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Topics Discussed
• Installation & Setup
• QC/Routine Maintenance

Weekly– Weekly
– Bi-weekly
– Monthly
– Quarterlyy
– Semi-Annually

• Data Reporting to AQS
• Data ValidationData Validation
• Our Experiences / Lessons Learned
• References

Additional Information• Additional Information
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Installation & Setup

Laptop

Organic 
Denuder

Sunset 

Protective 
Cover

UPS
Instrument

RS232-USB 
Signal 
Converter
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Installation & Setup
PM InletArm Extension

PM2.5 Inlet w/ Rain 
Hat & Spider Shield

PM2.5 InletArm Extension

He/O2 He/CH4 He
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Weekly QC/Routine Maintenance
• Primary (>250 PSI) & secondary 

(~12 PSI single analyzer) 
pressure for support gases

• Blank Values (< ±0.3 µg TC)

• Analyzer Gas Flows (relatively 
stable)

L• Laser 
correction 
value (>0.90)• Back Oven Temperatures

- 870C during analysis

6/4/2012 U.S. Environmental Protection Agency 5

g y
- 500C during sampling



Weekly QC/Routine Maintenance

• Clean inlet dropout tee 
(moisture or particle buildup)

• Autozero flows (if He1, He 
Purge or He/O2 > ±0.5 cc/min 
and/or Cal Gas > ±1 cc/min)

• Download data as backup to 
thumbdrive

– Raw data file
Results file– Results file

– Minute EC file
– Blank results file

• Change filter (following slides)• Change filter (following slides)
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Weekly Filter Change 
Removal of Previous Filters

Laser Safety ShroudSample Inlet
Photodetector

Quartz Insert
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Weekly Filter Change 
Removal of Previous Filters

Filter Removal Tool
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Weekly Filter Change
Installation of Clean Filters

Flat-FacedFlat Faced 
Forceps

Filter Punch
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Weekly Filter Change
Installation of Clean Filters

Oven Port Tube Inlet
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Weekly Filter Change
Installation of Clean Filters
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Bi-Weekly Single Point External Standard

• Two filters installed like normal 
and 3rd “boat” filter installed at 
end of quartz insertend of quartz insert

• All 3 filters cleaned in oven

10 L t k l ti• 10 µL stock sucrose solution 
(~42.1 µg TC) injected onto 
“boat” filter

• Analyze and confirm instrument 
detects within ±5% of the 
expected sucrose concentration
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Monthly QC/Routine Maintenance

• Replace denuder filter 
papers

• Flow Check (8 ± 1.2 LPM)
– New procedure currently under 

evaluation, will be added to 
SOPSOP

– Tolerance may decrease in the 
future

• Clean cyclone inletClean cyclone inlet

• Leak Check < ±0.10 PSI per 
minute

6/4/2012 U.S. Environmental Protection Agency 13



Quarterly QC/Routine Maintenance

• 48 hour dynamic 
blank testblank test
– Filter pack with 

47mm Teflon filter 
i ll d b l i linstalled below inlet

– Hourly total carbon 
values not to exceedvalues not to exceed 
1.0 µg/m3
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Semi-Annual QC/Routine Maintenance

• Multi-point external standard
– No injection (0 µg TC)
– 10 µL low-level standard (10.5 µg TC)
– 5 µL standard stock solution (21.05 µg TC)
– 10 µL standard stock solution (42 1 µg TC)10 µL standard stock solution (42.1 µg TC)

• Clean inlet tubing

• Flow sensor calibration
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Data Reporting to AQS

Parameter 
Code

Parameter 
Name

Method 
Code

Sample 
Analysis 

Description

Sample 
Collection 

Description

Unit 
Code

Unit 
Description

OC CSN U dj
88305

OC CSN Unadj. 
PM2.5 LC TOT

867 TOT Sunset Labs 105 µg/m3 (LC)

88307
EC CSN PM2.5 

LC TOT
867 TOT Sunset Labs 105 µg/m3 (LC)

T t l C b
88312

Total Carbon 
PM2.5 LC TOT

867 TOT Sunset Labs 105 µg/m3 (LC)

88316
Optical EC 
PM2.5 LC TOT

895
Optical absorp. 
at 660nm

Sunset Labs 105 µg/m3 (LC)
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Data Validation

• Sunset currently incorporating diagnostic checks in their 
software to assist with data validation & reporting

• Software will flag and void various parameters such as:
– Sample flow rate
– Laser correction
– Sample duration
– Optical EC concentration
– TC concentration

N l– No sample

• Software will also automatically convert from STP to LC

6/4/2012 U.S. Environmental Protection Agency 17



Our Experiences
Lessons Learned

• Instrument begins sampling immediately instead of waiting until start of 
next sampling period - restart software & computer after routine 
maintenance (especially after running a clean or blank)maintenance (especially after running a clean or blank)

• Filter flipping sideways or not seating properly - verify filters are 
installed properly and fittings tightened down after filter change

• Noisy EC data - protective cover to shield instrument from AC unit

• Computer restarting and interrupting sampling - double check laptop 
set to manually install updates

• Tubing bent in high winds - inlet must be properly secured

• Thermal EC & Optical EC not well correlated- confirm calibration of 
instrument (sucrose injections) & verify NDIR operating properlyinstrument (sucrose injections) & verify NDIR operating properly
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Our Experiences
Lessons Learned

• Sporadic, unrealistic OC readings - spider screen necessary to keep bugs 
out of the inlet

L l di th t l hi ld l i t ll d• Low laser reading - ensure that laser shield properly installed

• Incorrect time on computer - make certain computer is NOT set to 
automatically adjust for daylight savings time

• Erratic calibration gas peak values - secondary pressures must be 
increased on regulators if running a second instrument

• High blank values and signal to noise ratio - clean quartz insert & sample 
inlet and verify NDIR operating properly

• Stuck in sample, analysis mode or idle mode - check for bad wire on CPU 
power supply & rename results file weekly or bi-weekly so of a manageable 
size - contact manufacturer if issue persists
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References

• The following are provided at on the Sunset 
OC/EC Evaluation Project Site on AMTICOC/EC Evaluation Project Site on AMTIC 
(http://www.epa.gov/ttnamti1/spesunset.html)
– Sunset Manual
– Draft SOP
– QAPP for OAQPS Sunset Evaluation Project
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Additional InformationAdditional Information
Comparison of Sunset with URG 3000N and 
Aethalometer at EPA AIRS Site in RTP, NCAethalometer at EPA AIRS Site in RTP, NC
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AIRS Data (Summer 2011)
• Sunset Semi continuous OC/EC Analyzer• Sunset Semi-continuous OC/EC Analyzer

– NIOSH-like Thermal Optical Transmittance (TOT) method
– Optical “EC” via laser transmittance and algorithms
– 8 LPM sampling flow rate; FFV ~100 cm/s
– 1-2 hr sampling period with ~17 minutes for analysisp g p y
– MDL OC (0.4 ug/m3) and EC (0.2 ug/m3)

• URG 3000N Filter-based OC/EC Method
– IMPROVE_A Thermal Optical Reflectance (TOR) method
– Simultaneously provides IMPROVE_A TOT results
– 22 LPM flow rate; FFV ~ 103 cm/s
– 24 hr sampling period; filters sent to DRI for analysis
– MDL OC (0.06 ug/m3) and EC (0.06 ug/m3)

• Aethalometer Semi-continuous BC Analyzer
– Optical absorption measurement; mass absorption coefficient 16.6 m2/g
– 5 LPM flow rate
– 5 minute data; averaged to 1 hour and 24 hour; g
– MDL BC 0.05 ug/m3
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Sunset Comparison Data
Analysis Equation (X=URG

Parameter
Analysis

Method for 
URG Filters

Equation (X=URG, 
Y=Sunset, 

Z=Aethalometer)
R² Average 

Concentration

Thermal EC TOR y = 0.4315x + 0.3399 R² = 0.4945 0.56 (URG)
0 58 (Sunset)0.58 (Sunset)

Thermal EC TOT y = 1.0456x + 0.3468 R² = 0.3676 0.22 (URG)
0.58 (Sunset)

Thermal OC TOR y = 0.912x + 0.5692 R² = 0.9558 3.76 (URG)
4 03 (S t)Thermal OC TOR y  0.912x  0.5692 R    0.9558 4.03 (Sunset)

Thermal OC TOT y = 0.8789x + 0.4041 R² = 0.9606 4.10 (URG)
4.03 (Sunset)

Optical EC TOR y= 0 4355x + 0 2196 R² = 0 7698 0.56 (URG)Optical EC TOR y= 0.4355x + 0.2196 R  = 0.7698 0.46 (Sunset)

Optical EC TOT y= 1.1385x + 0.2082 R² = 0.666 0.22 (URG)
0.46 (Sunset)

O ti l EC N/A 0 7117 0 1491 R² 0 9181 0.44 (Aeth)Optical EC N/A y = 0.7117z + 0.1491 R² = 0.9181 0.44 (Aeth)
0.45 (Sunset)
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Sunset ThermalEC vs. URG EC(TOR)

y = 0.4315x + 0.3399
R² = 0 4945
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Time Series of URG OC (TOR) and Sunset Thermal OC
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Sunset ThermalOC vs. URG OC(TOR)

y = 0.912x + 0.5692
R² = 0.9558
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AIRS Aethalometer & Sunset
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Sunset Optical EC vs. Aethalometer BC

y = 0.7117x + 0.1491
R² = 0.9182
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Sunset OptEC

y = 0.4355x + 0.2196
R² = 0.76980.9

1
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