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I. 
Scope and Applicabilitytc "I. 
Scope and Applicability"
This SOP describes the analytical method to determine the levels of organic and elemental carbon in particulates collected on quartz fiber filters.  The particulate samples are collected at a sampling site (outdoor, industrial, mine, etc.) by an accepted sampling method.  

II. 
Summary of Methodtc "II. 
Summary of Method"
A precision tool is used to punch out a section (typically 1.5 cm2) from the filter sample.  The section (punch) is then placed in a quartz oven and the organic and elemental carbon components in the particulate are measured by a thermal-optical analysis technique.  The thermally removed carbon components are sequentially converted to CO2 and then methane, which is subsequently measured by a flame ionization detector (FID).  Both external (sucrose solution) and internal (methane) carbon standards are used for FID calibration.  Correction for the pyrolytically generated carbon (char) that sometimes forms during the first stage of the analysis is based on filter absorbance measurements. pyrolysis step is facilitated using a laser absorbance technique. 

III. 
Working Definitionstc "III. 
Working Definitions"
Organic Carbon (OC) - Optically transparent carbon removed (through thermal desorption or pyrolysis) and char deposited when heating a filter sample to a preset maximum (850 C or 900 C) in a non-oxidizing (helium) carrier gas.

Elemental Carbon (EC) - Carbon (e.g., in soot particle cores) that can only be removed from the filter under an oxidizing carrier gas (He/O2).  Optically absorbing carbon removed at high temperatures (e.g. 850 C ) in a non-oxidizing carrier gas when internal (sample matrix) oxidants are present.  

IV. 
Health and Safety Warningstc "IV. 
Health and Safety Warnings"
The Sunset Laboratory Thermal/Optical Carbon Analyzer uses high temperatures (up to 900C) and laser radiation to perform the required steps in this analytical procedure.  Under normal operation, the analyst is protected from exposure to these energy sources.  However, during repair or trouble shooting, when the instrument cover is removed, the analyst must take the following precautions;



A. 
Before attempting any repairs, turn off the power and wait for all heated zones to cool.



B. 
For most repair work, unplug power to the ovens and avoid contact with any power sources in the oven cabinet.



C. 
Do not look directly at the laser source as permanent eye damage can occur.



D. 
Use caution when handling all support gas cylinders and regulators.  Always have cylinders properly chained to a safety rack.

V. 
Proceduretc "V. 
Procedure"


A.  General Instructions tc "A.  General Instructions " \l 2




None



B.  Samples tc "B.  Samples " \l 2
See the Sample Chain of Custody Form which will accompany the samples. Document in the Laboratory Notebook, the sample name, date and location and any observed characteristics such as color, observable moisture, tears on the filter, etc. which may influence the results.



C.  Materials tc "C.  Materials " \l 2


See Table 1 for all required reagents and gases.  Check the labels carefully to ensure that they are not expired and the proper purity/grade.  Document the supplier, grade/purity and Lot No. as appropriate on the Analysis Data Form.

Table 1.  Materials
	Material
	Use

	UHP Helium (99.999%)
	Carrier gas

	Hydrogen (99.995 %)
	FID combustion

	Ultra Zero Air (low hydrocarbon grade)
	FID combustion

	Helium/Oxygen Mix (10% O2; balance UHP He)
	EC oxidant carrier gas

	Helium/Methane (5.0% methane; UHP He balance)
	Internal standard

	Sucrose (99.9% reagent grade)
	Analytical standard

	Calcium Carbonate (99.95% ACS primary Standard)
	Analytical standard

	Hydrochloric Acid (37% ACS Reagent Grade)
	Carbonate removal 

	Distilled; deionized H2O; ultra low hydrocarbon (DDi)
	Standard solvent




D.  Equipment tc "D.  Equipment " \l 2


See Table 2 for all required major pieces of equipment.  Check calibration of all equipment requiring calibration to ensure it is current.

Table 2.  Equipment tc "Table 2.  Equipment " \f D
	Equipment
	Use

	Forceps 
	Sample handling

	Forceps (silicone rubber tipped)
	Quartz tray manipulation

	Aluminum foil 
	Work area preparation

	Clean quartz filters
	Work area preparation

	Calibrated punch tool (1.5 and 1.0 cm2)
	Removing filter portion 

	10 l analytical syringe
	Calibration

	Volumetric Flasks, Class A.
	Standard preparation

	Analytical balance
	Standard preparation

	Polycarbonate Desiccator
	Carbonate test

	Glass petri dish
	Carbonate test




E.  Procedure tc "E.  Procedure " \l 2


The procedure includes sample and standard preparation as well as general operation of the Sunset Laboratory OC/EC analyzer.  It is assumed that the analyst has experience with routine operation of the instrument.




i.  Preparation of Carbon Standard Stock Solution tc "i.  Preparation of Carbon Standard Stock Solution " \l 3  




a. 
Weigh 10.00 ± 0.01 g of sucrose on the analytical balance and quantitatively transfer it into a 1 liter ml volumetric flask.  Dissolve in and dilute to volume with DDi H2O. Record in the laboratory notebook.  This will serve as the general QA/QC performance standard.  Concentration =  4.207 g C/l solution.  Note the date and replace every 6 months.  Pour about 20 mL of the standard into a clean glass vial (with Teflon cap liner) and place the rest in the refrigerator.    





b. 
For a “low-level” working standard, make a 1 to 10 dilution in a volumetric flask with DDI water.  This solution has 0.4207 g/µl of solution and is used for the lowest concentration standard of a multi-point calibration.
Note the date and replace every 6 months.  




ii.  Internal Standard tc "ii.  Internal Standard " \l 3
 



The internal standard is the mixed helium/methane cylinder noted in Table 1.  Methane in a sample loop is automatically injected at the end of every analysis.  The analytical result is normalized to the response of the methane standard to adjust for slight variations in flow rates that might occur during the day.  At 760 torr and 298 K, a 5.00% methane in helium mixture contains 24.54 g of carbon per ml of gas.  See QA/QC tests below.




iii.  Work area  preparation tc "iii.  Work area  preparation " \l 3




a.
Work area preparation - In a designated area near the OC/EC instrument, clear an area which can be maintained free of clutter, dust and chemicals.  Cover the area with 5 - 6 layers of new, clean aluminum foil.  Tape the edges down so that the foiled area is secure.  The foiled area does not have to be replaced daily unless damage to the surface is incurred.





b.
At the beginning of each analytical session, get a new, clean section of quartz filter and roll it around the tip of the forceps forming what looks like a quartz Q‑tip.  Scrub off an area on the aluminum foil workspace about 2 inches in diameter.  Observe the quartz Q-tip.  It will appear gray where the hard quartz has  abraded away the aluminum surface leaving a clean, uncontaminated surface for cutting filter punches.  Discard the quartz Q-tip. 




iv.  OC/EC instrument startup tc "iv.  OC/EC instrument startup " \l 3 



The instrument should be started up each day from the stand-by mode set at the end of the previous workday.  (see shut-down procedure at the end of SOP).  Bring the gas flows up to the recommended settings on the computer flow table.  Temporarily turn the H2 flow up to 100-120 ml/min and light the FID.  Turn the H2 flow down to the recommended flow rate.  Take the instrument out of the stand-by mode and wait 20 - 30 minutes for the oven temperatures and FID to stabilize before running any samples. 




a. 
Once the instrument is initialized and stable, choose the appropriate temperature program.  (The instrument software comes with several pre-installed standard programs.)  The principal mode used will be NIOSH Method 5040.  For reference, the temperature program is shown in Table 3 below.





b. 
Temperature programs can be developed by setting up a parameter file (text file) with the appropriate format (see Attachment A for example).

Table 3. NIOSH Method 5040 Parameters tc "Table 3. NIOSH Method 5040 Parameters " \f D
	Program

Activity
	Carrier Gas
	Ramp Time

(seconds)
	Program

Temperature (C)

	Oven Purge
	Helium
	10 
	Ambient

	1st Ramp
	Helium
	60
	315

	2nd Ramp
	Helium
	60
	475

	3rd Ramp
	Helium
	60
	615

	4th Ramp
	Helium
	90
	870

	Cool for EC w/fan
	Helium
	30
	0

	Stabilize Temp
	Helium
	45
	550

	He/Ox 1st Ramp
	Helium/Ox
	45
	625

	2nd Ramp
	Helium/Ox
	45
	700

	3rd Ramp
	Helium/Ox
	45
	775

	4th Ramp
	Helium/Ox
	45
	850

	5th Ramp
	Helium/Ox
	120
	910

	Internal Std. Calibration and cooldown
	Cal Gas + Helium/Ox
	120
	0





v.  Pre-analysis checklist tc "v.  Pre-analysis checklist " \l 3




a.
Check cylinders for sufficient volume and pressure





b.
Re-check instrument gas flows on the computer flow table.





c.
Check the instrument pressure (1 - 2 psi)  prior to analysis.





d.
Run AClean Oven@ program. 





e.
Ensure that the work area is clean and ready for samples




vi.  External Standard preparation tc "vi.  External Standard preparation " \l 3




The Sunset Laboratory OC/EC instrument is calibrated during the initial installation using a multipoint external standard calibration.  The external standard calibration is used to determine the carbon in the internal standard gas loop.  The internal standard carbon content is dependent on the volume of the loop (nominally 1 ml) and the concentration of methane in the methane/helium tank standard.  Once the standard loop carbon in determined, a parameter file is set up containing three parameters; 1) the measured punch area, 2) the calibration constant which is the number of µg carbon in the loop specific to the cylinder of helium/methane mix provided at the site, and 3) the transit time which is the time required for methane generated from a sample to reach the FID.  These parameters are often stable for many months.  External standards should be run according to program requirements with results monitored on a control chart.  See sections on Acceptance Criteria and Remedial Action when the external standard responses fall out of accepted range.





a. 
Punch out three new, clean 1.5 cm2 sections of quartz filter with the precision filter punch.





b. 
Place the sections on the filter tray in the analysis oven and run the AClean Oven@ cycle to completely clean the filter punches.





c. 
Punch straight pins horizontally through a light-duty cardboard box so that they are several inches above the lab bench surface and extend at least ½" beyond the cardboard surface.  Carefully press the top of the filter punches onto the tips of the pins suspending the filter punches vertically.





d. 
Using the precision syringe, measure a sample volume of from 2 - 30 l of the standard carbon (sucrose) solution and carefully apply the solution near the top of the suspended filter punch.  Record the exact volume of the aliquot in the log book.  A typical multi-point calibration for ambient filters would include;






1. 
A 10 µl sample from the “low-level” working standard yielding 2.805 µg carbon/cm2.






2. 
A 10 µl sample from the standard carbon stock solution yielding 28.05 µg carbon/cm2.






3. 
A 30 µl sample from the standard carbon stock solution yielding 84.14 µg carbon/cm2.





e. 
Allow the filter to dry for 30 minutes before analyzing.





f. 
A range of 2 - 30 l can be placed on the filter punch.  If anticipating high loadings on the filters, an Analytical Standard Solution of up to 3 times the basic Standard Stock solution concentration can be made to cover the linear range of analyses measurable by the Sunset Laboratory OC/EC instrument.




vii.  External Standard analysis tc "vii.  External Standard analysis " \l 3




a. 
Check the OC/EC oven to determine if the temperature is cool enough to insert a sample. (Flashing green screen section on the computer monitor).





b. 
Open the OC/EC oven and partially slide out the quartz sample boat with the silicone tipped forceps.  With the clean, steel forceps, place the standard sample on the sample boat and slide it into the oven until the tray just touches the thermocouple.  The laser beam should pass through the sample.





c. 
Close the oven and check the oven pressure.  It should read the pre-analysis pressure of 1 - 2 psi.  If not, check for leaks.





d. 
Log in the Standard in the notebook and the computer “Sample Name” line.  Type in the Standard description and carbon loading.





e. 
Start the analysis.  The instrument will automatically run through the complete program and store the data in the previously noted file for subsequent analysis.





f. 
When the data are analyzed using the separate Sunset Laboratory OC/EC Analysis Program, the measured carbon should be within 95% of the calculated value based on the liquid volume.  See section on Acceptance Criteria.




viii.  Internal Standard Analysis tc "viii.  Internal Standard Analysis " \l 3




a. 
The internal standard is a standard gas loop injection and can be initiated by running parameter file which injects the calibration gas during the analysis portion of the program.





b. 
When initiated, this will automatically run and return the current value for the area being measured under the internal standard peak.  This can vary as a function of the hydrogen flow rate to the FID.  This should be run daily at nominally the same hydrogen and air flow rate.  See Acceptance Criteria section for number of samples daily and range acceptable performance.




ix.  Routine Sample Analysis tc "ix.  Routine Sample Analysis " \l 3




a. 
Check the Acceptance Criteria Section for the required number of instrument blanks, replicates and standards for the sample set of interest.





b. 
Remove the samples for analysis from cold storage and place in the desired analysis order near the sample work area.  (No more than 6 samples at a time.)





c. 
At the computer, set up the base file name under which the data for the sample set will be stored.  Record the base file Name for the sample set in the log book for future reference.





d. 
Before opening the sample storage container, log in the sample into the logbook and enter the sample name, number and pertinent information into the ASample Name@ screen at the instrument computer.





e. 
Open the sample container.  With clean, stainless steel forceps, carefully pick up the filter near its edge and place it on the pre-cleaned, aluminum foil work area on the laboratory bench.  Be careful not to disturb the filter deposit.  Using the precision punch, cut out a 1.5 cm2 section from the filter.





f. 
Check to be sure the oven is cool enough to insert a sample.  





g. 
Open the OC/EC oven and partially slide out the quartz sample boat with the silicone tipped forceps.  With the clean, steel forceps, carefully place the sample on the sample boat and slide it into the oven until the tray just touches the thermocouple.  The laser beam should pass through the sample.





h. 
Close the oven and check the oven pressure.  It should read the pre-analysis pressure of 1 - 2 psi.  If not, check for leaks.





i. 
Initial the analysis by clicking on the AStart Analysis@ button on the computer screen.  The program will automatically run the desired program.





j. 
After the oven has cooled sufficiently. Repeat sequentially for the remaining samples.  Be sure and record each sample name as the analyses are performed to prevent mixup of results data.





k. 
Be sure and run the required number of blanks, replicates and standards during the set.





l. 
The results will be stored under the Base File Name in order of analysis for subsequent quantification of results.




x.  Non-routine Analysis tc "x.  Non-routine Analysis " \l 3




Non-routine analysis is necessary when samples contain high carbonate and/or high elemental carbon loadings. These conditions are readily recognized by the analyst.  Such samples must receive special attention as discussed below.





a. 
High carbonate levels most commonly occur in workplaces containing high levels of carbonate-containing dusts (e.g. limestone mines).  A relatively narrow peak in the thermogram near the end of the non-oxidizing stage of the analysis is easily recognized when carbonates are present.  If the analyst suspects high levels of carbonate based on sample appearance or history, or if the client requests carbonate information, an estimate of the carbonate carbon can be obtained as follows: 





b. 
Verify the presence of carbonate through analysis of a second filter punch after acid treatment.  In a laboratory hood, put about 5 ml of conc. HCl (37% in H2O (w/w)) in a petri dish and put this in the bottom of the polycarbonate desiccator.  Place the punch(es) on the desiccator tray (sample holder) and close the top.  Allow the samples to sit in the acidified desiccator for at least one hour and then pull out the entire tray.  Exposure to the acid vapors will decompose the carbonate releasing CO2.  Sit the tray out in the hood and allow the samples to “air out” for another hour to remove any trapped HCl vapors to escape.  Re-analyze the samples and compare the results with the initial analysis.





c. 
If the carbonate is removed as a single peak (e.g., calcium carbonate), the peak can be manually integrated with the Sunset Laboratory OC/EC Analysis program (See Calculation Section below).





d. 
Analyze a carbonate standard solution in exactly the same manner as the external carbon standards (See step V.E.vi. above) to determine the carbonate peak time for use in the subsequent manual data calculations (see below).





e. 
High elemental carbon loadings are easily recognized because samples are black.  This ordinarily occurs with samples collected in occupational settings (e.g. mines) or when hi vol samplers are used. When the sample is loaded into the sample oven, the laser light is essentially completely absorbed, making automatic correction for the OC/EC split point impossible.  Again, such samples are readily observed because of the darkness of the sample.  The analyst should:





f. 
If the samples are a set (i.e., contain particulate from the same source), analyze the entire set of samples.  Ensure that one of the samples in the set has a loading such that the laser absorbance is acceptable for determining the OC/EC split point.  This sample normally appears lighter than the others in the set.  This procedure is not always valid, but it should work in some cases.   





g. 
Analyze the raw data with the data calculation program.  Look for a similar thermogram profile across the set.  If the profile is essentially identical for all the samples in the set, the sample(s) having a satisfactory automatic OC/EC split can be used as the basis for assignment of the split point for the heavily loaded samples.  Note the split point time  Re‑integrate the sample set manually setting the OC/EC split point at the same point throughout the set (see Calculation Section below).   If the analyst is inexperienced, an experienced analyst should be consulted to assist with assignment of the split.  




xi.  Data Analysis - Calculations tc "xi.  Data Analysis - Calculations " \l 3




The Sunset Laboratory OC/EC Analysis Program is used to calculate the results from a sample set after the data are stored under the Base Filename.  The OC/EC calculation program is initiated by clicking on the Icon.  The program then asks for the Filename  to perform calculations.  In general, the following software parameters apply to all calculations;





a. 
The overall carbon response is based on a multi-point external calibration.





b. 
The internal standard methane for every standard cylinder is calibrated against the external multi-point calibration.





c. 
The internal standard is run at the end of every sample.  This known amount is used to normalize the response factor for each sample.  This essentially cancels out small variations in gas flows (and thus sensitivity) over the course of an analysis session.  This also compensates for heavily loaded samples where the FID hydrogen flow was intentionally increased to reduce the sensitivity.





d. 
The software determines an initial FID baseline prior to the desorption.  The area at each point along the thermogram curve minus the baseline is multiplied against the calibration response to determine the carbon.  The data are summed over the range to yield the total carbon results.





e. 
The automated OC/EC split point is calculated from where the laser absorbance in the oxidizing second phase of the EC analysis matches the initial absorbance measured when the sample was first inserted in the oven.  Carbon observed before the split point is considered to be organic carbon and carbon after the split is considered elemental carbon.





f. 
The analyst has several options in computing the results from a set of experiments.  These should be exercised with caution based on the extent of the analyst=s experience.






1. 
The analysis program can batch process all of the sample data sets in a file without further review.  It is recommended that the analyst look at each individual data set as it is processed to look for any anomalies.  






2. 
During the processing, the analyst can calculate carbonate (if evolved as a single peak) by using the manual integration feature in the program.  This must be performed by setting the left and right cursors on the beginning and ending points of the carbonate peak.  When re‑integrating, the program draws a baseline between the designated points and calculates the peak area.  The program will then automatically call this area carbonate and subtract it from the initial area for organic carbon (which includes carbonate, if present).  This integrated value can be compared to that determined through analysis of a second portion of the same filter after exposure to HCl vapor (to remove carbonate).  The difference in the carbon results for the unacidified and acidified samples gives an estimate of the carbonate carbon. 






3. 
If necessary, the OC/EC split point can be manually set (reassigned) by moving the cursor to the desired point.  The software will calculate the split based on that point.  This decision is based on the analyst=s experience and information about the sample.  It is normally done only when high carbonate levels are present.       




xii.  Results tc "xii.  Results " \l 3




The analysis software automatically stores the data in a spreadsheet format for compilation.  The spreadsheet format is illustrated in Attachment B.  The data for each sample may also be printed in graphic form with the temperature, laser absorbance, and FID profiles.  The net results are tabulated and a line is provided for the analyst=s signature.  An example of this results output is provided in  Attachment C.




xiii.  Quartz Fiber Filter Preparation and Acceptance Testing tc "xiii.  Quartz Fiber Filter Preparation and Acceptance Testing " \l 3




a. 
Materials






1. 
47 mm quartz fiber filters (or appropriate size for sampler)








2. 
Petri dishes - sterile single use polystyrene, 50 mm.





b. 
Pre-cleaning storage 






1. 
Filters are ordered in lots of 1000. When received from the vendor, the packages are inspected for physical defects and uniformity in size.






2. 
Petri dishes - clean, sterile petri dishes are inspected for physical defects or damage in shipping and stored as received.





c. 
Cleaning -  After an order is received for filters, the filters are batch-cleaned in the following manner;






1. 
Filters are removed from their shipping containers and placed in a clean crucible in groups of 100 filters.






2. 
The crucible is placed in a muffle furnace with the temperature set to 900C and a timer is set for 3 hours.  The oven does not cool off at the end of the timer setting, but rather is held constant at 900C until the samples can be processed further.





d. 
Packaging - once the filters have been fired in the muffle furnace, then 






1. 
the crucible is removed and placed in a clean desiccator to cool.  Once cool, the crucible is removed from the desiccator and placed on the lab bench.  A package of new, sterile petri dishes is opened and placed near the work area. The filters are individually removed from the stack using clean forceps and placed in an individual petri dish and closed.  






2. 
Two filters (per 100 cleaned) are randomly selected from the batch while the remaining filters, in their respective petri dishes, are wrapped in aluminum foil in groups of 10 filters.  





e. 
Post-cleaning storage - filters will typically be shipped within 24 hours of cleaning.  If for some reason this is not possible, then the cleaned, individually packaged filters will be stored under refrigeration until they can be shipped.





f. 
Acceptance testing






1. 
During the packing process, each filter is carefully inspected for uniformity in size, shape, thickness and appearance.  Any filters which are visually flawed are discarded.






2. 
The two randomly selected filters (3b) are tested for total carbon immediately following their selection using the method described in this SOP (section above).  These must be no greater than 0.2 g C/cm2 total carbon or the lot is rejected and must be re-cleaned in the oven.  




xiv  Acceptance Criteria tc "xiv  Acceptance Criteria " \l 3




Acceptance criteria are summarized in Table 4.  

Table 4. Acceptance Criteria tc "Table 4. Acceptance Criteria " \f D
	Parameter
	Number
	Limit

	Single point external standards
	1 per 20 samples
	Calculated  ±  5.0 %

	Instrument blanks
	2 per day
	Value  ±  0.2 µg C

	Internal standard (at consistent H2, air flow rates)
	1 per day
	Calculated  ±  5.0 %

	Multipoint external standard set
	1 per 100 samples
	Calculated  ± 5.0 %

	Sample replicates
	1 per six samples
	Value  ± 10 %

	Pre-fired filter blanks (QC samples)
	2 per 100
	Value  ±  0.2 µg C/cm2





xv.  Remedial Action tc "xv.  Remedial Action " \l 3




a. 
External standard out of range - carefully prepare and re-run two standards.  If standards are still uniformly out range then;






1. 
Check gas flows






2. 
Check for leaks






3. 
Check system temperatures






4. 
Re-make stock solution.  Re-run samples






5. 
Perform multipoint calibration and update calibration parameter file





b. 
System blanks too high






1. 
Check for leaks






2. 
Check system pressure






3. 
Check air and hydrogen to FID





c. 
Internal standard out of range






1. 
Check air and hydrogen flow rates






2. 
Check system pressure






3. 
Check for leaks




xvi.  Instrument/Equipment Inspection, Testing, and Maintenance tc "xvi.  Instrument/Equipment Inspection, Testing, and Maintenance " \l 3




a. 
Routine instrument inspection






1. 
Check cylinder pressures - replace as necessary






2. 
Observe oven pressure - check for leaks if out of typical range (1.0 - 1.7 psi).






3. 
Observe standby temperatures of MnO2 and methanator ovens prior to startup.  If out of range, determine cause and initiate repair.






4. 
Check gas flows (computer output) and verify that they are within required set points.  If out of range, look for system leaks. Repair or adjust as necessary.





b. 
Testing






1. 
Daily







(a) 
Check instrument blank - if greater than 0.2 g/cm2 carbon, check for leaks, contamination of gases, and hardware failure. 







(b) 
Run methane calibration - determine if within 90% of weekly average.  If out of range look for leaks or problems with FID.  If all else is operating satisfactorily and there is a trend towards lower response over a two week period, replacement of methanator oven may be necessary.






2. 
Bi-weekly

(a) 





Run multi-point calibration






3. 
Semi-annual







(a) 
Re-calibrate flow sensors using NIST traceable calibration source.






4. 
Maintenance - the instrument requires virtually no routine maintenance over extended periods of time. Breakage or failure can occasionally occur with the components described below.  If breakage or failure occurs, components should be replaced as necessary with replacements from Sunset Laboratory. 







(a) 
Replacement of quartz oven - the quartz oven/MnO2 converter almost never fails except in the case of operator breakage or development of cracks.  If this occurs, the oven will have to be replaced.  Begin by cooling the oven to ambient and shutting off all gas flows. Unplug all electrical power.  Begin disassembly by removing the fan, photodetector and top cover.  Next, carefully remove all insulation from the oven area. Disconnect the heating coils and carefully unwrap them from the oven assembly.  Unplug the thermocouples from back and underneath the instrument.  Remove the desorption oven thermocouple by disconnecting the Swagelok fitting.  Remove the top oven supports and lift out the oven.  Replace in reverse order using care in installing the oven thermocouple, heating coils and insulation.  Once installed, re-start gas flows to purge with helium and initiate startup sequence in the software.







(b) 
Replacement of methanator oven - the methanator oven may degrade with time and will be evident by declining methane calibration gas levels (assuming all other components are performing satisfactorily).  If this occurs then replacement will be necessary.  Begin by cooling the oven to ambient and turning off all gas flows. Unplug all electrical power to the instrument. Unhook the inlet and outlet gas lines and open up the instrument housing.  Unpack the insulation and disconnect the heating coil.  Unwrap the heating coil and remove the methanator tube.  Replace with a Sunset Laboratory replacement part.  Assemble in reverse order.







(c) 
Replacement of heating coils - heating coils will occasionally burn out.  When this happens, they will have to be replaced.  Follow the replacement steps for the appropriate component above (Maintenance, Steps 1 and 2) until the coil can be removed.  Replace with Sunset Laboratory replacement part.  Assemble in reverse order.
  

VI.
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VII. 
Revision Historytc "VII. 
Revision History"


A. 
Revision 1 - March 1999



B.  Revision 2 - February 2001




1) Updated NIOSH method 5040 to incorporate current accepted EPA program and to remove “target temperature” column from table as the current instrument software will properly reach the assigned temperature set points.



2) Removed references to Sodium Carbonate as a standard and replaced with Calcium Carbonate.

Attachmentstc "Attachments"
A. Sample Temperature Parameter File tc "A. Sample Temperature Parameter File " \l 2

' NIOSH 5040.par   quartz filter analysis profile

' Parameter file for Sunset Lab

' analyzes for organic and elemental carbon

' mode <comma> time <comma> temperature 

' purge for 10 sec with blower off.

' 

Helium, 10, 1

' start ramping the temperature

Helium, 60, 315

Helium, 60,475

Helium,60,615

Helium,90,870

' let the oven cool before starting elemental

Helium, 30,0

'Start Oxygen for elemental carbon

Oxygen, 45, 550

Oxygen, 45, 625

Oxygen,45,700

Oxygen, 45, 775

Oxygen, 45, 850

Oxygen, 120, 910

' Internal methane calibration standard

CalibrationOx, 120, 0

'  done

' this last mode persists until we start a new sample.

' The last entry *must* be "go offline and turn blower on".

Offline, 1, 0

' end.

B. Sample spreadsheet data tabulated by Analysis Program. tc "B. Sample spreadsheet data tabulated by Analysis Program. " \l 2
	Sample ID
	OC

(ug/sq cm)
	OC* 

error
	EC

(ug/sq cm)
	EC* 

error
	CC

(ug/sq cm)
	TC

(ug/sq cm)
	TC* 

error
	EC/TC

 ratio
	Date
	Time

	Sample 1
	0.1531
	0.2077
	55.5553
	2.9778
	0.0000
	55.7084
	3.0854
	0.9973
	10/4/98
	21:43:04

	Sample 2
	1.9426
	0.2971
	56.0721
	3.0036
	0.0000
	58.0147
	3.2007
	0.9665
	10/4/98
	22:08:22

	C13
	120.9964
	6.2498
	76.3755
	4.0188
	0.0000
	197.3718
	10.1686
	0.3870
	10/4/98
	22:31:10

	C13 (repeat)
	115.9755
	5.9988
	72.9345
	3.8467
	0.0000
	188.9100
	9.7455
	0.3861
	10/4/98
	22:47:56

	SUGAR 10ul
	127.1162
	6.5558
	6.2397
	0.5120
	0.0000
	133.3560
	6.9678
	0.0468
	10/4/98
	23:13:26

	constants:
	
	
	
	
	
	
	
	
	

	1.4500 - 
	Filter area (square cm)
	
	
	
	
	
	
	

	37.5000 - 
	carbon in calibration loop (ug C)
	
	
	
	
	
	


* Calculated errors are based on long-term historical data for replicates and instrument blanks (see Reference #4).  Over the course of hundreds of replicate runs, the relative standard deviation is typically 5%.  True instrument blanks measured by running previously run filters without re-opening the oven report an average of 0.2 µgC/cm2 background.  Thus, the reported error is obtained by multiplying the carbon yield of the sample in µgC/cm2 by 0.05 for the typical sample and instrument variability and adding 0.2 µgC/cm2 from the typical instrument background.  

