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Laboratory Experiments No 5:  Measuring PM2.5 Composition 
 
Purpose of Lab 5:   
This experiment will involve determining the concentrations of the major anionic (Cl-, NO3

-, 
SO4

=), cationic (Na+, NH4
+, K+, Mg2+, Ca2+) and carbonaceous (TC, OC and EC) chemical 

components comprising PM2.5 ambient particles in urban Atlanta.  This will involve collecting 
particles on filters (teflon filter for ions, quartz filter for OC EC); for ions, developing 
calibrations curves based on standard dilutions, extracting the filters in water and the use of ion 
chromotrgraphy to quantify ions in the extract solution. For TC, the use of the benchtop thermal 
optical OC EC instrument (used in previous light absorption expt). From these measurements 
you will quantify the set of anion and cations in the liquid extact and convert to ambient 
concentrations.  A similar appropriate calculation will be used to determin TC, OC and EC.  
The final concentrations should include an uncertainty (e.g., C ± ΔC, for all of the compounds 
measured). 
 
Part 2. Particle Collection Procedure 
 
 
 
 
 
 
 
 
 
 
Set up the experiment as shown above.  The particle size selector is a PM2.5 cut cyclone that 
requires a flow rate near 16.7 L/min.  A denuder is placed just upstream of the filter to remove 
selected gases, for ions this includes SO2, HNO3, NH3, that could absorb to the filter and be 
measured as a component of the particle. To control the flow rate in this experiment we will use 
an appropriate size (near 16.7 L/min) critical orifice. You should include a schetch of the setup 
with rough dimensions so that you can estimate particle transmission efficiencies (e.g., diffusion 
losses in laminar flow via say Gormely-Kennedy).  Start the pump, record the time.  Sample 
for about 24 hours (or whatever, just longer than 12h).  Make sure you record the time at the 
end of the experiement.  Also, at the beginning and end of the experiment measure the sample 
flow rate just upstream of the denuder using the dry cal.  Do the same for the TC sampling 
channel, in this case an activated carbon denuder is used. 
 
Do the Following for Both Filter Sampling Channels (Ions and TC) 
 
Loading, Unloading, and Extracting the Filter, and Blanks 
Make sure you read the section on blanks below before you begin loading the filter.  Never 
touch the filter or any components that come in contract with the filter; use a clean tweezers. 
 
Loading: Dissasemble the filter holder and figure out how it works (where the filter goes, the 
inlet versus outlet etc).  Hopefully, the components of the filter holder that are in contact with 
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the filter, and the tweezers, have been cleaned with ultrapure water.  Insert the filter.  Make 
sure the plastic disc between filter is not also attached to the filter (the flow rate will be zero)..   
 
Unloading a Filter:  Use a clean twezzers to remove the filter from the holder and place it in a 
30 ml precleaned plastic vial. 
 
Blanks: To quantify any interfereces from the filter, vial, ultrapure water, etc, run a blank. That 
is, load a filter into the filter holder, close the filter holder, then reopen and remove the filter and 
place in a plastic bottle labeled blank.  You can do this at the beginning or end of the filter 
sampling.  Extract and analyze this filter exactly like the loaded filter. 
 
For Ion Extracting:  Use a graduated cylinder to measure and transfer 30 ml of ultrapure (18 
Mohm) water into the vial.  Shake the vial for about 10 minutes or place in ultrasonic bath.  
The liquid will be used for the subsequent analysis. 
 
Part 2. Anion IC Calibration and Filter Analysis 
 
THE TA WILL SHOW YOU HOW TO OPERATE THE IC.  To save time, you will calibrate 
only the anion IC and run one stardard for the cation.  The TA will provide the complete cation 
calibration data. 
 
We will use commercially available liquid standard stock solutions.  The concentrations of 
Choride, Nitrate, and Sulfate in the stock solution will be provided (Stock solution: 50mg/L of 
Cl-, NO3

-, SO4
2-) 

 
The goal is to prepare 4 standards that will roughly cover the range of expected ambient 
concentrations of chloride, nitrate, and sulfate extacted from fine particles for our particle 
collection method (sample time and flow rate).  Each of the 4 standard solutions you prepare 
will contain known concentrations of chloride, nitrate, and sulfate that will be used to create 
separate calibration curves for each compound (ie Conductivity (peak area) vs Liquid 
Concentration).  
 
You will make standard solutions of 0.1, 0.25, 1.0, and 2.5 mg/L of chloride, nitrate and sulfate.  
These will be used to calibrate the IC for these 3 compounds (could also do nitrite if you wish).  
To do this, do the following: 

 
1. Calculate the volume of stock solution you will need to make a solution of 100ml volume for 

each concentration above.   
 
2. Make sure you have 4 clean 100 ml volumetric flasks.  Clean by rinsing 3 times with high 

purity water. Pour a small (roughly 5 ml) of standard stock into a disposable cup. For each 
solution, pipette the calculated volume of stock from this dish into a pre-cleaned 100ml 
volumetric flask.  Fill the volumetric flask to the 100ml mark with ultrapure water.  
Record the uncertainty in each step of this process (pipette volume uncertainty, volumetric 
flask uncertainty, and record). Using this method make your 4 standard solutions. 
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3. Make the IC measurement: Fill the IC sample loop with a solution by drawing it in from the 
volmetric flask with a syringe. The volume of sample drawn into the sample loop should be 
sufficient to flush the loop a number of times so draw ~1ml of each standard.  Then start the 
IC sample analysis; the IC will inject the sample onto the column and record conductivity as 
a function of time.  With the IC column you are using, the peaks will come out in the 
following order, chloride (lowest retention time comes out first), nitrate, and sulfate (greatest 
retention time).  Run all calibration standards. Record the IC data (area under curve) for 
each anion (chloride, nitrate, sulfate) for each standard (you can do this while the next 
sample (chromotogram) is running. 

 
4. Run the blank filter and the loaded filter on the IC in a similar manner as the standards by 

pulling sample into the sample loop with the syringe.  But first filter the blank and loaded 
filter.  To do this, get two identical clean plastic (triple rinsed) bottles. Rinse a 3 mL syringe 
and syringe filter first, then use the syringe to draw sample out of the bottle, place the filter 
on the syringe and transfer sample to the clean bottle. Dispose of the syringe and filter (both 
of them) then repeat for the second fitler sample. 

 
5. Clean the volumetric flask by dumping out the contents and rinsing with ultra pure water 

once and refill with ~10mL and cap.  Discard the plastic bottles with the blank and loaded 
filter.   

 
Repeat the process for Cations, the TA will provide the standard stock solution and specify the 
concentration of each ions. 
 
Quartz Filter analysis:  Take a punch of the quartz filter and quartz blank filter and run them on 
the OCEC Analyzer to determine TC, OC and EC.   

Data Analysis/Report 

1. Graph the calibration curve for each anion and calculate the regression line slope (it does 
not necessaryily have to pass through zero).  Determine the slope uncertainy for each 
analyte (eg, 1 sigma). (Include x-y error bars?) 

2. Consider any correction to the data due to blanks, sample losses etc.  Discuss if these are 
or are not important (use numbers to support your arguments). Assume no uncertainty in 
the IC measurement (peak integration is perfect, and is directly proportional to 
conductivity in this IC). 

3. Calculate the mean concentration and associated uncertainty of chloride, nitrate, sulfate, 
and cations … (e.g., C ± ΔC)  in your sample using the calibration curve to determine 
liquid concentration of the filter extract, and then use the volume of liquid extract and 
volume of sample air that passed through the filter to get an ambient concentration in 
µg/m3).  Include details of the calculations (both C and ΔC) in the writeup. 

4. Determine the blank and loaded filter mass of TC, OC and EC, blank correct the data and 
determine the ambient concentrations of TC, OC and EC based on the sampling flow rate, 
sampling time, filter punch area relative to total filter area and the data reported from the 
OCEC analyzer 
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5. Do an ion balance by converting each ion’s mass concentration to equivalence (µg m-3/ 
MW * Valance * 1000 to get nEq in mol/L) and comparing the sum of anions to cations.  
Include estimates of uncertainties in each sum.  Are they in balance, if they are not in 
balance what ions are missing?.  What is the expected chemical form of the sulfate 
basded on this analysis (e.g., is it (NH4)2SO4, or closer to NH4HSO4, or H2SO4…). 

6. Do an overall mass balance by comparing the sum of the measured anions, cations, EC 
and OM* to a measurement in Atlanta of PM2.5 mass. Use PM2.5 mass reported on the 
web to estimate mass during your filter sampling, (eg, 
http://www.georgiaair.org/amp/index.php).  Are your results consistent (reasonable 
considerting your measurement uncertainty) with expectations, what compounds are 
missing.  Make a pie graph summarizing your results. 

*Note on OM.  The OCEC analyzer only measures OC (mass of carbon).  To convert this 
to actual organic aerosol mass (OM) we need to know the ratio of the average molecular 
weight of the aerosol OM to it’s carbon mass.  Studies by others suggest this ratio should 
be between 1.6 to 2.2 (or so), with values close to 1.6 for less oxygenated primary aerosol 
and values close to 2.2 or higher for oxygenated secondary and chemically aged aerosol.  
For more details see (Turpin and Lim, 2001) 
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