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Presenter Notes
Presentation Notes
‘0’ This lecture discusses atmospheric survey and analysis particularly the manual active sampling method using gold amalgam trap cartridge.
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‘1’ This part describes sample collection for the manual active sampling method of atmospheric mercury monitoring. 



OUTLINES OF ATMOSPHERIC MERCURY
SURVEY
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‘2’ This section explains three methods that are often used in atmospheric mercury monitoring.
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‘3’ This slide shows the survey scene using the three survey methods for atmospheric mercury monitoring. Atmospheric mercury survey methods are subdivided into the following three methods depending on how mercury is collected and measured. They are automated active sampling method, manual active sampling method, and passive sampling method. 
In the automated active sampling method, mercury in the atmosphere is automatically collected and measured by a dedicated device that continues to measure mercury at regular intervals. The advantages of this method are the ability of continuous monitoring in a very short cycle to get real time data continuously. The equipment is commercially available and can speciate mercury into three types depending on physiochemical properties, namely, elemental mercury, oxidized mercury, and particle-bound mercury. However, the equipment is expensive, and the operation requires sufficient skills and experiences.
In the manual active sampling method, the collection material and air pump are brought to the survey sites. Mercury is adsorbed on to the collection material on site, and then the analysis is performed in the laboratory. This method can monitor mercury with a very small, lightweight, and inexpensive device. The sampling time, which is the survey interval, is longer than that of the automated active sampling method, but shorter than the passive sampling. It is often approximately 24 hours for ambient monitoring.
In the passive sampling method, mercury is collected using a passive sampler that adsorbs mercury in the atmosphere naturally without using a pump or other devices and it follow diffusion process in atmosphere through sulphur coated charcoal. After collection, analysis is performed in the laboratory in the same way as in the manual active sampling method. It is very easy to install samplers on site, which makes simultaneous surveys of a large number of points possible. The sampling period is often several weeks to one month, which is longer than those of the other two methods as it is less time sensitive.
Each of these methods has its own strengths and weaknesses, so it is necessary to use a method that is suitable for the purpose of the survey.
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‘4’ The manual active sampling method is outlined, and the tools and devices used for this method are explained. This explanation is based on the manual active sampling method used for hazardous air pollutant survey in Japan, which uses gold-coated particles as a mercury trap. The manual active sampling method can be introduced with relatively inexpensive devices and less training. Besides that, because it is easy to handle, it can be applied in many sampling locations.
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‘5’ This is a schematic diagram of the collection system for atmospheric mercury by manual active sampling method. It is configured with a gold amalgamation cartridge, a pump to draw air, a soda lime trap to filter out interferents, and connecting pipes. The principle is simple: the gold amalgamation cartridge is used as an adsorbent, and air is sucked by the pump to be fed through the adsorbent. When the air passes through the adsorbent, mercury in the air forms an amalgam with gold in the adsorbent and is taken up by the adsorbent. The mercury collected as gold amalgam is very stable and can be easily transported and stored at room temperature. This mercury can then be extracted by heating the adsorbent. In the laboratory, the mercury expelled by heating the adsorbent is introduced into an analytical instrument for measurement. Gold cartridges that have been analysed can be reused for another survey.



SAMPLING EQUIPMENT AND ITS
PREPARATION
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‘6’ This section provides an overview of the equipment used for sample collection and the operations for its preparation.
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‘7’ This slide shows the equipment required to collect samples for mercury in air using the manual active sampling method. The equipment required includes gold amalgamation trap cartridges, trap tubes filled with soda lime, air pumps, tubes, and pipes. A thermometer, hygrometer and barometer are also useful when making temperature and pressure corrections to the volume of air sucked.
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‘8’ Firstly, the gold amalgamation trap, which is the adsorbent, is described. The adsorbent in the surveys consists of particles with gold coated on their surfaces contained in a quartz tube with an inner diameter of four mm. The collection capacity of mercury in the air is quantitative in most cases. The adsorbent can be used repeatedly, so the operational cost is very low.
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‘9’ This slide describes the preparation of gold trap cartridges prior to the survey. Needless to say, the gold cartridges used for the survey must be free from mercury. Mercury can be removed from the gold cartridges by heating, so the cartridges can be cleaned after they are analysed using an analytical instrument. However, once cleaned, the cartridges gradually absorb mercury from the atmosphere if they are left open. They should therefore be kept in a tightly sealed container during storage and transport. The same applies after the samples have been collected. Even if the sample is kept in a tightly sealed container, it could gradually absorb mercury over a long storage time. During transport and storage, the sample might be exposed to an environment with unexpectedly high mercury concentrations. It is therefore recommended that separate cartridges are prepared for field blank testing to evaluate the unintentional absorption of mercury. 
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‘10’ This is a soda lime trap for removing interfering substances. Moisture, halogens and nitrogen oxides present in air have an adverse effect on mercury analysis. The soda lime absorbs many of these substances and reduces the interference with the measurement.
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‘11’ This slide shows the preparation of a soda lime trap. A short fluoropolymer pipe, just large enough to fit a gold cartridge, is prepared. One end of the pipe is filled with quartz wool, and then the pipe is filled with soda lime from the other end. Preparation is completed by filling the other end of the pipe with quartz wool. The amount of interfering substances that the soda lime can absorb depends on the environmental conditions and the soda lime used. As soda lime is a relatively inexpensive reagent, the soda lime trap should be replaced with a new one every time a sample is collected.
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‘12’ This slide shows an example of a pump that is commonly used in the manual active sampling methods. Most air suction pumps can be used, as long as they draw air stably. The gold cartridge method uses a flow rate of approximately 0.5 litres per minute, which means that even a very small pump is sufficient. The low power consumption also means that many pumps can be run on battery power alone, without an external power supply. In addition to the pump, a flow integrator is required to record the flow rate. If using volumetric flow controllers, the temperature and pressure must be recorded separately to convert the flow rate to standard conditions. This is unnecessary with mass flow controllers, as the conversion is done automatically. Some pumps are equipped with a mass flow controller, which allows the survey to be carried out in a very small space. However, pumps are usually not waterproof and do not operate properly at extremely high or low temperature. For this reason, they must be stored in a shelter or case during the survey.
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‘13’ The tubes connecting the gold cartridge to the pump should be clean, free of holes and cracks, and able to connect devices without air leakage. As the tube is connected to the leeward side of the adsorbent, the air that passes through the tubing does not enter the adsorbent. Thus, various materials other than glass or fluoropolymer can be used. It is sufficient to prepare the tube by rinsing with clean water, drying, and storing in a plastic bag to prevent dusts. It is not necessary to clean the tube with acids. 
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‘14’ The picture on this slide shows a small multi-functional data logger that can measure and record temperature, humidity and barometric pressure, which is suitable for survey sites. If the sampling flow is measured with a mass flow controller, the temperature and pressure at the time of the survey are not absolutely necessary, but they still provide important information for understanding the conditions at the time of the survey. It is helpful if a meteorological facility is in the vicinity of the site and the data is available. If not, it is necessary to install thermometers and barometers at the sampling site. As shown in this photo, small loggers are available on the market that can measure temperature, humidity and pressure and record this information at regular intervals in their internal memory. 



ATMOSPHERIC
SAMPLE COLLECTION



Presenter Notes
Presentation Notes
‘15’ The actual collection of atmospheric samples is explained in this section.
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‘16’ If the purpose of the air quality survey is to understand the general conditions in the area, it is important to select a representative site. A location with no emission sources of mercury in the immediate vicinity and where there are no special airflow patterns due to buildings or topography should be selected. Different criterial will apply if the influence of sources is to be investigated.
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‘17’ Prior to setting up the gold cartridges and other survey equipment, the survey site should be prepared. In areas where the ground is bare soil or there is a lot of dust, covering the site with a sheet is desirable to prevent adverse effect from roll-up dust. A shelter to protect the pumps from rain and direct sunlight is also necessary. A small tent will suffice for the purpose. It is also possible to use a container with a fan for heat removal.
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‘18’ This slide shows the stand posts and pipes for supporting gold cartridges. The position of the gold cartridges should not be too low, to avoid influence from the ground surface. The monitoring manual indicates a minimum height of 1.5 metres, which often requires the use of a stand to hold the cartridge. It is advisable to insert the gold cartridge into a pipe that is slightly larger than itself for protection from rain and dust during sampling. Many materials can be used, including plastics such as PVC pipes, which are the easiest choice for this purpose.
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‘19’ The procedure for setting up the equipment for sample collection is described. The first step is to prepare the air pump and tubing. The tube is fixed along the support and connected to the pump. The functions of the pump are checked before sampling to ensure that the pump is working properly and the flow rate is set correctly. Most surveys are carried out at a flow rate of approximately 0.5 litres per minute.
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‘20’ Once the support and pumps are set properly, the gold cartridges are installed. Gloves should always be worn when handling the gold cartridge. Disposable gloves are useful for this purpose. If field blanks are being collected, the case is opened together with the gold cartridges for sampling. Then, the gold cartridge is taken from the container and connected to the soda lime trap. The flow direction indicated on the cartridge should be confirmed when fitting the cartridges to the tubes. The gold cartridge connected to the tube is inserted into the protective pipe. Ideally, the cartridge should be placed at an upright angle, but this may risk rainwater entering through the protective pipe. For this reason, it is recommended that the upper side of the pipe is covered and that the pipe is tilted slightly. In this example, the piped are covered with aluminium foil.
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‘21’ After connecting the gold cartridge, pump and tubing, they are rechecked before sampling. For example, it should be confirmed that the flow of the gold cartridges is oriented correctly, that the tubing is securely connected without any air leakage, and that the tubes are not damaged.
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‘22’ Once all the joints are properly connected, the pumps are turned on and sampling is started. For some time after the start, the flow controllers are checked to confirm that sampling is taking place at the set flow rate. If field blanks are being collected, the container with the cartridges for the field blanks is closed when sampling starts. 
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‘23’ Once sampling has started, the detailed status of the survey should be recorded. To facilitate later reference, a record form should be prepared in advance and the information should be recorded in this format every time. 
The following information should be recorded: the date and time that sampling started, the date and time that sampling ended, the location of the survey, the person carried out the survey, the sampling flow rate, and the total sampling amount. 
The information mentioned now is mandatory. The weather conditions on the surveying day are also important information. The temperature and atmospheric pressure should also be recorded if available. The gold cartridges and pumps are marked with unique ID numbers, which should be recorded at the time of the survey to track the status of the survey. It is also recommended that the record form includes a column for recording any special circumstances noticed during the survey. Such notes should be taken on site, unless prevented by weather conditions or other circumstances. 
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‘24’ This slide discusses inspections during sampling. As atmospheric mercury surveys take a long time and the investigator is usually not present at the site most of the time, it is useful to check the operating conditions during the sampling period if circumstances permit. It is recommended that the sampling site is revisited during the sampling period to check items including if the sample collection is being carried out correctly, if any problems such as stands falling over or tubes disconnecting has occurred, and if the sampling flow rate is correct. It is useful to have the space to note the check results in the record form.
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‘25’ When the sampling time is over and the required amount of air has been collected, the sampling equipment is retrieved. Surveys are typically carried out over a 24-hour period. Firstly, the equipment is examined to ensure that the survey has been carried out properly. Next, the pump is stopped, and the final sampling volume is recorded. If field blanks are being collected, the case should then be opened. The dismantling operation should be performed using the following procedure. Gloves should always be worn during this process, as was done during installation. The tubing and soda lime trap are removed from the gold cartridges and placed in the case. The case of the field blank cartridges is closed when the samples cartridges are stored in the container. Then, other devices such as stands, shelters, and sheets, are collected. When the cartridges are sent to the laboratory for analysis, high temperature and strong light should be avoided during transportation.
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‘26’ Duplicate sampling is used to confirm the stability of the survey. It is recommended that duplicate sampling is carried out at regular survey intervals such as one duplicate for every 10 sampling operations. The procedure is simply to deploy two or more gold cartridges side by side. If each of the sampled duplicates shows a similar concentration of mercury, then the influence of the survey equipment on the result is not significant.



ATMOSPHERIC SURVEYS IN SPECIAL
SITUATION
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‘27’ Atmospheric mercury survey and monitoring is not limited to the general environment. There are situations where mercury survey or monitoring is required for other purposes. In many cases, the manual active sampling method is useful. This section provides examples of such situations. 
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‘28’ This slide shows examples of survey or monitoring situations in non-general environments. Some precautions for dealing with issues in special situations for atmospheric mercury survey and monitoring are explained. When a high atmospheric mercury concentration is expected, the survey should be conducted with due concern for protecting the workers and nearby residents. Such special situations may occur in various scenarios. Firstly, compared to the general environment, higher mercury concentrations may be detected in the surroundings of mercury-using industrial processes or mercury-emitting facilities. Secondly, high mercury concentrations may be detected in working environments where mercury is used, such as artisanal and small-scale gold mining sites. High atmospheric mercury concentrations may also be detected at waste dumping site where the illegal or improper dumping of mercury-added products is found. Atmospheric mercury should also be surveyed in the event of an accident involving mercury or mercury products although continuous monitoring may not be necessary. For example, an accidental leakage of metallic mercury, or a fire at a facility using mercury requires a quick response to assess the impact on the residents of the surrounding area. In these situations, especially where mercury or mercury products are present, the atmospheric mercury concentration may be of the order of thousands of times higher than that of the general environment.
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‘29’ Besides general environmental monitoring, temporary survey may be conducted rather than periodic monitoring. The manual active sampling method has advantages for temporary surveys as the sampling equipment is small and easy to carry. Set-up can usually be completed in one hour and only requires a small space. Additionally, the battery-run pumps require no external power supply. If the objective of the survey is to obtain the mean concentration level, the required sampling time may not be long. Normally, atmospheric samples are collected for 24 hours, but the sampling time may be shortened to one hour if the concentration is very high and a highly sensitive instrument, such as a cold vapour atomic fluorescence spectrometer, is used for mercury detection. However, some precautions should be kept in mind when using this manual sampling method in such situations, including the adverse effect of high mercury concentrations, and the presence of interfering substances during analysis.
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‘30’ In cases of gold mining workplaces using mercury and accidental spill or leakage sites, the atmospheric mercury concentration may be especially high, of the order of thousands of times higher than that of the general environment. Since analytical instruments have upper limits, mercury samples with high concentrations cannot be measured. Additionally, samples with high mercury concentrations, that exceed the maximum value of the calibration curve should not be analysed.
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‘31’ Some precautions and measures should be taken for surveys in environments with high atmospheric mercury concentrations. Firstly, the upper limit of the analytical instrument should be confirmed. The sample volume is determined based on the expected concentration and the instrumental upper limit. The sample volume should be smaller than that of the general environment; thus, reducing the flow rate is a good way to reduce the sample volume. The degree of reduction depends on the performance of the pump and flow controller. According to the Japanese manual, the flow rate should be more than 0.1 litres per minute because the flow rate of many types of pumps become unstable below that level. Shortening the sampling time is another way to reduce the sampling volume. If using this option, the daily average cannot be obtained. This precaution should be kept in mind for surveys where diurnal variation is large, such as in workplaces. Even when the mercury amount in the sample is within the measurement range of the instrument, it cannot be analysed if the value is outside the range of the calibration curve. Thus, a standard at a higher concentration should also be measured to create the calibration curve if a high concentration is expected. It is also important to note that the atmospheric sample cannot be diluted after sampling. This is a major difference from other media such as water, soil, and biota, where samples can be analysed again with smaller sample volumes using the remaining sample. Atmospheric samples should be measured all at once using the entire sampling volume. Therefore, if the mercury concentration in the sample exceeds the upper limit of the instrument, it cannot be analysed. In such cases, the sample should be collected again with a smaller sampling volume. If the mercury concentration level of the survey area is unknown, multiple samples with different sampling volumes should be collected. 
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‘32’ Interfering substances for instrumental measurements sometimes exist in large quantities, especially in factories or workplaces. Aerosols, including smoke, restrict the performance of mercury collection, causing damage to the cartridges. The effect of aerosols is negligible in the general environment, but a filter may be required in locations such as fields with open burning, where high aerosol levels are present. Some chemical substances may also affect the instrumental measurement data. Examples include halogenated gases such as chlorine and hydrochloride gas, nitrogen oxide and sulphur oxide, and gaseous organic compounds. The measurement data can also be affected by very high humidity and, in very rare cases, a high concentration of ozone. In the general environment, halogenated gases, NOx, SOx and moisture can be removed by the soda lime trap, and most other substances pass through the gold cartridge. However, in environments with especially high concentrations, such interfering substances may remain on the gold cartridge and affect the analysis data.
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‘33’ There are some measures that can be taken against high amounts of interfering substances. To remove a high amount of aerosol effectively, a filter can be attached in front of the cartridge. To remove gaseous interfering substances, such as halogenated gases, NOx, and SOx, a larger soda lime trap may be sufficient if the amounts of these substances are not extremely high. If the amounts are much higher, a gas scrubber is effective. When a gas scrubber is used, it should be attached in front of the soda lime trap as it generates water mist. If the electrical power supply is accessible, a heater can be attached to the gold cartridge to maintain the temperature in the range from 100 to 150 degrees C. Although this is a relatively complex method that requires a heater and temperature controllers, heating the cartridge is very effective for removing interfering substances. 
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‘34’ This part describes the analysis of the mercury adsorbed by gold cartridges, data processing, and quality control. 



MEASUREMENT OF GOLD AMALGAMATION
CARTRIDGE
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‘35’ This section outlines the operation of a thermal desorption atomic absorption spectrophotometer, which is the analytical instrument used for atmospheric samples. 
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‘36’ This slide shows a conceptual diagram of the instrument used for analysing gold cartridges. Gold cartridges selectively adsorb mercury in the atmosphere, allowing many interfering substances to pass through. However, some interfering substances are adsorbed by the cartridge, which may affect the analysis. To prevent adverse effects from interfering substances, this instrument applies the double amalgamation method, which uses two gold cartridges. A cartridge that collects atmospheric mercury is installed, as shown on the left side of the drawing. The device is also equipped with another cartridge, through which the collected mercury is introduced into the atomic absorption spectrophotometer. The carrier gas used to deliver mercury must not contain mercury. This instrument uses additional gold cartridge as a mercury scrubber to obtain mercury-free air. Thus, mercury-free air can be supplied to the atomic absorption spectrophotometer in a very simple and inexpensive way. 
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‘37’ This slide explains the flow of analysis for mercury collected in a gold cartridge. Firstly, air passes through the system from the first cartridge, which contains mercury collected in the atmosphere, and then the second cartridge, which is connected to the analytical instrument. Next, the first cartridge containing sampled mercury is heated to purge the mercury. When the cartridge is heated, the collected mercury flows to the second cartridge and is adsorbed. However, most of the interfering substances adsorbed in the first cartridge pass through the second cartridge. This process leaves only mercury in the second cartridge and removes most of the interfering substances. Finally, the second cartridge is heated, and mercury is introduced into the atomic absorption spectrophotometer for analysis. This device consumes almost no reagents or gases.



CVAAS MEASUREMENT
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‘38’ In this section, the instrumental analysis is described. The key points for sample analysis as well as the analyses required for quality assurance, QA, and quality control, QC are discussed. The operation Details differ for each analytical instrument and thus will not be covered here.
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‘39’ This video shows the analysis of gold cartridges with an atomic absorption spectrophotometer. In many instruments of this type, a cartridge that collects air must be installed at a particular port in addition to another cartridge that act as a mercury scrubber. Once the instrument is switched on, the double amalgamation process runs automatically, and mercury analysis is performed. In addition to the cartridge containing the collected sample, a blank cartridge that does not contain mercury or standards for calculating the mercury concentration must also be analysed. If there are many samples to analyse, it is necessary to measure the checking standards every 10 samples to check the sensitivity of the instrument. For this, a standard with a moderate concentration, that is, a standard from the middle of the calibration curve, is used.
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‘40’ The preparation of the standard for atmospheric mercury analysis is explained here. Since the atomic absorption spectrophotometer relies on comparative analysis, it is necessary to analyse a mercury standard to determine the absolute mercury concentration using this instrument. A commonly used method is to collect a certain amount of saturated mercury vapour and introduce it into the analytical instrument. This slide shows a conceptual diagram of such a mercury standard gas generator. Metallic mercury is contained in a closed chamber, which is saturated with mercury vapour. The temperature in the chamber is measured with a thermometer, and then the mercury concentration in the chamber can be calculated. When a certain amount of air in this chamber is collected with a gas tight syringe, the amount of mercury collected can be calculated from the volume of air collected and the saturated mercury concentration. Then, the saturated mercury vapour is injected into the instrument to analyse the known amount of mercury. Mercury gas generators that combine such a closed chamber and a thermometer are commercially available, and by using these devices, it is possible to prepare a mercury standard for creating a calibration curve.
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‘41’ This slide describes the procedure for introducing mercury vapour into the instrument. All that is required is a mercury gas generator, a gas tight syringe, and an atomic absorption spectrophotometer. Additionally,  a comparison table between the temperature and saturated mercury concentration should be prepared to determine the gas level in the chamber when drawing it into the syringe. Such comparison tables are available on several websites. Firstly, the temperature inside the closed chamber is confirmed and recorded. Then, the saturated mercury concentration to be drawn from the chamber is recorded by using the comparison table. After that, the gas-tight syringe is inserted into the injection port of the mercury gas generator and a certain amount of mercury gas is drawn. Finally, the syringe is inserted into the injection port of the analytical instrument and the mercury gas is introduced. The amount of mercury is measured directly and recorded as standard data for the sample analysis.
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‘42’ To develop a calibration curve, standard analysis is conducted at multiple concentrations by injecting different amounts of mercury gas. A calibration curve should include four or more concentration points, which means five or more samples should be used, including zero blanks. It is important to note that the collected atmospheric mercury sample can be analysed only once. If the mercury concentration is higher than expected and exceeds the range of the calibration curve, there is no other way to obtain data than collecting the sample again in the field. Therefore, it is recommended that the calibration curve range is set to a slightly higher level than the expected concentration and that the number of calibration curve points is increased, if necessary.
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‘43’ There is an alternative methodology that does not use saturated mercury vapour from a standard gas generator. An inorganic mercury standard solution can be reduced to produce gaseous mercury. This slide shows a conceptual diagram of a device for generating mercury gas by reduction and vaporization. Firstly, a mercury standard solution with a mercury concentration corresponding to the calibration curve is placed in a sealable glass container such as a stoppered flask. Then, the system is assembled with a gold cartridge to remove mercury from the carrier air, a soda lime trap, a gold cartridge to adsorb mercury from the standard solution, and a pump. After assembly, a tin chloride solution is introduced into the flask. Then, the pump is turned on to let air flow through the system. Mercury in the solution is reduced and purged into the air, which is then sucked by the pump, and gaseous mercury is adsorbed by the gold cartridge. By repeating this operation several times, a set of gold cartridges with different concentrations is prepared, which provides the necessary concentration steps to create a calibration curve. Standard data is then obtained by analysing all these gold cartridges with an atomic absorption spectrophotometer.



DATA PROCESSING AND
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‘44’ After analysing the samples, the mercury concentrations of the samples are calculated based on the sample data and standard data. This section describes data processing and items used for QA/QC.
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‘45’ Once the analysis data is available, the concentrations of the samples are calculated. This slide shows the formula for converting the analysis data from the atomic absorption spectrophotometer into the atmospheric concentration of a sample. A calibration curve is created from the standard data to calculate the amount of mercury in a collected samples. The concentration is calculated by dividing the amount of mercury obtained by the collected volume. As the concentration should be presented in standard conditions, it should be converted using the temperature and barometric pressure at the time of sampling, unless a mass flow controller was used for sampling. The standard conditions usually refer to zero °C and one atm, but monitoring results in Japan are converted to 20 °C and one atm.
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‘46’ When analysing mercury, the operation blanks and field blanks, if collected, should also be analysed. Testing an operation blank is rather simple, as a gold cartridge that has been stored and has not been used for sampled or absorbing a standard gas is analysed. Normally, no noticeable blank value is detected, as long as the gold cartridge is stored properly. It is important to reiterate that the collected air samples can be analysed only once. Therefore, the analysis of the operation blank must be performed before analysing the collected samples. If a significant value is detected in the operation blank, the causes should be investigated and measures for resolving them should be taken before analysing the collected samples.
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‘47’ It is recommended that a field blank, or travel blank, is performed approximately once in every 10 sampling operations. It is also recommended that three or more gold cartridges are used, instead of one, when investigating the field blank. The field blank usually does not show a high value in normal surveys, but the level can be elevated on some situations, such as surveys of mercury-using facilities, due to operational reasons.
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‘48’ Even if the collected samples are exposed to a high concentration of mercury during the survey or transportation, the value of the field blank can be subtracted from the results by assuming that all cartridges have adsorbed the same amount of mercury. This judgment cannot be made with a single field blank. The effect on all collected samples can be estimated from the variation in the field blank value if multiple field blank samples are collected. When a large value is found, a field blank investigation with more than three samples will enable the contamination to be quantified by calculating the standard deviation. If the standard deviation of the field blank samples is smaller than the detection limit, the samples are considered uniformly contaminated, and the average value of the field blank samples can be subtracted from the analysed values of the collected sample.
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‘49’ This slide describes duplicate sampling. To ensure the stability of the survey, it is recommended that duplicate sampling is performed at least once in every 10 survey operations. Two or more cartridges are used simultaneously for sample collection and the analytical results are compared. The values should be within 30 % of each other, but the difference is usually much smaller. 
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’50’ The limit of detection, LOD, and limit of quantification, LOQ, of the method should be confirmed prior to the survey. The LOD and LOQ of the method are obtained from the standard deviation for repeated analyses of low-concentration standard gas. Five or more standard gas cartridges, whose concentration is usually the minimum point of the calibration curve, are prepared and analysed. The LOD and LOQ are estimated from the standard deviation of the obtained results. The LOD is three times the standard deviation, and the LOQ is 10 times the standard deviation. These limits are defined by the amount of mercury detected, so the limits at actual concentrations will vary depending on the collected sample volume. For 24 hour sampling, these limits are significantly lower than the background atmospheric mercury levels, which has little effect on the survey results. This effect, however, must be taken into consideration when sampling is only performed for a short period of time, such as during indoor air surveys.
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‘51’ It is important to mention that the survey data must be obtained in a usable manner. The obtained data should be compiled with ancillary information such as the date and time of the survey, the location of the survey, and the weather conditions at that time, to improve the usefulness. Electronic files with related data recorded by location, year, etc. are useful. It is more effective if a database system is created.



MAINTENANCE AND CALIBRATION
METHODS
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‘52’ In this section, maintenance and calibration methods for the QC of two pieces of equipment are explained.
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‘53’ This slide explains the method for confirming the recovery rate of a gold cartridge. A gold amalgamation cartridge can be used repeatedly for atmospheric sample collection. However, the cartridge may be damaged and the mercury recovery rate may decrease if sampling is conducted under abnormal conditions where a large amount of aerosol is present. When such damage occurs to the gold amalgamation cartridge, signs are often found, such as lower concentrations than normal monitoring results or inconsistencies between duplicate samples. In these cases, the recovery rate of the cartridges should be confirmed. 
The video shows the confirmation procedure for the recovery rate of a cartridge. Firstly, the cartridge is connected to an air pump. The pump used for sampling is suitable for the purpose. After the preparation of the cartridge and pump, mercury standard gas is drawn from the standard gas generator. The gas should be drawn from the same standard gas generator as used to create the calibration curve. Once the mercury standard gas is drawn from the generator, the pump is turned on. As soon as the pump flow rate stabilizes, the mercury gas is injected into the cartridge. Immediately after injection, another gold cartridge is connected to the injected cartridge to remove mercury from the inflow air. The mercury-free air is fed into the cartridge for two minutes to allow the injected mercury to be adsorbed by the gold trap.
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‘54’ After aspiration for two minutes, the cartridge is collected and measured by CVAAS. The standards for creating the calibration curve are also measured. The recovery rate is calculated from the ratio of mercury added to the cartridge and the analysed mercury amount. If the calculated recovery rate is low, the cartridge requires further cleaning.
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‘55’ If the recovery rate of the cartridge is low, it should be cleaned. This video shows the cleaning procedure using alcohol. For cleaning, methanol or ethanol and a clean cotton swab are used. Firstly, the exterior of the surface of the tube is wiped. Next, the interior is washed with a cotton swab dipped in alcohol. After wiping both the interior and exterior of the tube, the interior is wiped using a new dry cotton swab to remove the remaining alcohol in the tube. The cleaned cartridge is then left at room temperature until completely dry.
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‘56’ This slide shows another procedure for cleaning the damaged cartridge by heating in an electric furnace. A cartridge made of quartz will be damaged if heated in the presence of sodium or calcium. Thus, it should be washed well prior to heating. After washing the cartridge, it is placed on a dish that can endure strong heat, such as a large evaporating dish, which is then placed in an electric furnace and heated at 800 °C for 30 minutes. After leaving to cool to room temperature, the cartridge is collected and stored in a case. There is no guarantee that the cartridge is in good condition after this procedure; thus, the recovery rate should be reconfirmed. 
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‘57’ The atmospheric mercury concentration is calculated from the sample volume, so the flow meter used in sampling should be accurate. To maintain an accurate flow rate, it is recommended that periodic calibration is conducted by using a standard flow meter. The video shows the calibration procedure using a standard flow meter. Firstly, the flow meter to be calibrated is connected to a standard flow meter and a pump. The flow meter in this video is built into the pump as a flow controller. To stabilize the air flow, a buffer tank is connected between the flow meter and pump. To perform calibration under the same conditions as during actual sampling, a gold cartridge and soda lime trap are connected in front of the flow meter. After set-up, air is aspirated through the assembled gold cartridge, flow meter, buffer tank, and pump at the same flow rate as during sample collection. The flow meter is adjusted to match the flow rate indicated on the standard flow meter.






58


Presenter Notes
Presentation Notes
‘58’ After adjustment, the actual calibrated flow rate and its uncertainty should be confirmed. Under the same conditions, the flow rate indicated on the standard flow meter is collected multiple times at the same interval, for example, one minute. After recording the flow rates, the average flow rate is calculated as the calibration value of the flow meter. Additionally, the standard deviation is calculated as the uncertainty of the flow meter.
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