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General information for safe operation
Caution:
While operating the AULA analyzer system, parts of its interior are under high voltage and UV-beams are produced inside.  If safety regulations are ignored physical and/or material damages could occur. Only qualified personnel should be authorized to operate the AULA analyzer.  
Conditions for correct function of the AULA are careful storage and proficient operation and maintenance.
· Do not operate instrument if damaged.

· When connecting the AULA to a power source please note the related safety regulations.

· The AULA system should be operated from the type of power source indicated on the rating plates.

· Make sure that plugs and power cord are not damaged.

· Only operate the AULA on a stable and dry surface.  The interior of the photometer, autosampler and ASD module should never get moist or wet.  In case it happens, consult an expert.

· Regulations for prevention of accidents are to be followed.

· Before opening the AULA disconnect it from its mains supply.

· Repair and maintenance on the opened and powered instrument should only be done by qualified personnel.

· The AULA is dedicated for the measurement of mercury concentrations in liquids and digested solid samples.  Do obey the related dangers while working with toxic or harmful substances.  Make sure that the emitted gas is lead into an appropriate absorption device and that gas leading parts are not leaking while measuring.
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How to work with the AULA System (Quick Overview)
The AULA is operated via PC by means of the AULAWIN software which comes with the analyzer.  Preparation for measurements is carried out in ten steps:  

i. Prepare reagent solutions and fill into corresponding bottles.

ii. Fill blank solutions, calibration standards, samples and check standards into the 10ml glass vials and place them on the autosampler turntable.

iii. Switch on the system (photometer, ASD module,  autosampler, mass flow controller and PC). 
CAUTION: do not touch the turntable and the probe arm of the autosampler because they will start to move !

iv. Open carrier gas valve and check flow rate. Adjust gas flow (typically to 60 ml/min Ar, 100 ml/min for high concentration range) if necessary.

v. Check photometer parameters. Set new photometer parameters if desired.

vi. Enter name of analyst.

vii. Enter the positions of blanks, standards and samples into the "carousel" graph of the AULAWIN screen.

viii. Enter concentrations of standards and sample names, enter dilution factors and/or sample weight (if applicable).

ix. Load previous calibration if no new calibration should be performed.

x.  Start measurement.
1.  Introduction
1.1  Fields of Application
The AULA is designed for automatic determination of mercury concentrations in aqueous samples and digested solid samples. Typical samples for the AULA-ASD are:
 water, surface and ground water

 process water (for example brine solutions in chlorine-alkali-electrolysis plants)

 industrial effluents (chemical industry, incinerators, power-plants)

 caustic solutions and acids (NaOH, KOH, H2SO4)

 biological samples like plants, urine, saliva, blood

 food

 geological samples (minerals, ores, soil, sediments)

 refuse (construction rubble, broken glass, wood, sludge, ...)

 flue gas analysis (for example according to VDI 3868-2 VE)

 petrochemical samples

1.2  Measuring Principle
Basis for determination of the mercury concentration is the resonance absorption of the mercury atoms at a wavelength of 253,7nm 

[image: image4.wmf]
Figure: Measuring principle

The sample is oxidised with potassium permanganate and heated at approx. 98 °C. After addition of hydroxylamine hydrochloride solution the mercury contained in the sample is reduced to its elementary state by tin-II-chloride (or sodium- tetrahydroborate alternatively). A stream of carrier gas is stripping the mercury from the aqueous phase and drawing it into the optical cell. In the cell the concentration of mercury is determined by measuring light absorption at a wavelength of 253.7 nm. 

In order to get a stable baseline, the UV-light source is controlled by the reference beam method. In addition to that, the UV-detectors of the AULA photometer are thermostatically stabilized. Heating of the optical cell prevents sensitivity for water vapor.  

1.3 Construction

The schematic construction of the AULA system is shown in following figure.
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Figure: Functional block diagram

2.  Installing the AULA-ASD System

2.1 Inspect Package for External Damage

Your AULA system was carefully packed. Upon receipt, inspect the package for possible external damage. In case of external damage to the package contact the shipping company and your supplier immediately. 

2.2 Unpacking  and Placement of the AULA Components  
 The photometer unit (A) is unpacked and placed on a flat surface.  

 The autosampler-ASD unit (B-C) is carefully unpacked and placed to the left side of the photometer. Take care not to damage the tubing. Do not pull the autosampler arm.

 The autosampler turntable (D) is carefully set into the pin of the autosampler. Slightly turning the turntable by hand helps to lock the correct position. 

 The grey colored plastic tray is unpacked and placed behind the autosampler-ASD unit.

 The glass bottles (3 clear transparent and 1 brown stained) are unpacked. They will be placed in the plastic tray after they have been filled with reagents.

 The electronic mass flow controller (MFC) is unpacked. It should be positioned at an elevated level, for example on top of the photometer. This is to to prevent liquid coming from the crossflow reactor and entering the mass flow controller if the carrier gas is shut off.
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Figure: Setup of photometer, ASD-module and autosampler

2.3 Installation of Tubing 
Following connections have to be carried out (cf. drawing on the next page):

 one end of tubing No. 505-20 has been connected to the reactor. The other end will be connected to the mass flow controller outlet later. 

 one end of tubing No. 505-23 (packed separately) is pushed over the white connector on the rear side of the autosampler. The other end is pushed into a drain tank which should be placed underneath the working bench. Alternatively the end of the tubing can be led into a sink.

 Tubing No. 505-6 is already installed at the photometer sample inlet. It connects the stripping reactor (part No. 505-18) gas outlet and the photometer. The threaded plastic fitting on the free end of this tubing is screwed into the white fitting of the reactor outlet (part No. 505-19).

 The labelled tubings for the reagents (parts No. 505-2; 505-3; 505-4; 505-5) are fed through the fittings of the reagent bottle caps and fixed by carefully turning the small fitting clockwise. 

2.4 Installing the Sample Probe Capillary

The small stainless steel capillary tube which is mounted on one end of tubing 505-1 is fed through the bore hole of the autosampler arm and secured by turning the plastic screw carefully. Avoid to apply too much force. The distance between the autosampler arm and the tip of the capillary should not exceed 2.5” (6.7 cm).

During first operation of the autosampler check the position of the capillary tip. It should not touch the bottom of the glass vial. 
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    Figure: Installation of Autosampler Capillary Tube
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2.5 Adjusting of Peristaltic Pump Clamp Tension

Two speed controlled three-channel peristaltic pumps are mounted on the right side of the autosampler-ASD-unit. They are used for transportation of sample (and rinsing solution during rinsing), reagents and to drain the stripping reactor. The tension of the pump tubing clamps  has to be adjusted by a small lever. Position 0 (cf. figure below) is correct. Position 3 is used to open the pump clamps for replacement of pump tubing.

[image: image9.wmf]
                                          Figure: Adjustment of pump tension

2.6 Installing the Mercury Absorption Cartridge
The included activated carbon cartridge (F) is unpacked and connected to the gas exit on the rear side of the photometer unit (see figure below). This cartridge will absorb mercury vapor which is released from the samples during measurements. Replacement has to be done on a regular basis (see also chapter 9.1). 
[image: image10.wmf]
Figure: Installation of the activated carbon cartridge (F) on rear panel of photometer unit

2.7 Carrier Gas Connection

Argon (alternatively nitrogen) is used as carrier gas. The carrier gas is connected to the inlet filter of the mass flow controller delivered with the AULA system. The controller has been calibrated for Argon. The outlet of the massflow controller is connected to the free end of tubing No. 505-20 which is coming from the reactor of the AULA. After the massflow controller has been powered up (allow ca. 15 min. to stabilize) the gas flow may be adjusted. Apply flow to the transducer and adjust it with an insulated screwdriver on the built-in setpoint potentiometer. The potentiometer is located on the solenoid valve side of the controller (cf. figure next page). 

If nitrogen is used as carrier gas, the reading on the mass flow controller has to be multiplied by a factor of 0.6862 to get the correct flow rate.

 The pressure of the carrier gas should be approx. 1.4 bar (20 psi). Do not exeed 3 bar (40 psi).

 The flow rate has to be set to 60 [ml/min] for standard applications. 
For fast screening analyses or for a high measuring range >1 ppb it may be set to 
[100 ml/min].
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Figure: Setting of Carrier Gas Flow

2.8 Electrical Connections

2.8.1 Connecting the Photometer, Autosampler and PC

Photometer, autosampler and PC are connected with the delivered y-cable. Observe the labels attached to the cables:

Ÿ the connector labelled “PC” is connected to the serial input of the PC (COM1, COM2 or COM3), 

Ÿ the connector labelled “VM” is connected to the RS 232 socket on the rear side of the VM-3000 photometer, 

Ÿ the connector labelled “sampler” is connected to the 9 pin socket on the left side of the AULA autosampler.
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                  Figure: Electrical connection of photometer - autosampler – PC

2.8.2 Power Requirements
The voltage of the power source has to be the same as the operation voltage indicated on the rating plate of the photometer unit. Photometer, AULA-autosampler module, ASD module, and power supply of the mass flow controller have to be connected to the socket board delivered with the system. The socket board is connected to an appropriate power outlet. The system can now be switched on and off with the switch on the socket board.
· The AULA system is designed for connection to a grounded (earthed) outlet. For safety reasons do not use an ungrounded outlet. 

For operation turn on the photometer unit by pushing the power switch on the rear panel to position "I". The autosampler and the ASD unit are turned on with the power switch on the left side.

· CAUTION: When the autosampler is powered up, the sampler arm and the turntable move ! Do not touch or obstruct the moving parts of the sampler !


[image: image13.wmf]o


Figure: socket board with main switch and built-in overvoltage protection

2.9 Leak Test
After the system has been set up for the first time it should be operated with water to perform a leak test ! Follow the steps in chapter 3 and 4 to perform a measurement, however do use water instead of reagents and samples. If there are leaky seals, tighten them by carefully turning the threaded fittings in small steps.  Do not apply too much force.

3. Preparation for Measurements
3.1 Supplies 

· Water (deionized or distilled, mercury-free)

· Potassium dichromate solution (prepare a solution by dissolving 5 g of potassium dichromate in ca. 50 ml of reagent water and add 10 ml of concentrated hydrochloric acid. Fill up with reagent water to 100 ml.)
· Potassium permanganate (KMnO4; for example Merck No. 1.05084, special quality for mercury analysis)
· Hydroxylamine hydrochloride (HONH3Cl; for example Merck No. 1.04619, special quality for mercury analysis)
· Hydrochloric acid (HCl; for example Merck No. 1.00319)
· Mercury standard solution (concentration 1g/l; for example Merck No. 1.19795)
· Stannous chloride (tin-II-chloride) (SnCl2. 2H2O; for example Merck No. 1.07814; speciall quality for mercury analysis)
· Sodium Bicarbonate:

for neutralization of acidic waste in the drain tank. Cheapest available grade is sufficient (baking soda).

· Carrier gas:
Argon 5.0 (dry, 99.999% purity). Alternatively nitrogen 5.0 (dry, 99.999 % purity) may be used. In this case the flow rate indicated on the massflow controller has to be corrected by a factor of 0.6862.

3.2 Preparation of Reagents

· WARNING : Preparation of reagents requires handling of toxic, harmful, dangerous or corrosive reagents. Only personnel which has been sufficiently trained in working with such substances is allowed to prepare the reagents!
· Rinsing solution:
Dissolve 1 g of Hydroxylamine hydrochloride in 1 l of water.
· Oxidant (Potassium Permanganate Solution):
Dissolve 1 g of potassium permanganate in 1 l of reagent water. This is for standard applications. For some sample material with higher COD it may be necessary to increase the concentration of potassium permanganate up to 5 g/l. 
· Reductant I (Hydroxylamine Hydrochloride Solution):
Dissolve 10 g of hydroxylamine hydrochloride in 1 l of reagent water.
· Reductant II (Stannous chloride solution):
200 ml of hydrochloric acid (HCl, 32 %) are carefully added to 400 ml of water. Dissolve 
20 g of stannous chloride in this solution and fill up with water  to 1000 ml. 

· Mercury calibration standards: 

Solutions for calibration are prepared from a mercury standard solution with a concentration of 1 g/l Hg. This solution is stable at least for 2 years.

To exactly 1 ml of the 1 g/l standard add ca. 100 ml of in a 1000 ml- volumetric flask. Add 
1 ml of the potassium dichromate solution and fill up with water to the mark. Concentration now is 1 ppm Hg (= 1 mg/l). This solution is stable for at least 2 months. From this solution the calibration solutions are prepared daily. 


Example for a calibration in the 0.1 to 5 ppb range:
Transfer 1 ml of the 1 ppm solution into a 100 ml volumetric flask, add 1 ml of potassium dichromate solution and make up with reagent water to the mark. The concentration of this solution is 10 ppb (10 µg/l). 
For calibration 0,1 ... 5 ml of this 10 ppb solution are filled in a 10 ml volumetric flask and made up with water to the 10 ml-mark.  

Rinsing solution and reagents are filled into the corresponding glass bottles (observe labels).The bottles are closed with the screw caps and placed in the grey tray. 
The aspiration tubes (cf. chapter 2.2) are fed through the holes of the screw caps until they touch the bottom. 
A drain tank should be located on the floor underneath the AULA system. The tubes for rinsing solution drain and reactor drain are pushed into the waste tank. Otherwise the drain tubings should be guided to a suitable sink (caution: waste will contain acids !). 
3.3 Starting the AULA-ASD System
Turn on the switch on the socket board (photometer power, ASD unit power and autosampler unit power.

· The autosampler will perform an initialisation procedure. 
Take care not to touch moving parts !

[image: image14.wmf]
[image: image15.wmf]
Ÿ The mercury lamp of the photometer ignites and heats up to operation temperature.
Ÿ After the lamp has stabilized the software automatically checks the connection between photometer and autosampler.
· If the autosampler has not been turned on until now, following message appears on the screen.
[image: image16.wmf]
To continue the autosampler has to be turned on or the connection between photometer and autosampler has to be verified, if sampler is already on. 

[image: image17.wmf]
Then Press F1 to continue. Following screen appears and shows the user that the system is ready to communicate with the PC. 

Now start the AULAWIN software on the PC (if not already automatically done). 

3.4 Set Parameters 
If measurements are performed for the first time the ESC button is pressed on the start measuring from PC screen. Now the set parameter menue will be displayed. 

[image: image18.wmf]
In this menue the duration of measurement, rinsing, purging and system cleaning are set/ confirmed. For standard settings see table below.

After selecting F1 ... F4 the corresponding parameter may be set. A new value is confirmed by pressing  ENT. Delete is performed with the   key.

Parameters
0.01 - 10 ppb Range
>1 ppb Range or quick mode

Measuring Duration
75 sec
45 sec

Rinse Duration
300 sec
250 sec

Purge Duration
0 sec
0 sec

System Cleaning
90 sec
90 sec

Carrier gas flow
60 ml/min
100 ml/min

Table: Standard Settings of Parameters
Ÿ F1 Measuring Duration sets the duration of sample aspiration.

Ÿ F2 Rinsing Time sets the maximum duration for the rinsing step which follows the measuring step. Rinsing will be terminated before this time, if the absorption signal has reached baseline and is stable. 

Ÿ F3 Purging determines the duration of purging the stripping reactor and optical cell with carrier gas after each measurement. For all standard applications it is set to "0". 
Ÿ F4 System cleaning determines the duration of a cleaning step which is automatically performed at the beginning and the end of measurements. 

For routine analysis these parameters do not have to be changed. Only if the measuring range should be changed, the parameters are set according to the values in the table or according to settings found during application work. 

After pressing ENT the set parameters are accepted for the following measurements and the next menue is displayed. 

If the ESC-key is pressed during the set parameters menue, the service menue will appear (cf. Ch. 8). 
[image: image19.wmf]
              Figure: Signal-Time diagram of one Measurement Cycle

3.5 Selecting PC Operation 

After the parameter menue has been left with ENT the operational mode can be selected.

Press F2- PC data based.

[image: image20.wmf]
F1 VM data based: Stand-alone operation mode is selected. This function is not installed !
F2: PC data based: the AULA is operated from a PC, this is the standard operational mode.
4. Working with the AULAWIN Software

The AULA-ASD is operated with the AULAWIN software (PC data based has been selected previously).  Data management and control of the analyzer unit are carried out by this software. 
4.1 Installation of the AULAWIN Software

The AULAWIN setup disk is inserted into the disk drive of the PC. The setup program (setup.exe) is started. The setup software installs AULAWIN on your PC and adds an icon in the programs folder.

4.2 Starting AULAWIN 
The AULAWIN software is started by a click onto the AULAWIN icon. A graph showing the autosampler turntable is displayed. 

[image: image21.wmf]
4.3 Select PC Interface 
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The interface used for communication between PC and analyzer has to be selected in the Configuration - Interface pull down menue (COM1; COM2 or COM3). 

4.4 Enter Data Path

The path used for filing calibration data and measurement data can be entered in the Configuration - Data path pull down menue.

4.5 Enter Positions of Samples 
The samples are filled into the 10 ml (23 mm diameter) glass vials and placed into the numbered positions 1-53 of the autosampler turntable. Correspondingly these positions are shown on the AULAWIN screen.

First activate the sample type (violet = cleaning function = reagent water, red = calibration standard, green = check standard, blue = sample) with the left mouse button. The desired positions of cleaning function, calibration standards, check standards and samples are marked with the left mouse button on the turntable graph. With the Delete function single positions or all positions (delete all) can be cleared. 

· Rules for positioning of samples:
· For best results a cleaning function should be placed into the first one or two positions. Fill a reagent water blank into the sample vial and insert it into the first position of the turntable.

· If a new calibration should be performed, calibration standards (max. 10) are placed on positions 0-10. Position 11-53 is not accepted for calibration standards.

· Concentration order of the calibration standards should be from high to low.

· When a previous calibration should be used, no calibration standards are placed.

· It is recommended that into the first position following to the calibration standards a cleaning function is placed.

· At least one sample has to be positioned.

· Check standards should be used for quality assurance.

4.6 Enter Sample Names

Change from the Carousel to the Table tab.
[image: image23.wmf]
Enter concentrations of standards and sample names in the Conc. [µg/l] / Sample column.

4.7 Enter Dilution Factor

If the sample has been diluted a dilution factor may be entered in the Dil. 1:x column.

For example if a 1 ml sample had been diluted to 10 ml a dilution factor of 10 has to be entered. Then the result of the analysis will automatically be corrected to reveal the concentration in the undiluted sample.

4.8 Enter Sample Weight and Volume

If a digested solid sample is measured, the weight of the sample and the volume to which the digested sample was filled up can be entered. In this case the result of the analysis is calculated and displayed in µg/g or µg/kg. 

Enter sample weight in the weight [mg] column and volume in the Volume [ml] column.

For example if 250 mg of a sample have been digested and filled up to a final volume of 
25 ml, then enter "250" and "25" in the weight and Volume columns. 

4.9 Enter Name of Analyst 
Type the name of the analyst into the Analyst field.

4.10 Deactivate Sample Positions
If a sample placed on a position should not be measured, this sample can be deactivated. 

In order to deactivate a position double click with the left mouse button in the A column. The color of the field will change to grey.

4.11 Allocate Priority to Samples

Normally the measurements of samples are carried out in the order of their turntable place number. It is however possible to allocate priority to samples. If to more than one sample priority is given, these samples are measured in the order of their positions.

In order to allocate priority to a sample double click with the left mouse button in the
P column.

5. Calibration
5.1 Load a previous Calibration

A previously stored calibration can be loaded with the Calibration Load pulldown menue. If a stored calibration is loaded, the date and time of this calibration and the file name are indicated on the table screen. In this case the loaded calibration will be used for all following measurements.

5.2 Display Calibration

The active calibration is displayed with the Calibration Display pulldown menue. The calibration graph may also be displayed by clicking onto the Show Cal. Graph bar.

· Note: if a new calibration is performed, calibration data will not be displayed until the calibration is completed.

5.3 Perform New Calibration
If a new calibration should be performed, 1 - 10 calibration standards must be positioned on the autosampler turntable. The standards must be positioned before any check standards and samples. It is not allowed to enter a "0.00 µg/l" standard. 

· Recommendation: The calibration standards should be set up in an order from the highest concentration to the lowest one.
If measurement has been started (cf. chapter 6.1) and measurement of the calibration standards is completed, the calibration data are displayed. The calibration data may be edited: up to three outliers can be deleted, selected calibration points may be deleted and repeated.

[image: image24.wmf]
    Figure: Calibration Data

[image: image25.wmf]
    Figure: Calibration Graph

6. Perform Measurements

6.1 Start Measurement

If the applicable steps described under chapters 4 and 5 have been carried out measuring may be started. To start measurement either the Measurement Start pulldown menue or the Start Measurement bar can be used.

· The analyzer system will perform following actions:
Ÿ System cleaning for the preset time interval. During this step the system is cleaned with rinse solution.

Ÿ Measuring. During this step sample (or standard) is drawn for the preset time interval. The absorbance reading is displayed on the PC monitor and on the photometer monitor.

Ÿ Rinsing. During this step rinse solution is drawn. After reaching a maximum the absorbance signal is returning towards the baseline. If the signal reaches the baseline and is stable, rinsing is stopped. Rinsing is stopped in any case if the preset rinsing duration is exceeded.

The absorbance readings as well as the mercury concentration for each sample will appear on the table if rinsing is completed and measurement of the next sample is started.

· Readings out of calibration range are displayed in red !

6.2 Stop measurement
Measuring can be stopped with the Measurement Stop pulldown menue or the Stop Measurement bar. If measurement has been stopped, the running measurement will be completed until the analyzer will stop.

6.3 Store Calibration and Measurements
[image: image26.wmf]
After measurements are finished or the running job has been terminated, calibration and measurements can be stored.

6.4 Print Command 
Measurements and calibration data can be printed out with the Calibration Print and Measurement Print pulldown menues. 

· Readings which are out of calibration are marked with flags >x< ! 

6.5 Clear Table Command

If a job has been completed or a measurement has been loaded from a file, the absorbance values, concentration values and date/time are displayed. With the left mouse button the Clear Table bar may be activated. By doing this the values in the Absorb. column, the Conc.Hg and the Date/Time column are cleared. 
7. System Shutdown

· For a total system shutdown the system has to be rinsed with deionized water. Remove all reagent tubing from their bottles and immerse the inlets in deionized water. Then perform a cleaning run by placing 3 cleaning samples (=water) onto the turntable and run the analysis. 

· Release the peristaltic pump clamps (position 3, see figure in chapter 2.5).

· Shut off the argon or nitrogen source and switch off the autosampler, the ASD unit, the photometer and the massflow controller (power switch on the socket board).

8. Service-Menue
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Press the ESC button in the Set Parameters menue (cf. chapter 3.3).  Now the service code can be entered: 321 ENT.

[image: image28.wmf]
8.1 Set Date and Time
Press F2- Set Date / Time. Now F1 is pressed for setting the date and F2 is pressed for setting the time. 

8.2 Device Data

After pressing F2- Device Data some data useful for the service engineer are displayed.
8.3 Select Peak Height Mode

[image: image29.wmf]
After pressing F3- Peak Evaluation the Peak Height mode should be selected as standard setting. 

8.4 Set Minimum Rinse Duration 
Enter the service code 222 (cf. chapter 7). Now the Minimum Rinse Duration can be set. Standard value is 90. 
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8.5 Set Parameters for Pause and I-Start  
The values for Pause and I-Start define a time window for zeroing at the beginning of each measurement. These parameters should be set at 29 (Pause) and 40 (I-Start).
9. Maintenance
9.1 Replace Absorption Cartridge 
The activated carbon cartridge on the rear side of the VM-3000 photometer should be replaced if a message is displayed on the photometer screen, at least yearly.

9.2 Clean Reactor

After a number of analyses precipitations may be formed on the inner surface of the reactor. If this happens, the reactor should be cleaned. As cleaning media hydrochloric acid is recommended. Following procedure has to be performed:

The aspiration tubing for oxidizing reagent, hydroxylamine hydrochloride and stannous chloride are  placed into a beaker with hydrochloric acid (16 %, ca. 5 n). A few sample vials are filled with hydrochloric acid as well and placed on the autosampler turntable. The AULAWIN software is started and any calibration is loaded. Measurement is started using the HCl filled vials as samples. The same procedure is carried out if formation of a white precipitation between the SnCl2 mixer and the crossflow reactor (tubing No. 505-7) is observed. If the cleaning result is not sufficient instead of hydrochloric acid a solution of sodium hydroxide may be used.
9.3 Replacement of Pump Tubing 
[image: image1.png]


Release the small pump lever by moving it to position 3 (cf. drawing below). Open the tension clamp. Remove the used tubing and insert new tubing. The color coded side of the tubing should be inserted into the top side of the pump and pushed into the pocket of the clamp. After that the clamp is closed again and tension is adjusted by moving the lever to position 1 (cf. figure below).  

Figure: Clamp Tension Adjustment

[image: image31.wmf]        

          Figure: Dimensions and color codes of tubing / upper pump (pump 1)
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Figure: Dimensions and color codes of tubing / lower pump (pump 2)

9.4 Pump flow rates

Ÿ Sample channel (violet-violet): approx. 7 ml/min.

Ÿ Tin-II-chloride, potassium permanganate and hydroxylamine hydrochloride channel (orange-orange) : approx. 1.4 ml/min.

Ÿ Reactor drain channel (white-violet) : approx. 10 ml/min.

9.5 Preventive Maintenance

The AULA should be checked on a yearly basis. Tubings and optical cell are checked for stains and tightness. Also checked is photometer performance, tubing of sampler and ASD module. 

10. Troubleshooting
10.1 Error Messages

The electrodeless mercury lamp built in the photometer is monitored permanently. If its power drops under a threshold, a message is displayed on the photometer screen: Lamp !
In this case the lamp has to be checked and/or replaced.

If the connection between autosampler and photometer is interrupted, a message is displayed: RS232 - Data communication error. Check cable and plugs, check if the autosampler is powered (green LED on the front).

10.2 Too Low Readings

Too low absorbance values (may be recognized for example if standards or samples with known Hg concentrations are measured):

· Tin-II-Chloride solution is oxidised ---> prepare fresh reagent

· Flow rate of peristaltic pump is too low ---> check clamp tension, replace pump tubing, check tubings and fittings for plugging up.
10.3 Too High Readings
Too high absorbance values (may be recognized for example if standards or samples with known Hg concentrations are measured):
· Mercury concentrations in the ambient air. The mercury is absorbed by the sample thus increasing its mercury concentration ---> cover sample vials with aluminum foil disks (available as accessory).
Contamination in glassware used for sample preparation or in sample vials. 

· 11. Technical Data
11.1 Specifications

Instrument type
AULA-254-ASD

Manufacturer
Mercury Instruments, Germany

Measuring component
Mercury (Hg)

Measuring principle
Atom absorption, cold vapor method

Analytical wavelength
253,7 nm, fixed, no adjustment required

UV source
Electrodeless low pressure discharge lamp, ozone-free

Stabilizing method
feedback reference beam method, temperature controlled detectors

Optical cell
completely made of fused silica (SuprasilR), L= 230 mm 

Cell temperature
ca. 50 °C, heated

Measuring range: a) liquid sample 

                          b) digests of solid samples 
0.01 - 50 µg/l for 10 ml sample

0.1 ng/g - 5 µg/g for 1g sample

Stripping reactor 
Non-foaming, no aerosol generation, crossflow principle

Oxidation coil temperature
ca. 98 °C

Detection limit
ca. 5 ng/l or 0,05 ng absolutely

Autosampler capacity
53 places

Carrier gas
Argon, dry, analytical grade (alternatively nitrogen), ca. 3-6 l/h flow

Sample vials
10 ml, glass, 22 mm o.d.

Analog output
Absorbance; 4 - 20 mA

Digital output
RS-232 serial communications for PC connection

Electrical power consumption: 
ca. 50 W (photometer); ca. 50 W (autosampler); ca. 20 W (ASD module)

Power supply
230 VAC / 50 Hz ; 115 VAC / 60 Hz (option)

Dimensions
45 x 15 x 35 cm (w x h x d) photometer

35 x 30 x 55 cm (w x h x d) autosampler

35 x 10 x 55 cm (w x h x d) ASD module

Weight
ca. 15 kg 

11.2  Influencing effects

Operating temperature
0 °C ... 40 °C

Sample temperature max.
40 °C

Operating humidity
ca. 90 % max. R.H.

11.3 Approvals

CE approval
according to 89/336/EEC and 
73/23/EEC

11.4  Storage and transport
The interior of the AULA modules should be kept save from moisture and hard shocks.  Strong vibrations should be avoided. For shipping the AULA original packing should be used. The system has to be rinsed with water before shipping (see chapter 7).

12. Spare Parts and Accessories
Material / o.d. [mm]
Length 

[mm]
Fitting Color
Function / Position
Part No.







Reagent aspiration tubing




FEP / 1.6
1350
yellow
Sample aspiration
505-1

FEP / 1.6
1350
green
Oxidant (KMnO4) aspiration
505-2

FEP / 1.6
1350
colorless
Rinse solution aspiration
505-3

FEP / 1.6
1350
orange
Reductant II (SnCl2) aspiration
505-4

FEP / 1.6
1350
white
Reductant I (Hydroxylamine Hydr.) aspiration
505-5







Connection tubing





FEP / 3.2
680
white
Reactor-Photometer connection
505-6

FEP / 1.6
240
blue
Reactor-Mixing block connection
505-7

FEP / 1.6
  
black-black
Mixing coil (1) sample/oxidant
505-8

FEP / 3.2
730
black-red
Heating coil tubing
505-9

FEP / 1.6
  
red-blue
Mixing coil (2) sample/reductant I 
505-10

FEP / 1.6
110
white-red
Pump-Mixing block reductant I connection
505-11

FEP / 1.6
120
yellow-black
Pump-Mixing block sample connection
505-12

FEP / 1.6
110
green-black
Pump-Mixing block oxidant connection
505-13

FEP / 1.6
150
orange-blue
Pump-Mixing block reductant II connection
505-14

Tygon / 1/8x3/16 "
90

Reactor drain to pump 2 connection
505-25







Pump tubing





Tygon

orange/orange
Pump tubing oxidant KMNO4 
505-17

Tygon

orange/orange
Pump tubing reductant I Hydroxylamine Hydr.
505-17

Tygon

orange/orange
Pump tubing reductant II SnCl2 
505-17

Tygon

violet/violet
Pump tubing sample 
505-28

Tygon

violet/white
Pump tubing reactor drain (2 pcs)
505-29







Misc. Tubing





PVC / 8x11
2000

Drain rinse station 
505-23

Tygon /4x6
2000

Drain reactor from pump 2 to waste tank
505-24

Tygon / 4x6
1000
Quickfit
Carrier gas tubing to reaktor inlet 
505-20







Connectors





Glass


Y-connectors, reactor drain
505-15

PTFE


Fitting for reactor gas outlet (8mm x UNF 1/4")
505-19

PTFE


connector piece UNF1/4" 28G
505-38

fibreglass reinforcedPTFE


Pump tubing connectors (9 pcs)
505-22







Misc. Components





PTFE


Three stage mixing block (9x UNF 1/4")
505-16

Glass (DURAN)


Crossflow reactor
505-18

Aluminium


Reaction coil heating block 
505-26




Thermoelectric (Peltier) dehumidifier, complete
505-27




Socket board with switch and overvoltage filter
505-31




Activated carbon filter
201-04




Reagent bottle tray
505-36




Reagent bottle, 1000 ml, clear
505-21




Reagent bottle, 1000 ml, stained (for KMnO4)
505-37




Autosampler turntable, 53 places
505-39




Sample capillary, stainless steel
505-40




Sample capillary, PFA Teflon
505-41













Sample accessories





Glass


Sample vials, 10 ml
505-44

Aluminium


Aluminium foil disks, 40 mm diam
505-42







Connection Cables








Y-connection cable, 3xDSUB 9pin
505-43







Carrier gas components








Quickfit, 90° (female) connector
505-32




Quickfit, straight (female) connector
505-33




Quickfit, straight (male) connector (2 pcs)
505-34




Carrier gas filter (NUPRO)
505-35




Mass flow controller (MFC) 0-100 ml/min
505-30

13. Service Information

13.1 Fuses
[image: image33.wmf]
The mains fuse drawer is located on the rear of the photometer unit between the power cord receptable and the power switch. It contains two fuses.

Figure: Rear panel of photometer unit

[image: image39.png]



CAUTION: pull power plug before opening the fuse drawer! 
Fuse type:  The rating of the fuses to be used as spares depends on the operation voltage indicated on the rating plate of the photometer unit:




230V Operation voltage:  Fuse type T 400mA (slow)




115V Operation voltage:  Fuse type T 1.25 A (time lag)

Another fuse is located on the power supply board inside the photometer. For its access the cover of the housing has to be opened. 

[image: image34.wmf]
C

CAUTION: pull power plug before opening the instrument ! 
[image: image40.wmf]                                                          3.15 A fuse
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Figure: power supply board inside photometer

13.2 Block Diagram of electrical Components of the VM-3000 Photometer
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      Figure: AULA 254  Photometer electric parts block diagram

13.3 Diagram of Photometer Components
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Nr. in Fig.   Description  Ref.-Nr.        

2Front panel with keypad203-50

3Display with interface board203-51

4Computer board       203-52

6Power supply w. transformer203-53

9UV detector203-54

10Optical Cell203-02

11Optical bench203-55

12Interface board203-56

13UV source (EDL)203-61

14Gas outlet203-58

15230 V power cord receptable203-59
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14. Sample preparation

WARNING : Sample preparation requires handling of toxic, harmful, dangerous or corrosive reagents. Only personnel which has been sufficiently trained in working with such substances is allowed to perform sample preparations!

Mercury and mercury compounds are very toxic. Extreme caution is recommended when handling samples and solutions which contain or may contain mercury.

Concentrated acids shall be handled in a fume cupboard. 

Generally applies: 

· samples are treated with oxidising reagents to digest the matrix and to bring mercury into the Form Hg(II). 

· Excess oxidising reagent is reduced with hydroxylamine hydrochloride.

· Subsequently the mercury is reduced to the elemental state by adding stannous chloride (tin-II-chloride) or alternatively sodium tetrahydroborate.

· Sample digests should be diluted enough: the acid concentration in the final sample should be lower than 0.6 ml concentrated acid in 10 ml of sample (for example if concentrated HCl is used its concentration should be lower than 0.63 N)

· The concentration of methanol (CH3OH) in the sample should be lower 
than 10 %

· High salt concentrations in the sample may lower the reading. In this case the sample has to be diluted or the calibration should be performed with calibration standards of the same salt concentration as the samples. 

Extract of published sample preparation Methods:

Soil Quality – Determination of mercury in aqua regia soil extracts with cold-vapour atomic absorption spectrometry or cold-vapor atomic fluorescence spectrometry.
Draft International Standard ISO/DIS 16772 (2001).

Water Quality – Determination of mercury.
English version of DIN EN 1483(1997-08).

Fruits, vegetables and derived products – Determination of mercury content – Flameless atomic absorption method.
ISO/DIS 6637.

Standard Test Method for Mercury Sampling and Measurement in Natural Gas by Atomic Absorption Spectroscopy.
ASTM Designation: D 5954 – 98

Standard Test Methods for Mercury in Caustic Soda (Sodium Hydroxide) and Caustic Potash (Potassium Hydroxide).
ASTM Designation: E 538 – 98.

Starch and derived products – Heavy metals content – Part 2: Determination of mercury content by atomic absorption spectrometry.
ISO 11212-2 (1997-03-15).
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