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Examination of TRIN Spiked Extract Chromatograms

• Unknown peaks are observed in 
the general area of fluoride, 
chlorite, bromate, and organic 
acids (formic, acetic, etc.)

• Small peak is observed after 
sulfate peak that is unresolved 
from sulfate and can interfere with 
sulfate quantitation

• Peaks possibly include an oxidizing 
agent, since some of the nitrite in 
the spiked extract appears to have 
been converted to nitrate



Examination of TRIN1 Chromatograms 6/14/08 thru 6/26/08:
Unknown peaks at RT ~2.2 – 2.6 minutes observed on 6/26/08



Examination of TRIN1 Chromatograms 6/29/08 thru 7/8/08:
Unknown peaks diminish during this period



Examination of TRIN1 Chromatograms 7/11/08 thru 7/20/08:
Unknown peaks present 7/14/08, 7/17/08 and 7/20/08



TRIN Extracts
6/11/08, 6/14/08, 6/17/08, 6/20/08, 6/26/08



TRIN Extracts
6/29/08, 7/2/08, 7/5/08, 7/8/08, 7/11/08



TRIN Extracts
7/14/08, 7/17/08, 7/20/08



Observations About Unknown Peaks in TRIN1 
Samples

• Unknown peaks are not observed in some samples
• Unknown peaks are in the general area of fluoride, 

chlorite, bromate, and inorganic acids (formic, acetic, 
etc.)

• Unknown peaks are of different heights and ratios over 
time

• Unknown peak sizes generally correlate with filter 
color/loading (larger peaks for darker color); possible 
woodsmoke markers?



LAVO Collocated Samples 7/17/08 and 7/20/08



LAVO Collocated Samples 7/23/08 and 7/26/08



Observations About Unknown Peaks in LAVO Samples

• Unknown peaks in the LAVO samples show the same 3 
components as in the TRIN samples

• Unknown peaks are the same shape and size in the 
collocated samples (LAVO1 and LAVOX) pairs for each 
sampling day, indicating that they are from atmospheric 
components (not from sample contamination)

• TRIN and LAVO sites both are in the same general area 
(Northern California)



QA Samples for UC-Davis



Questions to Answer

• What are the compounds that give rise to the 
unknown peaks in the ion chromatograms?

• Is one (or more or a combination of) the 
compounds a potential wood smoke marker?

• If so, does the abundance of the 
compound(s) correlate with the abundance of 
levoglucosan?

• Could one of the peaks be 
methanesulfonate?



RTI IR&D Proposal

• Identify and quantify compounds giving rise to 
unknown peaks in ion chromatograms of 
nylon filter extracts (IC; LC/MS)

• Develop capability to analyze for 
levoglucosan in nylon filter extracts

• Develop capability to analyze for methane 
sulfonate in nylon filter extracts



Sites/Dates Impacted by Smoke as Determined by UC-Davis



Satellite Maps: Clear Vs. Smoky Day





Area of Unknown Peaks vs. PM2.5 Concentration (r = 0.95)



Reanalysis of selected extracts (~ 1 yr after initial analysis)



Reanalysis of selected extracts (~ 1 yr after initial analysis), cont’d



Conclusion: Bugs in the extracts ate our peaks!



Selection of More Recent Extracts with Early Peaks



Dionex AS16 Column: 0.2 ppm fluoride, chloride; 1 ppm acetate, formate, MSA,
nitrite, nitrate, sulfate

Mixed Anion Standard



Analysis Using Dionex AS16 Separator Column for Better 
Separation

LAVO1 7/9/09 LAVO1 7/12/09LAVO1 7/12/09



LAVO1 7/15/09 LAVO1 7/24/09



Calibration Curve for Levoglucosan



Comparison of RTI and CSU Levoglucosan Standards



GLAC1 6/15/09



GLAC1 6/15/09



GLAC1 6/5/09 spiked with levoglucosan



CSU Analysis for Levoglucosan: “Bad” Sample Extract from RTI



CSU Analysis for Levoglucosan: “Good” Sample Extract from RTI









Sample ID
Total Area

Early Peaks
Levoglucosan,

µg/mL
Potassium Ion,

µg/mL

LAVO1 7/9/09 275027 5.551 0.289

LAVO1 7/12/09 114227 1.655 0.058

LAVO1 7/15/09 278675 2.334 0.132

LAVO1 7/18/09 313540 1.593 0.162

LAVO1 7/21/09 220868 1.389 0.065

LAVO1 7/24/09 125003 0.843 0.061

LAVO1 7/27/09 118597 0.497 0.043



UPLC/MS Investigations

• C18 reversed phase ultra-performance LC 
(UPLC, Waters Acquity) with MS/MS (Applied 
Biosystems 4000 Q-trap)

• Turbo Ion Spray (Elestrospray) in the 
negative ion mode

• Detectable compounds eluted within 3 
minutes

• Initial MS screen suggested acetate (mobile 
phase constituent), sulfate, levoglucosan



UPLC/MS Investigations, continued

• Using standards, determination of 
levoglucosan and methansulfonate by this 
method was shown to be feasible.

• An MS/MS method was established, the 
MDLs were estimated, and the method was 
used to quantify these analytes in selected 
extracts.



HPLC/MS figure



UPLC/MS Conclusions

• Through comparisons of retention times and selective 
detector responses (conductivity, PAD, MS/MS) the 
presence of methanesulfonate and levoglucosan in 
sample extracts was confirmed.

• UPLC/MS/MS can augment/simplify other analytical 
methods, e.g., GC for sacharides, and provide 
greater selectivity for confirmation of chemical 
identities.

• UPLC/MS/MS will be a valuable tool for the study of 
water-soluble fraction of PM.



Study Conclusions

• The appearance of measurable peaks early 
in the ion chromatograms of nylon filter 
extracts can indicate smoke or other 
significant events.

• Additional experiments are needed to identify 
the large peak prior to levoglucosan 
(glycerol?).

• If glycerol is present, it could indicate 
carryover from the denuder.
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