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Abstract

Diesel engines generally emit less CO2 than combustion engines, but they emit more nitrogen oxide and particulates. The 
danger to human health posed by these extremely small particulates has led to a significant reduction of regulatory limits on 
particulates emissions in the last decades.

Tighter limits on particulates emissions translate into the need for increasingly sensitive detection methods to reliably 
determine the smallest quantities of particles. Gravimetric measurement has become the standard method of legal exhaust 
measurement and is only method which offers both direct traceability and calibration.
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The 40CFR86.1312-2007 Guideline, issued by the U.S. 
Environmental Protection Agency (EPA), specifies use of an 
ultra-microbalance with a readability of 0.1 μg for 
determination of the quantity of particulates. The Sartorius 
Cubis® II ultra-microbalance MCA2.7S-xxx-F,  a special 
filter-weighing member of the extensive portfolio of Cubis 
II Premium Lab Balances meets this stringent specification 
(see Figure 1). The balance includes an optional built-in 
application that covers the a complete workflow for 
particulate measurement including to correct air density 
effects in compliance with the guideline. 

Moreover, the balance also offers connection of a climate 
module to measure the temperature and barometric air 
pressure –  a direct input needed to automatically calculate 
and correct the influence from environmental conditions 
and it also includes a specially designed draft shield to meet 
the specific ergonomic requirements of filter weighing. This 
draft shield reduces environmental disturbances, such as 
electrostatic charges on the filter or from the operator.

Components of the balance consist of high-grade stainless 
steel and titanium that can be easily removed for effective 
cleaning, a particularly important requirement when 
working with nanoparticles.

Gravimetric filter-weighing  for determining particulate 
quantities is a differential measurement or back-weighing 
procedure. The particulate matter quantity is calculated 
from the difference between the weight of the initially 
unpolluted filter and its weight when subsequently loaded 
with emissions particulates. 

At a first glance, one might assume that the influence of air 
density would be minimized and made negligible by 
calculation of the difference. But this would only be true if 
the air density remains constant over time. Unfortunately, 
barometric pressure, and therefore air density, fluctuates at 
different times of day and is an influencing factor; as such 
an allowance is typically made for a conditioning time of at 
least 8 hours during filter weighing. 

Assuming the air density fluctuates at different times of day 
within a range of about 0.0001 mg/mm3 (i.e. between 
0.0011 mg/mm3 and 0.0013 mg/mm3), the influence on the 
particulate quantities being weighed may be considerable, 
as the following example shows.

A filter with an assumed particulate matter density of   
1 mg/mm3 and a filter weight of  60 mg has a volume of 
about 60 mm3. According to the approximation formula for 
air buoyancy:

where ρA  is the average air density of 0.0012 mg/mm3 and 
VFilter  is the volume of the filter, the filter is subjected to a 
buoyancy effect of approximately 0.072 mg.

When determining the particulate quantity, this value as no 
influence as long as the barometric pressure remains 
constant. However, if the air density fluctuates by    
Δ = ± 0.0001 mg/mm3, it would influence the weight of the 
filter by ± 0.012 mg. If this is related to a particulate quantity 
weighing of 0.5 mg, for example, the influence of the air 
density fluctuation on the particulate weight will be about  
 ± 4.8 %. An effect of this magnitude must obviously be 
corrected.

How will air density influence weight of the particles? The 
volume of a particulate load with an average density of 2 
mg/mm3 and an assumed weight of 0.5 mg can be 
estimated at approximately 0.25 mm3. The average air 
buoyancy effect on the particulates will then be about 
0.0003 mg. As this equates to only about 0.06% of the 
particulate weight, this very small influence can normally be 
dismissed as negligible.

In EPA Guideline 40CFR86.1312-2007, Section (c) 
”Particulate matter filter handling and weighing,“ the 
following correlation is used to correct the weighed value 
(mass) by allowing for the air buoyancy effect, where:

M =   buoyancy-corrected mass in units of the balance   
        display
R =   uncorrected filter weight in units of the balance display

ρA = currently determined air density [kg/m3]

ρw = density of calibration weight used to adjust the 

           balance (this normally is 8,000kg/m3) 

ρw = density of filter material used to sample particulate  
            emissions [kg/m3]

Figure 1: Cubis® II MCA2.7S ultra-microbalance with draft shield F for 
filter weighing.
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The  air buoyancy correction of the software application for 
weighing of filters in the Sartorius ultra-micro balance uses 
the same mathematical correlations and therefore corrects 
the air-buoyancy effect in conformance with the EPA 
guideline.

In accordance with the guideline, air density ρA  is 
established by calculating the vapor pressure ρw  of liquid 
water on the base of the Dewpoint Temperature Tdp  where 

and where the barometric pressure measured is expressed 
as P [kPa] and the temperature as T [°C].

Once the value ρA, which has been determined for the 
current air density, and the density of the filter material have 
been entered in the buoyancy correction program, the 
balance will display the buoyancy-corrected weight.

The Cubis® II ultra-micro balance can be  connected to a 
climate module YCM20 installed in a climate-tower module 
to capture climate data continuously and automatically.

The optional filter particulate matter software application 
guides the operator through the entire workflow for 
measuring the initial and back weights of filters. In the task 
setup, general settings such as the working mode for taking 
over the filter weight and the waiting time are defined (see 
Figure 2). Since environmental factors can influence 
stability of measurements and weight difference between 
unloaded und loaded filters is very low, to enhance  
precision, the waiting time can be adjusted to acquire 
weight values at longer stability only.  
Figure 2. Task setup of the filter particulate matter software application 
(QAPP211). The weight can be acquired automatically or manually and 
the waiting time to take over the weight can be set to no waiting time,   
2 s or 5 s.

In the software main menu, the operator first selects either 
to test reference filters or to start the filter weighing process 
(see Figure 3).

Figure 3. Main menu of the filter particulate matter software application 
(QAPP 211).

The intent of the reference filter test is to measure the 
homogeneity of filter weights. The operator sets the 
maximum permissible weight difference between the filters, 
environmental factors including temperature, air humidity, 
air pressure and dew point temperature plus the calibration 
weight and filter density (see Figure 4). If the climate 
module YCM20 is connected to the balance, the values of 
the environmental factors temperature, air humidity and air 
pressure are transferred from the climate module and non-
editable by the operator. From these values, the dew point 
temperature Tdp is automatically calculated by the software 
application and used for the air buoyancy correction of the 
measured weight.

Figure 4. Parameters for the test of reference filters.

The operator weighs two unloaded filters and  a report  is 
created by the software in which the measured filter 
weights corrected by the air buoyancy are provided. If the 
weight difference of the filters is within the permissible 
maximum difference, the test is passed. In the case of a 
failed test and the weight difference between the filters is 
higher than allowed, better filters with higher weight 
homogeneity should be used for the experiments. 
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Figure 5. Report with results of the reference filter test. If the measured 
weight difference is within the set maximum weight difference the test is 
passed, otherwise, filters with lower weight differences should be used.

For the filter weighing process, the operator first manually 
or by barcode scanning selects an existing ID from the list 
or enters a new lot ID. Available lot IDs are displayed with 
the number of performed measurements and can be 
selected from the list (see Figure 6). For new lots, the ID 
must be entered or can be scanned from a barcode, and 
the new lot ID is added to the list.

Figure 6. Screen to select a lot ID for filter measurements. The number of 
saved initial and back weights for each lot ID is displayed.

In the next screen, the operator selects if an unloaded filter 
(initial weight) or loaded filter (back weight) is to be 
measured (see Figure 7). One initial weight and up to three 
back weights can be measured for a lot of up to 100 filters. 
The first sample in the measurement series is always the 
reference filter that is treated parallel to all other filters but 
remains unloaded.

Figure 7. Weighing selection screen for selected lot.

When measuring the intial weight of filters, each filter must 
have a unique name for identification. The operator sets or 
scans a filter name and the software application 
automatically increments or decrements the sample 
number leading to continous sample numeration. 
Optionally, an additional ID can be entered or scanned by 
the operator. The filter size is set once for the reference filter 
and cannot be edited for additional samples.

Figure 8. Screen to set filter name and additional ID.

The initial filter weight is then measured and saved by the 
software application (see Figure 9). The current name is 
displayed and the operator is guided throughout the 
measurement procedure.

Figure 9. Initial filter weight measurement.
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Following treatment, the filters are back weighed. The 
operator selects a sample from the list or scans the sample 
barcode to start the back-weighing process (see Figure 10).

Figure 10. Screen to select sample for back weighing.

The back weight of the loaded filter is measured (see Figure 
11). The the operator is guided through the procedure, and 
the current filter name is displayed.

Figure 11. Measuring the filter back weight.

Based on the measured weights, the software application 
creates a report and calculates the particle load (see Figure 
12). The values of the enviromental parameters entered the 
by operator or measured by the climate module and used 
to calculate the air buoyancy during the measurements are 
included in the report. For documentation purposes,  the 
report can be printed or saved electronically.

Figure 12. Report with results of filter test. For each filter, the initial weight 
and up to three back weights are measured. Based on the measured 
weights, the software application automatically calculates the filter 
particle load.
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