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Summary 
In this project we have been working with two different instruments home-made AMA 254 
and Hydride Generator. Home-made AMA 254 was coupled to a fluorescence detector. The 
Hydride Generator was coupled to atomic absorption spectroscopy (AAS), by an optical path. 

Calibration of mass-flow controller by applying a suitable gas in the inlet and a bubbles 
calibration unit at the outlet.  All date was saved by labview program was used 

The first configurations, carrier gas was fed into the middle of the catalyzer tube  

and the gold-trap by a T-shape connector to carry mercury to the detector.  

Condensation of mercury vapour when the gas-stream collided to the silicon walls, at the T-
shape connection leads to failing. 

Second configuration, two positioned-switching valve was introduced between the oxygen 
and argon tanks, allowing only one gas to reach MFC depending on the switching position. 

There are four different parameters memory effects, repeatability, accuracy and sensitivity, 
have to investigated to know that the machine gives reliable result when running real samples. 
Memory effects: 

Memory effect is one reason for deviation of the analysis. It is obvious that some mercury still 
remains within the tube after running. Memory effect is not significant at high concentration 
of the analyte, but could be troublesome at lower concentration.   

Repeatability:  

Repeatability was tested by running 3 replicates with the same concentration of the analyte. 
This is important for knowing the precision of the analysis.  

Accuracy: 

The Reference material MESS-92 (92ppb) was used to evaluate the accuracy of the analysis . 
Triplicate was running and the mean value was calculated to 98.3 ppb, the deviation was 
6.86%. 

Sensitivity: 

 By comparing the mercury fluorescence detector and atomic absorption (AAS) it 

 become evident that the fluorescence detector is much more suitable for analysis with  

 AMA 254 as it gave an overloaded signal whereas the atomic absorption only  

appeared as noise.  
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The comparison between the mercury fluorescence detector and atomic absorption (AAS) was 
done with 0.05 gram(g) tuna fish samples. Mercury fluorescence detector gave an overloaded 
signal, whereas the AAS signal appeared as noise. It is evident that the                        
fluorescence detector is much more sensitive than the AAS detector. 

Hydride generation is one common method for determining mercury in water. Three different 
channels are used for pumping the solutions and forming hydride, they are Hydrochloric acid, 
NaBH4 and sample (blank, standards). The hydride form of mercury was flushed and 
collected into the gold trap by nitrogen gas. After that the gold-trap is heated up to release 
mercury optical cell where the absorption as a peak was measured in the same manner as 
normal flame AAS without using of flame. 

   In our project we also made up a temperature controller to control the temperature. The   
real temperature was measured by thermocouple and was designed like a small box.  
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Introduction 
Mercury is a toxic metal for the cell and its most toxic form is methyl mercury. It damages the 
membrane structure of the cell and the group bearing the highest risk is features and neonates.  
Exposure to mercury is therefore especially important for pregnant women. Features 
contaminated by organic mercury bear a high risk of getting neurological problems. 

There are several sources for the mercury coming into the environment; the major source is 
the combustion of fossil fuel, in particular coal which is used for producing electricity and 
heat.  The mercury coming into the atmosphere reaches oceans and sea and this result in 
accumulation of mercury in the fish. Human beings then eat the contaminated fish and 
becomes poisoned.(4). 

Due to the fact that mercury is a toxic element for human being it is important to be able to 
determine the concentration of mercury in different elements. In this project we used two 
different methods AMA 254 with a fluorescence detector and the Hydride Generation coupled 
to Atomic Absorption Spectroscopy. 

The AMA 254 is build-up by three different ovens. In the first oven the sample is 
decomposed, in the second oven particular inorganic compounds are trapped and the third 
oven consists of a gold-trap where only mercury is trapped. The purpose of having a gold-trap 
in the last stage is that the sensitivity particular at low concentrations of mercury increases, it 
avoids band broadening and interferences. Only mercury will reach the fluorescence detector 
at this time. To be able to adjust the temperature at the different ovens and the flow rate of the 
gaseous, a DAQ-Device was coupled to a computer and Labview was used. A temperature-
program was also build up in Labview for the different stages, drying, decomposition and 
releasing of samples.  

As the AMA 254 was build-up by last MFS-students, the purpose of the project was connect 
the AMA 254 with the fluorescence detector to test how well the machine worked in terms of 
memory effects, repeatability, accuracy and sensitivity.  

The main advantages with this technique are that no sample preparation or derivatisation 
processes are necessary and the analysis is performed directly on the solid sample. The 
disadvantages are that this technique has no possibilities for background correction. Other 
analytes present in the sample maybe concentrated by amalgamation and this may also give 
rise to background problems. (3). 

Hydride generation method 

The principle of the hydride generation method is: 

Na BH4 + 3H20 + HCl ----------- H3BO3 + NaCl + 8H ----------- HgH2(g) + H2(g) (excess). 

Why the hydride generator is important 

Hg2+ 
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In the case of AAS the region analytical is flame, the nebulisation process is very inefficient 
only about 3 % of the sample is in the aerosol. When the Hydride Generator is used the 
nebulizer is not needed and the sample to the hydride reaction zone is nearly 100%. In the 
Hydride Generator, the liquid (water) part of the sample has been eliminated from the 
analytical zone which results in an additional increase in sensitivity [7]. 

There are some other methods for determining the mercury such as ICP-OES, ICP-MS, 
FAAS, Cold Vapor. The most common method  is Cold Vapour Atomic Absorption 
Spectroscopy (CV-AAS). In this method Hg2+ is reduced to Hg0 by SnCl2. Hg0 which is in 
the vapour form is then introduced into an optical path of an Atomic Absorption Spectroscopy 
(AAS). In this technique mercury has to be in the aqueous form, before it is analysed.  

For collecting the signal we use the labview software, labview is the most famous software 
which is used in laboratory. The principle of that is by using labview software and DAQ 
device the signal is converted from electric (voltage) to digital and the other way around.  The 
maximum potential of DAQ device we can use is in the range of ±5V. 

In our project, we designed a temperature controller for  controlling the temperature of the 
oven. The temperature of the oven was detected by thermocouple. We have setting and real 
values, the temperature was adjusted by the setting value. As long as the set value is bigger 
than the real value the element will be heating. When the real value is bigger than the set 
value the heating system will be off. 

Coupling of home-made AMA254 to mercury fluorescence detector 

Calibration of mass flow controller (MFC) 
The principle of a mass flow controlling is based on the temperature difference of the 
upstream and downstream flows measuring by two thermal sensors whose electronic signals 
(voltage) are fed into the Wheatstone bridge circuit [1]. Different gases have different abilities 
to transfer the heat from the upstream to downstream. Therefore one must calibrate the MFC 
when the gas of being used is going to be changed. 

In this project, a MFC with a capacity of three liters offered from ASM Advanced 
Semiconductor Materials (Bilthoven, Netherlands) was used. It was calibrated according to 
the setting in figure 1 (left). Briefly an oxygen tank was connected to the inlet of the MFC and 
from its outlet to a bubbles calibration unit which was scaled at two levels, zero and twenty 
milliliters. In order to power the MFC, a power supply with ±15V was used with the current 
of one ampere to be able to lift up the controlling valve inside the MFC. The controlling cable 
and its ground were connected to a data acquisition device (DAQ) (National Instrument, 
model 6008) that was plugged into a computer with Labview programming (figure 1, right). 
The calibration process was carried out by sending an output voltage from the computer and 
flushing an oxygen flow to the MFC following by measuring the time that bubbles moved 
from zero to twenty milliliters marks with a stop-watch. The flow rate in milliliters per minute 
was calculated by dividing the product of 60 seconds per minute and 20 milliliters by the 
moving time in seconds. 
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The graph of flow calibration curve was shown in figure 2 with 99% correlation coefficient. 
Due to the lack of a bigger scaling bubbles calibration unit, the flows of higher than 400 
ml/min were not able to be calibrated. However the calibrated range from 50 to 400 ml/min 
was sufficient to carry out most of the experiments in this project. The slope and the intercept  

 

Figure 1: Mass flow calibration setting (left) and its Labview controlling program (right) 

 

Figure 2: Flow calibration curve of the MFC used 

of the calibration curve were introduced into the Labview program as seen in figure 1 (right). 
This enabled the automatic calculation of the corresponding flow rate when an input voltage 
was set on the MFC. 

Labview programming for the whole system 
Two separate Labview programs to control the mass flow and acquire fluorescent signal were 
built (programs not shown).  It is important to keep in mind that all programs that are using 
the same DAQ must be merged into a complete one, otherwise it will not be able to control all 
channels or programs at the same time. Therefore, the program that has been developed by the 
previous group (ovens temperature controlling) [2] was modified and ended up with a front 
panel shown in figure 3. To illustrate the steps to fill in the oven temperature program, an 
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example of 45 seconds for drying, 120 seconds decomposition, 45 seconds of mercury 
trapping and 30 seconds of mercury releasing was taken. The filled program was shown in 
table 1. The fluorescent signal data could be saved in a chosen location when the “Press to 
start saving signals” button was pressed. It was recommended that the button should be only 
pressed a few seconds before the releasing time (320 in this example) to save the memory. 
The file was saved as a text file which was easily handled by Microsoft Excel for instance for 
peak area calculating. The temperature profile of oven 3 was built in to visualize at which 
temperature mercury started to release from the gold trap.  

Table 1: An example of oven temperature program 
 

Step Time (sec) Oven 1 (oC) Oven 3 (oC) Comment 
1 0 120 0 Start delayed time to reach 120oC 
2 10 120 0 Start drying 

3 55 700 0 Stop drying, start delayed time to reach 
700oC 

4 155 700 0 Start decomposition step 
5 275 0 0 Stop decomposition, start trapping 
6 320 0 500 Stop trapping, start releasing 
7 350 0 0 Stop releasing 
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Figure 5: High variation in the first configuration 

Figure 3: Front panel of the whole controlling program 

The first configuration: did not work 
This project was begun with a configuration shown in figure 4. In this configuration, an 
oxygen tank was connected to the calibrated MFC followed by the connection from the MFC 
outlet to the catalyzer tube. The argon gas was fed into the middle of the catalyzer tube and 
the gold trap by a T-shape connector to carry 
mercury to the detector. This configuration 
was failed since the memory effect always 
happened. That consequently gave the 
repeatability of up to 30% when a triplicate 
of sand samples contained about 20 ng of 
spiked mercury (figure 5). The repeatability 
was calculated as relative standard deviation 
(RSD) in percentage of the peak area to 
spiked mass ratios. The reason could be due 
to condensation of mercury vapor when the 
gas stream collided to the silicon tube walls  

 

Figure 4: The first configuration where the carrier gas was connected right after the catalyzer tube 

at the T-shape connection. This led to the removal of the T-shape connection and moving of 
carrier gas to the front of the MFC.  



Minor Field Study in Chemistry – Autumn 2010 Page 10 
 

Figure 6: No memory effect indication 

The success of the second configuration 
As mentioned above, the second configuration involved in the removal of the T-shape 
connection and moving of carrier gas to the front of the MFC (figure 6). This configuration 
allowed the use of one MFC to control the flows of both oxygen (combustion gas) and argon 
(carrier gas). Instead of the removed T-shape connector, a two position-switching valve was 
introduced between the oxygen and argon tanks. This valve allowed only one gas to reach the 
MFC depending on the switching position. 

In this project, four important parameters were individually evaluated and controlled 
including memory effect, repeatability, accuracy and sensitivity. 

The memory effect was evaluated by spiking about 
30 ng of mercury solution onto sand as the sample 
carrier. The sample was first run with the timing 
setting of 45-120-45-30 seconds (drying-
decomposing-trapping-releasing). The sample was 
kept inside the system and run again with the same 
setting. Data were collected and plotted in figure 7. 
The plot turned out that the memory effect was 
negligible. 
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Figure 7: The whole system in block diagram and in reality 

The repeatability at two commonly used gains (10 and 100) was tested (figure 8). The results 
were 2.11% and 3.65% for gain 100 and 10, respectively. A certified reference material 
(CRM) abbreviated as MESS-92 was used to evaluate the analysis accuracy. This CRM 
contained 92 ng of mercury per gram (92 ppb). The triplicate was analyzed and ended up to 
98.3 ppb which eventually gave a deviation of +6.86%. 
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Figure 8: Repeatability testing, gain 100 (left) and gain 10 (right) 

In order to simplify the system construction, oxygen gas was also tested as a carrier gas. 
However the analysis of two samples, one used oxygen as carrier gas and the other used 
argon, indicated that argon was 42 times more sensitive than oxygen to carry mercury to the 
fluorescence detector (figure 9). 

 

Figure 9: Comparison of argon (blue) and oxygen (red) as carrier gas  

The sensitive comparison between the mercury fluorescence detector and atomic absorption 
spectroscopy (AAS) was done by conducting the analysis of two 0.05 g tuna fish samples. 
The mercury fluorescence detector gave an overloaded signal whereas the AAS signal just 
appeared as noise. 
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Figure 10: Comparison between mercury fluorescence detector and AAS 

 

Step by step starting up the system 
This section summarized up the whole procedure for mercury determination. 

1. Open the Labview program and press “Run” button.  
2. Turn on the main switch and wait until oven 2 reaches 550oC. 
3. Turn on the mercury fluorescence detector and wait 30 minutes to warm it up. This 

also stabilizes the mercury lamp energy. 
4. Switch the valve to oxygen position.  
5. Adjust the flow of shield gas to about 300 ml/min. 
6. Fill in the oven temperature program and the desired oxygen flow. 
7. Chose the location to save data with a suitable name. 
8. Put the sample in and tighten the cap of the catalyzer tube. 
9. Open the valve of the oxygen tank. 
10. Press the “Regulate” button to start the heating program. 
11. 20 seconds before the releasing time, stop the main oxygen valve, switch the two-

position valve to “Argon” and set the desired argon flow rate. Press the “Press to start 
saving signals” button. 

12. Open the text file in the chosen location and analyse data. 
13. Wait until oven 1 reach room temperature before inserting a new sample. 

Troubleshooting 
Except all the problems have been mentioned in the manual, the following problems were 
experienced during the project. 

Table 2: Common encountered problems  
Problem Possible causes Solution 
The timer of the program 
does count from zero Program error. Press “Ideal” button right before “Regulate” 

button.  

Computer does not 
recognize the DAQ 

Another DAQ was inserted 
before. Computer will read the 
pre-inserted DAQ as default. 

Open “Measurement and Automation” 
shortcut, choose “Devices and Interfaces” 
from “My System” menu, delete all previously 
inserted DAQs.   

The temperature is not 
stable 

Two cable of thermocouple are 
separated. 

Twist and hammer the hot end of the 
thermocouple. 

The temperature is much 
hotter than normal 

The hot end is oxidized. Cut the oxidized part, twist and hammer two 
cables again. 

The hot end is far from the oven Shift the hot end close to the oven (should not 
touch). 

Signal always rises up 
when setting at high 
temperature.  

Releasing of strange compounds 
from silicone tubes, catalyzer… 

Set lower temperature and increase time 
(follow recommended temperature setting at 
the bottom of the program). 

No signal is observed Too low pressure at the oxygen 
and argon tanks. Increase the oxygen and argon pressure. 

The peak is tailing Too low argon flow rate Increase argon flow rate. 

Error concerns the unit 
of temperature 

The DAQ is connected to 
another computer which is not 
properly installed.  

Open properties of all DAQ shortcuts in block 
diagram program, change the temperature unit 
setting from volt to celcius (1V=100oC). 

No flow after the The life time of the catalyzer Change a new catalyzer tube. 
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catalyzer tube tube is reached. 
 

Hydride generator hyphenated to AAS 

Block diagram 
The whole system comprising of a hydride generator and AAS was constructed by the 
following fashion (figure 11): A three channels peristaltic pump was used to suck 
hydrochloric acid, reducing agent NaBH4 and sample (or blank, standards). These channels 
were consequently mixed and reacted to form mercury hydride at the manifold and followed 
by entering the gas liquid separator. All hydride form of mercury was flushed and collected 
into the gold trap by Nitrogen gas. After a certain amount of time, the gold trap was heated up 
to release mercury hydride. The flow travelled to the optical cell where the absorption as a 
peak was measured in the same manner as normal flame AAS without using of flame. The 
peak profile was outputted to a DAQ device and interpreted by a computer with the aid of 
Labview program. 

Heating element
HCl

NaBH4

Sample
Blank

Standard

Peristaltic pump

Manifold

Gas liquid separator

To 
waste

Carrier gas in

Gold trap
HCL-Hg

Optical cell

Monochromator

Detector

Figure 11: Block diagram of hydride generation system for mercury determination 

The concentration of  HCl is 3M, of  NaBH4 is 2% and stabilized in 1% NaOH, NaBH4 is a not stable material 
so it  should be used directly after preparing. Flow rate of carrier gas is 250 ml/min.  

Standard calibration curve and sample analysis 
Stock solution was made form HgCl2 salt and stabilized in 10%HNO3 and 1% K2Cr2O7. 
Working standard will be prepared before using. 

1. Without gold trap 

Operation the system without gold trap, the repeatability was test at 709.8 ppb (figure 12), the  
result was 3.8%. The calibration curve was made from around 100 ppb to 700 ppb (figure 13). 

2. Using gold trap 

1 ml of sample was analyzed, the reaction time is 1 minute, 2 minutes for trapping time and 
heating time of oven is 20 seconds.  
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The repeatability at 105.9 ppb was tested (figure 12b), the result was 2.2%. The calibration 
curve was built from around 30ppb to 100ppb (figure 13b) 

 
Figure12. Repeatability testing withoutgold trap (left) using gold trap (right) 

 

Figure13. The calibration curve of without gold trap (left) using gold trap(right) 

Sample analysis 
We took the water samples from the pound near Universum. The samples were collected in 
teflon bottles and analyzed directly after that. The analysis, did not detect any mercury in the 
water.

Temperature controlling box 
A temperature controlling box was made as a spare for the heating element or other 
temperature regulation purposes. It consisted of three main components including a type K 
thermocouple signal amplifier (AD597) which amplifies the output signal from 43 µV/oC to 
10 mV/oC, comparator to compare the set (from a potentiometer) and real temperature (from 
amplified thermocouple) levels and a DC to DC converter which converts 9 to 18 VDC input 
to ±12 VDC output. This ±12 VDC output was required to power for the comparator and 
AD597 as well as reference voltage for setting value. The connection of these components 
was shown in figure 14. Thermocouple and optotriac relay will be connected outside when the 
box is in use. 
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Figure 14: Temperature control circuit (upper) and the complete box (lower) 

 

Conclusion 
Doing Minor field Study, we learnt more about practical. Doing at a country like Vietnam, it was very 
interesting but we also get some problems. The instruments in Vietnam were not available like in 
Sweden. The Flourescence detector has four gain 1, 10, 100, 1000. The gain 1000 is very sensitive, it 
can detect concentrations down to ppt, but with the environmental condition as in the laboratory it is 
easy to get contamination so the result can be misleading.  

We were successful in connecting the hand-made AMA 254 with Fluorescence detector, it showed 
good result for the analysis. 

When we come back to Umeå, we made up the temperature controller for controlling the temperature 
of different elements, it was then sent to Vietnam. 

Hand-made AMA 254, it is appropriate for the solid samples as for liquid samples, but by the hydride 
generation is more accurate for liquid samples. In our project, we connect the hydride generator with a 
gold trap and then the vapour mercury was detected by AAS detector. We also compared the results 
using gold and without gold-trap. It was showed that the results when using gold trap was really better 
than without gold trap. 
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