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Introduction

Atomic Absorption Mercury Vapor Analyzer GARDIS-3 (further referred to as the analyzer) is a portable and sensitive instrument intended for the determination of ultralow quantities of elemental mercury vapor (Hg0) in air and in other gases. It operates by detecting l=253.7 UV light absorption by Hg atoms.

The analyzer is a highly integrated device. It contains the spectrophotometry unit, the gas pumping system, one (or two, optional)  gold traps with their heating coils, and the microprocessor system.

There are no “undetectable levels” for this analyzer, in the lower troposphere. Being portable and operating with simple air as a carrier gas, the analyzer offers the detection limit close to the best atomic fluorescence systems currently available.

Construction of some of the components of the sampling train and optic system are patented and patent pending.

Unpacking

Unpack the analyzer carefully. Take the analyzer in your hands, turn and shake slightly, to make sure that no strange irregular sounds can be heard (caused by loosen or broken parts inside). The only part which may clank, is “zero” light diaphragm which is governed by its own weight.

Make sure to remove all the packing tapes and protective paper from the analyzer exterior, in particular from the ventilation slots, prior to operating the analyzer. If there are any residuals from the Scotch tape glue, they may be cleaned with a soft tissue and ethanol.

Precautions

Keep the Gas Inlet plugged or protected with an aerosol filter when transporting or not using the analyzer.

Unplug the Gas Inlet before using the analyzer. If the pump is started with the plugged Gas Inlet, then first switch off the pump and wait for at least two minutes, then unplug the gas inlet. 

Never allow liquids to enter gas analyzer Gas Inlet. Apply an aerosol filter when sampling ambient air.

The analyzer can be operated at ambient temperature  +5 to +35 oC.

When operating from 12 VDC (optional), feeding voltage should be in the range 11.5 to 15 V. Connect the battery properly. Our analyzer frame is connected with “minus”, therefore, do not shorten the analyzer frame with your car frame in case your car “ground” is “plus”.

The analyzer can be operated at the horizontal position or at a position declined from the horizontal not more than by 20 degrees. The ventilation slots of the upper cover of the analyzer should not be covered. Direct sun rays should be avoided.

As any precise photometric device, the analyzer is sensitive to changes in ambient temperature. Best stability and sensitivity is achieved when the analyzer is operated indoor, sampling the air from outside through a Teflon line, if necessary. Installing the analyzer outdoor or where it is subjected to draughts or strong temperature convection streams, may cause higher instrumental noise and therefore worse detection limit.

For manual operation: do not run the pump at the “High” flow rate when the gold traps are heated.

1. Preparing for the operation

1.1  Checking the switches

Check that the power switches both on the power supply unit and the analyzer are in the position “OFF”.

1.2  Feeding from mains
Take the Power Supply which is included together with the analyzer. Connect the primary cord of the Power Supply to 220 V 50 Hz  AC, and the secondary cord to the analyzer back panel. Set the switch of the Power Supply to the position “ON”. 

1.3  Switching the analyzer on

Switch on the “POWER” switch. The “POWER” switch and reading “u X.X” on the LED display light up. The figure “X.X” is the number of the analyzer internal program version. When the analyzer is switched on, it may take from few seconds to few minutes to light up the UV source, EDL mercury lamp. During this time, the number of the analyzer internal program version is displayed on the LED display. Afterward reads the numbers off UV lamp intensity adjustment. And finally when the EDL Hg lamp lights up and intensity is adjusted, the display starts to read “zero” (“0.0”). The analyzer is then ready for operation
Setting the clock

If the analyzer was not in use for a long time (longer than two weeks), internal clock may need manual correction. Go to parameter A0 and enter correct date and time.

1.4  Preparing for the operation

Warm-up the analyzer for at least ten minutes.

Insert USB Flash memory stick.
(Wait at least 5 seconds after USB Flash memory stick insertion and before taking any next action with the analyzer).

2. OPERATING AUTOMATICally

Make sure that the gas inlet is unplugged and aerosol filter is applied. Start the standard analysis program by pressing the “START/ ENTER” button.

The program includes: 

Checking the UV light intensity. The amount of UV radiation is checked and adjusted if necessary. 

Checking optic balance between the sample and reference optic cell. In this step, light intensity balance is checked and adjusted, if necessary, by moving the diaphragm.  “BAL” is showed  on the LED display during the procedure (normally this procedure takes from few to ten or twenty seconds. Failure to set light balance is indicated as errors “E.6”, “E.7” or “E.8”, see chapter “Error Indication”);

switching on the pump for the time period preset on the “SAMPLING TIME“  function (default 60 seconds) and displaying the time which is left. In this step, the ambient air is sampled and mercury is collected onto the concentrating gold trap (or onto the analytical; gold trap if one trap is used);

switching off the pump;

switching the gas valve to the “low” position, switching on the pump, and heating the concentrating trap for a time period preset on the “heating concentrating trap duration” function. In this step, the collected mercury is thermally desorbed from the concentrating trap and transferred to the analytical trap (this step is optional; standard version omits it and does not use the “concentrating” gold trap);

heating analytical trap for a time period preset on the “heating analytical trap duration” function. In this step, the mercury is thermally desorbed from the analytical trap and transferred to the optical sample cell, and the absorption of the UV light caused by the Hg atoms is registered. Few seconds before the end of this procedure, “zero diaphragm” closes the reference light beam to check the total light intensity.

switching off the pump, the heating of the concentrating and analytical traps, and displaying the final result in flickering mode. The final result is calculated according to the maximum value of light absorption. Exponential Bouguer-Lambert law of light absorption and possible drift of the optical system are taken into account. In this step, both the concentrating and analytical trap are switched off and cooled;

after two more minutes, switching the gas valve to the “high” position. (The cooling time can be shorter than 2 minutes, down to 30 seconds in case cooling fans are used, optional).. The measurement result reading is no longer flickering, which means that the analyzer has returned back to its initial state and new measurement cycle can be started.

It is possible to interrupt the program at any moment and to return the analyzer to the default initial state by pressing the “RESET” button. However, it is not recommended to do so in those steps when the valve is in the position “LOW”. 

Photometric analysis is performed when the analytical trap is heated, therefore please avoid disturbing the analyzer mechanically in this time.

Finishing the operation:

It is desirable to have the analyzer returned to its initial state before switching the analyzer off. 

3. Using menu functions

The Analyzer front panel controls (except POWER switch) are shown in a figure below.
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The LED display reads “0.” after the analyzer is switched on. Meanings of the control buttons are as follows:

“START” or “ENTER”;

Arrow to Right or Concentrating Trap heating on/off;

Arrow to Left or Analytical Trap heating on/off;

Arrow Up or Pump on/off;

Arrow Down or gas Valve switching to “Low”/“High”;

RESET.

Just after the analyzer is switched on, red inscriptions are working. Standard measurement program can be started by pressing “Start/Enter” button or stopped by pressing the “Reset” button. To change any of the internal instrument parameters, the appropriate item of the function menu should be selected by navigating with the arrow keys. There are many ways to scroll round all the functions. The following map can help you to orient yourself:

	Main Screen (analyzer working mode)

	H9
	L9
	P9
	A9

	H8
	L8
	P8
	A8

	H7
	L7
	P7
	A7

	H6
	L6
	P6
	A6

	H5
	L5
	P5
	A5

	H4
	L4
	P4
	A4

	H3
	L3
	P3
	A3

	H2
	L2
	P2
	A2

	H1
	L1
	P1
	A1

	H0
	L0
	P0
	A0

	Main Screen (analyzer working mode)


The Main Screen has no specific name. In this mode automatic measurements can be run. The Main Screen reads results of measurements or error messages in case normal measurement result could not be obtained. Meanings of error messages are listed in Chapter 8, “Error Indication”. Meanings of the functions are as follows:

Gardis Version 6.0 Internal Program Parameters
	
	Description
	Default

value
	Min
	Max
	Logged
	Set by RS232

	H0
	Sampling time (in seconds)
	60
	0
	9999
	
	+

	H1
	“Calibration Constant”. The required exact value is to be found by calibrating the analyzer. 
	250
	0
	999
	+
	+

	H2
	Duration of Concentrating trap heating, in seconds
	0
	0
	60
	+
	+

	H3
	Duration of Analytical trap heating, in seconds
	60
	10
	60
	+
	+

	H4
	Lamp power supply voltage (in arbitrary units)*
	40
	0
	99
	+
	+

	H5
	Pump power supply voltage (in arbitrary units)**. 
	40
	0
	99
	+
	+

	H6
	Chopper speed (RPM).
	1500
	1200
	5000
	+
	+

	H7
	Lamp intensity test. (not used)
	
	0
	51
	
	

	H8
	Display segments test. When entered, all display segments must be switched on.
	
	
	
	
	

	H9
	Test of the balance (Button “Up” activates shutter)
	100
	0
	6553
	
	

	L0
	Manual operation mode. “P”- pump is switched on, “H” - valve is switched to high flow rate, “L” - valve is switched to low flow rate, “C” - concentration trap heating is switched on, “A” - analytical trap heating is switched on.
	
	
	
	
	

	L1
	Display intensity
	7
	0
	15
	
	

	L2
	Manual operation of the light diaphragm balance mechanism. Photometer baseline level (in arbitrary units) is read on the LED display. Keep pressed the “Arrow Up” key to move the diaphragm towards opening the reference beam (readings of the LED display should go up) or “Arrow Down” key for the opposite operation.
	
	
	
	
	

	L3
	Auto Balance.  “BAL” is showed  on display until light equilibrium is achieved.  (Usually this procedure takes from few to ten or twenty seconds. Failure to set light balance is indicated as errors “E.6” or “E.7”, see chapter “Error Indication”)
	
	
	
	
	

	L4
	Not used
	
	
	
	
	

	L5
	Not used
	
	
	
	
	

	L6
	Optical cell heating, % *
	0
	0
	99
	+
	+

	L7
	Input voltage control
	13.2
	11.5
	15.0
	
	read

	L8
	Analytical trap cooling time, sec
	120
	0
	999
	+
	+

	L9
	Sampling flow rate, milliliters per min (Press “Up” arrow to increase flow rate, “Down” to decrease)
	1000
	0
	9999
	+
	+

	P0
	Instrument serial number
	
	
	
	
	

	P1
	Analytical Trap heater operating voltage x 0.1V
	115
	100
	150
	+
	+

	P2
	Concentrating Trap heater operating voltage x 0.1V
	115
	100
	150
	+
	+

	P3
	Concentrating Trap heater warming in %
	0
	0
	99
	+
	+

	P4
	Analytical Trap heater warming in %
	0
	0
	99
	+
	+

	P5
	Inject dose instantly (pg) RS232:read actual temperature
	0
	0
	9999
	
	

	P6
	Sampling interval in minutes 

0- manual start, 

1- 2 min

2- 3 min

3- 5 min

4- 10 min

5- 15 min

6- 20 min

7- 30 min

8- 60 min
	0
	0
	8
	
	+

	P7
	Dosing device calibration constant (mass, pg to injection time, min)
	2000
	0001
	9999
	+
	+

	P8
	Dosing device heater temperature in 0.1C (also RS232) / Actual temperature 
	500
	200
	999
	+
	+

	P9
	Calibration dose injection setup (cycles – dose – cycles – dose – cycles – dose – cycles – dose – cycles – dose) total 5 points of calibration. RS232: read dosing device status
	-
	-
	-
	
	

	PA
	RS232: flow meter calibration (RS232 only) 
	
	
	
	
	+

	A0
	Set clock (year – month and day – hour and minute – second)
	
	
	
	
	+

	A1
	Adjust clock (x ~8 sec/month)
	0
	-64
	63
	+
	

	A2
	USB Flash test 
	
	
	
	
	+

	A3
	Not used
	
	
	
	
	

	A4
	UV Lamp intensity control settings (4 values)

Critical minimum

Low limit of allowed interval

High limit of allowed interval

Critical maximum

Used by light checking procedure at the beginning of measurement. If light value is below critical minimum or above critical maximum, procedure tries to change lamp intensity by changing H4 value to get in range. Failure gives error E15 or E16. If intensity is above critical minimum but below allowed low limit, procedure increases lamp intensity value H4 only by 1 point and leaves. Also if intensity is below critical maximum but above allowed high limit, procedure decreases lamp intensity value H4 only by 1 point and leaves. 
	500

1500

4500

5500
	0000

0000

0000

0000
	9999

9999

9999

9999
	+
	

	A5
	Display result, mass (0) or concentration (>0)
	0
	0
	9
	+
	+


For example, to change sampling time (in seconds), go to function “H0” from the main screen by pressing “Arrow Up”, enter the function by pressing “Start/Enter”, change the value with arrow buttons, save and exit by pressing “Start/Enter” (or exit without saving with “RESET”), and get back to the main screen by pressing “Arrow Down” button. NOTE: if you change and save any of the analyzer parameters, your changes will remain  even when the analyzer is switched off.

	Note: some of the parameters (Sampling time, Concentrating trap heating time, Analytical trap heating time, Cooling time and Optical sell heating, %, Gold trap warming) may be set up both on the analyzer itself and from the “Gmonit” computer program, “Options” and “Schedule” dialog boxes. Once the analyzer is run connected to the computer, the parameters set up in the Gmonit program take effect and are overwritten on the ones previously set up on the analyzer itself.


Normally the valve, the pump and gold traps heating are switched automatically by the analyzer measurement program. For special purposes or analyzer tests, they can be switched manually after entering the “L0” function. The current state of the analyzer is then represented in the LED screen, for example:


[image: image2.wmf]
 means that the Pump, Analytical and Concentrating trap heating is switched on, whereas the valve is switched to the Low flow position;


[image: image3.wmf]
means that the valve is switched to the High flow position and all other units are switched off (this is the analyzer default initial state).

4. operating manually
The pump, the gas valve and both traps may be switched on/off by pressing the corresponding buttons while running  function “L0” as described in a chapter above. Strong aerodynamic blows may cause damage to gold traps, therefore program hinders switching the gas valve while the pump is in operation. Switch off the pump before changing flow rate.

Precaution once again: do not run the pump at the higher flow rate for more than few seconds if at least one of the traps is heated. Hot air stream entering optical sample cell may cause damage to it.

When operating manually, the result can be calculated from the peak heights obtained by connecting a chart recorder to the “Diff. Out” output situated on the back panel of the analyzer (see chapter “Output for the Recorder”).

If you need to switch from low to high flow rate, then switch off the pump, wait for at least fifteen seconds, switch the valve to the position “HIGH” and switch on the pump.

It is possible to interrupt operation at any stage and to return the analyzer to its initial state by pressing the “RESET” button. (Although it is not recommended to do so when the pump is run at the “Low” flow rate). 

Stand alone operation:

Analyzer can operate in automatic mode. Measurements are done periodically with time interval set by parameter P6. Results can be stored in USB flash memory stick, inserted into the hole at the left of the front panel. Each day a new data file is created. Filename consists of letters “Ga”, 2 digits of year, 2 digits of month and 2 digits of day. The file extension is “DTA” – Gardis data file. (e.g. Ga20080530.dat) It contains all data necessary for future procession. This data can be viewed with Gardis monitor program, GMONIT or imported into other programs like Microsoft Excel.

Log file is also stored in USB Flash memory as “Gardis.log” . It records all parameter changes.  

5. OUTPUT FOR THE CHART RECORDER
(cancelled)
6. CALIBRATING THE ANALYZER

6.1 Dosing Hg vapor
The most direct method is saturated mercury vapor syringe injections. To avoid condensation, mercury vapor should be equilibrated at a temperature equal or below the room temperature. Few tens of microliters volume gas tight laboratory syringe is  convenient. For example, 38 uL of Hg vapor at 200C contain 500 pg of mercury, what is half of the analyzer detection range.

Inject mercury vapor using “High” flow rate. You can run pump manually and then run program with sampling time “0 sec”, or run program with short sampling time (e. g. 30 sec.) which is enough for the injection. It is desirable not to touch the “Gas Inlet” connection with the syringe needle. Better to attach some tubing or injection port to the Gas Inlet connection, and inject Hg vapor into it.

Contribution from ambient air should also be evaluated. However, it is expected to be relatively small in unpolluted indoor or outdoor environment.

6.2  Calculating the Calibration Constant 

The value set on the “Calibration constant” function setting is a figure by which the intermediate result is multiplied by the microprocessor system to obtain the final result, in picograms. Therefore, the higher value is pre-set on the “CALIBR. CONSTANT” function, the higher result is read on the LED display for the same amount of mercury.

Assume that your calibration experiment gave the result lower by 10 percent than expected. The calibration constant then should be set higher by 10 percent than it was set previously. 

Practically, it is convenient not to change the “calibration constant” very often. For example, if you are running long lasting measurements from the atmospheric air and time to time are making calibrations which require minor adjustments of sensitivity, it is convenient to keep the “calibration constant” at the fixed value and to make the necessary corrections when proceeding the data afterwards. One the other hand, it can be convenient to change the “calibration constant” when some important changes (e.g., replacement of parts or change of operation mode from air to liquid and vice versa), have been performed.

7. Effect of AMBIENT Temperature on the analyzer sensitivity

Recommended temperature range for the analyzer operation is 00C to +300C. Below this range, difficulties may appear when exciting Hg lamp and running the pump. Above this range, overheat of power supplying and other hot units may occur.

Sensitivity of the analyzer does not depend on the lamp intensity directly thanks to the automatic gain control. However, slight dependence on lamp intensity and ambient temperature exists due to the fact that the width of the lamp spectral feature varies. We have detected 0.25% to 0.75% increase in sensitivity at ambient temperature decrease by one degree centigrade. 

When changing microwave power supply power from minimum to maximum, decrease in sensitivity up to 15% may be detected (however, extremely low power results in higher noise and worse detection limit). It is not recommended therefore to adjust the lamp power supply voltage once the analyzer is calibrated.

8. Analysis of mercury in liquids

For the detection of mercury vapor released from liquids, the following setup is recommended: 
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For the routine semi-automatic analysis of a single liquid sample, the following steps are required: lift up the cap of the bubbler, pipette the sample into a bubbler, recap the bubbler, and press the analyzer “Start” button. The needed amount of the liquid sample is evaluated from the expected Hg concentration in the sample, taking into account that the sample has to contain total amount of Hg in the range from 0 to 2000 picograms. For example, if expected Hg concentration is in the range 0,01 to 20 (g/L  Hg, then we use 0.1 mL of the sample and obtain response from 1 to 2000 pg. The lower limit, 1 pg Hg, is found close to the detection limit, 0.5 pg Hg, but still is resolved. For better resolution of the lower part concentration range, larger sample volumes, up to 0.5 mL, can be recommended.

When working with acidic solutions, the soda or other similar pre-trap is required to use in between the bubbler and the analyzer. The soda trap is useful in two ways: first, it neutralizes acidic vapor emitted from the bubbler and thus protects the surface of the internal gold traps; second, in the case of accidental flooding with liquid, soda expands immediately and protects the analyzer gas train from flooding with liquid. 

In the course of use, soda becomes wet, expands and can even block the air flow completely. Therefore, it should be dried or replaced time to time. It is convenient to have at least two filters for the alternative use. To remove traces of mercury from the newly prepared soda filter, it can be placed in a furnace up to 300o C for few hours.

It is possible to extend lifetime of the soda trap by using silica gel or other moisture absorbing filter prior to soda. It is however necessary to check if such a filter does not contribute mercury blank and/or absorb mercury vapor released from liquid.

Please be extremely careful not to flood the analyzer gas train with liquid! In case the liquid has been relatively pure and the pump was stopped within few seconds, replacement of parts may be not necessary, but the drying procedure can be time consuming.

Activated carbon filter or other efficient filter should be installed at a bubbler inlet to avoid mercury vapor intake from the ambient air.

We find it convenient to use a bubbler much larger than the volume of the analyzed liquid single portion and to pour strong reducing solution into the bubbler once, prior to series of measurements. Then single analysis is performed by simply uncapping the bubbler, adding the sample, re-capping the bubbler and pressing the “START” * button.

Time which is necessary for complete reaction and release all elemental mercury vapor from the liquid, depends on the bubbler volume and construction, analyzed liquid properties and conditions of reaction. The optimal time should be found empirically, by performing repeated analysis of the same sample. Time requested for the bubbling is to be set as “sampling time” in the Function Menu.

Maximum air flow generated by the internal pump (more than 1 LPM) may be too high for small bubblers. We recommend to start with lower flow rate and then increase it, in order to find out the most convenient one. Flow rate may be changed manually with buttons “up” or “down” in parameter “L9” or by GMONIT program. 
When analyzing liquids, it is recommended to do calibration against liquid standards, diluted to yield similar doses of mercury as expected from the samples. It is advisable to check time to time the analyzer calibration and functioning of all the procedure, by standard addition method.

Single (instead of double) trap analyzer configuration is recommended for liquid analysis, as less time- consuming.

9. peculIarities of long lasting** Measurements of gaseous mercury concentration in AMBIENT air

Precise measurement of total gaseous mercury (TGM) concentration in ambient air would be easy if the ambient air consisted of only main gases and traces of mercury. However, unfortunately, other trace compounds (such as volatile and semi- volatile organic compounds, etc.) are often present. These are of potential danger to cause negative and positive interference, moreover, in long time lasting measurements, they can cause gradual aging of gold traps and optic cell which manifests in decreasing sensitivity of the analyzer.

Danger of interference and aging of the optic system can be diminished by optimizing the conditions of measurements. 

Aging has been noticed to depend mostly on environmental conditions and to be proportional to the total volume of air sampled. It does not make big difference whether the air was pumped at a higher speed for a shorter time, or at a lower speed for a longer time. The total volume of sampled air is important. Both positive (false light absorption peaks) and negative (reduced mercury peaks) interference is more likely when sampled air volume is large. That is, using extremely large sample volumes does not result in higher precision of measurements.

The system has been  noticed to have a self-cleaning ability with respect to some of the pollutants. Self- cleaning flows in time and little depends on the air flow, whereas pollution is directly proportional to the air flow. Depending on the balance between these two processes, the system may operate stable or begin to decrease in sensitivity.

All above mentioned effects give an idea of sampling the air in small portions at a relatively slow flow rate, just sufficient to obtain the data at a required frequency. For example, for long lasting monitoring of TGM concentration at a background location where average concentration is 1.5 ng/m3 and required data frequency is one per hour, it is recommended to have one measurement per hour at a flow rate of about 150 ml/min or two measurements per hour at a flow rate of 300 ml/min. This yields about 15 pg of mercury collected in each sampling which is well enough for the detection. 

The flow rate intended for sampling (the so called “high” flow rate) can be adjusted by using analyzer function “L9” either from the PC, by using the Gmonit program:

File ( Flow adjust dialog box. 

It is convenient to use the sampling flow rate of 1 L/min for the first testing and calibrations, whereas the reduced sampling flow rate is required for the long term continuous measurements.

Finally, it is useful to remember that adequate calibration is important for obtaining reliable data. It is desirable that one injection (one dose) of Hg vapor contained amount of Hg nearly in the same range at it is collected in one sampling cycle. When making saturated gas phase Hg injections, it is recommended to use the smallest available gas-tight syringes in the microlitre range.

10. ANALYZER  ERROR  INDICATION

E.1 - the result exceeds 1999 pg. Possible reason: the result really exceeds 1999 pg. Please try reducing injection or sample volume (sampling time). Other possible reason: the sample cell has been heavily polluted with soot, or acid, or water vapor and lost its transparency. Please repeat measurement or run some blank measurements. If E.1 persists, please contact the manufacturers.

E.2 - calculation error (negative argument of the logarithm). That is, the absorbed part of light is found to by higher than the total light, which is physically impossible. This may take place due to the measurement inaccuracies, in similar cases as for “E.1”.

E.3 - the result (in picograms) is negative. Such result has no physical meaning. Most likely, amount of mercury has been almost “zero”, whereas fluctuations of the baseline resulted in seeming small negative peak. 

E.4 – Base line negative. Try to repeat measurement.

E.5. - Balance failed. The light diaphragm has reached its limiting point closing the reference light beam, but the light balance is still not achieved. (Possible reasons: something wrong with the optic cells or the entire optic system).

E.6 - Balance failed. The light diaphragm has reached its limiting point opening the reference light beam, but the light balance is still not achieved. (Possible reasons: something wrong with the optic cells or the entire optic system).

E.7 - the light diaphragm moving mechanism time out. Although operating continuously for minute, neither light balance, nor any of the diaphragm position limiting points has been achieved (possible reason: diaphragm movement mechanism failure).

E.8, E.9 - not used.

E.10 - Concentrating heater is not connected. There was attempt to set concentrating heater on, but heater is not connected (Concentrating heater is used only in special configurations of analyzer. Normally user should not set parameter H2 to nonzero value)

E.11 - Concentrating heater switch is not working.  If concentrating heater is connected, this error means damage of  analyzer. 

E.12 - Analytical heater is not connected. Reason: heater burned out or screws weakened.

Replacement of heater may be needed.

E.13 - Analytical heater switch is not working. 

E.14 – not used.

E.15 - Lamp intensity is out of range – UV light is too strong. Try to reduce the lamp power supply (menu function H4) by 10 or 15 units. Start a measurement. If error E.15 again, reduce “H4” by 10 or 15 units more. Continue reducing until the normal operation is achieved.

E.16 – Lamp intensity is out of range – UV light is too weak. Try to increase the lamp power supply (menu function H4) by 10 or 15 units. Start a measurement. If error E.16 again, increase “H4” by 10 or 15 units more. Continue increasing until the normal operation is achieved.

11. CONNECTING THE ANALYZER TO THE COMPUTER

“GARDIS Monitor” (Gmonit) is a windows based program which allows you to program single or multiple measurements with the analyzer, store the results of measurements in your computer hard disk, show them as daily graph, print report.

Find a 9-pin cable enclosed. While the analyzer is switched off and disconnected from mains, connect the analyzer with the 9-pin cable to connect the analyzer (connector situated on the back panel of analyzer) to one of your computer’s COM ports. Find CD ROM enclosed with Gmonit and other programs. To install the program, it is recommended to copy the program files (Gmonit.exe and others) to the separate directory of your computer hard disk. Switch on the analyzer. Start the Gmonit program by running the Gmonit.exe file. 

Detailed Gmonit program description and instructions on use are provided on Chapter 19, “Mercury analyzer control and data acquisition program GMONIT” of the current manual.

12. Modified Terminal program and instructions for it use with Gardis analyzer

(Cancelled).
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13. Mercury Analyzer Model Gardis-5 General Flow diagram

Explanations

Inlet – gas Inlet PFA bulkhead union connector;

Damper is to reduce pump pulsations

Vacuum pump – miniature diaphragm vacuum pump;

Restrictor (capillary tube)  – Capillary pipe fixed air flow restrictor for producing the flow of about 15 ml/min;

Variable restrictor  – variable air flow Restrictor controlled by the step motor. Intended to produce the flow from about 100 ml/min to 1000 ml/min.

Air flow meter  – based on pressure drop measurement

Exhaust active carbon – Activated Carbon Trap (to clean up the exhaust gas);

Valve  – the three way solenoid Valve. Normally switched to link Damper  with the Variable restrictor to produce sample air flow. The valve remains in this position during the stand-by.  The valve is actuated and then it links Damper with the capillary pipe, only during the analysis step and gold trap cooling step.

Lamp  (not shown here)–253.7 nm (UV) radiation source, low pressure electrodeless discharge (EDL) Hg lamp;

Photo tube  (not shown here)–– solar blind vacuum phototube intended for the UV light detection;

LC (not shown here)– Light Chopper with the motor and sensors. The light chopper is used to transfer the UV light through the optic sample cell and optic reference cell alternately, with a frequency of about 20 Hz.

14. Flow diagram mercury analyzer coupled with the dosing unit Model Ga-730
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15. GARDIS-5 Internal Flow meter calibration
Gardis-5 contains internal differential pressure based flow meter which has to be recalibrated once a year or after critical parts change.

1. Connect your reference flow meter to GARDIS-5 inlet or outlet. (I  case of connection to the analyzer inlet, please make sure to connect a zero-air filter and an aerosol particle filter immediately to the analyzer, just to avoid any possible pollution from outside and/or from the flow meter, to the analyzer, during the flow calibration measurements).. 
2. Turn on Gardis-5 and wait 15 min for warm-up.

3. Connect RS232 cable to computer and start program FLOWCALC.EXE. Choose Com1 or Com2 comm port in program window. ADC values appeares.

4. Enter GARDIS-5 settings menu L9 by pressing buttons UP, Down, Left, Right. GARDIS-5 internal pump starts operating.

5. Adjust air flow to 1200 ml/min (measured by reference flow meter) by pressing buttons Up, Down (If this flow rate can not be acheived, increase pump voltage by increasing setting H5 value)

6. Watch ADC value. It must be near high end but unsaturated (12 bit ADC maximum value is  4095, zero flow value includes positive zero shift approx. 220, so maximum allowed zero shift compensated value is about 3870). In case ADC value is saturated, preassure drop trimmer has to be adjusted. After trimmer adjustment all calibration procedure must be repeated.

7. Adjust air flow to 50 ml/min (measured by reference flow meter) by pressing buttons Up, Down

8. Watch ADC value. It must be greater than zero (usually approx. 30-50). In case ADC value is zero, preassure drop trimmer has to be adjusted. After trimmer adjustment all calibration procedure must be repeated.

9. After checking operating limits calibration at each point has to be done. Adjust flow to each point (displayed on buttons in FLOWCALC.EXE), wait till indicators settles down and press coresponding button.

16. INSTRUCTIONS FOR THE GOLD TRAP AND OPTIC CELL REPLACEMENT
PART I.   REMOVING THE USED PARTS

Make sure the analyzer is switched off and disconnected from mains.

1) Inside the analyzer, release the two screws of the GAS INLET HOLDER, lift up and remove them together with upper part of the GAS INLET HOLDER.

2) Lift up and remove the LIGHT SHIELD.
3) Release the screws and completely disconnect the three gold trap heating coil endings. (Before doing so please pay your attention which one contact screws were used for the gold trap coil connection! You will have to connect the new parts back to the same contact screws).

4) Release the screw and disconnect the OPTIC CELL HEATING COIL contact wire

5) Release the two SAMPLE CELL holder “A” screws completely. Try to slightly (just a few millimeters) move the optic cell here and there in the horizontal plane to make sure it is no longer fixed in its place and accepts movement.

6) Disconnect the tubing from the gold trap inlet end.

7) Disconnect a soft tubing from the downstream end of the sampling cell. You can slightly lift the optic cell up, in order to easier access its outlet end with your fingers. Be careful not to bend the light chopper with your hands. Use pincers or other appropriate instrument, to hold the tubing, if you find this convenient, to reach this difficult – to access place.

Lift up and remove carefully the sample optic cell together with the gold trap from the analyzer. Place the parts on a clean table and secure open ends of tubes with the thin PTFE tape or parafilm.

PART II.   INSTALLING THE NEW PARTS

1) Release the holding screws and take the spare parts off from their shipping package carefully. Place the parts on a clean table.

2) remove the protective seals (PTFE tape) from the gold trap inlet and sample cell outlet tube ends.

3) place the optic cell together with the gold trap approximately into their place, but do not yet attach, neither tighten the optic cell holder “A” screws.

4) connect the soft tubing to the sample optic cell outlet end (7). (You can lift up slightly the optic cell, to easier access its end and connected the tubing. Again, be careful not to bend the light chopper with your hands).

5) Connect the tubing to the gold trap inlet (6).

6) slightly release the “B” screws of the sample optic cell holders. Attach the “A” (5) screws and fit them into their place in the analyzer frame. Once the “B” screws are released, you can slightly move the optic cell holders along the cell, in order to fit the optic cell and the holder “A” screws into their place properly. Then start tightening the optic cell holder both “A” and “B” screw pairs. These four screws should be tightened step-by-step gradually, going round one after another, in order to equilibrate possible mechanical tensions and avoid the optic cell break down. Do not need to tighten extremely strong.

7) Fit the optic cell heating coil end into its place and tighten the contact screw (4). Tip: using of pincers or other suitable instrument is recommended in this difficult-to-reach place. Trying to reach it with your fingers may result in the light chopper bend or optic cell break down.

8) connect the the gold trap contact wires and tighten the screws (3). Please pay your attention that neighboring nichrome coil endings do not make short connection in between and to the adjacent analyzer parts. The only contacts they should make are to the appropriate contact screws. Feel free to bend those nichrome coil endings in order to secure them and avoid short connections, if necessary. Please also note that the nichrome coil ends should not be connected straight and tightly to the gold trap, because this may break down the gold trap quartz tube or at least cause big thermal-mechanical tension and optic system drifts ! The Nichrome coil ends should always be left somewhat loose (bent). See figures.
9) Attach the protective light shield back into its place (2). Pay your attention that it goes down to the limiting screw but the shield shall not touch the optic cell (shall  not make a contact with the optic cell nichrome coil).

10) And finally, attach the gold trap inlet holder and tighten the screws (1). No extremely strong tightening is needed. Assembly then is complete.

[image: image5.png]




[image: image6.png]



[image: image7.png]



[image: image9.wmf]1

2

3

4

5

6

G

o

l

d

 

t

r

a

p

 

h

e

a

t

i

n

g

 

c

o

i

l

 

c

o

n

t

a

c

t

s


17. Mercury Vapor Analyzer Model Gardis-5 Serial Communication Protocol

For Gardis 6.0
1. Gardis is slave, computer is master.

2. Computer sends command, Gardis gives reply.

3. Communication use COM port, settings: 19200,n,8,1, (no CTS/RTS control)

4. All data is presented in ASCII format.

Command format (from computer to Gardis):

#<Serial number><Command><Param>=<Data><CRLF>

# (ascii code 35 dec.) - packet start symbol.

Serial number - Gardis serial number (as displayed in Gardis parameter P0). Number 0 means any Gardis device, connected to the line. (in this case no more than one device can be connected).

Command - one ASCII letter (uppercase and lowercase has the same meaning), see below.

Param - ASCII letter(s), depends on command, see below

=  (ascii code dec 61)- separator

Data - data or error message

CRLF - CR=0Dhex (13 dec), LF=0Ahex (10 dec). Command packet end indicator. must be at least one of them.

Answer format (from Gardis to computer)

$<Serial number><Repeated command and param>=<Data><CRLF>

$ (dec 36)- packet start symbol

Serial number - Gardis serial number. If command serial number was 0, answer still contains correct Gardis serial number.

Repeated command and param - same letter and number combination as in command packet.

Data - requested data, depends on command, see below.

CRLF - CR=0Dhex (13 dec), LF=0Ahex (10 dec). Answer packet end indicator.

Commands: 

P - set Parameter,

G - Get parameter,

S - Start measurement,

I – Inject mercury vapor from the dosing unit,

R - Reset, 

Q - Query status,

L - get Last record,

E - get last measurement Error

F – adjust flow

P - Set parameter to Gardis,

G - Get parameter from Gardis

These two commands have similar format. 

Parameters are described in table 1.

if command valid, Gardis returns parameter value. In case of error Gardis returns sign '?'.

Example:

Command;

#0PH1=250<CRLF> (set parameter H1 to value 250)

Answer:

$70PH1=250<CRLF> (parameter set successfully)

Command:

#0GH2<CRLF> (get parameter H2 value)

Answer:

$70GH2=0<CRLF> (parameter H2 value is 0)

Command (bad)

#0GH6<CRLF> (get parameter H6 value)

Answer:

$70GH6?<CRLF> (parameter H6 value can not be read or written)

Command 

#0PH2=500<CRLF (set parameter H2 to value 500)

Answer

$70PH2=?<CRLF>> (bad parameter, value too big)

S – Start measurement

Starts single measurement. 

Optional parameter: switch between inlet 0 or 1, external walve. (May be omited if not used)

“0” switch inlet 0

“1” switch inlet 1

Example:

Command:

#0S<CRLF>

Answer:

$70S <CRLF>

I – Inject mercury vapor from the dosing unit

Injects mercury vapor from the dosing unit.

Parameter: mercury vapor dose in pg. Mercury vapor is injected on the next nearest sampling.

Example:

Command:

#0I500<CRLF>

Answer:

$70I500<CRLF>

R - Reset

Stops current measurement and resets all

Example:

#0R<CRLF>

Answer:

none!

Q - query status,

param: 
0 = short form


1 = text form

answer:

	Short form
	Long form
	meaning

	R
	Ready
	Ready, waiting for commands

	B
	Running balance
	running balance

	Sxx
	Sampling...xx
	Sampling

	Hxx
	Concentrating trap heating...xx
	Concentrating trap heating

	Axx
	Analytical trap heating...xx
	Analytical trap heating

	Cxx
	Cooling...xx
	Cooling

	M
	Manual mode
	Manual mode


Answer S,C,A,L comes with integer value xx which means remaining time in seconds

Example:

Command:

#0Q0<CRLF>

Possible answers:

$70Q0=A20<CRLF>

$70Q0=R<CRLF>

Command:

#0Q1<CRLF>

Possible answers:

$70Q1=Analytical trap heating...20<CRLF>

$70Q1= Ready<CRLF>

L - Get last data record from Gardis

Returns last data record

Record structure:

<Date-time>, <Concentration>,<Mass>, <Volume>,<Sampling time>,  <Injected calibration dose>, <y1>, <y2>, ... <yn>, <a> <CRLF>

Date-time –measurement  date and time, YYYY-MM-DD,HH:MM:SS

Concentration - measured concentration of mercury in nanograms/m3 (or error code if measurement was unsuccessful)

Mass - measured mass of mercury in picograms (or error code if measurement was unsuccessful)

Volume - volume of sampled air in liters.

Sampling time - sampling time in seconds

Injected calibration dose – injected mercury vapour in picograms from the dosing unit (if any) or dosing device error.

y1,y2,...yn - absorption curve data (in arbitrary units 0-65535, max 60 points)

a - light intensity (in arbitrary units)

<CRLF> - record end indicator

All data is separated with commas. Max packet length - 390 bytes

Example:

$70L=45.567,60,1.012,0,2000,2010,2200,...2030,2020,2000,41005<CRLF> (Gardis meter serial No55 answer: concentration 45.567 ng/m3, sampling time=60 sec, air volume = 1.012 liter, injected dose from dosing device unit = 0,  etc.)

E - Get last measurement error number

param: 
0 = short form


1 = text form

	Error number
	Comment

	0
	Last measurement was successful

	1
	Result too big (>10 000 ng/m3)

	2
	Log of negative value

	3
	result negative

	4
	---

	5
	---

	6
	balance failed - limit reached

	7
	balance failed – timeout

	8
	---

	9
	---

	10
	Concentrating heater is not connected

	11
	Concentrating heater switch is not working

	12
	Analytical heater is not connected

	13
	Analytical heater switch is not working

	14
	Pump is not working

	15
	Lamp intensity is too high

	16
	Lamp intensity is too low

	17
	Valve or pipes are damaged

	18
	Time or date is invalid

	21
	Bad dosing device dose (dosing time exceeds sampling time)

	22
	Flash memory full

	23
	Autostart sampling interval too short


Example:

Command:

#0E0<CRLF>

Possible answers:

$70Q=E0<CRLF>

$70Q=E3<CRLF>

F – adjust flow

Allows adjust flow from PC

Optional parameter (1 char ASCII code) 

“0” switch inlet 0

“1” switch inlet 1

“+” increase flow

“-” decrease flow

“P” Switch Pump on

“p” Switch Pump off

returns current flow (mililiters/min)

Example:

Command:

#0FP<CRLF>

Possible answer:

$70F=300<CRLF>

18. Dosing device error indication
1 – Dosing device unit is switched off

2 – not used

4 – temperature out of range

8 – digital thermometer error

16 – no connection with dosing device
If there is more than one error at a time, the sum of all errors is used. For example, error 5 means that dosing device unit is switched off and temperature is out of range.
19. Mercury analyzer control and data acquisition program GMONIT

Introduction

GARDIS Monitor (“Gmonit”) is a windows based program which allows the user to perform single or multiple measurements with the analyzer, setup the analyzer operation parameters, schedule the measurements in real time, store results and show them as a daily graph.

Installing the program

File on a CD ROM: Gmonit.exe – the program.
It is recommended to copy the contents of  floppy disk to the separate directory of your PC  hard disk and run it from there. 

After the first run, Gardis monitor will create Gardis.ini file in its folder with default settings. You can change these settings in options dialog box.

Getting Started

Unpack Gardis analyzer, connect power and data cables.  Prepare it for measurements.

Connect to mains. Switch on power.

Note: power requirements.

Gardis analyzer uses 12V power supply. AC adapter 220V/12V (or 110V/12V) is included.

Alternatively it can be connected to automobile accumulator battery via optional cable (ordered separately). It consumes current 1A in idle mode and up to 5A while heating traps. Voltage must not drop below 11.5V and not exceed 15V in order to get proper results. Input voltage is measured internally and can be displayed (parameter L7).

Cable for connection has signs '+' and '-' on it.

WARNING! Reverse connection to accumulator battery may damage analyzer!

Please remember that analyzer case is connected to negative pole of  input voltage. Avoid contact with automobile metal parts if they are connected to positive accumulator pole.

Start Gmonit program (Gmonit.exe file). Status window will indicate analyzer status. 

Important: as soon you launch the Gmonit program (run Gmonit.exe file), the program immediately attempts to communicate to the Gardis analyzer. Please wait, as the attempt may take up to a few seconds.  Status “Ready” (or other relevant analyzer status, in case the analyzer is in operation at the moment) will be read in case communication is successful. Otherwise, appropriate error message is read (e.g. “no response from analyzer” or “comm. port init error”) is read and the Gmonit program switches to the browser mode after a few seconds.

Note:  Data Cable specifications

Gardis analyzer can be connected to computer via 3 wire RS232 cable (included) with 9 pin connectors, male on computer side and female on analyzer side. 

Pin name

Computer
Analyzer
Receive data

2
2

Transmit Data
3
3

Ground

5
5

Computer Com port number should be set in options menu.

Note: For normal operation Analyzer parameter L5 should be set to 0 (chapter Using menu functions).

Set parameters according to  requirements in Options menu.

Start Single measurement or Auto repeat mode from Action menu.

Wait until measurement is finished.

Read result in status window and on graph, or you can use other programs (e.g. Excel) to open the generated data files (files with extension *.DTA provide detail  data and technical details on analyzer operation, and files with extension *.DAT provide short format data).

Using Gmonit program

The purpose of the Gardis Monitor program is to control Gardis Analyzer and to collect data, display and store it. 

Gardis Monitor can be used without analyzer for stored data viewing.

It is possible to launch several instances of the program, e.g. one for analyzer control, others for viewing stored data.

Gardis monitor remembers various settings and analyzer operation parameters. Next time launched it restores window size and position, options and other settings. If you use several instances of the program simultaneously, the last closed program settings will override others.

In case you use more than one mercury analyzer with one PC, it is recommended to make copies of .exe files in separate directories for each individual analyzer and run them from there, so separate .ini files with individual parameter settings for each analyzer will be created and saved.

File Menu

Use the File menu to browse Gardis data files, print new or existing measurements, set up options.

The commands on the File menu are:

Open 



Loads an existing measurement file. You can open Gardis data file (with extension .DTA) to watch stored measurements. These files generated automatically by Gardis Monitor program, one file for each day.

When measurement is in progress, File menu is disabled and browsing files no t allowed. You can Launch another copy of Gardis Monitor for browsing only.

Choose File|Open to display the Open File dialog box. This is standard windows dialog box.

Comments 
Edits comments of the active measurement file. Comment window allows to add comments to user measurement files with extension .DAT

This file has following format:

Date ,    sampling time,    result in pg, comment1, comment2.  E.g.:

11:20:55,   30,      5.8,      Comment1, Comment2

This file can be printed or used by other applications

Print Report. Sends the active file graph to the printer. Prints data of user measurement files with extension .DAT

This file has following format:

Date ,    sampling time,    result in pg, comment1, comment2.  E.g.:

11:20:55,   30,      5.8,      Comment1, Comment2

This file can be printed as it appears in file.

Printing options - font name and size - can be set in .INI file:

You can add following lines in GARDIS.INI file

[Printer]

Fontname=<font name>

Fontsize=<size>

e.g.
[Printer]

Fontname=Arial

Fontsize=10

Options. Use this dialog box to set–up measurement options.

Sampling time, sec

Sets sampling time of  measurement. During this time mercury is accumulated on gold gold trap. This time may vary from tenths of seconds to tens of minutes according to experiment conditions.

Concentrating trap heating time, sec

Concentrating trap is used in special cases. Normally it is not implemented and should be set to zero.

Analytical trap heating time, sec

During analytical trap heating absorption curve is obtained. Usually this time is set to 60 sec.

and should not be changed.

Cooling time, sec

Cool down time is required for gold trap. Normal cooling time is 2 min (120 sec). It can be reduced down to e.g. 30 seconds if fans for gold trap cooling are used (optional).

Sampling interval

Measurement interval. Starts measurements in equal intervals. Measurement time is sampling end time. E.g. if set to 10 min it will make measurements at 00, 10, 20, 30,.. min of each hour.

Sampling time + heating + cooling must be less than sampling interval.

Choose “schedule” to start executing currently opened schedule. See also “Schedule”.

Com port

Specify communication port to get data from Gardis analyzer. If Gmonit is used only for file browsing, it can be left unspecified. It is possible to connect several Gardis analyzers to one computer, each to its own com port and operate simultaneously. In this case each analyzer should have its own Gmonit software installed in separate directory. 

OK

Click this button to confirm changes.

Cancel

Click this button to reject changes.

Schedule.
Edits measurements schedule. Enables to make measurement plan in real time of the day (hour, minute) for one day. Next days the same routine will repeat automatically.

Use this window to open, edit and save your measurement schedule.

The schedule must be opened or saved before executing. To start executing schedule set sampling interval to “schedule” in Options   dialog.

One row in schedule represents one measurement. The definitions of the fields are:

Time

Sets start time of next measurement

Sampl. t.

Sets sampling time of  measurement in seconds. During this time mercury is accumulated on gold gold trap. This time may vary from tenths of seconds to tens of minutes according to experiment conditions.

An. h. t., sec

Sets analytical trap heating time in seconds. During analytical trap heating absorption curve is obtained. Usually this time is set to 60 sec. and should not be changed.

Cool.

Cool down time is required for gold trap. Normal cooling time is 2 min (120 sec). It can be reduced down to e.g. 30 seconds if fans for gold trap cooling are used (optional).

Opt.H.

Sets optical cell heating power in percent. 

Count.

Sets how many times measurement will be repeated one after another starting with the given time of the dat (hour and minute).

End

Displays time of measurement. (generated automatically by the system, after the row  is filled in and pressed “Enter”)

Open

Click this button to open saved schedule file.

Save

Click this button to save currently edited schedule.

Exit

Click this button to exit schedule editor. Changes are NOT saved.

Warning:
Changes take effect only after saving schedule.

View | Daily Data menu

In this mode Gardis monitor shows collected data within a day.

Initially time interval is 0 - 24h. You can zoom horizontally graph by setting other time slot (From and To edits).

Vertical zoom can be changed by setting values in Min and H edits. Min sets minimum displayed value, H sets interval of displayed values. In order to change these values, corresponding Auto check box must be unchecked.

Clicking and holding left mouse button on the point will display point number, measurement time, measured mass and concentration.

Action Menu

Use the Action menu to get data, reset or start measurement, toggle auto mode.

Reset resets the Gardis Hg analyzer. Can be used for communication testing purposes. Gardis analyzer software version is shown on LED panel during reset. It must correspond Gmonit software version. Check Help|About box.

Single starts single measurement with specified options.

Auto puts the Gardis Hg analyzer into automatic measuring mode with time interval specified in “options”, or according to last saved “schedule”, in case “options” dialog box selected “schedule” in the dialog box “sampling interval”.  

�


Figure 1: nichrome coil is slightly bent (loose), good connection.





�


Figure 2: straight-forward connection, bad.








* Or pressing “R” or “Enter” in the computer, in “Immediate” mode. Using the analyzer connected to the computer is advisable because in that case not only the final result (in picograms) but also mercury signal shape and other relevant information is saved to the hard disk for each measurement and can be checked if any result is in question. In case however of use of USB flash with the analyzer, same information is also saved in the USB flash 


** We call measurements “long lasting” if they run continuously for one day or longer.
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