-

APPENDIX AVAILABLE ON THE HEI WEB SITE

Communication 17

Advanced Collaborative Emissions Study (ACES) Phase 3A:
Characterization of U.S. 2007-Compliant Diesel Engine and Exposure
System Operation

Joe L. Mauderly and Jacob D. McDonald

Appendix D. Detailed Chamber Composition

Note: Appendices Available on the Web may appear in a different order than in the original Investigators’
Report, and some remnants of their original names may be apparent. HEI has not changed the content of
these documents, only the letter identifier.

Appendix D was originally Appendix C

Correspondence about Appendices B, C, and D may be addressed to Dr. Jacob D. McDonald, Lovelace
Respiratory Research Institute, 2425 Ridgecrest Drive, S.E., Albuquerque, NM 87108;
e-mail: jmcdonal @Irri.org.

Although this document was produced with partial funding by the United States Department of Energy
(DOE), under the terms of Contract/Award Number DE-AC26-05NT42429, and certain motor vehicle and
engine manufacturers, the opinions expressed herein are those of the authors and do not necessarily reflect
the views of DOE or motor vehicle and engine manufacturers. This document has not been reviewed by
public or private party institutions, including those that support the Health Effects Institute; therefore, it
may not reflect the views of these parties, and no endorsements by them should be inferred.

This appendix was reviewed by external reviewers. It was not reviewed by the HEI Health Review
Committee and did not undergo the HEI editing and production process.

© 2012 Health Effects Institute, 101 Federal Street, Suite 500, Boston, MA 02110-1817

HEI Communication 17 Mauderly and McDonald Appendix D Available on Web



APPENDIX C

Detailed Chamber Composition

Appendix C describes the detailed composition of the high exposure level test atmospheres
measured from Engine B. Measurements include detailed analysis of semivolatile organic
compounds, volatile organic compounds, elements (metals), carbon, and inorganic ions. Four
detailed measurements were conducted, representing the average integrated concentration
present over a 16 hr ACES cycle. As expected, the majority of the measured atmosphere
constituents were low in concentration. Among the semivolatile compounds, hopanes/steranes
were not detected. In the remaining compounds, there was very little observed on the filter,
which was analyzed separately from the XAD sorbent that captures the gas phase semivolatiles.
The major classes of gas phase semivolatiles that were observed included the alphatic (straight
chain and cyclic), acids, and lower molecular weight polycyclic aromatic hydrocarbons. For the
volatile organic compounds, the majority of the compounds were observed in the light (< C5)
fraction, and were mostly acetylene and the alkanes/alkenes. There were some aromatics
observed (e.g., Toluene), but Benzene concentration was low. For the particle characterization,
there was reasonable agreement (~ 10%) between weighed mass and the sum of measured
species considering the uncertainty in each of the measurements. Figure C-1 below shows the
composition of the particulate matter in the exposure atmosphere. Carbon accounted for
approximately one-third of the mass, and the carbon was primarily organic. The inorganic ions
(mostly sulfate and ammonium) made up about half of the mass as well. The remaining mass
was made up of the elements.
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Figure C-1. Composition of particulate matter in the ACES high-level
exposure atmosphere.
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High High High High
Volatile Organic Compounds Units  Chamber 1 Chamber 2 Chamber 3 Chamber 4
acetylene pg/m? 9.71 0.17 10.86 7.64
ethene pg/m? 1.72 2.45 3.46 2.35
ethane pg/m® 7.18 6.34 9.48 9.57
propene pg/m? 1.72 1.45 1.67 1.78
propane pg/m® 1.22 1.29 2.16 2.09
1,3-butadiene pg/m? 0.04 0.03 0.02 0.00
1-butene ug/m? 0.26 0.21 0.29 0.27
c-2-butene pg/m? 0.15 0.09 0.08 0.08
isobutylene pg/m® 2.54 1.49 1.36 1.31
t-2-butene pg/m? 0.40 0.11 0.11 0.12
n-butane pg/m® 1.57 1.54 2.24 2.07
iso-butane pg/m? 1.17 1.29 1.66 1.77
iso-pentane pg/m® 0.17 0.18 0.19 0.21
n-pentane pg/m? 1.39 1.30 1.53 1.29
1,2-butadiene ug/m3 0.11 0.10 0.12 0.11
iso-butane pg/m? 0.06 0.06 0.06 0.09
1-butene + isobutene ug/m3 0.74 0.71 0.81 0.74
1,3-butadiene pg/m? 0.00 0.00 0.00 0.00
n-butane pg/m® 0.06 0.07 0.08 0.06
t-2-butene pg/m? 0.04 0.03 0.04 0.03
c-2-butene ug/m? 0.04 0.04 0.05 0.04
1,2-butadiene pg/m? 0.05 0.05 0.08 0.07
iso-pentane pg/m® 0.03 0.03 0.04 0.04
1-pentene pg/m? 0.06 0.06 0.07 0.05
2-methyl-1-butene ug/m3 0.37 0.48 0.65 0.22
n-pentane pg/m? 0.06 0.06 0.08 0.06
isoprene pg/m® 0.30 0.28 0.35 0.27
t-2-pentene pg/m? 0.09 0.08 0.15 0.14
c-2-pentene ug/m? 0.38 0.38 0.45 0.41
2-methyl-2-butene pg/m? 0.02 0.03 0.04 0.04
2,2-dimethylbutane ug/m3 0.00 0.00 0.00 0.00
cyclopentene pg/m? 0.00 0.00 0.00 0.00
cyclopentane pg/m® 0.22 0.21 0.33 0.23
2,3-dimethylbutane pg/m? 0.13 0.13 0.20 0.19
2-methylpentane pg/m® 2.97 3.03 2.95 2.98
3-methylpentane pg/m? 0.46 0.47 1.06 0.69
2-methyl-1-pentene pg/m® 0.10 0.10 0.21 0.11
n-hexane pg/m? 0.05 0.08 0.38 0.07
t-2-hexene ug/m? 0.06 0.12 0.13 0.14
c-2-hexene pg/m? 0.02 0.02 0.04 0.03
1,3-hexadiene (trans) pg/m® 0.06 0.10 0.14 0.07
methylcyclopentane pg/m? 0.23 0.25 0.46 0.32
2,4-dimethylpentane pg/m® 0.44 0.43 0.83 0.60
benzene pg/m? 0.23 0.25 0.56 0.34
cyclohexane pg/m® 0.00 0.00 0.00 0.00
2-methylhexane pg/m? 0.91 1.04 2.75 151
2,3-dimethylpentane pg/m® 0.06 0.08 0.21 0.09
cyclohexene pg/m? 1.39 2.33 2.06 1.05
3-methylhexane ug/m3 0.13 0.17 0.50 0.26
1,3-dimethylcyclopentane (cis) pg/m? 0.05 0.07 0.14 0.09
1-heptene ug/m? 0.09 0.09 0.32 0.14
2,2,4-trimethylpentane pg/m? 0.46 0.53 1.53 0.71
n-heptane pg/m® 0.31 0.33 0.87 0.40
2,3-dimethyl-2-pentene pg/m? 0.76 0.78 2.20 0.98
methylcyclohexane pg/m® 0.12 0.11 0.12 0.11



High High High High
Volatile Organic Compounds Units  Chamber 1 Chamber 2 Chamber 3 Chamber 4
2,3,4-trimethylpentane pg/m® 0.36 0.34 0.93 0.43
toluene pg/m? 1.83 1.67 3.53 2.11
2-methylheptane pg/m® 0.12 0.11 0.31 0.14
4-methylheptane pg/m? 0.33 0.30 0.76 0.37
3-methylheptane pg/m® 0.01 0.00 0.00 0.01
n-octane pg/m? 0.89 0.82 1.74 0.96
ethylbenzene pg/m® 0.33 0.30 0.83 0.36
mé&p-xylene pg/m? 0.39 0.41 1.00 0.43
styrene pg/m® 0.39 0.34 0.77 0.38
o-xylene pg/m? 0.80 0.66 2.06 0.83
n-nonane ug/m? 5.88 4.98 17.13 6.46
isopropylbenzene pg/m? 0.49 0.39 1.42 0.53
n-propylbenzene pg/m® 0.10 0.07 0.22 0.09
alpha-pinene pg/m? 0.25 0.21 0.83 0.30
3-ethyltoluene ug/m3 0.26 0.19 0.84 0.28
4-ethyltoluene pg/m? 0.00 0.00 0.00 0.00
1,3,5-trimethylbenzene ug/m3 0.00 0.00 0.00 0.00
o-ethyltoluene pg/m? 0.00 0.00 0.00 0.00
1,2,4-trimethylbenzene+t-butylbenzene pg/m® 0.00 0.00 0.00 0.00
n-decane pg/m? 0.00 0.00 0.00 0.00
1,2,3-trimethylbenzene ug/m3 0.00 0.00 0.00 0.00
indan pg/m? 0.00 0.00 0.00 0.00
1,3-diethylbenzene ug/m3 0.00 0.00 0.00 0.00
1,4-diethylbenzene pg/m? 1.33 1.60 0.72 0.66
n-butylbenzene pg/m® 0.00 0.00 0.00 0.00
n-undecane pg/m? 0.00 0.00 0.00 0.00
Formaldehyde ug/m3 0.00 0.00 0.00 0.00
acetaldehyde pg/m? 0.00 0.00 0.00 0.00
Acrolein ug/m3 0.00 0.00 0.00 0.00
Acrolein-X pg/m? 0.00 0.00 0.00 0.00
Glyoxal ug/m? 0.00 0.00 0.00 0.00
acetone pg/m? 0.00 0.00 0.00 0.00
Propionaldehyde pg/m® 0.49 0.01 0.54 0.38
Crotonaldehyde pg/m? 0.14 0.20 0.28 0.19
Methacrolein ug/m3 0.36 0.32 0.47 0.48
n-butyraldehyde pg/m? 0.16 0.13 0.16 0.17
2-Butanone (MEK) pg/m® 0.07 0.07 0.12 0.11
Valeraldehyde pg/m? 0.01 0.01 0.00 0.00
Hexaldehyde ug/m3 0.02 0.01 0.02 0.02
benzaldehyde pg/m? 0.01 0.00 0.00 0.00
m-Tolualdehyde ug/m3 0.13 0.07 0.07 0.07
SUM vOC 56.03 44.30 90.91 59.79
Carbon and lons
Organic carbon,thermal method, reflectance concentration pg/m? 1.90 2.63 2.96 3.67
Elemental carbon,thermal method, reflectance concentration ug/m3 0.69 1.41 1.40 2.16
Sodium concentration (qualitative only) pg/m? 0.19 0.20 0.33 0.28
Magnesium concentration (qualitative only) pg/m® 0.02 0.02 0.04 0.03
Aluminum concentration pg/m? 0.00 0.01 0.02 0.02
Silicon concentration ug/m3 0.00 0.00 0.01 0.00
Phosphorous concentration pg/m? 0.00 0.00 0.00 0.00
Sulfur concentration ug/m3 1.21 1.49 2.19 2.25
Chlorine concentration pg/m? 0.00 0.00 0.00 0.00
Potassium concentration ug/m3 0.00 0.00 0.00 0.00
Calcium concentration pg/m? 0.01 0.01 0.01 0.01
Scandium concentration ug/m3 0.00 0.00 0.00 0.00



High High High High
Volatile Organic Compounds Units  Chamber 1 Chamber 2 Chamber 3 Chamber 4
Titanium concentration ug/m3 0.00 0.00 0.00 0.00
Vanadium concentration pg/m? 0.00 0.00 0.00 0.00
Chromium concentration ug/m3 0.00 0.00 0.00 0.00
Manganese concentration pg/m? 0.00 0.00 0.00 0.00
Iron concentration ug/m? 0.02 0.00 0.01 0.01
Cobalt concentration pg/m? 0.00 0.00 0.00 0.00
Nickel concentration ug/m3 0.00 0.00 0.00 0.00
Copper concentration pg/m? 0.01 0.00 0.01 0.00
Zinc concentration ug/m3 0.00 0.00 0.01 0.01
Gallium concentration pg/m? 0.00 0.00 0.00 0.00
Arsenic concentration ug/m3 0.00 0.00 0.00 0.00
Selenium concentration pg/m? 0.00 0.00 0.00 0.00
Bromine concentration ug/m3 0.00 0.00 0.00 0.00
Rubidium concentration pg/m? 0.00 0.00 0.00 0.00
Strontium concentration ug/m3 0.00 0.00 0.00 0.00
Yttrium concentration pg/m? 0.00 0.00 0.00 0.00
Zirconium concentration ug/m3 0.00 0.00 0.00 0.00
Niobium concentration pg/m? 0.00 0.00 0.00 0.00
Molybdenum concentration ug/m3 0.00 0.00 0.00 0.00
Palladium concentration pg/m? 0.00 0.00 0.00 0.00
Silver concentration ug/m3 0.00 0.00 0.00 0.00
Cadmium concentration pg/m? 0.00 0.00 0.00 0.00
Indium concentration ug/m3 0.00 0.00 0.00 0.00
Tin concentration pg/m? 0.00 0.00 0.00 0.00
Antimony concentration ug/m3 0.00 0.00 0.00 0.00
Cesium concentration pg/m? 0.00 0.00 0.00 0.00
Barium concentration ug/m3 0.00 0.00 0.00 0.00
Lanthanum concentration pg/m? 0.00 0.00 0.00 0.00
Cerium concentration ug/m3 0.00 0.00 0.00 0.00
Samarium concentration pg/m? 0.00 0.01 0.00 0.00
Europium concentration ug/m3 0.00 0.00 0.00 0.00
Terbium concentration pg/m? 0.00 0.02 0.01 0.02
Hafnium concentration ug/m3 0.00 0.00 0.00 0.00
Tantalum concentration pg/m? 0.00 0.00 0.00 0.00
Wolfram concentration ug/m3 0.00 0.00 0.00 0.00
Iridium concentration pg/m? 0.00 0.00 0.00 0.00
Gold concentration ug/m3 0.00 0.00 0.00 0.00
Mercury concentration pg/m? 0.00 0.00 0.00 0.00
Thallium concentration ug/m3 0.00 0.00 0.00 0.00
Lead concentration pg/m? 0.00 0.00 0.00 0.00
Uranium concentration ug/m3 0.00 0.00 0.00 0.00
Nitrate concentration pg/m? 0.01 0.06 0.13 0.06
Sulfate concentration ug/m3 2.74 3.27 4.96 4.96
Ammonium concentration pg/m? 0.88 1.08 1.71 1.68
Sum of Carbon ug/m3 2.60 4.04 4.36 5.83
Sum of Elements pg/m? 1.48 1.77 2.65 2.66
Sum lons pg/m® 3.63 4.41 6.80 6.70
Sum of Measured Particle Species pg/m? 7.71 10.22 13.81 15.19
Particle Mass on Sample Day pg/m® 6.00 7.00 9.00 11.00





