED MORMAL Profile: Taibu Station. prf

Click “Yes” to open the template file for Taihu station.

3. Select the appropriate sensor at the left hand side and select the measurement
tab.

4 iLink - Registered to: University of Waikato E]

File Wiew Tools Configuration Help

S & L2 E @B a4 @

Dizconnect  Dewlnfo Kep /LCD Unload Program Lar Cig Help W cd

Temp Line Array

Sensor Selechion

v il1: Temp Line Array

v 02 DO Surface %

3 D0 Surface ppr
D-Opto 5f Temp
DO Deep %

D0 Deep ppm

MHame: |Temp Line Array Array D: |1
Unitz:  |°C - Dizplay Format: |00.00 -

chl a Surface
chl a Deep
Turb Surface

i eazurement W Logging J Alarmz I Output J Commert J

General 140 Setup [

I
04:

05

0&:

07: D-Opto Dp Temp
0g:

03

10

11

Site Name:  |Lake Taihu

14; Solar radiation
W 15 Yaizala wi=Th10
w| 16: Battery Yalts

R YE YR YR UL E YL YES

[v “aizala 'W=TS10 present

17 | Reset Totalisers -
18 I SDI12 via iBridge link E-
19
0 Misc | Baze Callback | Radio Mcu:lemJ Switch] Lookup Table]
Template: Taihu Station.tpl
Device: D3-4483 Version: YLIZ.18 CONMECTED MORMAL Profile: Taibu Station. prf

(% Retieve

W Enable Slesp Digital Input DIZ2 Functions A Send
[ R5232 Instrumentation [~ Wake Up / Toggle Display Open

i
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4. Replace the offset value with 0. Replace the multiplier value with 1. Next,
click send. This removes the previous calibration so that the logger will
display the actual voltage signal from the sensor.

-

¥4 iLink - Registered to: University of Waikato

pH Surface

Senzor Selection

w| 07 Temp Line Array
w| 02 DO Surface %
03: DO Surface ppm
04: D-Opto SF Temp
05 DO Deep &
06; DO Deep ppm
07: D-Opta Dp Temp
08: chl a Surface
09 chl a Deep
10: Turb Surface
11: Turb Deep
12 pH Surface
1

1
1
1

4 Solar radiation

B Waizala WHTE10
E: Battery Wolts

17
18
13
20

L
L
L
L
L
L
L
L
L
v
L
L
L
L

Template: Retrieved from Device

# A

File Wiew Tools Configuration Help

_BF;
@ S“f{ mt @ W 173

Dizconnect  Dewlnfo  Kew /LCD Unload Program Lar Cig Help o cd

“Warmup [zecs] |0 Offzet
Sampling [secs) |30 P Laltiplieg
Sealing Calculatar | Farmula  |Linear - g Mult

w100 -

General | 140 Setup M eazurement |LoggingJ Alarmsl DutputJ Cu:ummentJ

Site Marne: |Lake Taihu

[v Enable Sleep Digital Input DIZ2 Functions
[ RS232 Instrumentation [~ wake Up / Toggle Display
v Yaizala W=TE10 present

A [ Reset Totalizers
[ SDI-12 wia Bridge link

Mizc | Base Callback | Fadio Mcu:lemJ SWitch] Lookup Table‘

Device: D5-4483 Version: YLIZ. 18 CONMECTED MORMAL Profile: Taibu Station. prf

(% Retrieve

I“II

LII

5. Rinse the sensor with distilled water. Then rinse the sensor with the highest
pH buffer solution you will use (i.e. if using pH 4, 7 and 10 solutions, use

ph10 first).

6. Fill one of the cylinders with the same value pH buffer solution, and immerse
the sensor, making sure that there is enough solution to cover the sensing
electrode. Allow the reading to stabilise.

7. Open the Excel spreadsheet “Taihu sensor calibration.xIs”, and select the “pH”
tab. Enter the values of pH buffer solution you are using under the heading

“Buffer pH”.

(m}

SURFACE pH

4
40—
9

1
2
3
4
5 | Buffer Jogger)
5}
7
g
[n]

L C r = | n | I |

< |

DEEP pH

Buffer p ‘E Fogger)
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8. Enter the voltage given by the datalogger for the pH buffer solution.
|51 Microsatt Excel - Taihu sensor calibration 3.xis
i) e Gl Ve et fomet  Tods Do Wdew o

i 3 A TR s a0 S0 0 R E LI B
5

r {x} 1L X L . N
b SURFACE pHl DELP pit
‘ Date
5 fpfter ptf V fogger) Datter ptt V fogger) sTe
5 - — : i
7 b pe
B 9 Q 3
9, - - - - -
10 | |

9. Remove the sensor from the buffer solution. Rinse it with distilled water, and
then rinse with the next highest pH buffer solution. Place the sensor in a
cylinder of the new pH buffer, allow the reading to stabilise, and then enter the
voltage observed into the spreadsheet. Repeat this process for the last pH
buffer value (i.e. the lowest pH buffer solution). If you are using the same
cylinder, be sure to rinse in between uses with both distilled water and some
pH buffer of the value about to be tested.

You should now have three voltage results for three different buffer pH
values. For example see the red circle below:
A =) C 0 E F

5 F) H I J 3 L
il INW TempHion T2 pH

SURFACE pH DEEP pH

Butlor ptf  V (logg

oe)
6 4003 12
/ 6 654 076

‘& 9182 0.33

10
1" "
12
13
14 3 L] ’ .

15 >
16

17 ’ 1
1 b .

Butfer pH V (logger)
4003 120
5 554

2 180 013

ol
21 1y 53049% ¢ 10,963 ‘
24 \ R © JorE 5.)‘1(‘9:( « 10963
A R=1

24 J .
5 ( )3 a4
X : -
The spreadsheet will automatically plot the calibration and give a regression
equation. This equation provides the offset and multiplier to be applied to the

datalogger (green circle).

16 ns ! 1.2 4 o ne " 0s ne | " "

- The offset is the intercept (in this example, 10.963)
- The multiplier is the slope, (in this case, -5.3949)

10. In iLink, return to the “Measurement” tab, and enter the new offset and
multiplier. Click “send”. This will update the information stored on the logger.
Click “save” so that the changes are also stored in the iLink template file on
the computer.
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¥4 iLink - Registered to: University of Waikato

File Wiew Tools Configuration

Sensor Selechion

| [01: Temp Line Array
v 02 DO Surface %
3 D0 Surface ppr
4: D-Opto 5F Temp
5 D0 Deep %

E: D0 Deep ppm

7 D-Opto Dp Temp
3 chl a Surface

9 chl a Deep

0: Twb Surface

1: Turb Deep

2 pH Surface

3 pH Deep

4: Solar radiation

B Waizala wixTE10
16: Battery Yalts

17

18

19

20

v [
v [
w| [
v [
v [0
| [
v [
w1
w1
w1
w1
w1
w1
™

Template: Retrieved from Device

Help

P . [

Z & LE € w9 a4 £ =

I_F1 ) io| M]' W ci:

Dizsconnect  Dewlnfo Kep /LCD Unload Program Lar Cig Help W cd
pH Surface

Wharmup [zecs] |0
Sampling [zecs] |30

Scaling Calculator | Faormula  |Linear -

143

Offzet 10,963
fiultiplier |-5.3343
Loghult | x700 =

General | 140 Setup M eazurement | LDggingJ .-’-‘-.Iarms] DutpulJ CDmmentJ

Betrieve

Site Name:  |Lake Taihu

W Enable Slesp Digital Input DI2 Functions A Send

[ RS232 Instrumentation [~ "Wake Up / Toggle Display

[v “aizala 'W=TS10 present

o ) |~ Resef Tatalizers
[ SDI-12 via Bridae link

Open
Save

Misc | Baze Callback | Radio MDdemJ Switch] Lookup Tablel

Device: D3-4483 Version: YLIZ.18 CONMECTED MORMAL Profile: Taibu Station. prf

11. Repeat the process for the other pH sensor (alternatively, you may wish to
calibrate both sensors at the same time, using two cylinders of buffer pH

solutions).
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4. Conclusion

With regular maintenance and calibration, the Taihu monitoring station should

provide many years of reliable data on the water quality and meteorology of Lake
Taihu.

If you have any questions regarding the operation or maintenance of any of the
electronics or sensors, please contact one of the people listed as contacts in Appendix
1.
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5. Appendices

. D-opto dissolved oxygen sensor manual

. Seapoint chlorophyll fluorometer manual
. Seapoint turbidity sensor manual

. Vaisala WXT510 manual

. IQuest DS-4483 manual

. Apogee pyranometer manual

. Nexsens TS110 thermistor string manual
. Documentation CD copy
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Appendix 1. Contact details for assistance

Chris McBride

University of Waikato

Dept. of Biological Sciences

P: 07 8384925

M: 021 1123973

e-mail: cmcbride@waikato.ac.nz

Professor David Hamilton
University of Waikato

Dept. of Biological Sciences

P: 07 8384925

M: 021 1123973

e-mail: d.hamilton@waikato.ac.nz

Assoc. Prof. Guangwei Zhu

Nanjing Institute of Geography and Limnology, Chinese academy of Sciences

73 East Beijing Rd

Nanjing 210008

P.R. China

Tel: +86-25-86882186
e-mail: gwzhu@niglas.ac.cn

Dr Liancong Luo

Nanjing Institute of Geography and Limnology, Chinese academy of Sciences

73 East Beijing Rd
Nanjing 210008

P.R. China

Tel: +86-25-86882184
e-mail: Icluo@niglas.ac.cn

. Contact details for more information or technical assistance with the Taihu Station.
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