Reference Material on Andersen Dichotomous Sampler
Description of the Andersen Dichotomous Sampler

The Dichotomous Sampler used in this study was designed and fabricated by Andersen Sampler Inc. (ASI) in collaboration with General Metal Works (GMW), and was distributed by Thermo Andersen. However, Thermo Andersen was purchased by Thermo Scientific; currently, this last company is the one providing spare parts and technical support for the Anderson Dichotomous Sampler Model 240. Moreover, the Dichotomous Sampler can be used to generate and present data to the Environmental Protection Agency once requirements for the Federal Reference Method (FRM) are fulfilled. Table 1 shows the minimum FRM requirement to use dichotomous data in an EPA report with the serial number of the piece that makes it possible to satisfy FRM the requirements (Thermo Andersen, 1997).

Table 1: FRM requirement for Andersen Dichotomous Sampler 240

	Specification
	Dichotomous Part Number

	Draw a measured quantity of ambient air through a specially designed, particle size discriminating inlet


	SA/G 246b

	Maintain a constant flow rate within the design specifications of the dichotomous inlet


	SA241-CU

	Collect the sample on approved filter media


	SA240PR100

	Have a timing control system within the accuracy limits stipulated by FRM


	SA241-CU-M

SA241-CU


The Dichotomous Sampler 240 fulfills all the requirements mentioned above.

· Description of the Andersen Dichotomous Sampler


The Andersen Dichotomous Sampler consists of two modules: the sampling module and the flow controlling module. The sampling module collects ambient air at specifically 16.7 L/min while selectively admitting suspended particles of aerodynamic diameter equal to or lesser than 10 µm (PM10) through a specially designed inlet.

Inside the sampling module, in the virtual impactor chamber, the inlet flow is further divided in two currents. One current contains only coarse particles and the other contains only fine particles. Each section of the inlet flow is forced through a different 37mm Teflon filter which collects the corresponding sized particulate matter. Figure 2 shows a drawing of the sampling module with the tripod structure on which it is mounted. The whole sampling module is 4 feet tall and weighs 15 pounds. 

From the sampling module, two pipes connect the filtration chambers to the flow controlling module, one for coarse particles and the other one for fine particles. In the flow controlling module, there are two rotameters controlling total flow (16.7 L/min) and coarse particles flow (1.67 L/min). Figure 3 shows a drawing of the flow controlling module, which has dimensions 22” x 11” x 16” and weighs 65 pounds (SCARB, 1997).

Figure 2: Sampling Module of the Andersen Dichotomous Sampler
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Figure 3: Flow Controller Module of the Andersen Dichotomous Sampler
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Figure 2 and Figure 3 were extracted from the “Standard Operation Procedure for Air Quality Monitoring” SCARB, 1997.
· Principles of operation of the Dichotomous Sampler
The Andersen Dichotomous Sampler selectively collects particles suspended in ambient air based on their aerodynamic size and the principle of inertia. At the inlet of the sampling module, ambient air is forced into the equipment at the exactly flow rate of 16.7 L/min. At this flow rate, particles larger than 10µm are not able to make the violent turn of direction, and are, therefore, separated at the inlet point. At a different flow rate, the linear velocity of the sampled particles will be different, and the inertia of those particles will also be different. Therefore, the size of sampled particle depends on the volumetric flow of the instrument. 

Particles larger than 10µm in the ambient air will continue their linear trajectory due to their larger mass (larger mass = stronger inertia at specific speed), and they will miss the inlet of the equipment. Further division of the sampled particles occurs in the virtual impactor. A virtual impactor separates particles by striking them against a high speed flowed air rather than striking them against a solid surface.

Flow entering through the virtual impactor nozzle at 16.7 L/min is forced to make a 90⁰ turn to pass to a second chamber which has a flow of 15 L/min. At this point, only particles of aerodynamic size of 2.5µm or smaller will be able to make the violent turn off direction to the fine particle collection chamber, which ends at the fine particles filter, a 37 mm Teflon filter. Particles larger than 2.5µm will not be able to pass to the fine particles chamber due to their inertia, and they will continue a linear trajectory with respect to the one at the virtual impactor nozzle. This linear trajectory will take coarse particles to another 37 mm Teflon filter at the end of this chamber at a flow rate of 1.67 L/min (EPA, 1999). Figure 4 presents a scheme of the virtual impactor in the Andersen Dichotomous Sampler extracted from the 1997 EPA document EPA/600/4-77-027a named Monitoring PM10 in Ambient Air Using a Dichotomous Sampler.

 Figure 4: Virtual Impactor. Point of Separation of Fine and Coarse Particles
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· Filter handling

The only filters approved by the EPA FRM are the 37mm Teflon filters, part number SA240PR25 or SA240PR100. Teflon filters must never be touched with bare hands, since skin oils on the fingertips will affect measurement. Therefore, Teflon filters are to be maintained encapsulated in the polyolefin rings when taken to, and from, the sampling site. Additionally, they must be handled with tweezers in the laboratory.  Figure 5 shows one of the Teflon filters inside a tallow ring.

Figure 5: Placing of the Coarse Particles Filter in the Dichotomous Sampler
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The water content of the air can also pose another source of error because water trapped in the filter might or might not evaporate causing different reading for filter with the exact amount of pollutant. Additionally, Teflon filters are not-conductive materials and will hold static charges collected on them. For these two reasons, filters must be stabilized in a dissector for 24 hrs prior to and after sampling (in both cases prior to weighting) (Koistinen, 1999).
