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ii DISCLAIMER .

__ This report was prepared as an account of! work sponsored by the United States

Government. Neither the United States nor the United States Department of Energy, nor any of

thetr employees, nor any of their contractors, subcontractors, or their employees, makes any

warranty, express or implied, or assumes any legal liab_ty or responsibility for the accuracy,

ii completeness, or usefulness oi" any information, apparatus, product or process disclosed, or

i represents that its use would not tnfrLnge privately owned rights.
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AbStract

The problem of visibility reduction in the Grand Cmtyon due te fine organic aerosol

particles in the atmosphere has become an area of increasexLenvironmental concern.

Aerosol particles can be derived ft'ore many emission sources. In this report, we focus oni,

identifying organic aerosols derived from common vegetation in the Grand Canyon. These

aerosols are expected to be significant contributors to the total atmospheric organic aerosol
m

content.

Aerosol samples from living vegetation were collected by resuspension of surface

wax and resin components liberated from the leaves of vegetation common to _u'easof the

Grand Canyon. The samples were analyzed using high-resolution gas

chromatography/mass spectrometry (GC/MS). I-5"obableidentification of compounds was

made by comparison of sample spectra with National Institute of Standards and

Technology (NIST) mass spectral references and positive identification of compounds was

made when with authentic standards NIST references.possible by comparison as well as

i Using these references, we have been able to positively identify the presence of n-alkane

and n-alkanoic acid homolog series in the surface waxes of the vegetation sampled.

Several monoterpenes, sesquiterpenes, and diterpenes were identified also as possible

biogenic aerosols which may contribute to the total organic aerosol abundance leading to
visibility reduction in the Grand Canyon.
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Carbonaceous Aerosol Particles from Common Vegetation in the
...." Grand Canyon

Aerosol particles in desert regions has become an area of increasing environmental

research. One desert region which has been affected by the presence of aerosol particles is

the Grand Canyon. The scenic view of tile canyon is at times obscured greatly due to the

haze produced by the preSence of fine particulate matter suspended in the troposphere. The

visibility reduction results from the ability of these particles to both scatter and absorb solar
"n

i radiation. [ 1]

ali

| Aerosol pm'ticles are released into the atmosphere by many sources both natural and

i anthropogenic. Recent studies have shown that carbonaceous aerosol is the largest

contributor to the total fine particulate mass at many desert sites. [2-6] In thi_ report, we

focus on identifying carbonaceous aerosols from live vegetation sampled at I-topi Point, AZ

(southern rim of the Grand Canyon). These fine particle aerosols (size < 2.0 Is.m)are

i derived from epicuticular plant waxes, resinous exudates, and the lipid fraction of airborne
microorganisms. [7] Samples of dead vegetation were also collected at Hopi Point as well

as live and dead vegetation from Indian Gardens, AZ. However, extensive data redu,.:tion

has not [_en performed for these samples as of yet.

Experimen_l Secti(gtA

;!
Sample Collection. A grab sampling technique was used to collect samples of p

live vegetation common to Hopi Point, AZ. These samples included vegetation from the

Ponderosa Pine Forest and Pinyon-Juniper Woodhmds on the southern rim of the Grand

Canyon. Elevational _lts, called life zones, have been established in which the dominant

vegetation of the area reflects ecosystem ecology as a function of elevation. The Pinyon-

Juniper Woodland is p_u'tof the Llpper Sonoran Zone having an elevation of approximately

.|
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3500 to 7000 feet and the Ponderosa Pine Forest is part of the Transition Zone having an

elevation of approximately 7000 to 8250 feet. [8] Figure 1 gives a pictorial summary of the

fife zones and plant communities of the Grand Canyon and Table 1 represents the

vegetation collected for sampling.

• To simulate the abrasion of leaf surfaces by wind, the leaves of the vegetation

collected were placed in a clean Teflon bag and agitated to liberate and suspend surface

• waxes and resins. The contents of the Teflon bag was withdrawn through 2 lain size cut

cyclone separators and collected on quartz fiber filters. (9)

Each filter was spiked with a known amount of perdeuterated tetracosane

(n-C24Ds0) to serve as an internal recovery standard in GC/MS ,analysis.(10-12) Samples

were extracted from the quartz fiber filters by the 'addition of three 15 nal portions of

hexane, followed by three 15 ml portions of a 2:1 mixture of benzene/isopropanol.(13)

Details of the extraction procedure and volume reduction procedm'e have been outlined in

an earlier report (13). Once sample volume reduction was completed,, the concentrated

extract was divided into two aliquots. One aliquot was reacted with diazornethane to

convert organic acids to their methyl esters and acidic hydroxy compounds to their methoxy

analogues,(13)

GC/MS Analysis, Samples were analyzed using a Varian 4600 high-resolution

gas chromatograph (HRGC). A Grob injector was used and the injector temperature was

kept at 300°C. A 30 meter fused silica column was employed for compound separation.

The gas chromatograph was connected to a flame ionization detector, which operated at a

detector sensitivity of 10"12m volts/amp (at attenuation = 1).. Mass spectrometric analysis

was pefforrned using a Finnigan 4000 quadrupole gas chromatograph/mass spectrometer

interfaced with an INCOS data aquisition system. Ionization was produced by electon

impact with an electron energy of 70eV. The scanning frequency was set at 0.5 sec-1,

ranging from 50 to 550 Daltons.(13) 1-phenyldodecane was used as a coinjection
standard.

Compounds were identified by compm'ison of their mass fragmentation patterns to

the NIST mass spectral reference library,contained in the Finnigan INCOS data system.

Additional searching was performed using the IBM-AT, version 3, 1990, NIST library.
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When standards were available, compound identification was confirmed by comparison of

mass fragmentation patterns and retention times of the sample with authentic standards

analyzedusing the same GC/MS system.(13)

The following key was used to denote the accuracy of compound identification"

(a) positive, when the sample spectrum, standard spectrum, and NIST library spectrum

were identical and also the retention time of the authentic standm"d and the sample w,:re

comparable; (b) probable, same as above except no authentic standm'd was available, but

the NIST librm-y spectrum agreed well with the sample spectrum; (c) possible, same as

above, except that the sample mass fragmentation pattern contained additional ions from

other compounds having minor peak coelutioa; (d) tentative, when the sample spectrum

revealed additional rnass fragments from one or more coeluting compounds with substantial

overlap.

Figure 2 shows a typical gas chromatognaph for vegetation samples. This

chromatograph is for the live vegetation component collected as fine aerosol at Hopi Point,

AZ. Compound identification for this sample is listed in Table 2.

Members of the n-alkane homolog series, n-Cl6 to n-C36, have been identified in

this sample with C23 to C36 being the most prevalent range. The n--tlkanes exibit very

similar mass fragmentation patterns. The key fragn" ent ions displayed in the mass spectra

of n-alkanes include masses 57, 71, 85, 99, 113, 129 etc.(7) Because the fragmentation

patterns of n-alkanes _u'eso similar, identitication was based on the molecular ion and

fra_nl _ntatloncornparison of retention times with authentic standards. A typical mass ,, ' e '
2

pattern for n-alkanes is shown in F'igure 3.

Hight molecular weight n-alkanes (C12 to C40) are produced by biosynthetic

• processes which occur in vegetation.(14-16) These n-alkanes are derived from epicuticular

plant waxes.(I7..22) The n-alkane homolog" show strong odd carbon number

-- predominance providing evidence that n-alkanes having an odd numly,..'rof cm-Ix)n atoms are

. more abund_mt in plant waxes.(13) A selected ion plot of mass m/z 57 for the isolation of

: n-alkane homologs is shown in Figure 4, This figure clearly demonstrates the existance of

odd carbon number predomiaance. 'Fable 3 lists the n-alkane homologs identified in the

selected ion plot.



Along with the n-alkanes, the n-alkanoic acids prove to be major contributors to the

organic aerosol content from the vegetation sampled. With the exception of C29, the

n-alkanoic acids, C6 to C30, have been identified successfully in the Hopi Point, live

vegetation sample. The n-fatty acids are derived from epicuticulm" plant waxes and

microbial lipid deposits on leaf surfaces.U, 15,23-33) The n-alkanes have a characteristic

fragment of mass 74.(7) Figure 5 shows a selected ion plot of mass rn/z 74 and Table 4

lists the n-alkanoic acid homologs identified in the selected ion plot. Unlike the n-alkanes,

the n-alkanoic acids display strong even carbon number predominance._27,32,34)

1-Octacosanol and the n<dkan-2-ones aa'ederived from the same sources as the

n-alkanes and n-alkanoic acids. The n-alkan-2-ones were classified as such due to their

fragmention patterns, however, compound names could not be specified.

Several monoterpenoids (C10), sesquiterpenoids (C15), and diterpenoids (C20)

have been tentatively identified as aerosols derived from the vegetation sampled. These

compounds are constituents of resins from the conifer vegetation.(35) Although the

identification of these compounds is only tentative, they are logical possibilities due to the

type of vegetation sampled, i.e.. Ponderosa pine, pinyon, and juniper. Several unknown

sesquiterpenoids and diterpenoids have been classified as such due to their fragmentation

patterns and molecular formulas.
z

The phthalate esters arid organosihmes detected are sample contaminants derived

from the silicone greases, plastics, and rubber components which are contributed from the

o sampling equipment and analytical procedures. (7) Several a.romatic hydrocarbons

(e.g. 1, l'-biphenyl) are also contaminants and originate from the organic extraction

o solvents.

The n-aLkanes and n-alkanoic acid series appear to be prominent contributors to the

total organic aerosol particulate matter traceable to plant waxes and resins. Identification of

o , terpenoids emitted directly into the environment by vegetation provides insight i_-othe

possible terpenoid chernical compounds which undergo photochemical reactions in the

i atmosphere.
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Although the concentrations of these aerosols have not yet been determined, the

identification of the aerosols produced by vegetation is an important first step towards

understanding the organic aerosol composition which contributes to visibility reduction in

the Grand Canyon. Knowing the types of organic compounds present as aerosols and their

origi,s helps in determining a natural background for the total organic aerosol content.
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