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I. BASIC INFORMATION

1. Introduction 

Dear User!

We present you a multifunction meter CX-701 ensuring high accuracy and repeatability of the readings. We believe that the measurements will not cause you any trouble and that the meter will operate without any inconvenience. Obtaining good accuracy of the results and making the most of wide range of additional functions requires careful reading of the manual in other case some of the features may stay unused or using the meter may cause you a trouble.

The newest generation electronic elements used in the meter made it’s memory independent to power supply. The internal clock is powered from battery which will last for many years. The wide range of additional features makes working easier and widens the possibilities of using it. Low power consumption enables using it during field measurements with use of special suitcase with rechargeable batteries (optional equipment).

CAUTION:

This device is an A class device. Operation of this equipment in a residential area is likely to cause harmful interference, in which case it may be required from the user to use adequate counter-measures. 
Main features of the CX-701 are:

· large (10’’) colour LCD screen with 640 x 480 resolution;

· all function and measurements are controlled with a touch panel;

· possibility of simultaneous measurement of few different functions and displaying their results on the screen;

· possibility of observing the results in numerical or graphical form;

· possibility of choosing the resolution of the results;

· automatic and manual temperature compensation;

· electrode calibration in 1 to 5 points;

· possibility of changing by the user the values of pH buffer or standard solutions;

· in case of using standard solutions (NIST norm) automatic introduction of temperature correction on the value of those standards what makes calibration much easier;

· automatic recognition of pH buffers and standards;

· information about the poor condition of the electrode;

· storing the date and parameters of last calibration of three sensors (electrodes) for each measuring function;

· possibility of introducing the time of next calibration and information of it’s exceeding; 

· automatic conversion of the units in ion selective measurements;

· possibility of mV measurement relatively to the introduced reference voltage Vref;

· wide range of conductivity measurement with 6 automatically switched subranges (autorange);

· in the conductivity meter mode possibility of changing the reference temperature to which the result is calculated;

· converting the conductivity to salinity in NaCl or KCl according to real dependence to conductivity;

· possibility of introducing the TDS coefficient and determining the value of Total Dissolved Solids;

· calibration of the conductivity cell by introducing the K constant or with se of  standard solutions;

· function of determining the K constant of cell;

· automatic compensation of the salinity influence on the oxygen measurement using the salinity measured by the meter;

· measurement and automatic compensation of the atmospheric pressure influence on the dissolved oxygen concentration;

· separate function of titration with semiautomatic calculation of the data;

· good accuracy temperature measurement with use of selectioned temperature sensor;

· using the SD card for storing the results (practically unlimited number of data sets); 

· possibility of transferring the data from the SD card to a PC for their further analysis.

· storing the measurements results with time, date, individually or taking series of measurements with set time interval;

· possibility of numeric or graphic displaying of results of the series on the meter’s screen;

· calibrating the graphs, zoom function;

· USB port;

· possibility of observing the current results on a PC screen (option);

· real clock and date.

· possibility of using the meter during field measurements with use of special suitcase with rechargeable batteries (optional equipment).

2. What is the meter designed for

Multifunction meter CX-701 is precise meter designed for hydrogen ion concentration measurements in pH units, redox potential (mV), Ion Selective Measurements (ISE), conductivity in \SYMBOL 109 \f "Symbol"S/cm or mS/cm, the conductivity measurement result may be also displayed in concentration units (g/l or %) counted to NaCl, KCl or TDS; dissolved oxygen in water in % of saturation or mg/l and atmospheric pressure measurement in hPa. The meter may be also used for accurate temperature measurement of solutions and air in °C, K and 0F.

High accuracy of the measurements makes the meter very useful for precise laboratory measurements and scientific works.

Low power consumption makes using the meter during field measurements possible (after placing in a special suitcase with rechargeable batteries – sold as optional equipment).

CX-701 is prepared to work with all types of combination pH electrodes equipped with BNC connector. Depending on the chosen type it may be used for redistilled water, table, water, water from rivers, pastes, cheese, meat or soil.

The meter may work with platinum electrodes conductivity cells, with wide K constant range, equipped with BNC-50 connector. Using 3 different types of cells with K constant = 0.1 cm -1,  K = 1 cm -1 and K = 10 cm –1  enables conductivity measurements in wide range starting from ultra pure water with trace salt content to heavy salinas.   The meters co-operate with Pt-1000S temperature probe with Chinch connector.

The meter may collect measurements taken as single or series of measurements with set time interval., what eliminates the necessity of making notes.

The meter is being used in food, chemical, pharmaceutical, energetic industries, in water treatment stations, laboratories, universities, scientific laboratories etc.

The built in USB port enables sending on-line the current data to the PC.

The SD card supplied in set is used for collecting the data in series and single. After their collecting data the SD card may be connected to a PC with use of supplied SD card reader to transfer all the information for further work up.  

3. The outside view

The 10‘‘ graphic LCD display occupies almost whole surface of the meter‘s front . The CX-701 doesn‘t have any mechanical switches except the ON/OF button placed in the upper right corner of the housing.

The meter is operated with use of buttons generated on the touch panel, on which the functions chosen by the user are displayed.

The LCD displays windows connected with the chosen screen. On the back wall of the meter following connectors were placed:

pX/mV- BNC connector for combination or measuring ion selective electrode (ISE) or redox electrode,  

pH/mV- BNC connector for combination or measuring pH or redox 
  electrode,  

Gnd -
reference electrode connector;

temp -
Chinch connector for the temperature sensor;

O2  -

BNC connector for the dissolved oxygen sensor;

Cond - 
BNC connector for conductivity cells;

USB  -
USB connector for connecting the meter with a PC;

POWER -
Power adapter connector.

On the right side wall of the meter a place for inserting  SD card was designed 

As the input for O2 and Ion electrodes is only one in the meter simultaneous measurement of dissolved oxygen and Ion are not possible. 

After switching the meter on an information screen is displayed for 3 seconds and the meter enters the measuring screen with windows of the last chosen measuring functions.

There are following types of screens:
1. Measuring screen with windows of the chosen measuring functions.

2. Miscellaneous Parameters Screen with windows for entering parameters common for all measuring functions. Choice after pressing „Options” key.

3. Measurement parameters screen with windows for entering individual parameters of each measuring function. Entering after pressing the 
[image: image2.wmf] key in the right upper window corner of measuring window.

In the right lower corner of the screen an „Options” key is placed, it is used to enter the window of miscellaneous parameters.

Another two keys placed above are :

1. „Calibration“
–
Key used for entering calibration mode of the main measuring function;

2. „Start“
–
pressing this button starts collecting series of measurements to the meters memory. 

In the right upper corner of screen the date and clock are displayed.

3.1. Measuring screen

The measuring screen is used for observing results of the measurements of the measuring functions displayed in separate windows. The decision what windows will be displayed is made by the user. The results may be shown in numerical (Pic. 1) or graphical (Pic. 2) form, it is chosen in the „Options”.

3.1.1.  Measurement  screen in numeric form

On the numeric screen one may open few windows with measurements results (choice in the „Options” screen). The window of function chosen as the main one is always placed in the upper part of the screen and below is the rest windows of other chosen measuring functions. During simultaneous measurements of few functions (ex. pH, conductivity and temperature) all the results may be displayed on the screen (pic. 1). 

Calibration of the electrodes or sensors may be made only for the measuring function chosen as the main one. 

If the result of the calibration will be displayed in red colour it informs, that the measuring range was exceeded. Yellow colour informs that the range of temperature compensation was exceeded. 
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Pic. 1.  Numeric measurement screen 

For each measuring function 3 electrodes (sensors) may be calibrated. This makes their change very easy what is very useful during field measurements and damaging the sensor. In  the left part of each measurement window information which electrode or sensor was chosen for the measurement. One of the inscriptions will be displayed ELECTRODE 1, ELECTRODE 2 or ELECTRODE 3 (or SENSOR). If the electrode is calibrated only the above mentioned inscription is displayed, if it is not calibrated than above it information „not calibr” is displayed what informs that under this number of sensor or electrode no calibration was made and the results may include large error. 

If the date of next planned calibration was exceeded the ELECTRODE inscription will be displayed in red colour. If the electrode condition deteriorated and it should be replaced, after the calibration the inscription will be displayed in yellow colour. 

Entering the parameters necessary for correct measurement after pressing an 
[image: image3.wmf] key in the upper right corner of the window and entering the parameters screen.

3.1.2. Measurement screen in graphic form

To observe the results changes in time one may choose the graphical screen enabling observing the results in the form of graph. The graphic screen (pic. 2) may be chosen only for the main measuring function. Choosing such screen removes the rest of the additional measuring screens, but in the lower part of the screen actual results, of the chosen measuring functions, in numerical form are displayed.

Parameters of the graphical screen user sets locally for the chosen measuring function. The upper and lower limit of the graph may be set on the Y axis and time of drawing next point of the chart (in seconds). Only the last result of measurement is displayed. The created graph is moving from the left to the right side of the screen. After filling the capacity of the screen the last point on the right side disappears and new point is drawn on the left side of the screen. The user may observe in this way changes of the last 440 results. There is no way to get information about the results creating the graph. In case when information about all points and their changes is required the user should collect a measuring series in the meter’s memory.

In the lower left part of the screen buttons „+” and „-„ are displayed, they enable widening or narrowing the range of the graph (zoom function). After zooming in the chosen part of the graph is displayed. The part visible on the screen is also marked on the small vertical window on the left side of the screen as a marked in black part. By moving this part one may change the displayed part of the graph. To move it one may use the arrows placed below and above the window. Also it may be moved by touching with finger. The result of the last measurement is displayed below the graph on the left side next to it the results of other actually made measurements are displayed. 

Above the graph information about the interrelation of the X and Y axis with the measurement. Ex. during temperature measurement Y: 50 0C/div informs, that each division of the Y axis means change of the result for 50 0C. 

Information about X axis informs how many seconds it will take to move the graph for one division (from the point to point visible in the horizontal lines on the screen). Ex.  X: 10s/div informs that the graph each 10 seconds will move for 1 division. 

On the right side of the window with graph there are this same buttons as on the numerical screen. From the graphic screen it is possible to enter the parameters screen in this same way as from the numeric screen (
[image: image4.wmf] button in the upper right corner). 

[image: image51.wmf]
Pic. 2. 
Graphic measurement screen ( on the basis of pH measurement).

3.2. General parameters screens

3.2.1.    „OPTIONS“ screen

After pressing the „Options“ button a „OPTIONS“ screen, will be displayed, with two windows: „DISPLAY“  and „SERIES & TITRATION“ ( pic. 3). Below those windows three buttons were placed: „Setup”, „Series results review” and „Return”.

1. „DISPLAY“ screen. 

In this window it is possible to choose measuring functions, which the user wants to use. The chosen functions will be displayed on the main screen.  

The main measuring function is chosen by pressing small window in the „main measurement” column. Additional measuring functions may be chosen by pressing window in the „Additional measurement” column. Maximally the user may choose 5 additional functions (with temperature which window is always displayed. The chosen function is marked with a tick.

Changing the main measuring function is done by pressing other function, than the tick from the earlier chosen main function will disappear and will appear in the chosen new main function window. One may not choose any additional functions so the only displayed windows will be the main one and the temperature measurement window. To resign from displaying additional function one has to press the tick symbol by the name of the function, this causes the tick symbol to disappear. One may choose following windows:

-
pH measurement in pH units;

-
Ion selective measurement in pX, M/l or g/l units;

-
redox potential measurement in mV units;

· 
conductivity measurement in mS/cm, 

·   salinity in %, g/l or ppm;

· dissolved oxygen concentration measurement in % or g/l ,

· atmospheric pressure measurement in hPa.

· Temperature measurement in  0C,  K,  0F.

One can also choose the type of the measuring screen – graphical or numerical, by choosing the right window. 

2.  „SERIES & TITRATION“ screen

In this window one may choose one of 2 functions:

„series“ -  to enter the parameters chosen for the collected series. Detailed description of operating this window was placed in the „Series” chapter;

„titration“ – to enter the parameters of the titration. 


Titration is a kind of series complemented by automatic calculation of the significant results. Detailed description of operating this window was placed in the „Titration” chapter.

[image: image52.wmf]
Pic. 3.
 „OPTIONS“ screen

The results of series are saved on a SD card. If the card is not in the meter there is no possibility to gather the series. To return to the measuring screen with the chosen measurements windows press the “Return” button.

3.2.2.  „SETUP” screen

After pressing the „Setup“ screen, placed in the lower left corner of the „Options“ screen a „SETUP“ screen is displayed. It includes two windows „SOUND & BACKLIGHT“ and „MISCELLANEOUS“ (pic. 4).

1.  „SOUND & BACKLIGHT“ screen

This window enables to switch on the sound messages about the working mode, the sound following every press of a button, the sounds signalling errors and to adjust the volume of the sounds.

It is also possible to set the brightness In %, and during work In the field it is possible to choose the „Economical” mode. 

[image: image53.wmf]
Pic. 4.
„SETUP“ screen

The window “ Economical mode time” enables setting after what time from the last pressing of any of the buttons the screen will become dark. The Economical mode may be used during field work to prolong the operation time without charging the batteries.

2.  „MISCELLANEOUS“ window.

In this window it is possible to choose the language (Polish, German or English), kind of the clock – analogue or digital and set the time and date. After pressing the chosen window numerical keyboard will be displayed. After entering the data it is necessary to confirm them by pressing the “OK” button or “cancel” button to resign making the changes.

The „Info” button enables checking the version of the installed software. To return to the measurements screen press the “Return” button.

3.2.3.  „Series results review” button 

Under the „Options” screen a ”Series results review” button is placed. After it’s pressing a screen with Directories containing the gathered series will be opened. The directory is chosen by pressing it’s name with finger and is opened by pressing the “Go to” button. After this the files with saved series will be displayed. The series is chosen by pressing the line with it’s name with a finger. Depending on the user’s needs the results may be displayed in numerical or graphical form. The screen with data in numerical version 
(pic. 9). is opened by pressing the “Table” button The graphical version of results may be observed after pressing the „Chart” button. A window “choose units you want to see on chart” The user has to choose which measurement will be displayed as a graph (one of the earlier stored results collected In series ex. pH, conductivity, mV etc.). The screen with a results displayed as a graph is showed on the picture 10. 

Description of the way of action with the graphical screen is available In the „Measuring series” part.

3.3. Measurement parameters screen 

In the upper right corner of each window with a measuring function an 
[image: image5.wmf] button is placed. It enables entering the measurement parameters screen  of his function (pic. 1). After pressing a screen with windows is opened.

Picture 5  shows an exemplary screen with the conductivity parameters.

On the parameters screen there are two Windows displayed „MEASUREMENT” and „CALIBRATION DATA”:  

„Measurement” window 

In this window the measurement parameters are entered. Only the digits and symbols in white colour may be changed. The black colour informs that the data is displayed only as information. The description of kinds of the parameters and way of their choosing was placed in the chapters about the particular measuring function.

The  „CALIBRATION DATA” window 

In this window one may:

1.
change the number of electrode or sensor,

2.
enter the date of next calibration (In days).;

3.
read the information about the last calibration.

In the „Calibration data” one May read the parameters and dates of last calibrations for each of the electrodes or sensors. The values of set sample solutions used for each calibration are given, those In which the calibration was made is marked with a tick. Values displayed in this screen have only informative role and can’t be changed (black colour of the digits or symbols). Entering the calibration parameters may be done only after entering the calibration mode. The description of actions is given in the separate chapters for each measuring function.
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Pic. 5.
Parameters screen (based on the conductivity measurement)

3.4. „Start” and „Calibration” buttons

Both this buttons were placed on the right side of the screen above the „Options” button (pic. 1).

1. „Start“ – after pressing this button collecting the measuring series starts, with the given number of measurements and set time interval entered in the „Options“ screen. To collect the series the SD card has to be inserted to the pocket on the right side of the meter.

2. „Calibration“ – enables entering the calibration mode for the measuring function chosen as the main one. To enter it, it is necessary to press and hold the button till the moment the background of the main screen will change it’s colour and in the upper row values of the calibration points from the meter’s memory will be displayed.

Entering the calibration mode deletes the earlier made calibration for the chosen electrode number. To omit the mistakes the longer pressing is necessary.

Way of action during calibration is described in the chapters about the individual measuring functions. 

4. Exploitation notices

The good accuracy and stability of the readings doesn’t depend only on the meter, but mostly on employing of a good-quality electrodes, cells and probes chosen for the right ranges and kinds of measured samples and their replacing after a suitable time. We want to call your attention to the fact, that this equipment has a much shorter working life than the meter. Typical symptoms of an improper operation of the electrode are deterioration of final result stability, it’s flowing as well as a higher measuring error. Part of the users has problems, arising from employing pH electrodes not being preconditioned before the measurement or making the measurements without removing the shielding ring (if it is used in this type of electrode) from the liquid junction or taking measurements with a clogged junction or contaminated membrane. To avoid this situation it is necessary to choose the proper kind of electrode for solutions which are going to be measured ex. special electrodes for the sewage, liquids with deposits, meat `cheese etc. Therefore, if you observe improper operation of the device, please take control measurements with another electrode or check the used electrode with another pH-meter. Generally the deterioration of the meter work is caused by the electrode and not by the meter.
In case of conductivity measurements it is important to choose the cell with right K constant value for the measuring range. Wrong selection may cause larger error occur, similar situation occurs during measurements with automatic temperature compensation with incorrectly introduced ( coefficient..

It is important to remember that both pH electrodes and conductivity cells require washing in distilled water after each measurement. 

Accuracy of the dissolved oxygen measurements depends on the sensor calibration and regular maintenance which consist in replacing the membranes, electrolyte and cleaning the electrodes. Lack of correct maintaining of the sensor after some time will make measurements impossible. Please turn your attention to the fact that stabile measurement is possible only with simulated or natural measured water flow.

Large role has also the theoretical knowledge of the user, especially during the Ion selective measurement and conductivity measurements  

The essential feature of our  products is their low failure frequency. However if your meter will fail, our firm immediately performs its warranty repair.

In case of any troubles please contact our company by email or phone and we will do our best to help you out.

We wish you a pleasant and trouble-free work with our meter.
5. Preparing the meter to work

Before starting the work one should:

· connect the Power adapter to the Power  socket; 

· depending on need to the pH/mV (BNC-50) connector connect a prepared for work combination pH electrode or redox (mV) electrode;

· to the pX/mV (BNC-50) connector connect the ion selective electrode (ISE) or redox (mV) electrode;

· to the cond (BNC-50) connector connect right conductivity cell;

· to the  O2  connector connect the dissolved oxygen sensor;

· in case of using a temperature sensor it should be connected to the  temp connector (gold plated Chinch);

· in case of co-operation with a PC connect the cable to the USB connector; 

· turn the meter on by pressing the ON/OFF button.

The pH electrode is isolated from the conductivity cell, therefore during the pH and conductivity measurements the electrode and cell may be immersed in this same solution. 

5.1. Connecting electrode to the meter

The picture below shows the back wall of the CX-701 meter with the connectors placement.

[image: image55.wmf]
POWER
-
the externam power adapter input,

USB
-
the PC input,

COND
-
the BNC-50 input for the conductivity cell, 

O2
-
the BNC-50 input for the dissolved oxygen sensor,

temp
-
the temperature probe input,

GND
-
the reference electrode input,

pH/mV
-
the BNC-50 input for pH or redox electrode,

Ion/mV
-
the BNC-50 input for ionselective or redox electrode,

The temp, GND, pH/mV and Ion/mV inputs are isolated from the COND and O2 inputs, but are not isolated one from another. In case of simultaneous measurements in two chosen from the following functions: pH, Ion and redox only one reference electrode can be connected.

All the possible combinations are given below:

	
	Input

	
	GND
	pH/mV
	Ion/mV

	Electrode
	-
	pH combination
	ionselective measuring

	
	-
	pH combination
	redox measuring

	
	reference
	pH measuring
	ionselective measuring

	
	reference
	pH measuring
	redox measuring

	
	-
	pH measuring
	ionselective combination

	
	-
	redox measuring
	ionselective combination

	
	-
	redox combination
	ionselective measuring

	
	reference
	redox measuring
	ionselective measuring

	
	-
	pH measuring
	redox combination


5.2. Choosing the kind of temperature compensation 

The meter switches it self automatically to the automatic or manual temperature compensation. Connecting the temperature sensor switches the meter to the automatic temperature compensation mode. Next to the measured value a 
[image: image6.wmf] symbol will be displayed. 

Disconnecting the sensor switches the meter to manual temperature compensation. In the place of  
[image: image7.wmf] symbol a  
[image: image8.wmf] symbol will be displayed. 

In case of damaging the sensor or disconnecting it measurements with manual temperature compensation are possible. The temperature value is entered on the temperature parameters screen by entering the value measured earlier with other thermometer. It will be taken into consideration during temperature compensation.

5.3. Changing the resolution

The measurement result May be displayed with chosen resolution. To change it in the chosen measuring mode one should enter the measurement parameters mode by pressing the 
[image: image9.wmf] button In the upper right corner of the measurement window and In the “MEASUREMENT” window choose:


„Lo”- (low) low resolution;


„Hi”- (high) high resolution.

For the pH measurement:


„Lo”  indicates  0.01 pH resolution;


„Hi”  indicates  0.001 pH resolution.

For the Ion selective measurement: 


„Lo”  indicates  0.01 pX resolution;


„Hi”  indicates  0.001 pH resolution.

For the conductivity measurement:


„Lo”  indicates  3½ digit;


„Hi”  indicates 4½ digit.

For the O2 concentration:


„Lo”  indicates 1% or 0.1mg/l resolution;


„Hi”  indicates 0.1% or 0.01 mg/l resolution.

For the temperature measurement: 


„Lo”  indicates 0.1  0C resolution;


„Hi”  indicates 0.01 0C resolution.

For the mV (redox) measurement:


„Lo”  indicates 1 mV resolution;


„Hi”  indicates 0.1 mV resolution.

After choosing the requested resolution return to the measuring mode by pressing the „Return” button.

5.4. Changing the electrode number

The meter enables calibration of 3 electrodes or sensors for each function. The calibration results are stored independently for each function. Calibrating few electrodes in the chosen function makes their fast changing possible. Such option is very useful In case of using different kinds of electrodes ex. for sewage, clean water etc. or replacing a broken electrode. During field work it is possible to replace the electrode or cell without the inconvenient calibration. 

If more than 1 electrode or sensor was calibrated it is necessary to mark them with numbers (1, 2, 3) ex. by placing a sticker with numbers on them. The numbers should be this same as the numbers under which the calibration results were stored in the meter’s memory. It is necessary to remember that replacing the electrode to other one requires changing the electrode number in the meter to the number of newly connected electrode. If someone will forget about it the measurement will have large error, ex. the electrode no 2 will use the calibration characteristic stored in the memory for the electrode no 1. 

To change the electrode number in the meter it is necessary to press the 
[image: image10.wmf] button in the right upper corner of the window in the function In which one the electrode was calibrated. Enter the parameters screen and choose the electrode number in the “CALIBRATION DATA” window. If the chosen electrode was not calibrated it is necessary to calibrate it. Return to the measurements screen by pressing the “Return” button.
6. Calibration mode

Before starting the work the electrodes and sensors require calibrating them (except the redox electrode and pressure sensor). Calibration is made by the user in the calibration mode activated In the measurement window of function chosen as the main one. The calibration mode is entered by pressing and holding the “Calibration” button till changing the colour of the background in the main measurement window. In the upper part of the window earlier stored values of calibration points will be displayed (pic. 6).

The calibration is a specific type of measurement, during which the value of a standard is compared with the value displayed on the screen. The correction is automatically introduced to the meter’s memory and is taken into consideration during measurements. The calibration will be correct if the value of the used standard solution was earlier introduced to the meter’s memory (it is entered and may be changed by the user or permanently by the manufacturer).  The values of the calibration points may be entered only in the calibration mode. To do it, it is necessary to enter the measurement parameters screen and in the “Calibration” window enter the values of the standard solutions which will be used. 
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Pic. 6.  Measuring screen in the calibration mode (on the example of pH)

Because of the changes of the pH, ion selective electrodes and oxygen sensors characteristics during the work the calibration should be periodically repeated. Detailed description of the electrodes and sensors calibration were placed in the chapters of the particular measuring functions. 

Values of the calibration solutions, displayed in the upper part of the screen, in some functions are imposed by the manufacturer (pH standards, oxygen) in other cases they should be earlier introduced to the meter’s memory by the user (pH buffers, conductivity standards). For the calibration it is necessary to use only those calibration solutions which earlier were introduced to the meter’s memory. Blinking frame around specific value of solution informs that the meter has detected solution with such value. After calibrating, below the calibration point value, a tick informing that in this point calibration was made is displayed. Way of action during calibration was given in the chapters  about the individual measurements. For the redox (mV) electrodes the calibration is not made, only their capability of correct measurement is tested by measurement of the value of a controlling solution. If the measured potential (in mV) is this same as the value given by the solution manufacturer  the redox electrode is efficient. In the CX-701 „calibration” of the temperature sensors is not typical and consists in entering so called “sensor group”.

6.1. Readout of the last calibration date 

The meter stores the dates of calibrations of each electrodes an sensors in all measuring functions. Before starting the work it is possible to check the date of last calibration. To do so it is necessary, in the chosen measuring window, to press the 
[image: image11.wmf] button in the upper right corner of the window and in the „CALIBRATION DATA” choose the number of the electrode we are going to work with. In the lower part of the window in the “Date of last calibration” line one may read the date of the last calibration of this electrode. The meter stores the date in the moment of calibration. If after the calibration the date will be changed the meter will incorrectly signalise the exceeding of the calibration validity.

6.2. Entering the calibration validity time

In each measuring function the meter stores the time of calibration validity separately for each of the three electrodes (sensors). This time is determined in days from the date of last calibration till the next one.  

To enter the calibration validity time one should choose „Options” and in the „CALIBRATION DATA” window press the „Calibration validity” window. Numeric keyboard, enabling entering the number of days till the next calibration, will be displayed. The choice should be confirmed with “OK” button. Maximally it’s possible to enter 100 days. Entering 0 (zero) digit removes the information about the necessity of calibration. The calibration validity time may also be entered in the Calibration parameters screen directly before the calibration.

Return to the measuring screen by pressing the „Return” button.

II. pH MEASUREMENT

7. Preparation of the pH electrode

The electrode should be prepared to work according to the manufacturer’s instructions. If the instructions weren’t given please follow the steps:

-
if the new pH electrode is not equipped with the bottle filled with the saturated KCl, it should be put into saturated KCl solution for about 1 hour;

· before starting the measurements protecting rings (if used in this kind of electrode) should be removed. The ring placed on the junction – lower part of the electrode should be moved up along the electrode’s body and the upper, which protects the KCl refilling hole, down along the body.  If the cork was used, it should be removed. Removing the lower ring is essential, in other case the electrode won’t measure. Upper ring should be removed during measurements of high temperature solutions or to protect the junction against clogging during measurements in solutions with deposits or oils. 

· during measurements in laboratory it is advisable to use an electrode holder;

· after every measurement the electrode should be washed in distilled water;

· liquid from the electrode should be removed by gentle touching the glass with a tissue paper;

· after work the electrode should be stored in saturated KCl solution what prolongs it’s life. The protecting rings should be moved on the junction and upper hole;

· in case of long breaks between the measurements the electrode should be stored, after drying, in the package;

· after taking the electrode of the package the eventual deposit should be removed using water;

· before using the electrode it should be placed in saturated KCl solution for about 1 hour;

· if the construction of the electrode enables refilling the electrolyte, it should be controlled and refilled periodically by the upper hole in the electrode’s body (usually as the electrolyte a saturated KCl solution is used).

CAUTION:
storing of the electrode in distilled water shortens it’s life time and may cause shifting of the zero point.

8. Parameters of pH measurements

Before calibration and measurements it is necessary to act according to the points described in the chapter 7. Next, the parameters which have the influence on measurements should be entered. 

Pressing the 
[image: image12.wmf] key in the upper right corner of the screen of pH measurement window enters the “pH MEASUREMENTS PARAMETERS” screen containing 2 windows: „MEASUREMENT“ and “CALIBRATION DATA“ which in turn contain several parameters. After pressing the window with chosen parameter, which is displayed in white colour, change or enter determined value of this parameter using a numeric keyboard which appears.  Entered value is confirmed by pressing the “OK” key. Windows with parameters in grey colour can’t be changed.

The “MEASUREMENT” window serves for entering the following parameters:

Resolution – Lo means 0.01 pH resolution;

– Hi means 0.001 pH resolution.

The upper chart limit, maximal value of the graph in the graphical mode.

The lower  chart limit minimal value of the graph in the graphical mode.

time between meas.  between measurements results plotted on the graph automatically (in seconds).

The “CALIBRATION DATA” window serves for: 

1. choosing the electrode number;

2. checking whether the electrode was calibrated in buffer solutions (buffer) or in standard solutions  (standard) and in which points it was calibrated;

3. checking the last calibration date for the chosen pH electrode; 

4.  entering the time of calibration validity (in days);

Return to the measurement screen after pressing the “Return” key.

9. Calibration

Before starting measurements with new electrode or before making measurements which require higher accuracy, the electrode connected with the meter should be calibrated.

Calibration is performed in the buffer or standard solutions of accurately determined value. It consists in comparing pH value of the standard with the value displayed by the meter and automatic introduction of correction to the meter’s memory. The correction is calculated during measurements. Calibration should be periodically repeated because the electrode parameters are changing when in use, what influences the accuracy. The frequency of this procedure depends on the required accuracy, number of the measurements carried out, conditions in which the electrode was used, temperature and pH value of the measured solutions. The meter enables introducing the date of the next calibration. If this option is used, than the calibration should be performed when the colour of the „ELECTRODE” sign changes to red. 

For correct calibration results, the values of applied standards should be introduced into the meter’s memory by the user. During calibration procedure, after immersing the pH electrode and temperature probe in the buffer or standard, the meter automatically detects its value.

When the highest accuracy is required it is recommended to use certified standard solutions with a composition compliant with the norm. However, more frequently used are buffer solutions of total values, i.e. 2.00 pH, 4.00 pH etc. and with the composition defined by the manufacturer. Their accuracy can also be high. 

For accurate measurements it is necessary to use fresh solutions of good quality. 

The pH value of standard and buffer solutions is affected by temperature. Manufacturers include information about pH values peculiar for the specified temperature. During accurate calibration the pH value of solution which has been entered into the meter’s memory has to be the same as the value specific for the temperature at which the calibration is performed. 

If after calibration the “ELECTRODE” sign changes its colour to yellow, it informs that in a short time the electrode should be replaced with a new one. 

Calibration with use of one solution doesn’t ensure high accuracy. If only one solution is used, its value should be close to the anticipated value of the measured solution. If the required accuracy isn’t very high and the measurements are made in the whole range,  1-point calibration should be performed with use of solution close to 7.00 pH. It enables to avoid an error resulting from so called zero offset of the electrode. In other points the meter adopts standard characteristic recorded in memory. 

If measurements are made both in acids and alkalis and not at the extremes of the measuring range it is enough to calibrate the electrodes in 3 standard solutions with values in range given in the table 2 – calibration points 2, 3 and 4. In case of accurate measurements in a full range it is recommended to calibrate the electrode in each of the 5 points given in the table. The solutions may be used randomly. In CX-701 the electrode characteristic is approximated linearly between the calibration points. 

Entering the calibration mode erases the electrode’s characteristic stored under the chosen number.

There is no possibility to calibrate the electrode only in one point with the rest of the data from the last calibration unchanged. 
9.1. Calibration in buffer or standard solutions

Before starting the calibration process, prepare the meter according to the chapter 6 and decide whether the calibration will be performed with use of buffer or standard solutions. 

The calibration may be performed in two following methods:

1. Entering the values of currently used pH buffers to the meter’s memory; calibration is performed in these buffers. 
2. Using the pH standard solutions values entered to the memory by the manufacturer (NIST norm conformity). Choosing this type of calibration automatically enables correction connected with the temperature influence on the standard’s value. As a result, there is no need to adjust the standard’s temperature or to enter the standards’ pH values corresponding with different temperature values.

9.2. Entering the buffers’ values into the meter’s memory 

If the calibration with use of buffers has been chosen and the pH values set by the manufacturer are used, calibration may be started. Different buffers’ values should be entered to the meter’s memory before calibration. 
To enter:
1. Press the 
[image: image13.wmf] key in the upper right corner of pH measurement window and in the pH measurement parameters screen choose the number of the electrode.

2. Return to the measurement screen pressing the “Return” button.

3. Press and hold the “CALIBRATION” button until the background of the screen changes its colour and the stored buffer values appear The meter enters the calibration mode (pic. 6). The previous calibration data stored under this number are erased. 

4. Press the 
[image: image14.wmf] key in the upper right corner of the window go to the “pH MEASUREMENT PARAMETERS” window.

5. In the “CALIBRATION” window and “Calibration solution” position choose “buffer”. 

6. In the “Calibration points” position (the same window) introduce the pH values of currently used buffer solutions. It is necessary to choose the windows in which the pH values are the closest to the pH values of used solutions. After pressing the chosen window the numeric screen will appear for entering the value of solution and confirm it by pressing the “OK” key, which is also on this screen.

Different calibration points have their own ranges of pH buffers values to enter. This limitation enables automatic detection of the buffer solutions by the meter. Table 1 contains the manufacturer’s settings of the pH buffer solutions values used for calibration. They can be changed according to the ranges given in this table. The range for each of the calibration points is wide, what enables to use buffer solutions with values differing from those set by the manufacturer even to a large extent. In every case the introduced buffer solution will be automatically detected by the meter.

Table 1.

	Calibration

Point
	Set 

value
	Range of 

changes

	1
	2,000
	0,800 ( 2,100

	2
	4,000
	3,900 ( 4,100

	3
	7,000
	6,800 ( 7,100

	4
	9,000
	8,900 ( 10,200

	5
	12,000
	11,800( 14,000


The meter takes into account only the values detected during calibration. The pH values stored in unused calibration points do not affect the calibration results. 

During next calibrations there is no need to perform the actions described above, provided that the previously used buffer solutions haven’t been changed. The pH values introduced to the meter’s memory by the user are stored in non-volatile memory.

The manufacturer gives an information about solutions values at different temperatures. This data may be useful for calibrating the electrode at temperature different than 20 oC by entering the buffer value suitable at the current temperature to the meter’s memory. In such case there is no need to adjust the solutions temperature. 

Attempt to enter pH values beyond the ranges given in the table 1 will not be accepted by the meter.

9.3. Calibration in buffer solutions. 

When the electrode is prepared, calibration in buffer solutions may be started. The buffers may be applied randomly.

To proceed with calibration:  

a. press and hold the “Calibration” key till the moment of changing the background colour in the main measuring function. The last calibration data of the chosen electrode will be erased;
b. enter the “pH MEASUREMENT PARAMETERS” screen by pressing the button in the upper right corner of the window;

c. in the “CALIBRATION” window and “Calibration solution” position choose “buffer”;

d. return to the measurement mode by pressing the “Return” button, at the top of the window the buffer solutions values will appear (pic. 6);

e. put the pH electrode and the temperature probe into the buffer, the detected buffer’s value will be marked with a blinking frame. Wait until the reading stabilises. It may differ from the pH buffer’s value;

f. when the reading stabilises, press the “Calibrate“ button. The measurement value adjusted to the detected buffer value will appear on the screen. Below the detected buffer value the marking will appear, what will inform, that calibration in this point is finished. If the applied buffer‘s value is different than the recorded values and the meter doesn‘t detect it, the frame marking the detected buffer will not appear. In such case check the solution value or the electrode which may be broken. If after calibration in a particular point the reading is different than the solution value, wait until the reading stabilises and press the “Calibrate“ button again.
g. at this moment calibration may be finished by pressing the “Return“ button or continued in other buffer solutions, washing the electrode and temperature probe after every measurement and acting according to the point “b”. After calibrating one electrode it is possible to calibrate two other, choosing the remaining electrode numbers. Choosing the electrode number in the calibration mode erases the previous calibration data recorded under this number.

The meter takes into account only the values detected during calibration. The pH values stored in unused calibration points do not affect the calibration results.

In case of choosing the electrode number, entering the calibration mode and escaping it without performing calibration, the stored characteristic will be erased and the standard characteristic will be adopted.
9.4. Calibration in NIST compliant standard solutions.

In this mode 5 constant standard solutions values, according to NIST norm, are used. The meter’s memory stores a table with a dependence between the temperature and pH values for these 5 sample solutions. This dependence is shown in the table 2. In particular cases the standard solution differs from the values given in the table 2 in the third decimal place. For very accurate measurements it is possible to make a slight correction of the manufacturer’s settings (description below).

After putting the temperature probe into the pH standard its temperature is measured and the pH value corresponding to this temperature is suggested automatically. There is no need to adjust the standard solutions temperature.
To perform calibration in standards:
After entering the calibration mode one should:

a. press and hold the “Calibration” key till the moment of changing the background colour in the main measuring function. The last calibration data of the chosen electrode will be erased;
b. enter the “pH MEASUREMENT PARAMETERS” screen by pressing the button in the upper right corner of the window;

c. in the “CALIBRATION” window and “Calibration solution” position choose “standard”;

d. return to the measurement screen by pressing the “Return” button, at the top of the window the standard solutions values corresponding to the measured temperature will appear. These values will be calculated during the calibration procedure (the table with calibration points on the “pH MEASUREMENT PARAMETERS” screen always contains the value of standards at 20 0C) (pic. 6);

e. put the pH electrode and the temperature probe into the standard solution, the detected standard’s value corresponding to its temperature will be marked with a blinking frame. Wait until the reading stabilises. It may differ from the pH standard’s value;

f. when the reading stabilises, press the “Calibrate“ button. The measurement value adjusted to the entered standard value will appear on the screen. Below the applied standard value the marking will appear, what will inform, that calibration in this point is finished. If the reading is still different than the standard value, wait until it stabilises and press the “Calibrate“ button again. If the meter doesn‘t detect the standard‘s value, the frame marking the detected standard will not appear. In such case check the solution value or the electrode which may be broken. 
At this moment calibration may be finished by pressing the “Return“ button or continued in other standard solutions, washing the electrode and temperature probe after every measurement and acting according to the point “f”. After calibrating one electrode it is possible to calibrate two other, choosing the remaining electrode numbers. Choosing the electrode number in the calibration mode erases the previous calibration data recorded under this number.

It is possible to make a slight correction of the standard value if it differs from the norm. Description in the chapter 10.

Only the pH buffers values detected during calibration are calculated,  the other values recorded earlier do not influence the calibration results.

The temperature range taken into consideration while introducing correction is 0 – 60 oC and should not be exceeded during calibration.
Table 2.

	Temp.

0C
	Standard solution

	
	1

oxalate
	2

phthalate
	3

phosphate
	4

di-sodium tetraborate
	5

calcium hydroxide

	0
	1.666
	4.000
	6.984
	9.464
	13.423

	5
	1.668
	3.998
	6.951
	9.395
	13.207

	10
	1.670
	3.997
	6.923
	9.332
	13.003

	15
	1.672
	3.998
	6.900
	9.276
	12.810

	20
	1.675
	4.001
	6.881
	9.225
	12.627

	25
	1.679
	4.005
	6.865
	9.180
	12.454

	30
	1.683
	4.011
	6.853
	9.139
	12.289

	35
	1.688
	4.018
	6.844
	9.102
	12.133

	40
	1.694
	4.027
	6.838
	9.063
	11.984

	45
	1.700
	4.038
	6.834
	9.038
	11.841

	50
	1.707
	4.050
	6.833
	9.011
	11.705

	55
	1.715
	4.064
	6.834
	8.985
	11.574

	60
	1.723
	4.080
	6.836
	8.962
	11.449


The values between the points given in the table are approximated linearly by the meter.  

In particular cases, the values of standards prepared according to the norm may differ from the norm at the third decimal place. If such slight difference is unacceptable it is possible to make a correction and enter the value given by the standard’s manufacturer. The meter enables changing the standard’s value differing in ±0.010 pH from the table values at 20 0C. Changing of the standard‘s values proceeds identically as in case of changing the buffer‘s values (point 9.2). In case of differences greater than ±0.010 pH it is recommended to comply to the buffer calibration procedure, which enables entering freely chosen solution value into the meters memory.

In case of choosing the electrode number, entering the calibration mode and escaping it without performing calibration, the stored characteristic will be erased and the standard characteristic will be adopted.

9.5. Calibration with manual temperature compensation

To perform calibration with manual compensation, disconnect the temperature probe. It switches the meter to manual compensation. In the temperature measurement window the 
[image: image15.wmf] symbol will appear. After inserting the pH electrode to the calibration solution, choose the temperature window and after pressing the 
[image: image16.wmf] button in the upper right corner go to the “TEMPERATURE MEASUREMENT PARAMETERS” screen and press the “Manual temp.“ window. When the numeric keyboard appears, enter the measured temperature value and confirm with the “OK” button. Entered temperature will be displayed in temperature window and will be calculated during compensation. 

After introducing the temperature value act according to points a ( c from the previous subsection.

9.6. Checking the electrode condition

After calibration the meter automatically checks the electrode condition. If it is no longer efficient and should be replaced then after the calibration the “ELECTRODE” sign which is visible on the left side of the pH measurement window, will be displayed in yellow. 

10. pH measurement

Before starting the measurement one has to prepare the meter for work (chapter 5) and pH electrode (chapter 7). Good condition of the electrode is the basic condition of correct measurements. If the electrode was calibrated and is connected with the meter it is advisable to check whether the number of the electrode is the same as the number of the characteristic chosen from the memory. If not, the number should be changed according to section 8.

10.1. Measurement with automatic temperature compensation

During measurements with automatic temperature compensation, the meter co-operates with the temperature probe and measures the temperature of the solution simultaneously with the pH measurement and takes into consideration influence of the temperature on the result.

In case of measurement with automatic temperature compensation one should:

a. turn the meter on by pressing the ON/OFF button in the upper part of the meter;

b. choose the “OPTION” screen and enter the pH function on the “MEASUREMENT” window according to chapter 5. 

c. connect the combination pH electrode and the temperature probe to the right connectors on the meter pH/mV and temp, symbol 
[image: image17.wmf] will be displayed;

d. if the electrode wasn’t calibrated or was already used for period of time longer than introduced to the “CALIBRATION DATA”, it is advised to calibrate it before measurement according to chapter 9 (the pH measurement window should be chosen as main one);

e. insert the electrode and the temperature probe to the measured solution. During measurements in vessels one should not touch the bottom and the walls with the electrode. Best way is to use an electrode stand;

f. after the stabilisation read the result.

Accurate laboratory measurements require using of electromagnetic stirrer.

NOTICE: exceeding of the measuring range is indicated by the change of the colour of the measurement result digits to red.  Exceeding of the compensation range is indicated by the colour change of the digits to yellow.

10.2. Measurement with manual temperature compensation

The manual compensation may be used in case of damaging the temperature sensor. Disconnecting the temperature probe from the meter switches the meter to the manual temperature compensation mode (in the temperature measurement window the 
[image: image18.wmf] will appear). 

Measurement with manual temperature compensation is similar to the measurement with automatic , the difference depends on manual entering the temperature value of solution measured with other thermometer. After inserting the pH electrode to the measured solution one should choose the temperature window and after pressing the 
[image: image19.wmf] key in the right upper corner go to the “TEMPERATURE MEASUREMENT PARAMETERS” screen and then push the little window “Manual temp.“. The numeric keyboard will appear and one may enter the measured value of the temperature. After entering the value one should confirm it by pushing the “OK” button. Entered value is displayed in the lower part of the display and will be taken under consideration during compensation.

Next the measurements should be done according to p. 11.1.

11. Notices about the temperature compensation and interpretation of the pH measurements results

CX-701 multifunction meter enables manual and automatic temperature compensation, what eliminates errors resulting from the electrode characteristics being affected by the temperature changes. The pH meter is a mV meter which displays voltage counted to pH unit. At constant temperature there is a constant mV value per one pH unit - 58,168 mV for 20 0C. The value of mV per one pH unit is influenced by the temperature changes, what is calculated in the formula for “k coefficient” of the pH electrode:
k = 0.198423 T
Calculating this change into measurement result is called temperature compensation. It is not connected with influence of the temperature change on pH value of the measured solution but with changes in the electrode efficiency. Generally, such changes are rather slight, however in certain solutions, e.g. pure water, they tend to be significant. 

In case of measurements in solutions which tend to be greatly affected by the temperature change, the results should be compared at the same temperature. In particular cases the successive readings obtained in one solution at stable temperature may be different. These are possible reasons of such situation: 
-
differences occur because of  poor quality of the electrode; 

-
the reading is treated as stabilised too soon (medium class electrode needs about 40 seconds to full stabilisation);

-
the measured solution is not homogeneous and lack of stirrer doesn’t allow for obtaining similar results;

· in case of measurements in sewage some chemical reactions, which change the result, may occur;

The final measurement error is dependent mainly on the electrode’s quality, the temperature measurement error, the quality of the buffers applied for calibration and accuracy while performing procedures connected with calibration as well as measurements. Minor differences may be caused by the meter.
The accuracy of the meter totals to 0.002 pH, 1 digit. In practice, it means that difference between results of measurements made with use of 2 meters in the same solution may come to 0.005 pH. Such error is acceptable because one measurement will be made with -0.002 pH error and the second with +0.002 pH error.  

1 digit information explains the further possible difference caused by rounding up of the result on the last visible place on the screen (discretisation error).
Performing two point calibration in 7.00 pH and 4.00 pH buffers (acidic solutions), and checking the measurement accuracy in 9.00 pH (alkali solution) in some cases results with reading equal 8.90 pH or 9.10 pH. This may occur when the electrode has unsymmetrical characteristic. Making a three-point calibration with alkaline, neutral and acidic buffers may prevent from such errors. The electrode quality has a crucial meaning for the measurement readings stability. Slow drift of the reading, its unstability or prolonged time of stabilisation in most cases result from clogged junction, broken electrode or contaminated membrane. It happens as a result of unsuitable kind of electrode chosen for the measured solution. 

Storing the electrode in distilled water for several hours or placing it in water with detergent may eliminate such problems, especially if the measurements were made in solutions with deposits, fats or oils. A typical electrode which is not in use for a long time may have the junction clogged by KCl crystals, what can be removed by placing the electrode in distilled water. If it does not take effect, the thiourea solution in saline acid can be used. Heavily contaminated electrode should be cleaned with chloroform and deposits of iron in 2N HCl. Storing in KCl solution may prolong the electrode life. Depending on the kind of measured solution or substance, suitable kind of electrode should be chosen. They differ one from another with shape, membrane’s look, kind of junction and body. Using unsuitable electrodes may cause their damage and make measurements impossible.

III. ION SELECTIVE MEASUREMENT

12. Notices about ion selective measurements

The ion selective electrode changes its potential depending on the concentration (activity) of the individual ions in the solution. The main rule of the measurement is based on the linear dependence of the electrode potential from the logarithm of ion activity in the solution and is expressed by Nernst’s equation:

E = Eo + 2.303 RT/nF  log (a j)

where:


E
-
Electro-motoric Force of the measuring cell which consists of the ion selective and reference electrode in the measured solution (V)

Eo
-
normal ion selective electrode potential, depends mainly on the internal electrolyte activity of the ion selective electrode and kind of reference electrode (V),

ai
-
activity of the measured ion, 

n
-
valency of the measured ion, 

R
-
gas constant (8.31 J / K mol ), 

T
-
temperature in K, 

F
-
Faraday's constant (96487 As/val) 

The measurement of ion activity is based on measuring of the potential of ion selective electrode in relation with the reference electrode. In most cases this electrodes are in separate housings. The reference electrode should have an appropriate external electrolyte. This electrodes have a construction which enables replacing the electrolyte to the right one for the specific ion selective electrode. The electrode manufacturers give information whicht electrolyte should be used depending on the measured ions (table 3)

	Measured ion
	External electrolyte

	F-, Cl-, Br-, J-, S2-, CN-, Ag+, Cu2+,  Cd2+
	1,0 M KNO3

	Ca2+
	1,0 M KNO3 or 0,1 M KCl

	NH3
	1,0 M KNO3

or 0,1 M CH3COOLi

	K+,  Li+
	0,1 M NH4NO3

	Na+
	0,1 M NH4NO3
or 0,1 M CH3COOLi

	NO3-
	Saturated K2SO4


Table 3. The most often used electrolytes.

The ion selective electrodes differ one from another with their characteristics. The typical shape of the characteristic of the ion selective electrode is showed on the picture 7.
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Pic. 7.  Typical ion selective electrode characteristic

The best results may be achieved when the measurements are done in ranges that correspond with the linear parts of the characteristic. The essential electrode calibration on the sample solutions in that case may be done with larger difference of concentration of this solutions. The measurements made in ranges where the characteristic bends require choosing the sample solution which differ very little, because this lowers the electrode error. The measurements which are done in the ranges which correspond with lower part of the characteristic will have bigger and bigger errors, because of the lowering of electrode sensitivity.  For the bi-valent ions the electrode sensitivity is twice lower than for mono-valent ions. Presence of other ions may have influence on the measurement result. The ions which interfere the electrode are given by it’s producer, that’s why by accurate measurements knowledge of the ion composition in the measured solution is important and it is necessary to act according to the hints which enable lowering the measurement error.

The condition of receiving accurate results is calibration and measurements in solutions with this same temperature. The best results are achieved in temperature close to 20 oC. High temperatures decrease the sensitivity and life time of the electrode. Large differences between the temperatures of calibration solutions and the measured samples, although using the temperature compensation, introduce additional error. 

The pH value has an essential influence on the ion selective measurements. For each electrode a pH range is given in which it is working without interference.

During accurate measurements the pH value of the measured sample should be identical with the pH value of the sample solutions.

Following the electrode manufacturer’s hints accurately is the basic condition for successful measurements. 

Preparation of the measured solution has a great influence on the final result. The fundamental meaning by the measurements of high concentration solutions has the phenomenon of ion activity changes together with change of their concentration, what may be described with the formula:

ai = fi • ci

where:

ai
-
ion activity in the solution,

fi
-
ion activity coefficient,

ci
-
ion concentration in the solution in  mol/l or g/l.

Stabilisation of the ion activity in the high concentration solutions is the condition of proper measurement. Adding the stabilising factor, recommended by the electrode producer, enables linearisation of the electrode characteristic for this concentrations, increases its sensitivity and enables more stable measurements.

Ageing of the electrode has an influence on the lowering the electrode sensitivity, prolonging the reaction time, shrinking the measuring range and increasing of the membrane resistivity.

In some cases it is possible that the membrane will loose it’s sensitivity under influence of the chemical substances contained in the measured solution. This case is called “membrane’s contamination” and requires it’s cleaning (in most cases by rubbing on the piece of felt.

13. Parameters of ion selective measurement

Before the calibration and measurements it is necessary to follow actions described in the chapter 7. Next it is necessary to enter the parameters which have the influence on the measurement.

All parameters are introduced in the screen „PARAMETERS OF ION CONCENTRATION MEASUREMENT pX“, which may be entered after pressing the 
[image: image20.wmf] button in the upper right corner of the ion selective measurement window. On the parameters screen two windows are displayed: „MEASUREMENT“ and “CALIBRATION DATA“ and and each of them contains several parameters. After pressing the window with chosen parameter, which is displayed in white colour, change or enter determined value of this parameter using appearing numeric keyboard. The entered value is confirmed by pressing the “OK” key. Windows with parameters in the black colour are only informative and can’t be changed.

In the “MEASUREMENT” window enter the following parameters:

Resolution

 – 
“Lo” means 0.01 pX resolution;






“Hi” means 0.001 pX resolution.

Unit



 – 
reading displayed in pX, g/l, M/l or ppm;
The upper chart limit – 
maximal value of the graph in the graphical mode.

The lower chart limit – 
minimal value of the graph in the graphical mode.

Time between meas. – 
between measurements results plotted on the graph automatically (in seconds).

“CALIBRATION DATA” window enables: 

· choosing the electrode number;

· checking the points and unit of the most recent calibration and for which ion it was made;

· checking the last calibration date for the chosen electrode; 

· entering the time of calibration validity (in days);

Return to the measurement screen after pressing the “Return” button.

14. Ion selective electrode calibration

Because of not linear characteristic of ion selective electrodes, the values of sample solutions should be close to estimated value of the measured solution and the ratio of the concentration shouldn’t be greater than 1:100. Usually in practice the prepared sample solutions have 1:10 ratio. It is suggested to prepare the sample solutions and measured solutions in the same volume. Differences in volume may have some influence on the result. The most accurate results are achieved in the same temperature as the temperature of calibration. In the Ion measurement function the manufacturer has resigned from temperature compensation based on rotating the electrode characteristic round the isopotential point, because its determining, in case of ion selective electrodes, is practically impossible.

During calibration it is possible to choose the molar weight of one of twenty ions stored in the memory, or introduce molar weight and valence of ion which is not stored in the memory. It enables changing the measurement unit in which the measurement is done for the calibrated ion (i.e. from g/l to M/l) and reading the result in new unit. The table 4 includes information what ions, stored in the meter’s memory, may be automatically suggested for calculations.

	no
	ion
	weight
	
	ion
	weight

	1
	H+
	1.007
	11
	F -
	18.998

	2
	Ag+
	107.868
	12
	I -
	126.904

	3
	Br-
	79.904
	13
	K+
	39.098

	4
	BF-4
	86.805
	14
	Li+
	6.941

	5
	Ca2+
	40.078
	15
	Na+
	22.990

	6
	Cd2+
	112.411
	16
	NH4+
	18.038

	7
	Cl -
	35.453
	17
	NO3-
	62.005

	8
	ClO4-
	99.450
	18
	Pb2+
	207.200

	9
	CN -
	26.018
	19
	S2-
	32.066

	10
	Cu 2+
	63.546
	20
	SCN-
	58.083


Table 4

In case of using ion selective electrodes, which are not included in the table, it is possible to enter the molar weight of the measured ion (description below).

14.1. Entering the calibration parameters

The meter stores the values of calibration points independently for each of 3 ion selective electrodes and after changing the number of the electrode  restores the values of calibration of this electrode in “Calibration data”. 

To introduce the parameters necessary to make the ion selective measurement:

a. press the „Options“ button, in the OPTIONS menu choose the ion selective measurement as the main one;

b. press the 
[image: image21.wmf] button in the upper right corner of this window and enter the „ION CONCENTRATION MEASUREMENT PARAMETERS“ screen.

c. In the “MEASUREMENT” window choose the unit of calibration. In the „CALIBRATION DATA” window choose the electrode number under which the calibration will be stored and check the values of the calibration solutions entered to the meter’s memory.

d. return to the ion measurement screen by pressing the „Return” button.

e. enter the calibration mode by pressing and holding the „CALIBRATION” button till the moment of changing the window’s background colour. In the upper part of the window the stored values of calibration points will be displayed. If the kind of electrode and the calibration points remain the same as the last time, start the calibration without making any changes. At the moment of entering the calibration mode the ion selective electrode characteristic stored under the chosen number will be deleted.
f. in the calibration mode press the 
[image: image22.wmf] button in the upper right of the window and enter the „ION CONCENTRATION MEASUREMENT PARAMETERS” screen.

g. In the „CALIBRATION” window in „Ion” line press the window with the ion symbol and from the displayed table choose the ion responding to the connected ion selective electrode. In the “Molar weight” window the molar weight of chosen ion will be displayed;

h. In case of measurement of ion which is not listed in the table it is necessary to press the window in the „Ion” line and from the displayed table, depending on the valency of the measured ion choose on of the positions: N.N- ,  N.N-2 , N.N+, N.N-+2 (no name). Next enter the Molar weight, press the window in the „Molar weight” line and using the displayed keyboard enter the value. After entering the value confirm it with „OK“ button.

i. Enter the calibration points value successively pressing the windows with values of the points and enter the requested values of standard solutions.

j. After their entering return to the calibration mode by pressing the “Return” button.

14.2. Calibration in the solutions

In the calibration mode by the displayed measurement result a unit in which the calibration will be done is displayed and next to it the symbol of the chosen ion. In the upper part of the screen the values of standard solutions arranged from the lowest to the highest concentration and in this order the calibration should be done.

Before starting the calibration, to initially determine the first point of the characteristic it is necessary to choose as an additional function a mV measurement from the pX input;

Next it is necessary to:

a. Prepare the measuring and the reference electrodes to work according to the instructions given by the electrode’s manufacturer,. Mark the electrode with the number which was chosen in the meter;
b. The ion selective and reference electrodes and temperature sensor connect to the right connectors in the meter – pX / mV,  GND and temp;
c. Prepare the standard solutions according to the ISE electrode’s manufacture instructions;
d. The electrodes and temperature sensor immerse in the standard solution with the lowest concentration and wait till the result’s stabilisation in mV;

e. Without taking out the electrodes from the first standard solution enter the calibration mode by pressing and holding the CALIBRATION button till change of the window‘s colour. Next confirm the measurement in first point by short pressing of the CALIBRATION button. Under the displayed value of the first standard solution a marker will be displayed what informs about storing the calibration value, in this same moment a corrected value of the measurement, equal to the standard solution value, will be displayed;

f. One should continue the calibration in the next standard solutions with higher concentration. Before placing the electrodes and sensor in next standard they should be washed in distilled water;
g. Immerse the electrodes and sensor in next standard solution, wait till the result stabilisation and confirm the calibration in this point by short pressing of the CALIBRATION button. Repeat the actions in next standard solutions.
If the value of the standard solution does not respond to the introduced value, a window with „Check the standard solution” information will be displayed.
15. Ion selective measurement

The ion selective measurement is made in mV (linear scale). After choosing the unit M/l or g/l the results in mV are converted and displayed in M/l or g/l (logarithmic scale).

During accurate measurements it is recommended to make the calibration and measurements in this same temperature. The meter with connected temperature probe may be used simultaneously for temperature measurements during the ion selective measurements. 

The best measurement accuracy may be achieved if the measurements are done right after calibration. The calibration is essential.

Small changes of the result close to the measured value depend on the quality of used electrode.

Before the measurement it is necessary to bring the measured solution to the pH value given by the electrode manufacturer and, if it is requested, add the ionic strength stabilising agent. 

To make the measurement it is necessary to:

a. correctly chosen ion electrodes (measuring and reference) connect to the right connectors (pX / mV and Gnd);

b. connect the temperature sensor to the temp connector;

c. press the “Option” button and choose the ion measurement screen; 

d. enter the parameters screen and in the „MEASUREMENT” window choose the unit (pX, g/l, M/l, ppm), in the „CALIBRATION DATA“ window choose the number of calibrated electrode, which will be used for the measurement;

e. return to the ion measurement screen by pressing the „Return” button;

f. immerse the electrodes and temperature sensor in the measured solution;

g. bring the temperature of the measured solution to the temperature in which the electrode was calibrated;

h. read the result after stabilisation.

IV. CONDUCTIVITY AND SALINITY MEASUREMENT
16. Basic information about the conductivity measurement

The conductivity measurement is based on applying a voltage with proper frequency between two electrodes immersed in solution and measuring it. In the CX-701 the voltage is few tens of mV and  the frequency, depending on the range, from 100 Hz up to 10 kHz. After immersing the conductivity cell in the measured solution the current is flowing between the electrodes. Depending on the kind of the measured liquid, it’s concentration and the temperature, the current flow is easier or harder. The conductivity result indirectly informs about the salts concentration in the measured liquid. The greater is the salt concentration the larger is the conductivity. This dependence doesn’t concern all of the solutions. In some cases after exceeding some salinity value the conductivity starts decreasing. The measured conductivity value may be displayed as salinity in g/l converted to NaCl or KCl, presuming that the solution includes homogeneous salt, or approximately converted to TDS (Total Dissolved Solids). The conductivity is measured with a conductivity cells. The electrode’s surface and the distance between them have decisive influence on the so called K constant value of the cell. Depending on the measured conductivity cell with adequate K constant has to be used. During the measurement the meter multiplies the measured value by the K constant introduced to the meters memory and displays the result in units of conductivity (μS/cm or mS/cm). By the result a shortened symbol is displayed (μS or mS). The conductivity is changing together with temperature and salts concentration. To make the comparing of the results possible the measured value is converted by the meter to the value which responds to measurement in reference temperature. Usually it is 25°C. In the CX-701 it is possible to change the reference temperature. Measurement in temperature equal to reference temperature is the most accurate. In other temperatures there is so called temperature compensation used, this means that there are some calculations made by the meter which take the actually measured temperature and ( coefficient under the consideration. This coefficient describes how much (in %) will the result change when the temperature will change for 10C. The value of this coefficient and reference temperature is introduced to the memory by the user. The calculation is done automatically and takes the introduced by the user value of the \SYMBOL 97 \f "Symbol" coefficient into consideration. The value of this coefficient may be found in the literature or may be approximated by the user. The salinity measurements should be done in 25 0C, because the calculations made by the meter take into consideration the dependence between the salinity and conductivity in this temperature. For NaCl and KCl in temperatures close to 25 0C it is about 2%/ 0C. The conductivity measurements should always be treated as burdened with some error, which depends on the error of conductivity cell (it’s linearity), temperature and first of all depending on the ( coefficient during measurements in temperatures different than the set reference temperature.

17. Entering the conductivity measurement parameters

Before the calibration and measurements one should set the parameters which have influence on the result.

All parameters are introduced from the „CONDUCTIVITY MEASUREMENT PARAMETERS” screen available after pressing the 
[image: image23.wmf] key in the upper right corner of the conductivity measurement window. A screen with two windows will be displayed: „MEASUREMENT“ and “CALIBRATION DATA” After pressing the window with the chosen parameter, displayed in white colour, it may be changed or specific value may be entered with use of numeric keyboard which will be displayed. The entered value should be confirmed with “OK” button. Windows with parameters in black colour are only informative.

In the „MEASUREMENT” window one may enter the following parameters:

Resolution – 

„Lo“ measurement resolution 3½ digits;

„Hi“ measurement resolution 4½ digits.

Convert to


cond

conductivity - (S/cm, mS/cm

NaCl

salinity converted to NaCl

KCl

salinity converted to KCl

TDS 

salinity converted to TDS

(Total Dissolved Solids).

Unit 



salinity measurement displayed in  g/l, % or ppm.

( coefficient 
value of the ( coefficient (0.00 ÷ 10.00 % / oC possible).

Reference temp.
value of the reference temperature to which the 


measurement result will be calculated 

TDS coefficient
value of coefficient, necessary to display the salinity measurement result converted to TDS. Description in the chapter 21.

Upper chart limit
maximal value of the graph in the graphical mode.

Lower chart limit 
minimal value of the graph in the graphical mode.

Time between measurements describes, the number of seconds between plotting next point of the graph on the screen.

In the „CALIBRATION DATA“ window one may:

· choose the electrode (cell) number,

· check whether it was calibrated by introducing the K constant or in the standard solution, read the value of the K constant and value of the standard solution used for calibration. A tick next to the right window informs what kind of calibration was done.

· read the date of the last calibration; 

· enter the time of next calibration (in days).

Return to the measurements screen by pressing the „Return“ button

18. Choice and maintenance of the conductivity cell

18.1. Cell choice

The conductivity measuring range in CX-701 meter is 0 – 1999 mS/cm. The meter co-operates with conductivity cells with K constant = 0.010 ÷ 19.99 cm-1 and BNC-50 connector. Depending on the required measuring range it is necessary to choose the right cell with K constant which enables receiving correct results. Beyond the range the cell looses it’s linearity and the results have greater error. Accurate measurements in the whole range are possible with use of 3 different conductivity cells. 

Depending on the expected measuring range one may choose the correct cell using the chart below. (Pic. 8)
The cell with K constant ≈ 0,1 cm –1  should be used for measurements of ultra pure and redistilled water. Those waters after contact with air are very quickly changing their conductivity, so their pouring into vessels for measurement with dip cell (immersing) may cause errors. For accurate measurements it is necessary to use flow through probe with build in temperature probe, what enables measurement of water which flows directly from the container.

[image: image58.png]



Pic. 8.
Dependence between the measuring range and the K constant of 
the used cell.

18.2. The conductivity cell maintenance

To receive stable results it is recommended to store the cell for few hours before the measurement in water, especially this is required in case of distilled water measurements.

The conductivity cell maintenance is mainly based on accurate washing the inside of the measuring cell with distilled water. It is forbidden to clean the platinum electrodes mechanically, because the platinum layer may be rub of, what will result in decreasing the accuracy, may cause lowering the stability and change the K constant.

Measurements of liquids with oils and heavy sediments content may cause platinum contamination, make the measurement impossible and irreparably damage the electrodes. In case of fat content in the measured liquids it is possible to clean the electrodes by immersing the cell in acetone, chloroform, fourhydrofurane or detergent.

Some norms propose universal liquid for cleaning the cells. This is a mixture of equal parts of isopropyl alcohol, ethyl ether and hydrocholic acid, diluted with water in 1:1 ratio.

The conductivity probe with broken measuring cell can’t be used for further measurements because the K constant is greatly changed, the result is unstable and the influence of placing the cell in measuring vessel greatly changes the result.

19. Calibration

The characteristic feature of conductivity cell is so called K constant, the measured result is multiplied by it’s value before the final value will be displayed on the screen. K constant depends on the surface of the electrodes and distance between them. If the user keeps the cell clean, the K constant won’t change. In case of contaminating the surface of the electrodes, the K constant will change. 

The calibration is based on introducing the K constant value to the meters memory, this is the essential condition of obtaining accurate results. The calibration may be done without the standard solution – by entering to the meter’s memory the know K constant value, given by the cell manufacturer (we recommend such calibration). The second method is determining the K constant with use of the standard solution. 

The K constant is precisely determined by the cell manufacturer and more reliable is using the value given by him. During calibration made by the user it is essential to use water bath to keep stable and accurate temperature value of the standard solution 250C. In other case the calibration may be burdened with error.

When measuring conductivity values in the whole measuring range and when using three conductivity cells it is possible to store their K constant values under separate names „PROBE 1” “PROBE 2” “PROBE 3” which are displayed in the conductivity measurement window.

19.1. Calibration by entering the K constant value

The meter enables making the calibration without use of standard solution. Knowledge of the K constant of cell is necessary. This value is entered to the meter’s memory. This value may be given by the cell manufacturer or it may be determined during calibration with use of standard solution. If the K constant value of the used cell is different than this displayed in the measurement window one should:

1. In „OPTIONS“ choose the conductivity measurement as the main one.

2. Enter the calibration mode by pressing and holding the „CALIBRATION” button till the window’s background will change the colour. Press the 
[image: image24.wmf] button in the upper right corner of the window and enter the “CONDUCTIVITY MEASUREMENT PARAMETERS” screen.

3. In the „CALIBRATION” window enter the value of the K constant of cell chosen for the measurement. After pressing the window with the K constant value a numeric keyboard will be displayed. The entered value should be confirmed with “OK” button. The measurements screen will be opened. In the conductivity measurement window the entered value of K constant will be displayed. 

This is the end of calibration and one may start the measurements.

19.2. Calibration with use of standard solution 
The meter enables one point calibration in the freely chosen standard solution value. This calibration is done to determine the K constant of cell.

For the calibration it is required to use high quality standard solutions, ex. standards made according to some national or international norms may be used. In most cases this are KCl solutions their values are given for the temperature of 25 0C. After making the calibration the actualized value of the K constant will be displayed on the measurement screen.

Obtaining accurate results of the calibration depends on following the rules:

1. The temperature of the standard solution should be equal to the reference temperature (in most cases 25 0C), the best solution is to use the thermostat.

2. New unused standard solution should be used.

3. The cell and the electrodes should be clean and without air bubbles on them.

4. The conductivity cell should be mounted in a holder.

19.2.1. Entering the value of the standard solution

1. In „OPTIONS“ choose the conductivity measurement as the main one.

2. In the conductivity measurement window check whether the displayed number of probe responds to the number of the used cell, if not press the 
[image: image25.wmf] button in the right upper corner of this window enter the “CONDUCTIVITY MEASUREMENT PARAMETERS” and in the “CALIBRATION DATA” window change the probe number. Return to the measuring mode by pressing the ”Return” button. 

3. Enter the calibration mode by pressing the „Calibration” button till the window’s background will change the colour.

4. Check what value of the standard solution is displayed in the upper part of the window. If it is this same as the solution which will be used one may start the calibration.

If the used solution has different value, than this entered to the meter’s memory, it is necessary to change it: 

5. Press the 
[image: image26.wmf] button in the upper right corner of the window with activated calibration mode and enter the conductivity measurement parameters screen.

6. Choose the „CALIBRATION” window and in the „Calibration point” window enter the value of standard solution chosen for calibration. After pressing this window a numeric keyboard will be displayed. The entered value should be confirmed with „OK” button“. The meter will return to the calibration window in which the calibration should be done. 

The value of the entered standard solution will be stored in the memory till entering other value.

19.2.2. Calibration without the temperature compensation

Calibration without the temperature compensation is the most accurate one. It must be made in the temperature equal to reference temperature. In this temperature the ( coefficient does not influence the result. It’s value in most cases is not accurately chosen, that’s why measurements with use of the ( coefficient may cause additional error to occur. 

Way of action:

a. Enter the value of standard solution (according to the earlier given points);

b. Connect the conductivity cell and temperature sensor; 

c. Immerse both sensors in the standard solutions and hold them at least 1cm away from the bottom and walls of the vessel. The measuring cell should be completely filled with the sample solution and shouldn’t include any air bubbles, the electrode’s surface should be evenly moistened*;

d. Check whether the value of the standard solution displayed in the calibration mode is this same as the value of the used solution. Window around this value will pulsate;

e. In the temperature measurement window read the value of the standard solution temperature and bring it to the temperature equal to reference temperature (usually 250C);

f. In the calibration mode wait till the stabilisation of the result and press the „Calibrate” button. Under the value of standard solution a tick will be displayed and the result of the measurement will be equal to the value given in the bracket above. If the value of the used standard solution is not equal to the entered value a window with „Check the standard solution” information is displayed;

g. Exit the calibration mode by pressing the „Return” button.

The meter is calibrated and ready to work.

19.2.3. Calibration with automatic temperature compensation.

In case of calibration with automatic temperature compensation the ( coefficient plays an important role. It’s value should be found in the data informing about it’s value for the concentration of the used standard solution (usually KCl) in the reference temperature (usually 25 0C). If there is no such data one may assume that such the ( coefficient is 2%-0C, but it is possible that additional error of compensation will be introduced. It is possible to use charts which give the value of coefficient for the used concentration and temperature of the KCl and enter it to the meter’s memory. After entering the coefficient one may start the calibration in the temperature different than the reference temperature acting according to the points a ( g, except the e point.

19.2.4. Calibration with manual temperature compensation 

The calibration with a manual compensation may be used in case of damaging the temperature sensor. If the sensor is not connected to the meter it automatically switches it self to the manual temperature compensation mode. In the temperature measurement window a 
[image: image27.wmf] symbol is displayed. The temperature should be measured with other thermometer and the measured value should be entered to the meter’s memory. 

Calibration with manual temperature compensation proceeds in this same way as with the automatic one, the difference is that the temperature value of the measured solution is entered manually.  In the temperature measurement window press the 
[image: image28.wmf] button in the upper right corner and enter the “temperature measurement parameters” screen, next press the “Manual temp.” window. Numeric keyboard will be displayed, enter the value of the measured temperature and confirm it with a „OK” button. The entered temperature value is displayed in the lower part of the display on the temperature windows and it is taken into consideration during compensation. After entering this value one should follow the points a ( g from previous chapter.

20. Conductivity measurement

20.1. Measurement without temperature compensation

Accurate conductivity measurement should be made without the temperature compensation. The solution should be brought to temperature equal to reference temperature, it can be controlled using the temperature measurement function in the meter. If the sensor is damaged, value measured with other thermometer has to be entered to the meter’s memory by entering the „Temperature measurement parameters” screen, next press the “Manual temp.” window and enter the value of the measured temperature and confirm it with a „OK” button. It will be taken into consideration during the conductivity measurement.

One should follow the steps:

a. Connect the conductivity cell and temperature sensor to the right connectors cond and temp;

b. Turn the meter on with ON/OFF button;

c. Choose the conductivity measurement and unit (Chapter 17);

d. If the conductivity cell wasn’t calibrated, calibrate it (chapter 19);

e. Place both probes in the measured solution and hold them at least 1cm away from the bottom and walls of the vessel. The measuring cell should be completely filled with the measured solution and shouldn’t include any air bubbles, the electrode’s surface should be evenly moistened*;

f. Bring the temperature of the measured solution to temperature equal to reference temperature.

g. Read the result after stabilisation.

Caution: exceeding the measuring range is signalised by change of the result (digits) colour into red. Exceeding the temperature compensation range is signalised by change of the result into yellow colour. 

* -
air bubbles may be removed by moving the immersed cell. To make the moistening of the electrodes easier it is recommended to immerse the cell in distilled water with washing-up liquid, and than wash it in distilled water. 

20.2. Measurement with automatic temperature compensation 

When the measurement is done in temperature different than reference temperature, automatic temperature compensation may be used. Before displaying the measurement result is automatically calculated to the reference temperature with change of the conductivity of the measured solution together with the temperature change. The calculation is done on the basis of ( coefficient. The ( coefficient value is entered by the user. 

The most often entered coefficient is 2%/0C, but this is an averaged value and during accurate measurements the right coefficient should be entered. It can be done on the basis of literature or determining it in a simplified way  (chapter 22).

In case of measurement with automatic temperature compensation one should:

a
Connect the conductivity cell and temperature sensor to the right connectors cond and temp;

b
Turn the meter on with ON/OFF button;

c
Choose the conductivity measurement and unit (Chapter 17);

d
If the conductivity cell wasn’t calibrated, calibrate it (chapter 19);

e
check or change the  \SYMBOL 97 \f "Symbol" coefficient value and the reference temperature (chapter 19);

f
Place both probes in the measured solution and hold them at least 1cm away from the bottom and walls of the vessel. The measuring cell should be completely filled with the measured solution and shouldn’t include any air bubbles, the electrode’s surface should be evenly moistened*;

g
wait till the result stabilisation and read it.

Caution: Exceeding the temperature compensation range is signalised by change of the result into yellow colour. If next to the temperature result a 
[image: image29.wmf] symbol is displayed instead of 
[image: image30.wmf] it informs that the temperature sensor was damaged.

* -
air bubbles may be removed by moving the immersed cell. To make the moistening of the electrodes easier it is recommended to immerse the cell in distilled water with washing-up liquid, and than wash it in distilled water.

20.3. Measurement with manual temperature compensation 

The measurement with a manual compensation may be used in case of damaging the temperature sensor. If the sensor is not connected to the meter it automatically switches it self to the manual temperature compensation mode. In the temperature measurement window a 
[image: image31.wmf] symbol is displayed.

Measurement with manual temperature compensation proceeds in this same way as with the automatic one, the difference is that the temperature value of the measured solution is entered manually. The temperature should be measured with other thermometer and the measured value should be entered to the meter’s memory. In the temperature measurement window press the 
[image: image32.wmf] button in the upper right corner and enter the “Temperature measurement parameters” screen, next press the “Manual temp.” window. Numeric keyboard will be displayed, enter the value of the measured temperature and confirm it with a „OK” button. The entered temperature value is displayed in the lower part of the display on the temperature windows and it is taken into consideration during measurement with temperature compensation. After entering this value one should follow the points d ( f from previous chapter and immerse the conductivity cell in the solution.

21. Salinity and TDS (Total Dissolved Solids) measurement

Salts and minerals dissolved in natural water influence the conductivity, which in principle is proportional to the quantity of dissolved substances. This dependence enables, after some calculations, to determine the salinity of the measured solution in concentration units (g/l or %), or determine the TDS (Total Dissolved Solids). The received values are always approximated and the final accuracy depends on the way of making the calculations, concentration of the measured solution and it’s temperature. In most salinity meters a simplification is used, that dependence between the conductivity and salinity in the solution is linear in the whole measuring range. Usually a 0.5 coefficient is used, the conductivity result in mS/cm is multiplied by this coefficient and the result of salinity in g/l is received, ex. if the conductivity value is 2 mS/cm the salinity is 1g/l. In reality the dependence between the conductivity and salinity isn’t linear the conversion coefficient is changing together with the concentration and temperature. The table 5 shows the dependence between conductivity and real salinity of NaCl solution in temperature 25 0C and values of salinity counted for constant coefficient 0.5. This comparison shows that for greater concentrations using the constant coefficient introduces large error.

	Conductivity

(mS/cm)
	Real

salinity

(g/l)
	Salinity (g/l)

Counted for coefficient = 0.5
	Error (%) by 

using the

coefficient = 0.5 

	1.00
	0.495
	0.500
	0.01

	2.00
	1.006
	1.000
	0.60

	4.00
	1.976
	2.000
	1.21

	10.00
	5.400
	5.000
	7.40

	30.00
	18.174
	15.000
	17.46


Table 5.

In CX-701 the microcontroller takes into consideration the real dependence between the conductivity and salinity what greatly lowers the error. There is possibility of counting the salinity in NaCl or KCl, because the conductivity depending on their concentration is a bit different. 

The results will be more accurate for homogeneous solutions (NaCl, KCl). Determining the concentration of salts mixture with unknown composition in most cases is counted to NaCl . To check the usefulness of water for home or industrial use usually determining of TDS is used.

To use the conductivity measurement for determining the TDS it is necessary to determine the WTDS coefficient, which introduced to the meter’s memory enables automatic conversion. To determine the WTDS coefficient it is necessary to specify the weight of dissolved substances. The laboratory method of determining the dissolved solids content consists of taking a given volume of the water, evaporating the filtered sample, drying it to constant weight in temperatures 103 ( 1050C, weighting and counting in volume ratio (mg/dm3). The received weight is lower than total dry mass in water because besides the dissolved solids there can be also substances which were not dissolved which are removed by filtering before evaporating. By using the conductivity measurement it is possible to determine the Total Dissolved Solids. It is assumed that the salt’s composition in the taken samples is not changing significantly.

21.1. Salinity measurement with conversion to NaCl or KCl content

The salinity measurement with conversion to NaCl or KCl content should be done as follow:

From the conductivity measurement window enter the „CONDUCTIVITY MEASUREMENT PARAMETERS” screen and according to the description given in chapter 17 choose:

· salinity measurement with conversion to NaCl or KCl content;

· choose the unit (g/l,  ppm or %);

· next act like during conductivity measurement (description in chapter 20);

· after stabilisation of the result read the value of measurement.

21.2. Salinity measurement with conversion to TDS

The salinity measurement with conversion to TDS content should be made as follow:

· determine the WTDS coefficient according to the description given in the next subsection.

· in the „CONDUCTIVITY MEASUREMENT PARAMETERS” enter the WTDS coefficient (description in chapter 17)

· choose the salinity measurement with conversion to TDS and the displayed unit (g/l or %);

· next act this same as by the conductivity measurement.

After stabilisation of the value read the result of the measurement in g/l or %.

21.3. Determining the  WTDS coefficient 

For salinity measurement with conversion to TDS content it is necessary to determine the WTDS coefficient and enter it to the meter’s memory. To do so it is necessary to make the conductivity measurement of the tested water with exactly given volume or weight. In traditional way (by evaporation) determine the Total Dissolved Solids in this water and than calculate the coefficient according to the below given formulas.

1. If the result is to be displayed in  g/l:

WTDS  =   EQ \f(TDS;() 
where:

WTDS
-
TDS coefficient

TDS
-
Total Dissolved Solids in g/l;

(
-
conductivity of the sample in mS/cm;

Caution: the TDS value should be counted to volume of sample equal to 1l.

2.
If the result is to be displayed in % of weight concentration:

WTDS  =   EQ \f(TDS;() 
where:

WTDS
-
TDS coefficient

TDS
-
Total Dissolved Solids in g/kg;

(
-
conductivity of the sample in mS/cm;

Caution: the TDS value should be counted to weight of the sample equal to 1kg.

22. Simplified way of determining the \SYMBOL 97 \f "Symbol" coefficient

The knowledge of \SYMBOL 97 \f "Symbol" coefficient has a crucial significance during measurements in temperatures different than the reference temperature.

This coefficient is changing together with the temperature and concentration. Below we are giving values of \SYMBOL 97 \f "Symbol" coefficient in 25 oC for few compounds with determined weight concentration.

Table 6.
















In the table 7 there are rough values of \SYMBOL 97 \f "Symbol" coefficient for KCl and NaCl depending on the temperature and concentration of the measured liquid. 

Table 7.

	temp.

`0C
	\SYMBOL 97 \f "Symbol" coefficient

	
	KCl solution
	Saturated

NaCl

	
	0,01M
	0,1M
	1,0M
	

	5
	2,68
	2,68
	2,39
	2,77

	10
	2,45
	2,36
	2,20
	2,53

	15
	2,27
	2,19
	2,04
	2,38

	20
	2,11
	2,06
	1,89
	2,21

	25
	1,91
	1,86
	1,75
	2,03

	30
	1,80
	1,77
	-
	1,91


One should use the \SYMBOL 97 \f "Symbol" coefficient determined for the reference temperature to which the meter makes the calculations. It may be assumed that the \SYMBOL 97 \f "Symbol"coefficient is constant in the range ±5 oC from the reference temperature. 

For larger differences between the measurement and reference temperature the value of the \SYMBOL 97 \f "Symbol" coefficient may be determined according to the below given description.

To determine the coefficient one should: 

1.
The measured solution bring to the reference temperature TR and measure it’s conductivity (GTR). 

2.
Change the solution temperature TX to value in which the measurement will be done.

3.
Turn the meter to manual temperature compensation by disconnecting the temperature probe from the meter.

4.
Enter with the keyboard the value of reference temperature TR .

5. Again measure the conductivity of the solution. This value will be different than in TR temperature (GTx).

6. Determine the \SYMBOL 97 \f "Symbol" coefficient using the  formula:

\SYMBOL 97 \f "Symbol"  =   EQ \f(GTR - GTX; GTR (TR - TX))  x 100 (%/0C)
where:

TR
-
reference temperature value in 0C
Tx
-
value of the changed temperature in 0C

GTR
-
conductivity measured in ref. Temperature TR.

GTx
-
conductivity measured in temperature Tx

In this way the  \SYMBOL 97 \f "Symbol" coefficient was determined for the reference temperature TR and measurement temperature Tx. 

During measurements in temperatures different than reference temperature it is necessary to introduce the calculated \SYMBOL 97 \f "Symbol" coefficient value for the measurement temperature. 

Caution: In case when the TR reference temperature is equal to 25°C the above mentioned formula will be:

\SYMBOL 97 \f "Symbol"  =   EQ \f(G25 - GTx; G25 (25 - TX))  x 100 (%/0C)
where:

Tx
-
value of the changed temperature in 0C

G25
-
conductivity measured in 25 0C.

GTx
-
conductivity measured in temperature Tx

V. DISSOLVED OXYGEN MEASUREMENT

Basic information about the dissolved oxygen measurement 

Measurement of dissolved oxygen in water solutions is performed with use of the oxygen sensor. The basic element of the sensor is a teflon semi-permeable membrane, which enables penetration of oxygen contained in the measured solution, into the electrolyte – inside of the sensor. The sensor generates a cell; the cell’s voltage depends on the oxygen content in the electrolyte.

The meter enables measurement in % of oxygen saturation and in mg/l. Calculation of the mg/l value is based on the saturation measurement in % and the temperature measurement. During mg/l measurements, the salinity and atmospheric pressure parameters should be additionally entered. The measurement of saturation in % does not depend on these factors.

The quality of the oxygen sensor has a major effect on the measurement accuracy. Complications arising during measurements are caused mainly (98%) by the sensor, not the device. In many cases, the problems are the result of neglecting basic sensor maintenance activities by the user. It is worth remembering that during measurement the sensor absorbs oxygen from the environment of the membrane.

The sensor’s manufacturers recommend the minimal flow-rate of the tested water, assuring a stable result. When this requirement is not complied, the result will regularly decrease. During measurements in stagnant solutions the flow can be partly simulated by keeping the sensor in slow rotary motion. In laboratory conditions, i.e. performing measurements in a vessel, the flow can be forced with a magnetic stirrer. However, when measuring low O2 saturation, intensive stirring can cause increase of oxygen content in the tested solution. Transferring water samples to the laboratory can alter their O2 concentration. The best results can be achieved only in conditions recommended by the manufacturer of the sensor in the operation manual.

Long-lasting storage of the sensor without performing any measurements (more than 2 months) requires removing the electrolyte. After this period the container must be filled with a fresh electrolyte and the sensor stored in distilled water for about 24 hours.

Accurate measurement result is determined by the condition of the membrane. The membrane must be free of any cracks (appearing of electrolyte-drops or white spots when dry). Before measurement the sensor should be activated by storing in distilled water for about 15 minutes. Strongly polluted wastewater after some time causes clogging of the membrane, which is recognised by inability to calibrate the device at 100% oxygen content (the calibration range becomes too narrow). In both cases the membrane should be replaced according to the manufacturer’s instructions. When replacing the membrane and replenishing the electrolyte it is important to pay attention if there are no air bubbles in the container beneath the membrane, because otherwise the measurements would be falsified. In such case the container should be twisted off and the bubbles removed by tapping it against the table, next the electrolyte should be refilled and the sensor assembled. 

Depending on thickness of the membrane, awaiting time for a stable result is about 1 - 1,5 min. Accuracy of the measurement is connected with the temperature of calibration and measurement. The greater the difference of these temperatures, the greater the measurement error. For measurements of concentration in the range 30 ÷ 80%, it is sufficient to make one-point calibration in 100% oxygen concentration. For measurements in solutions with low oxygen content (about a few %) the calibration should be also made in 0% solution. Clean water contains about 60 ÷ 80% oxygen. Waste water and chemical solutions are in general less saturated with oxygen but liquids with forced aeration are much more saturated than clean water. When performing accurate measurements, the sensor’s manufacturers recommend carrying out calibration just before the measurement since after some time the sensor’s parameters are changing. Even the best oxygen sensors have so-called drift about ±1%/24 h. Wide measuring range in the CX-701 multifuncion meter enables making measurements in water permeated with oxygen, i.e. with blooming and growing plants, where during the photosynthesis process large quantities of oxygen are produced.

23. Atmospheric pressure and salinity compensation

The value of oxygen saturated in water determined in mg/l depends directly on the atmospheric pressure value, this means that 10% pressure change causes oxygen saturation change for 10%. The meter ensures automatic compensation thanks build in atmospheric pressure sensor. This influence is automatically counted during measurements in mg/l. This compensation may be switched off in the “OXYGEN MEASUREMENT PARAMETERS” screen by pressing a “off” button in the “Pressure compensation” line. During measurements in % the pressure has no influence on the result.

Salinity of the solution decreases the oxygen solubility in water and requires taking into consideration during measurements in mg/l. 1 g/l change of salinity changes the oxygen saturation for about 0.5%. The meter enables entering the salinity value in g/l semi-automatically or manually and counts the change of oxygen saturation in mg/l. The way of action is described below. . During measurements in % the salinity has no influence on the result.

24. Entering the oxygen measurement parameters

Before the calibration and measurements it is necessary to follow steps described in the chapter 5. Additionally according to the chapter below it is necessary to set parameters which have influence on the measurement. 

All parameters are entered in the „OXYGEN MEASUREMENT PARAMETERS” screen available after pressing 
[image: image33.wmf] button in the upper right corner of the measurement window. On the screen two windows will be displayed “MEASUREMENT” “CALIBRATION DATA”.

After pressing the window with the chosen parameter it is possible to change it or enter value with the displayed numerical keyboard. The entered value should be confirmed with “Ok” button. Windows in black colour are only informative and can’t be changed.

In the „MEASUREMENT” window one may set following parameters:

“Resolution“

„Lo“ low resolution 1% or 0.1mg/l;





„Hi“ high resolution 0.1% or 0.01 mg/l.

Unit 



result displayed in % or g/l.

Pressure comp.
 switching on or off the pressure compensation. Switching off is purposeful in case of oxygen measurement in closed vessel, without air pressure influence.

Salinity comp.

„auto” „manual” „off”.

auto
 function should be used during simultaneous measurement of oxygen content and conductivity. During oxygen measurement  in mg/l the salinity influence is constantly compensated. 

manual 
enables entering salinity value, with keyboard, in the  „Salinity” window. After pressing the window with value a numeric keyboard is displayed, it enables entering known value of the salinity and confirming with „Ok” button. Pressing the „measure” button takes the current measured salinity value and enters it to the window with salinity value. Till the time of using the “manual” option this value will be taken for all compensations.

off 
switches the salinity compensation off., it may be useful during pure water measurements.

Upper chart limit
maximal value of the graph in the graphical mode.

Lower chart limit 
minimal value of the graph in the graphical mode.

Time between measurements describes, the number of seconds between plotting next point of the graph on the screen.

In the „CALIBRATION DATA” window one may:

1. choose the number of the oxygen sensor, and read whether the calibration for this sensor was done. 

2. read the date of last calibration; 

3. enter the date of next calibration (in days).

Return to the measurements screen by pressing the „Return” button.

24.1. Manual entering of the salinity value

The value of salinity may be determined on the basis of conductivity of the measured solution. Table 8 shows this dependence. 





	 2
	1.00
	29
	17.52
	56
	34.99

	 3
	1.52
	30
	18.17
	57
	35.64

	 4
	2.08
	31
	18.82
	58
	36.28

	 5
	2.63
	32
	19.46
	59
	36.93














































Table 8.
Salinity in g/l NaCl on the basis of conductivity in mS/cm (in temperature 25oC).

25. Calibration of the oxygen sensor

In order to eliminate the measurement error arising from the individual characteristic of the sensor a calibration of the device should be carried out. This procedure should be performed always before operation with a new sensor, after replacing the membrane, for special requirements concerning the measurement accuracy and periodically depending on the measurements frequency. The sensors have a so-called “signal drift” associated with the interval between the calibration and measurement. A longer interval decreases the measurement accuracy. Practically it is advised to carry the calibration each 14 days. CX-701 enables one or two points calibration with the value of the points imposed by the manufacturer, made in % of the oxygen saturation.

The calibration of the oxygen sensor is made in 0% and 100% (in air) oxygen saturation. The sensors supplied by us have minimal 0 drift, therefore it is possible to make the calibration only in 100% point. Periodically to check the condition of DO sensor 2 points calibration in 0% and 100% saturation may be made. During two point calibration a solution with 0% oxygen saturation is used (solution of Na2SO3) and second  with 100% oxygen saturation, it is assumed that the oxygen concentration in air is 100%. Before the calibration the membrane must be wetted with water for several minutes. The one point calibration is done only in the 100% oxygen saturation by holding the sensor on air. In case of one point calibration (in 100%) the meter sets 0 value for the 0% oxygen concentration.

The calibration is also recommended if the temperature of the tested solution differs greatly from the temperature in which the probe was calibrated, because then an additional error arises. 
If it is impossible to calibrate the device, the membrane of the sensor must be replaced according to the manufacturer’s instruction. This situation usually takes place if the membrane is strongly polluted or ruptured (sometimes almost invisible). Also the electrolyte should be replaced and the anode should be cleaned with the san paper After replacing the membrane the sensor should be conditioned in distilled water for at least 16 hours. Next calibration in two points should be done to judge the error in 0% oxygen saturation. If the error is small, during next calibrations one may resign from the 0% calibration point 

Starting the calibration under the chosen sensor number deletes the characteristic stored in memory under this number. 

If after choosing the sensors number and entering the calibration mode one will exit this mode the stored characteristic will be deleted and standard characteristic will be applied.
25.1. Dissolved oxygen sensor calibration 

To calibrate oxygen sensor one should: press the „Options” button and in the „DISPLAY” window choose the oxygen measurement as the main one.

1. In case of 2 point calibration immerse the sensor in 0% oxygen saturation solution (saturated solution of Na2SO3);

2. choose the oxygen measurement as the main one;

3. enter the calibration mode by pressing and holding the „Calibration” button till the change of background colour. The earlier stored calibration result will be deleted. In the measurement window two points of calibration will be displayed 0% and 100% of saturation. If earlier the meter was set to a mg/l unit after entering the calibration mode automatically the unit will be changed to %. 

4. after stabilisation of the result press the „Calibrate” button, the result value will be corrected to 0% and under the point of calibration a tick will be displayed.

5. after taking the sensor out of the 0% solution it has to be accurately washed in distilled water and next leave it on the air for 100% calibration.

6. after stabilisation of the result press the „Calibrate” button, the measurement value will be corrected to 100% and under the 100% point a tick will be displayed.

7. Enter to the measuring mode by pressing the „Return” button.

If after pressing the “Calibrate” button the sensor can’t detect the value of the sample (0% or 100%) the bracket around the calibration point value won’t be displayed. It is necessary to check the condition of membrane and quality of the used calibration solution.

The calibration may be done in 1 point 100% saturation. Than for 0% a 0 value will be provided.

26. Oxygen concentration measurement

Before starting the oxygen concentration measurement the meter should be prepared for work (chapter5) and calibrated oxygen sensor should be used (description above). As mentioned earlier the measurement in % saturation does not require additional measurements associated with the temperature, salinity and atmospheric pressure. Although the measurement in mg/l, used more frequently, depends on those factors. Their influence is corrected automatically by the meter, taking into the consideration the temperature value measured by the sensor or in case of manual compensation value entered by the user. The oxygen sensor is equipped with an additional system compensating the temperature influence on the membrane. Because of the limited accuracy of this compensation the highest accuracy can be achieved by calibrating the sensor at the same temperature at which the measurement will be carried out. The measurement error increases with the increase of the difference between the calibrating and measurement temperatures and results from characteristic features of the sensor but not from the meter. For the supplied ELMETRON sensor this error increases to 3% (100C temperature difference.  If a higher accuracy is required the interval from the last calibration must be additionally taken into consideration (signal drift). If the salinity of the tested solution is very small, the measurement can be started after switching the salinity compensation on the OXYGEN MEASUREMENT PARAMETERS” screen. Accurate measurements should be preceded by the determination of the salt content in the tested solution.  The salinity of the solution can be determined simply by measuring the conductivity. The salinity value is introduced according to chapter 25.

26.1. Measurement with automatic temperature compensation

To make the measurement with automatic temperature compensation one should:

a. connect with the meter calibrated DO sensor and temperature probe;

b. turn the meter on with ON/OFF button;

c. enter the „OPTIONS” and choose the oxygen measurement function and in case of taking the salinity under consideration additionally the conductivity measurement;

d. in the „OXYGEN MEASUREMENT PARAMETERS” choose the measurement resolution, oxygen sensor number and the unit
( % or g/l);

e. in case of measurement in mg/l carry the conductivity measurement according to the part IV - „CONDUCTIVITY AND SALINITY MEASUREMENT“.

f. in case of measurement in mg/l the measured value enter in the „OXYGEN MEASUREMENT PARAMETERS” by pressing the „Measure” button. If there are no significant changes of the salinity it is possible not to change the earlier introduced salinity value. It is also possible to enter manually the known value of the salinity, by pressing the „manual” button in the „OXYGEN MEASUREMENT PARAMETERS” and entering the value.

g. check or simulate the solution flow;

h. immerse the oxygen sensor and temperature probe in the measured solution (conductivity cell in case of automatic correction) ;

i. wait till the result stabilisation (up to 1 minute – depending on sensor) and read the value.

26.2. Measurement with manual temperature compensation

The measurement with manual temperature compensation may be used in case of damaging the temperature sensor. The lack of temperature sensor switches the meter to manual temperature compensation mode. In the temperature measurement window a 
[image: image34.wmf] symbol will be displayed. The measurement with manual compensation proceeds in this same way as the measurement with automatic compensation, the difference is that the measured temperature of the solution has to be entered manually. The temperature should be measured with other thermometer and than enter the value to the meter’s memory. To do it one should enter the “TEMPERATURE MEASUREMENT PARAMETERS” and press the window “Manual temp.”, numeric keyboard will be displayed. With the keyboard enter the temperature value measured with thermometer and confirm it with “Ok” button. It will be displayed in the lower part of the screen in the temperature measurement window, it is also taken into consideration by measurement with temperature compensation.

After entering the temperature value one should connect the oxygen sensor to the meter and act according to points  c ( i of the previous subchapter.

Caution:
in case of measurements with small salinity check whether in the „OXYGEN MEASUREMENT PARAMETERS” the salinity compensation was switched off.

VI. ATMOSPHERIC PRESSURE MEASUREMENT

27. Atmospheric pressure measurement

The meter enables atmospheric pressure measurements in hPa. To read the pressure value one should enter the „OPTIONS” screen by pressing the „OPTIONS” button displayed in the right lower corner of the screen. Choose the “pressure” window. After return to the measurements screen a new window with atmospheric pressure value will be displayed. 

The pressure measurement doesn’t require setting any measurement parameters, therefore there is no button enabling entering such screen.

The pressure sensor is built in the meter and does not require calibration.

VII. REDOX (mV) AND TEMPERATURE MEASUREMENT

28. Redox (mV) measurement

The multifunction meter CX-701 has the accurate mV measurement function. To read the value in mV one should press the „Options” button displayed in the lower right corner of the screen. After entering the “OPTIONS” screen choose the mV measurement. After return to the measurement screen, by pressing the “Return” button, the mV measurement screen will be displayed. 

28.1. mV measurement parameters

All parameters are entered from the „mV MEASUREMENT PARAMETERS” screen available after pressing the 
[image: image35.wmf] button in the right upper corner of the mV measurement window. In the “MEASUREMENT” window the parameters may be set. After pressing the window with the chosen parameter it may be changed or new value may be entered with use of displayed keyboard. The entered value is confirmed with the “OK” button. 

In the „MEASUREMENT” window one may enter following parameters:

Resolution

change the resolution;

Meas (measurement)
choose the relative or absolute kind of measurement.

Ref. Voltage
enter the reference value by pressing and entering the entering the value into the window or press the „measure” button – what will take the actually measured mV value as a basis of the relative measurement. 

Measurement from input:


pH – the source of the signal will be the pH/mV connector


pX - the source of the signal will be the pX/mV connector

Upper chart limit
maximal value of the graph in the graphical mode.

Lower chart limit 
minimal value of the graph in the graphical mode.

Time between measurements describes, the number of seconds between plotting next point of the graph on the screen.

28.2. mV measurement

After entering the chosen parameters one may start the measurement.

On the left side of the window an information is displayed “Input: pH” it informs which connector was chosen as the signal source. In case of entering the reference voltage on the screen a „Vref=„ information is displayed and the the entered value of the reference voltage, next to the result a REL symbol will be displayed.
To measure the mV one should:

· depending on the connector chosen as the signal source pH/mV or pX/mV connect the redox, ion selective or pH  electrode to it.

· immerse the electrode in the measured solution;

· read the result after stabilisation.

29. Temperature measurement

The result of the temperature measurement may be seen in the temperature measurement window constantly displayed in the lower part of the screen. It is also possible to choose in the „OPTIONS” the temperature measurement window as the main one – numeric or graphic.

The meter co-operates with a CT2S-121 temperature sensor manufactured by our company using Pt-1000S platinum resistor for measurement.

CT2S-121, is a selected sensor with lower measurement error in comparison to standard sensor with Pt 1000B resistor. In the range 0 ( 100  0C the final error of the measurement, equal to sum of the meter’s and probe’s errors, is no larger than 0,30C. in the room temperatures the accuracy is higher. Obtaining such accuracy requires taking the characteristics of cable and sensor. Such characteristics are included in 4 digits code so called “sensor group” given by it’s manufacturer. The calibration is based on entering this group to the meters memory and is a condition of accurate temperature measurement. 

The user gets the meter with a calibrated sensor and sensor group entered to the meter’s memory. After purchasing new sensor it is necessary to make the calibration by entering it’s group, the digits are given by it’s manufacturer. 

29.1. Temperature measurement parameters

All parameters are entered in the „TEMPERATURE MEASUREMENT PARAMETERS” screen, available after pressing the 
[image: image36.wmf] button in the upper right corner of the temperature measurement widow. In this screen two windows will be displayed „MEASUREMENT” and CALIBRATION DATA”. 

After pressing the window with chosen parameter, displayed in white colour, it may be changed or the requested value may be entered with use of numeric keyboard. The entered value is confirmed with the “OK” button. The windows in black colour are only informative and can’t be changed.

In the „MEASUREMENT” window one may set the below given parameters.

Resolution

„Lo“ low resolution,1 0C





„Hi“ high resolution 0.01 0C.

Unit



result displayed in  0C,  K,  0F.

Manual temp.
 
value for manual temperature compensation.

Upper chart limit
maximal value of the graph in the graphical mode.

Lower chart limit 
minimal value of the graph in the graphical mode.

Time between measurements describes, the number of seconds between plotting next point of the graph on the screen.

In the „CALIBRATION DATA” window it is possible to choose the number of sensor and read it’s calibration code.

29.2. Calibration of the temperature sensor

The calibration of the temperature sensor is based on entering to the meter’s memory the sensor’s group. Entering this data lowers the measurement error. After entering the sensor group the sensor’s parameters and cable resistivity. The cable length may be up to 50 meters and after entering the sensor group automatically the influence of the cable on the result is compensated. 

To enter the sensor group one should:

a.
after pressing the „Options” button enter the „OPTIONS” screen and choose the temperature measurement as the main one; 

b.
return to the measurements screen by pressing the „Return” button and next enter the „TEMPERATURE MEASUREMENT PARAMETERS” by pressing the 
[image: image37.wmf] button in the right upper corner of the temperature measurement window. Choose the sensor number and return to the measurement screen by pressing the „Return” button.

c.
Enter the calibration mode by pressing and holding the „Calibration” button till the change of background colour in the temperature measurement window. The earlier stored calibration data for the chosen sensor number will be deleted;

a. press the  
[image: image38.wmf] button in the upper right corner of this window and enter the „TEMPERATURE MEASUREMENT PARAMETERS” screen;

b. In the window „CALIBRATION” in Sensor group line enter the 4 digit of the sensor given by the manufacturer. 

Return to the measuring screen by pressing the ”Return” button.

29.3. Measurement

To make the measurement immerse the probe in the measured solution and wait for the stabilisation of the result. 

The probe should be immersed no less than 2 cm. The deeper is the sensor immersed the faster is the stabilisation time. 

CAUTION: break in the circuit of the temperature probe switches the meter to the manual temperature compensation mode. It is signalised by changing the 
[image: image39.wmf] symbol to 
[image: image40.wmf] symbol. On the display the value of the temperature entered by the user is displayed.
Blinking -50°C value during measurement in positive temperatures informs about short circuit in the temperature probe
VIII. STORING RESULTS AND MEASURING SERIES

30. Storing the results, readout of the stored data

The meter enables storing practically not limited number of the results of all activated measuring functions. The results are stored on 1Gb SD card as a text files. Additionally a SD card reader is delivered in set with the meter, it may be connected to the PC and data from the card may be copied to the PC memory. Before starting storing a measuring series or single measurements in the meter’s memory it is necessary to set the parameters of storing only after their setting it is possible to start collecting results in the memory. After storing a measuring series on the SD card a file which includes the stored results of all functions displayed on the screen, date and time of storing. The series may be reviewed in numerical or graphical form, they also can be transferred to a PC with use of SD card reader delivered in set. 

30.1. Parameters of storing in the memory

To set the parameters of storing the results in the meter’s memory it is necessary to press the „Options” screen and in the ”OPTIONS” screen in “SERIES AND TITRATION” window set the requested settings by pressing the right windows.

Function


- choose „series”. 

Collecting type

- way of collecting the data:


- „auto” – series collected with the set time interval and number of measurements,


- „manual” - series collected with storing of the result after each pressing of the „Start” button on the measuring screen.

Directory

- enter the name of directory where the file with series will be stored, it is also possible to choose already existing directory.

File name

– enter the name of the series or choose the storing under already existing name, when starting the collecting an information will be displayed with warning that such file already exists;

No. Of measurements – enter the number of measurements (1 to 99999 )

Time between measurements - enter the time interval between storing the measurements, in seconds (1 to 9999s).

SD card buffering   

The life of the SD card depends on the number of recordings on it. Buffering enables storing sets of data in the meter’s memory and than saving the sets on the SD card. Such way of recording is a bit risky, because in case of sudden break in the power supply the set of data from the meter’s memory will be lost.

30.2. Collecting single result sets

To prepare the series taken manually for storing one should press the „Options“ button and in the „SERIES AND TITRATION“  window choose:

a.
„Directory“ – enter the name of directory in which the series will be stored; 

b.
„File name“ – enter the name of series;

c.
choose the window with description „manual“;

b. press the „Return“ button to return to the measuring screen; 

c. storing of the actually displayed result after each pressing of the „Sample“ button.

 Pressing the „Start“ button begins collecting the manual series. In the place of ”Start” button a Sample and Stop buttons are displayed and below a window with a number of collected measurements. Each pressing of the Sample button stores actual values of the displayed functions. The data will be stored in the file with earlier set name. Manual collecting of the data is finished by pressing the Stop button 

30.3. Automatic collecting series of measurements

To prepare the automatic collecting of series one should press the „Options“ button and in the „SERIES AND TITRATION“  window choose:

a. „Directory“ – enter the name of directory in which the series will be stored; 

b. „File name“ – enter the name of series;

c. choose the window with description „auto“;

d. press the „Return“ button to return to the measuring screen; 

e. the automatic collecting of measuring series is started by pressing the „Start“ button.

f. The „Start“ button will be replaced with “Stop” button, pressing it stops collecting of data in the series. 

30.4. Reviewing the results stored in the memory

To read the results stored in the memory one should:

a. press the „Options“ button to enter the „OPTIONS” screen;

b. press the „Series result review” button, placed below the „SERIES & TITRATION” window; 

c. a screen with all the created directories will be displayed, choose one by pressing its name;

d. after pressing the „Go to” button the files saved in this directory will be displayed;

e. choose the file with series you want to observe by pressing it’s name;

f. choose the way of displaying the series – numerical or graphical. The choice is done by pressing a „Table“ or  „Chart“ button displayed on the right side of screen.

g. in case of choosing the „Chart“ a window from which one has to choose which of the stored measuring functions will be displayed in the chart form. 

[image: image59.png]


The picture 9 shows numeric screen with a measuring series taken for the pH function.

Pic 9. Screen with results of the collected measuring series

Picture 10 shows a chart created from the results stored in the memory. 

The vertical axis is marked with upper and lower limits between which the chart was placed. Below the graph windows with following information are placed:

Y: 1.000pH/div 
informs how many units of the measured value are in the one part of the vertical axis. With the 
[image: image41.wmf] , 
[image: image42.wmf]  buttons one may change this value and in this way zoom in or out the graph in the Y axis (zoom function)

X: drawn points
informs how many results are in the chart visible on the screen (ex. from 50 to 400). With the 
[image: image43.wmf] , 
[image: image44.wmf]  buttons one may change this value and in this way zoom in or out the graph in the X axis (zoom function)
Cursor 
position of the cursor and value of the function in this place. With 
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[image: image46.wmf] buttons it is possible to change the cursor’s position and to read values of the stored results in this points. The coursor may be set in freely chosen point of the X axis by pressing this place with a finger. 
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On the left side of the graph window a vertical strap with a black slide. The length of the slide is proportional to the range of values displayed on the graph. By moving this stripe one may move and locate the chart on the screen. To do so the arrow buttons above and below the window may be used. It is also possible to move the stripe with a finger.

Pic 10. Screen with measuring series results in chart form.

Buttons below the table (Pic.9) and on the right side of the graph (Pic. 10) enable moving the screens, what makes moving on long charts much easier. Window with two arrows moves the cursor for 1 page, the button with single arrow moves the page for ¼ of the screen.  

The „Return” button enables entering the window with names of the series in the earlier chosen directory. 

30.5. Deleting the stored results 

There is no way to delete single results from the whole series. There is only possibility of deleting whole series.

To do it choose the „OPTIONS” screen by pressing the „Options” button and in the window „SERIES & TITRATION” press the „Series result review”. After choosing the file which should be deleted press the „Remove” button. 

Deleting of a directory with all series collected in it may be done only after connecting the SD card to the PC.

IX. TITRATION

31. Kinds of titration

The titration process is treated by the meter as specific kind of measuring series. Two kinds of titration are possible: semiautomatic and manual. This kinds are connected with the kind of used burette. 

When titrating with manual burette it is assumed that the doses of the added titrant don’t have to be identical and each dose after the stabilisation of the result should be entered to the meter’s memory. 

When titrating with automatic burette it is assumed that there is possibility of adding constant doses of the titrant during the whole process. After finishing the titration the total volume of the added doses is entered to the meter’s memory.

There is no possibility connecting the meter with a burette and controlling it’s work by the meter.

32. Entering the titration parameters

Press the „Options” button. In the „DISPLAY” window choose the measuring function in which the titration will be done and the kind of screen – graphic or numeric. It is suggested to choose the graphic screen, because it’s observing makes controlling and defining the end of titration easier.

In the „SERIES & TITRATION” window choose: 

„Function“ 

– titration.

„File name“

– enter with the keyboard name of the series in which the titration results will be collected (8 letters). This will be the name of a file with the results.

„Directory“

– Choose or create a directory in which the files with series will be collected (8 letters, ex. Titr.1) and save the series in it.

„Time between measurements“:

“auto” the results will be stored each 5 seconds for the temperature and each 1 second for the other functions. This values are constant and can’t be changed.

 „collecting type”
  way of collecting the data


– „auto” – automatic burette – dosing this same portions of titrant added with identical time periods,


- „manual” – requires entering, by the user, to the meter’s memory, volume of each added  portion.

 „Titrant“
 – choose „acid” or „alkali”.

By conductometric and calorimetric titration the choice of titrant has no matter.

33. Course of titration

33.1. „Manual” titration

After setting parameters and choosing „Collecting type” „manual” one should return to the measuring screen by pressing the „Return” button and start the titration.

1. press the „START” button, on the right side of the measuring screen buttons „Sample” and „Stop“ will be displayed and below them small titration window with the series (file) name, and windows “Sample” and “Total volume”. One should start adding the titrant by adding a specific volume. After stabilisation of the result store it by pressing “End” button a numeric keyboard will be displayed and one should enter the volume of the added portion (in ml) and confirm it with „Ok” button.

2. After each adding the titrant and result stabilisation one should enter the volume of added portion..

The results of all portions will be added in the „Total volume” window.

After entering the volume of the portion the meter automatically starts the measurement. When on the basis of chart observation the user will recognise that the titration was carried out, the measuring series should be stopped  by pressing the „Stop” button displayed on the right side of the measuring screen. 

33.2. Semiautomatic titration

By titration with automatic burette the start of the process is identical like previously. The difference is that the rest of the process is automatic. The results are collected regularly each 1s or each 5s by calorimetric titration. The titration is finished by pressing the “End” button. After the titration was stopped, to the titration window, with use of keyboard the total volume of the added titrant has to be entered. 

Titration with automatic burette, just as titration with manual burette may be interrupted by pressing the „Stop” button, 

It must be remembered that interrupting the automatic titration with this button will cause in loosing all results and in case of manual titration only the last result. 

33.3. Preparing the results

By potentiometric titration (windows pH, pX, mV) appointed are values of the added titrant, for which the maximum of derivative of the measured value in relation to volume or minimum of the derivative depending what titrant was chosen (pic. 11).

 mV
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By conductometric titration the values of volume, for which the change of derivative sign appeared, are determined This are the points of crossing of the straight which approximate the individual segments of the collected series graph (pic. 12). 

cond.
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For the calorimetric titration, which is based on the measurements of temperature effects of chemical reaction, the temperature changes are determined (pic. 13). The automatic calorimetric titration differs from potentiometric and conductometric one because the whole volume of the titrant is added directly before the whole titration process and in the other two cases the titrant is added evenly during the whole process.

temp.
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After finishing the titration it is possible to observe the gathered results in numeric or graphic form, similarly like in normal measuring series. The way of acting is described in the "Storing results and measuring series”. The determined final points of titration are stored with the taken measuring series and may be observed after opening the file with this series by pressing the “Chart” button.  During observing the results of titration in numeric form one should  move to the end of the series, where the final points of titration may be seen.  The fastest way to do it is by pressing the buttons on the right part of the screen with double arrow. 

The results of titration are stored with chosen resolution (in menu “Measurement”), and with this same resolution the final points of titration are determined. Thanks this, choosing the right resolution may eliminate the unwanted points. Additionally it is possible to observe the derivative of the measured value with relation to volume. On the end of the results in numeric form additional information is placed. The total volume of the titrant is given. For pH, pX and mV titration the successive minimum and maximum values of the derivative are given. For conductometric titration successive volumes are given, for which the change of the derivative sign has changed. For calorimetric titration successive temperature jumps are specified. By every specified characteristic point a number of the measurement (portion) closest to this point is given. 

To review the results of titration one should act exactly this same as during reviewing the measuring series results (description in the previous chapter).

X. OTHER

34. Co-operation with a PC

There are two ways of co-operation with a PC.

1. By connecting the SD card with a PC and transferring the data included on the card.

2. By connecting the meter with a PC with use of USB cable, what enables transfer of the current readouts or the series collected in the meter’s memory to the PC. For the data transmission it is necessary to use special software. The software is delivered on a CD. After inserting it to the drive auto installation program will start automatically. Follow the instructions given during the installation process. 

The user’s manual is attached to the software.

CAUTION:
the meter and the PC should be switched on after connecting the cable to both devices.

35. Maintenance

The touch panel requires periodical cleaning. The best solution is to use some window cleaning solution like “Clin” etc. Gently sprinkle a soft cloth and wipe the screen and next dry it. The housing may be cleaned in similar way.

Spilling some corrosives on the panel may destroy it. 

The buttons should be touched with tip of the fingers or special scriber, designed for this purpose. Sharp ended products like pencils or pens can’t be used – the touch panel may be destroyed. After taking out the SD card protect it against damaging by carrying in foil bag or special container.

36. Technical data

pH MEASUREMENT:






INPUT IMPEDANCE:





>1012 \SYMBOL 87 \f "Symbol"
TEMPERATURE COMPENSATION:


manual/automatic

COMPENSATION RANGE:




-5.0 ÷ 110.0 oC

pH ELECTRODE CALIBRATION: 


semiautomatic

NUMBER OF CALIBRATION POINTS:


1 ( 5 points

THERMAL STABILITY OF ZERO:



0.0005 pH/ oC 

RANGE OF ENTERING AND RECOGNITION OF THE BUFFER SOLUTIONS

	calibration point
	range

	1
	0,800 ( 2,100

	2
	3,900 ( 4,100

	3
	6,800 ( 7,100

	4
	8,900 ( 10,200

	5
	11,800( 14,000


AUTOMATIC CHANGE OF THE pH VALUE OF THE STANDARD SOLUTION WITH THE TEMPERATURE CHANGE – FOR THE STANDARDS COMPLIANT WITH THE NIST NORMS IN RANGE 0 ÷ 60 oC (point. 10.2).

ION SELECTIVE MEASUREMENT:



	-2.000 \SYMBOL 184 \f "Symbol" 16.000 pX
	0.001 / 0.01 pX
	±0.002 pX

	0 ÷ 100 M/l
	0.01 / 0.1 %
	±0.25 %

	0 ÷ 1 000 g/l
	0.01 / 0.1 %
	±0.25 %




INPUT IMPEDANCE:






>1012 \SYMBOL 87 \f "Symbol"
TEMPERATURE COMPENSATION:


none

CALIBRATION OF THE ELECTRODE:



in 1 ( 5 points
mV MEASUREMENT:






INPUT IMPEDANCE:





>1012 \SYMBOL 87 \f "Symbol"
CONDUCTIVITY MEASUREMENT:











	20.00 \SYMBOL 184 \f "Symbol" 199.99 mS/cm
	0.01 / 0.1 mS/cm
	±0.25 %
	10 kHz




*
Accuracy refers to the final value of the range.

The limits of the frequency changes given for the K constant = 1. For other values of the K constant the limits will change proportionally to the changes of the K constant.

Temperature compensation:
manual/automatic

Compensation range:





-5.0 ÷ 70.0 oC

K constant range





0.010 \SYMBOL 184 \f "Symbol" 19.999 cm-1
α coefficient range





0.00 \SYMBOL 184 \f "Symbol" 10.00 %/ oC

TDS coefficient range 





0.20 \SYMBOL 184 \f "Symbol" 1.00

Measuring range with conversion to KCl

0 \SYMBOL 184 \f "Symbol" 200 g/l

Measuring range with conversion to NaCl

0 \SYMBOL 184 \f "Symbol" 250 g/l

DISSOLVED OXYGEN MEASUREMENT:








Temperature compensation range:


0.0 ÷ 40.0 oC

Salinity compensation range:



0.0 \SYMBOL 247 \f "Times New Roman CE" 250.0 g/l

Pressure compensation range:



800 \SYMBOL 247 \f "Times New Roman CE" 1100 hPa

Sensor calibration:


Two points






in 0% and 100% O2
or
one point 






in 100%O2.
Oxygen sensor:
membrane, galvanic

Accuracy







1%

ATMOSPHERIC PRESSURE MEASUREMENT:






TEMPERATURE MEASUREMENT:






· Accuracy of the meter 

· Temperature sensor
platinum resistor Pt-1000S

Accuracy of the sensor in range 



0 ÷ 100 0C:

With the Pt-1000S resistor




±0.27 0C

OTHER:

NUMBER OF STORED RESULTS:


unlimited

WORKING TEMPERATURE:



0 to 40 oC

POWER:
stabilised power adapter


15V/1200mA

POWER CONSUMPTION:




450 mW

DISPLAY:







LCD  10”

DIMENSIONS:






280 x 262 x 94/38 mm

WEIGHT:







1,7 kg

37. Equipment

1. The standard set includes:

2. Temperature sensor Pt-1000S.

3. Power adapter 15V/1200 mA.

4. 2GB SD card

5. SD card reader

6. User’s manual and data transmission software on CD.

The additional equipment:

1. Combination pH electrode – chosen for the kind of solution which will be measured.

2. Additional conductivity cells, chosen depending on the range in which the measurements will be done.

3. Ion Selective Electrodes.

4. Redox (mV) electrodes.

W A R R A N T Y

The ELMETRON company ensures a 24 months warranty for the multifunction meter CX-701 number:

..................................................

In case of damage the producer will repair the meter within 14 days from the day of delivery.

The warranty doesn’t cover the damages caused by usage not in conformity with the user’s manual, using wrong power adapter, mechanical damages and damages caused by repairs made by unauthorised persons. 

The pH electrode, conductivity cell, oxygen sensor have the warranty of the producer.

NOTICE: Before sending the meter to us please contact the firm by phone or email. 

When sending the meter, the used electrode, conductivity cell, oxygen sensor, temperature probe and power adapter should be also included.

Date of production.........................................

Date of sale...................................................

Date of warranty expiry..................................
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