VI. EMISSION RATES

A. Introduction

The data required for the calculation and use of emission rates for
the individual compounds, or classes of- compounds, -observed in this study
consist of the following: (a) the steady state concentrations determined
by gas chromatography; (b) the dry weights of the biomass specimens for
which emission measurements were made; and (c) the temperatures recorded
in the field during sampling from the plant enclosures.

The individual concentration data are given for each plant species in
the appropriate tables in Section V. These tables 1list measured
concentrations for the five enclosure samples obtained during the normal
six hour sampling protocol described in Section IV (see Table IV-1).

Biomass data are reported below either as dry leaf weights or as
total dry biomass, depending on the nature of the plant species. In a few
cases where it was believed appropriate, emission rates are calculated and
reported normalized to both dry leaf weight and total dry weight.

The temperatures reported below are the mean values calculated from
the temperatures within the enclosure which were recorded every minute
during each of the five sampling periods in a protocol. An overall mean
of the temperatures of the five individual sampling periods during a

protocol is also reported.

B. Calculation of Emission Rates

For the plant enclosure method employed in this program, the
concentration of an organic emission from a plant specimen rises to an

asymptotic "steady state" value, [organic emission] determined by the

ss?
rate of that emission (R) and the rate of removal (kd) of the compound due

to the flow (F) of the matrix air through the chamber.

[organic emission]g, = R (1)
Vkg

where ky = Flow rate (F)/chamber volume (V). Hence,

[organic emission]gg = R/F (2)
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The approach to steady state is given by

[organic emission]t = R (1 - e'kdt) (3)
F

where kd and t are in the same time units.

Under the sampling conditions utilized in this study, kit = 3, and
hence the concentrations of the organic emissions were approximately 5%
below the steady state values. Taking into account the small variations
in the flow rate, chamber volume and chamber flush times, the
concentrations of the organic emissions were in all cases within 10% of
their steady state values.

By rearranging expression (2},
R = Florganic emission]g (4)

the emission rate is calculated from the product of the observed close-to-
steady state concentration and the flow rate, and is independent of the
volume of the plant enclosure chamber.

If the steady state concentration is reported in ppbC and the floy
rate in liters per minute, then from the perfect gas law the conversion
factor to obtain emission rates in units of ug hr-! at 30°C and TH0 torr
is 0.032 times the matrix air flow rate (which in this study was either
41.9 & min~! or 45.3 ¢ min~!). Division by the appropriate dry biomass
weight yields the emission rate factor in units of ug hr~ 1 gm'1 dry
biomass weight. This conversion factor will change by up to 3.5% over the
range of ambient temperatures (~20°C to ~H2°C) encountered during the
measurement protocols. However, this correction in the conversion factor
was considered negligible when compared with the inter-specimen
variability observed in the emission rates.

A second possible correction for temperature was to account for the
known exponential behavior of monoterpene emission rates with temperature
(Tingey et al., 1980; Rasmussen, 1972; Juuti et al., 1990} . Such
corrections could be as large as a factor of 3 over the range of
temperature encountered in this study, relative to a mean protocol

temperature or a canonical temperature (e.g. 30°C). However, the plant-
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to-plant variability observed in the emission rates for a given species
were generally so large that it was not deemed meaningful to make such a
temperature correction, This is particularly true for categories of
emissions other than monoterpenes (e.g. sesquiterpenes} for which no
published quantitative information is available concerning the temperature

dependence of such emissions.

C. Presentation of Data

In this section, the observed, close-to-steady state, concentration
data required to calculate the emission rates for isoprene, monoterpenes,
sesquiterpenes, total assigned plant emissions (TAPE), and total carbon
emissions (TC) are summarized in an odd-numbered table for each plant
species. These tables also include the mean temperatures measured during
each sampling period, an overall average temperature, and the dry biomass
weights corresponding to each of the five sampling protocol measurements.

The corresponding even-numbered tables then report the calculated
emission rates, normalized to the appropriate dry biomass weight, for each
of the five sampling protocol measurements, and the mean value of those
five emission rate determinations. For cotton and tomato, emission rates
are reported normalized to both dry leaf weight and dry total (leaves anq
stems) weight.

Although the emission factors are reported in this section for the
sums of the compounds within a class (i.e. monoterpenes), the emission
rates for individual organiec compounds can be calculated from the data
provided in Section V and the conversion factor and flow rates given in
Section B above.

Tables VI-1 to VI-50 contain data for the agricultural plant species
for which full, five-sample protocol measurements were made. Tables VI-51
to VI-60 contain data for members of the natural plant community for which
complete sampling protocols were conducted. Tables VI-61 and VI-62 report
single values of data and emission rates, respectively, for the four
compound classes for those plant species for which only a single survey
measurement of steady state concentrations were made, and for which dry

leaf weight data are also available.
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Table Vi-2. Emission Rates {(ug hr~ ' gm™') for Hydrocarbons Observed from

Alfalfa® (Pierce) at Indicated Temperatures

Emission Rates From Protocol

Mean Emission

Compounds NH-83A NH-83B NH-83C NH-83D NH-83E Rates
Isoprene b b b b b b
Monoterpenes 0.135 0.219 0.591 0.603 0.448 0.40
Sesquiterpenes b 0.013  0.042  0.049 b <0.035°
Total Assigned

Plant Emissions 0.773 2.47 1.37 2.24 0.777 1.5
Total Carbon 1.17 3.22 2.31% 3.10 1.84 2.3
Temperature (°C) 28.5 34.0 40.1 k1.2 39.8 36.7
gNormalized to total dry weight of leaves and stems,

None detected.
cAverage does not include none detected values.
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Table VI-4. Emission Rates {ug hr~ gm") for Hydrocarbons Observed from
Almond (Nonpareil)® at Indicated Temperatures
Emission Rates From Protocol Mean Emission

Compounds NH-284 NH-28B NH-28C NH-28D NH-28E Rates
Isoprene b b b b b b
Monoterpenes b 0.051 b b b 0.05d
Sesquiterpenes c c c < c c
Total Assigned

Plant Emissions 1.39 1.32 3.62 1.50 2.77 2.1
Total Carbon 5.65 6.23 15.2 9.03 10.4 9.3
Temperature (°C) 20.9 27.5 30.6 32.8 33.8 29.1

8Normalized to total dry weight of leaves.

None detected.
CMn ang'

W JUawa

dDoes not include none detected values.
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Table VI-6. Emission Rates (ug hr~ gm'1) for Hydrocarbons Observed from
Apricot? (Blenheim) at Indicated Temperatures

Emission Rates From Protocol Mean Emission
Compounds NH-20A NH-29B NH-29C NH-29D NH-29E Rates
Isoprene b b b b b b
Monoterpenes 0.089 0.326 <0.044 b 0.133 <0.15d
Sesquiterpenes c c ¢ c c c
Total Assigned
Plant Emissions 0.931 1.72 1.46 1.97 1.06 1.4
Total Carbon 2.97 5.26 5.14 7.4 5.98 5.3
Temperature (°C) 20.7 29.1 31.4 33.9 33.9 29.8

8Normalized to total dry weight of leaves,

None detected.
CMQ data

== Y

dAverage does not include none detected value.
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Table VI-8, Emission Rates (u hr~! gm'1) for Hydrocarbons Observed from
Beans (Top Crop)  at Indicated Temperatures

Emission Rates From Protocol Mean Emission
Compounds NH-46A NH-46B NH-46C NH-B6D NH-LGE Rates
Isoprene b b b
Monoterpenes b b b
Sesguiterpenes D o) b b b b
Total Assigned
Plant Emissions 0.024 0.166 0.276 0.336 0.163 0.19
Total Carbon 1.95 1.52 2.02 3.31 2.41 2.2
Temperature (°C) 22.8 31.0 36.9 36.1 39.0 33.8
?Normalized to total dry weight of leaves and stems.

None detected.
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Table VI-10. Emission Rates {(ug hr-] gm'1) for Hydrocarbons Observed from

Carrot (Imperator Long)? at Indicated Temperatures

Emission Rates From Protocol

Mean Emission

Compounds NH-36A NH-36B NH-36C NH-36D NH-36E Rates
Isoprene b b b b b b
Monoterpenes 2.14 0.855 1.34 1.42 1.38 1.4
Sesquiterpenes C c c ] c c
Total Assigned

Plant Emissions 1.95 0.876 1.37 1.46 1.1 1.4
Total Carbon 2.52 1.51 2.81 3.09 2.16 2.4
Temperature (°C) 24.5 30.6 36.2 37.3 34.9 34.8

ANormalized to total dry weight of leaves.

None detected.
CNo data.
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Table VI-12. Emission Rates (ug hr™ gm'i) for Hydrocarbons Observed from

Cherry? (Bing) at Indicated Temperatures

Emission Rates From Protocol

Mean Emission

Compounds NH-54A NH-54B  NH-54C  NH-54D  NH-54E Rates
Isoprene b b b b b -—
Monoterpenes b 0.072 0.068 0.117 0.045 0.08¢
Sesquiterpenes <.0l45 0.108 0.068 0.200 0.113 <0, 11
Total Assigned

Plant Emissions 0.766 1.20 1.49 0.917 1.19 1.1
Total Carbon 3.40 2.42 3.72 2.42 4.19 3.2
Temperature (°C) 20.4 27.3 29.7 32.7 30.8 28.0

3Normalized to total dry weight of leaves.
None detected.
cAverage does not include none detected value.
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Table VI-14a. Emission Rates (ug hr? gm’i) for Hydrocarbons Observed from
Cotton? (Pima) at Indicated Temperatures - Normalized to Dry
Leaf Weight

Emission Rates From Protocol Mean Emission

Compounds NH-89A NH-89B NH-B9C NH-89D NH-89E Rates
Isoprene b b b b b b
Monoterpenes 0.428 0.958 0.677 2.19 1.06 1.1
Sesquiterpenes 0.012 0.045 0.024 0.131 0.024 0.05
Total Assigned

Plant Emissions 0.808 1.80 1.58 3.19 1.94 1.9
Total Carbon 1.88 3.22 2.79 4.56 2.92 3.1
Temperature {°C) 26.0 32.7 37.8 42.8 41.0 36.2

3Normalized to dry leaf weight.
None detected.

T -le VI-1lb. Emission Rates (ug hr'1 gm'1) for Hydrocarbons Observed from
Cotton® (Pima) at Indicated Temperatures - Normalized to Total

Dry HWeight
Emission Rates From Protocol Mean Emission

Compounds NH-89A4 NH-89B NH-89C NH-89D NH-89E Rates
Isoprene b b b b b b
Monoterpenes 0.28  0.635  0.457 1.37 0.714 0.69
Sesquiterpenes 0.008 0.030 0.016 0.081 0.016 0.03
Total Assigned

Plant Emissions 0.546 1.20 1,07 1.99 1.31 1.2
Total Carbon 1,26 2.14 1.89 2.84 1.97 2.0
Temperature {°C) 26.0 32.7 37.8 42.8 41.0 36.1

8Normalized to total dry weight.
None detected.
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Table VI-16. Emission Rates (ng hr~! gm") for Hydrocarbons Observed from
Grape (Thompson Seedless) at Indicated Temperatures

Emission Rates From Protocol Mean Emission

Compounds NH-G24 NH-92B NH-92C NH-92D NH-G2E Rates
Isoprene b b b b b b
Monoterpenes b b b b b b
Sesquiterpenes o b o] b [¢] o]
Total Assigned

Plant Emissions 1.16 3.17 1.04 2.77 1.96 2.0
Total Carbon 6.12 16.0 5.85 11.4 7.46 8.2
Temperature (°C) 26.0 31.3 33.7 39.2 38.7 33.8

8Normalized to total dry weight of leaves and stems.
None detected.
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Table VI-18. Emission Rates (ug hr™ gm'1) for Hydrocarbons Observed from
Grape? (French Columbard) at Indicated Temperatures

Emission Rates From Protocol Mean Emission
Compounds NH-G3A NH-93B NH-93C  NH-93D NH-93E Rates
Isoprene b b b b b
Monoterpenes b b
Sesquiterpenes 0.059 0.198 0.098 0.163 0.137 0.13
Total Assigned
Plant Emissions 2.08 1.92 1.92 2.52 2.61 2.2
Total Carbon 3.98 5.70 4.51 5.31 5.27 5.0
Temperature (°C) 26.2 32.6 36.7 39.8 39.4 34.9

8Normalized to total dry weight of leaves.
None detected.
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Table VI-20. Emission Rates (ug hr-? gm") for Hydrocarbons Observed from
Lemon (Lisbon)2 at Indicated Temperatures

Emission Rates From Protocol Mean Emission

Compounds NH-26A4 NH-26B NH-26C NH-26D NH-26E Rates
Isoprene b b b b b b
Monoterpenes 6.48 5.25 1.60 2,61 2.23 3.6
Sesquiterpenes c c ¢ c c c
Total Assigned

Plant Emissions 7.25 6.09 1.67 2.77 2.37 4.0
Total Carbon 10.2 13.2 5.23 6.57 6.62 8.4
Temperature {(°C) 19.7 29.0 33.9 35.2 38.1 31.2

8Normalized to total dry weight of leaves.
None detected.
®No data.
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Table VI-22. Emission Rates (ug hr™
Nectarine? (Armking) at Indicated Temperatures

gm'1) for Hydrocarbons Observed from

Emission Rates From Protocol

Mean Emission

Compounds NH-30A NH-30B  NH-30C NH-30D NH-30E Rates
Isoprene b b b b b b
Monoterpenes 0.146 0.039 <0.049 0 <0.049 <0.06
Sesquiterpenes ¢ c c e ¢ c
Total Assigned )

Plant Emissions 1.17 0.660 0.827 0.990 0.63 0.86
Total Carbon 9.19 5.52 5.74 5.00 4.57 6.0
Temperature (°C) 22.8 29.6 32.6 35.6 32.8 30.7

8Normalized to total dry weight of leaves.
None detected.

¢
No data.
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Table VI-24. Emission Rates (u nr ! gm'1) for Hydrocarbons Observed from

Olive (Mazanillo)® at Indicated Temperatures

Emission Rates From Protocol

Mean Emission

Compounds NH-79A NH-T9B NH-T9C  NH-79D  NH-T9E Rates
Isoprene b b b b b b
Monoterpenes 0.021 0.038 0.106 0.026 0.042 0.05
Sesquiterpenes 0.0064 0.056 0.064  <0.026 0.085 0.06
Total Assigned

Plant Emissions 1.10 0.712 1.04 1.06 0.8M 0.96
Total Carbon 3.82 2.25 3.08 2.83 2.70 2.9
Temperature (°C) 26.3 27.6 31.6 30.3 30.5 29.3

ANormalized to total dry weight of leaves.
None detected.
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Table VI-26. Emission Rates (pg hr~

1

gm'1) for Hydrocarbons Observed from

Orangea (Washington Navel) at Indicated Temperatures

Emission Rates From Protocol Mean Emission

Compounds NH-37A NH-37B NH-37C NH-37D NH-37E Rates
Isoprene b b b b b b
Monoterpenes 0.148 0.700 0.162 3.10 0.0u4 0.83
Sesquiterpenes c c c c c c

Total Assigned

Plant Emissions 0.162 0.716 0.162 3.27 0.074 0.88
Total Carbon 0.398 1.10 0.531 3.78 0.428 1.2
Temperature (°C) 14.3 14.7 20.2 29.2 28.4 21.4

3Normalized to total dry weight of leaves.

None detected.
CNo data.
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Table VI-28. Emission Rates (u hr1 gm'1) for Hydrocarbons Observed from

Crange (Valencia)? at Indicated Temperatures

Emission Rates From Protocol Mean Emission

Compounds NH-24A  NH-24B NH-24C NH-24D  NH-24E Rates
Isoprene b b b b b b
Monoterpenes 1.49 1.15 1.60 3.08 1.37 1.7
Sesquiterpenes c c c c c c
Total Assigned
Plant Emissions 1.72 1.1 3.59 5.68 3.13 3.1
Total Carbon 5.00 2.69 8.35 11.6 7.29 7.0
Temperature (°C) 26.2 33.6 39.9 4.9 2.2 36.7

3Normalized to total dry weight of leaves.

None detected.
No data.

Vi-31



*(aanjsed psjediddy J40J pajonpuoo sTsATeue SW/DD Asaans ou) ejep ON,
‘uoqJed Te3o0L,

'suoTsstwe querd paudrsse (B30,

"y8tam Aup TB30L,

‘T 6° L = Toooj0ud Burunp sajed MO TlVg

8 LE YR ETNC
6eel Zb ] 3 G G2h L7 h dgtr-HN
bREL  22h 3 a Grz6t L 6E agh-HN
9&elL 19l 9 2 5 &eh R ih J8t-HN
Ll8 €l C 4 | “209 b9t dgh-HN
2Ls 08 2 ® 9° L6Y 0’0t ¥gi~HN
uoa 03d¥l sauadaajinbsag 1 sauadJajouol I (w3) (Do) ‘oN uny

(oqdd) uotqeajuaduc) a83e3s Apesals sseuwotqd aanjedadwd] ueay

q

aunjseq pajedrad] JoJ SJ030B] UOTSSTWF d3e[NOTE) 03 paJatnbay eqeq -62-IA 3TQEL

VIi-32



Table VI-30. Emission Rates (u hr™! gm'1) for Hydrocarbons Observed from
Irrigated Pasture® at Indicated Temperatures

Emission Rates From Protocol Mean Emission

Compounds NH-4BA  NH-LBB  NH-48C NH-4BD  NH-48E Rates
Isoprene b b b b b b
Monoterpenes c c c c c c
Sesquiterpenes c c c c e e

Total Assigned

Plant Emissions 0.216 0.163 0.507 1.44 0.290 0.52
Total Carbon 1.54 1.65 3.96 4.61 3.87 3.12
Temperature (°C)  30.0 36.4 41.4 39.7 41.7 37.8

ﬁNormalized to total dry weight.

None detected.

[ P 2 P YalVa Yol T : 3 3

“No data (no survey GC/MS analysis conducted for irrigated pasture).
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Table VI-32. Emission Rates (ug hr™! gm'1) for Hydrocarbons Observed from

Peach (Halford)a at Indicated Temperatures

Emission Rates From Protocol Mean Emission

Compounds NH-808 NH-80B NH-80C NH-80D NH-80E Rates
Isoprene b ) b b b b
Monoterpenes 0.222 0.180 0.245 0.301 0.385 0.27
Sesquiterpenes 0.373 0.455 0.572 1.84 0.992 0.85
Total Assigned
Plant Emissions 8.34 4.89 4,34 8.25 3.61 5.9
Total Carbon 9.95 5.85 6.13 11.2 5.09 7.6
Temperature (°C) 26.4 28.8 34.9 34.0 36.4 32.1

8Normalized to
bNone detected

total dry weight of leaves.
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Table VI-34. Emission Rates (ug hr-' gm‘T) for Hydrocarbons Observed from
Pistachio® (Kerman) at Indicated Temperatures

Emission Rates From Protocol Mean Emission

Compounds NH-T6A NH-T6B NH-T6C NH-T6D NH-76E Rates
Isoprene b b b b b b
Monoterpenes 73.8° 14.6 14.0 7.38 13.9 12.54
Sesquiterpenes b b b b b b
Total Assigned

Plant Emissions  T77.4¢  17.1 20.3 10.4 17.1 16.24
Total Carbon 80.3°  18.4 24 .4 13.2 20.4 19,14
Temperature (°C) 22.4 33.7 36.1 37.2 38.7 33.6
zNormalized to dry leaf weight.

None detected.
Value suspected to be high due to rough handling of tree limb.
Does not include values for NH-764A.

¢
d
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Table VI-36. Emission Rates (u hr-! gm'1) for Hydrocarbons Observed from
Plum (Santa Rosa)® at Indicated Temperatures

Emission Rates From Protocol Mean Emission
Compounds NH-G4A  NH-94B NH-94C  NH-GUD  NH-94E Rates
Isoprene b b b b b b
Monoterpenes <0.020 <0.023 <.020 b 0.061 <.06
Sesquiterpenes b b b b b b
Total Assigned
Plant Emissions 6.94 2.50 3.14 3.3 3.51 3.9
Total Carbon 8.68 5.20 5.64 5.13 5.38 6.0
Temperature (°C) 31.4 34.8 39.5 38.4 37.5 36.3

8Normalized to total dry weight of leaves.
None detected.

Cp . .
“Average does not include
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Table VI-38. Emission Rates (ug e gm’1) for Hydrocarbons Observed from
Rice? at Indicated Temperatures

Emission Rates From Protocol Mean Emission

Compounds NH-90A  NH-90B NH-90C  NH-90D NH-9CE Rates
Isoprene b b b b
Monoterpenes b b b b
Sesquiterpenes D b b b b
Total Assigned

Plant Emissions 2.15 21.9 4.06 25.3 2.93 11.3
Tatal Carbon 4.87 39.6 7.1 5.9 5.85 20.7
Temperature (°C) 33.2 36.4 38.3 39.8 371 37.0

ayormalized to total dry weight of leaves.
Pyone detected.
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Table VI-40.

Emission Rates (ug he™!
Safflower? at Indiecated Temperatures

gm‘1) for Hydrocarbons Observed from

Emission Rates From Protocol

Mean Emission

Compounds NH-75A NH-75B NH-75C NH-75D NH-T5E Rates
Isoprene b b b b b b
Monoterpenes 0.077 0.100 0.146 c 0.039 0.09
Sesquiterpenes 0.386 1.09 0.617 1.12 0.725 0.75
Total Assigned

Plant Emissions 1.63 3.22 2.33 3.38 3.00 2.71
Total Carbon 442 5.26 4,15 8.07 5.18 5.1
Temperature (°C) 35.7 40.3 41.8 431 42,1 40.6

8Normalized to total dry weight of leaves and heads with developing seeds and

bracts.

None detected

CNot available.
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Table VI-42. Emission Rates (g he! gm"‘) for Hydrocarbons Observed from

Sorghum® at Indicated Temperatures

Emission Rates From Protocol

Mean Emission

Compounds NH-81A NH-81B NH-81C NH-81D NH-81E Rates
Isoprene b b b b b b
Monoterpenes 0.069 0.126 0.034 0.078 0.057 0.07
Sesquiterpenes b b b b b b
Total Assigned

Plant Emissions 1.14 4.02 1.45 3.21 1.18 2.2
Total Carbon 2.81 8.48 3.03 7.93 2.98 5.0
Temperature (°C) 37.3 37.5 40.0 39.7 39.5 38.8

a,

bNor‘malized to total dry weight of leaves.

None detected.
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Table VI-Y44a.
Marketing Tomato?
Total Dry Weight

Emission Rates (ug hr™ gm‘i) for Hydrocarbons Observed from Fresh
(Sunny) at Indicated Temperatures - Normalized to

Emission Rates From Protocol

Mean Emission

Compounds NH-784 NH-78B NH-78C NH-78D NH-78E Rates
Isoprene b b b b b b

Monoterpenes 21.9 34.4 26.9 41.6 8.75 26.7

Sesquiterpenes 0.060 0.152 0.090 0.155 0.025 0.10
Total Assigned

Plant Emissions®  22.5 35.7 27.7 42.8 9.0 217.5

Total CarbonP 24.0 37.7 29.6 45.1 11.1 29.5

Temperature (°C) 30.7 36.0 40.7 4o.7 41,7 38.0

BNormalized to total dry weight.
PNone detected.

Table VI-4ib,
Marketing Tomato?
Dry Leaf Weight.

Emission Rates (us hr~

H

gm =1} for Hydrocarbons Observed from Fresh
(Sunny) at Indicated Temperatures - Normalized to

Emission Rates From Protocol

Mean Emission

Compounds NH-78A NH-78B NH-78C NH-T78D NH-78E Rates
Isoprene b b b b b b

Monoterpenes 46.5 71.3 57.3 96.6 18.6 58.1

Sesquiterpenes 0.128 0.316 0.192 0.360 0.053 0.21
Total Assigned

Plant Emissions®  47.9 74.0 59.0 99.5 19.2 59.9

Total CarbonP 51.0 78.2 63.0 104.7 23.7 64.1

Temperature (°C) 30.7 36.0 40.7 40.7 1.7 38.0

ENormalized to dry leaf weight.
“None detected.
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Table VI-U46a. Emission Rates (ug e gm‘i) For Hydrocarbons Observed from
Processing Tomato (#6203 Canning) at Indicated Temperatures

Emission Rates From Protocol Mean Emission
Compounds NH-82A NH-82B  NH-82C NH-82D NH-82E Rates
Isoprene b b b b b b
Monoterpenes 94.3 4.8 1.7 15.9 12.5 33.8
Sesquiterpenes 0.248 0.262 0.118 0.114 0.118 0.17
Total Assigned
Plant Emissions 98.6 36.7 12.4 16.7 13.2 35.5
Total Carbon 102.9 39.6 15.1 20.7 17.3 39.1
Temperature (°C) 27.9 33.8 37.3 ~39 39.2 35.4

zﬁormalized to total dry weight.
None detected.

Table VI-46b. Emission Rates (“§ el gm'1) For Hydrocarbons Observed from
Processing Tomato® (#6203 Canning) at Indicated Temperatures

Emission Rates From Protocol Mean Emission

Compounds NH-82A NH-82B NH-82C NH-82D NH-82E Rates
Isoprene b b b b b b
Monoterpenes 189 65.0 23.4 31 25.0 66.7
Sesquiterpenes 0.497 0.489 0.237 0.166 0.237 6.33
Total Assigned

plant Emissions 198 68.5 2u.9 32.9 26.5 70.2
Total Carbon 206.2 4.0 30.3 40.7 34.8 77.2
Temperature (°C) 27.9 33.8 37.3 -39 39.2 35.4

ayormalized to dry leaf weight.
PNone detected.
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Table VI-48. -

4
|

Emission Rates (ug hr~

m'1) for Hydrocarbons Observed from

English Walnut (Hartley)® at Indicated Temperatures

Emission Rates From Protocol

Mean Emission

Compounds NH-91& NH-91B  NH-G1C  NH-91D NH-91E Rates
Isoprene b b b b b b
Mcnoterpenes 2.89 3.76 3.53 2.25 3.87 3.3
Sesquiterpenes 0.064 0.059 0.171 0.059 0.299 0.13
Total Assigned

Plant Emissions 5.64 6.16 6.37 k.50 7.04 5.9
Total Carbon 7.46 8.76 8.53 7.75 9.75 8.4
Temperature (°C) 31.7 36.1 38.9 38.3 38.8 36.8

@Normalized to
None detected

total dry weight of leaves.
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Table VI-50. Emission Rates (ug hr? gm'1) for Hydrocarbons Observed from

Wheat? at Indicated Temperatures

Emission Rates From Protocol

Mean Emission

Compounds NH-47& NH-47B  NH-47C  NH-U7D  NH-4TE Rates
Isoprene b b b b b
Monoterpenes b b b b b b
Sesquiterpenes b b b b b b
Total Assigned

Plant Emissions 0.049 0.084 0.110 0.257 0.126 0.13
Total Carbon 0.544 0.744 1.13 1.70 1.23 1.1
Temperature (°C) 29.4 34.5 40.3 43.3 1.4 37.8

anormalized to total dry weight.
None detected.
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Table VI-52. Emission Rates (ug hr'1fgm‘1) for Hydrocarbons Observed from
Chamise? at Indicated Temperatures

Emission Rates From Protocol Mean Emission
Compounds NH-49A  NH-49B  NH-49C  NH-U4GD  NH-49E Rates
Isoprene b b b b b b
Monoterpenes 0.276 0.342 0.249 0.465 0.262 0.32
Sesquiterpenes b b b b b b
Total Assigned
Plant Emissions 1.85 0.94 0.94 1.59 1.14 1.3
Total Carbon 2.93 2.04 1.54 3.32 2.42 2.5
Temperature (°C) 23.9 25.6 29.6 31.4 31.6 28.4
zNormalized to dry leaf weight.

None detected.
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Table VI-5l4, Emission Rates (u he=! gm'1) for Hydrocarbons Observed from
Annual Grasslands® at Indicated Temperatures

Emission Rates From Protocol Mean Emission
Compounds NH-51A NH-51B NH-51C NH-51D NH-51E Rates
Isoprene b b b b b b
Monoterpenes b b 0.033 0.016 0.017 <0.02°
Sesquiterpenes b b b b b b
Total Assigned
Plant Emissions 0.049 0.01 0.189 0.205 0.197 0.13
Total Carbon 0.798 0.316 1.44 1.60 1.30 1.1
Temperature (°C) 17.2 20.6 39.3 3.0 43.3 32.7

8Normalized to dry weight of leaves and stems.
None detected.

Average does not include none detected values.
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Table VI-56. Emission Rates (ug hr! gm") for Hydrocarbons Observed from
Manzanita (Big Berry)2 at Indicated Temperatures

Emission Rates From Protocol Mean Emission

Compounds NH-U5A4 NH-U5B  NH-45C NH-45D  NH-U5E Rates
Isoprene b b b b b b
Monoterpenes c o] c c c ¢
Sesquiterpenes c c c c e c
Total Assigned

Plant Emissions 0.113 0.168 0.200 0.409 0.209 0.22
Total Carbon 1.12 1.17 1.25 1.65 1.16 1.3
Temperature (°C) 16.3 25.1 29.0 33.3 32.5 27.4

aNormalized to dry weight of leaves.
“None detected.
“No data.
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Table VI-58. Emission Rates (g hr~1 gm'1) for Hydrocarbons: Observed from
Valley Oak? at Indicated Temperatures

Emission Rates From Protocol Mean Emission

Compounds NH-77A  NH-T7B  NH-77C NH-T7D NH-T7E Rates
Isoprene 4.47 2.47 1.51 2.07 1.06 2.3
Monoterpenes 0.009 <0.009 <0.009 0.024 <0.009 <0.01
Sesquiterpenes b b b b b b
Total Assigned

Plant Emissions 5.65 3.23 1.82 2.30 1.21 2.8
Total Carbon 7.1 4.67 2.77 2.76 1.67 3.8
Temperature (°C)} 26.3 29.4 24.8 27.1 27.0 26.9

a

bNormalized to dry weight of leaves.

None detected.

VI-61



*SUOTSSTWD

"Pa30333p auoN,
‘uoqJed 18301,
querd paudtsse Te30],
‘saaeaT Jo jydiem £uaq

‘T 6'1fy = Too0304d Butunp sajed Moy ~H<m

0°'ge adeuaany

9zt £02 ol 601 962 S 0t J05-HN
GL9 chs £l 0ge 0'gh L°hE aos-HN
GGt ghe 8 134} 962 £°1E J0S-HN
8hE £62 r4 0L b L2 h a2 40%-HN
9ql LL L] Sl 9°62 1 gl ¥0S-HN
voﬁ 23d¥l  souadusyrnbsag 1 ssuadaajouoly I (md) {Jd) ‘ON uny

(0qdd) uotqeJajUSOUO] 37E3S Apeags sSsewotq aanjedadws ] uesy

uloyyajryy JoJ sJ030EJ UOTSSTUIZ 33BTNOTE) 03 PaJaInbay ejeq ‘6G-IA 9TqEL

VI-62



. Table VI-60, Emission Rates (u hr" m'1) for Hydrocarbons Observed from
g g y

Whitethorn® at Indicated Temperatures

Emission Rates From Protocol

Mean Emission

Compounds NH-50A NH-50B NH-50C NH-50D NH-50E Rates
Isoprene b b b b b b
Monoterpenes 0.679 3.46 5.57 7.82 4.93 4.5
Sesquiterpenes b 0.099  0.362  0.363  0.453 0.32°
Total Assigned

Plant Emissions 3.22 12.5 11.2 15.1 9.2 10.2
Total Carbon 7.07 17.2 16.1 18.9 14.8 14.8
Temperature (°C) 18.1 25.4 31.3 34.7 30.5 28.0

3Normalized to dry weight of leaves.
BNone detected.
cAverage does not include none detected value,
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Table VI-61. Data Required to Calculate Emission Rates for Plant Species
for Which Only Surveys were Conducted

Mean Steady State Concentration (ppbC)
Run No. Temperature Biomass® IMono- zSesqui-
Plant Type (C) {gm) terpenes terpenes TAPE TC
NH-31P 28.6 396.6 c ¢ 5 112
Lettuce
NH-32° 32.5 28.8 e e 57 142
Onion
NH-434 41.9 69.6 3 ¢ ¥7 210
Mountain
Mahogany

aDry weight of leaves.

Flow rate during survey - 45.3 1.
®None detected.

Flow rate during survey - 41.9 1.

Table VI-62. Emission Rates (ug hr~! gm'1) for Hydrocarbons Observed from
Plant Species for Which Only Surveys were Conducted?®

1

Plant Iso- Mono- Sesqui- Tempera-
Species prene terpenes terpenes  TAPE® TCC ture (oC)
Lettuce b b b 0.02 0.41 28.6
Empire
Onion b b b 2.9 7.1 32.5
South Port
White Globe
Mountain b 0.06 b 0.90 4.0 41.9
Mahogany
a

Normalized to dry leaf weight.

PNone detected.

Cvalues may be high if during these survey samples, the plants were not
treated with the same caution exercised during protocol samples.
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In presenting these data, the emphasis is-on isoprene (in all but one
case not detected above background), the monoterpenes (which have received
the greatest attention in previous studies), total assigned plant
emissions (TAPE) which comprise many individual compounds and classes of
compounds for which definite assignments could be made (as discussed in
Section V), and total carbon (TC) which represents an upper limit to all
plant emissions.

A discussion of the data in these tables and their interpretation and

implications is given in Section VII which follows.
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VII. CONCLUSIONS AND FUTURE WORK

A. Summary of Emission Rates

Based on the data calculated in the preceding section, the mean
emission rates of isoprene (for the Valley Oak only), the monoterpenes,
the sesquiterpenes and the total assigned plant emissions (TAPE) for each
of the agricultural plant species for which full protocols were conducted
in this program are summarized in Table VII-1, and for each of the natural
plant species in Table VII-2, along with the corresponding mean temper-
atures. Also included in Tables VII-1 and VII-2 is a column for total
carbon (TC) which is an upper limit for the emission rates since it is
essentially calculated from the sum of all the carbon observed in the
sample, i.e., it includes the TAPE and any additional GC peaks (as
detailed in Seection V),

Mean emission rates for the monoterpenes ranged from none detected in
the case of beans, grapes (both Thompson seedless and French Columbard),

rice and wheat, to as high as >30 ug hr=! gm"1 of monoterpene emissions

from the tuwc cultiy

the o investigated {normalized to total dry
biomass, excluding fruit). The Kerman pistachio also fell in the high
emitter category with a rate of about 12 g hr~] gm'1. Other specieg
exhibiting substantial rates of emission of monoterpenes included the
agricultural crops carrot, cotton, lemon, orange and walnut and the
natural plant species whitethorn. Crops which fell into a low monoterpene
emitter category included alfalfa, almond, apricot, cherry, nectarine,
olive, peach, plum, safflower and sorghum.

For about a third of the agricultural crops studied, the sum of
sesquiterpene emissions fell below the detection limits (see Section V) of
the analytical methods employed (sesquiterpenes were not quantified for
the seven samples taken in the summer of 1988). A second group,
consisting of alfalfa, cotton, and olive displayed emission rates below

0.1 upg hr~! gm'1

while the remainder of the agricultural plant species
exhibited total sesquiterpene emission rates which fell into a relatively
narrow range compared with monoterpene emissions, ranging between 0.1 and
1 ug hr~! gm'1. Note that the sesquiterpene emissions from the cherry,
French columbard grape, olive, peach and, in particular the safflower,

exceeded the monoterpene emissions from these species.
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Table VII-1. Summary of Mean Emission Rates by Compound Class for Agricul-
tural Plant Species for which Complete Protocols were Conducted

Mean Emission Rates (ug hr~ 445m he Mean
L Mono- I Sesqui- Temperature
Plant Species terpenes  terpenes TAPE TC (°C)
Alfalfa (Pierce)? 0.4 <0.03 1.5 2.3 36.7
Almond (Nonpareil) 0.01 a 2.1 9.3 29.1
Apricot {Blenneim) <0.12 a 1.4 5.3 29.8
Bean (Top Cr'op)d b b 0.19 2.2 33.8
Carrot (Imperator) 1.4 a 1.4 2.4 34.8
Cherry (Bing) <0.07 0.53 1.1 3.2 2B.0
Cotton (Pima) 1.1 0.05 1.9 3.1 36.2
Cotton (Pima)d 0.69 0.03 1.2 2.0 36.1
Grape (Thompson seedless) b b 2.0 8.2 33.8
Grape (French Columbard) b 0.13 2.2 5.0 34.9
Lemon (Lisbon) 3.6 a 4.0 8.4 31.2
Nectarine (Armking) <0.06 a 0.86 6.0 30.7
Olive (Manzanilloc) 5.05 0.06 0.96 2.9 29.3
Orange (Washington Navel) 0.83 a 0.88 1.2 21.4
Orange (Valencia) 1.7 a 3.1 7.0 36.7,
Pasture, Irrigated? e e 0.52 3.2 37.8
Peach (Halford) 0.27 0.85 5.9 7.6 32.1
Pistachio (Kerman) 12.5 b 16.2 19.1 33.6
Plum (Santa Rosa) <0.06 b 3.9 6.0 36.3
Rice b b 1.3 20.7f 37.0
Saffloweré 0.09 0.79 2.7 5.4 40.6
Sorghum 0.07 b 2.2 5.0 38.8
Tomatod (Sunny) 26.7 0.10 27.5  29.5 38.0
Tomato (Sunny) 58.1 0.21 59.9 64.1 38.0
Tomatod {Canning) 33.8 0.17 35.5 39.1 35.4
Tomato (Canning) 66.7 0.33 70.2 77.2 35.4
Walnut (Hartley) 3.3 0.13 5.9 8.4 36.8
Wheatd b b 0.13 1.1 37.8
8No data. SNo data; no survey conducted.
annn detected. “Use Wwith caution; see text.
CNormalized to dry leaf weight, unless noted. ENormalized to dry weight of

Normalized to total dry weight (exeluding fruit). leaves and bracts.
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Table VII-2. Summary of Mean Emission Rates by Compound Class for
Natural Plant Species for which Complete Protocols were

Conducted

1 Mean

Mean Emission Rates (ug hr=! pm~ )2 Tempera-
I Mono- Z Sesqui- ture
Plant Species terpenes terpenes TAPE TC (oC)
Chamise 0.32 b 1.3 2.5 28.5
Grasslands, Annual® <0.02 b 0.13 1.1 32.7
Manzanita (Big Berry) d d 0.22 1.3 27.4
Valley Oak® <0.01 b 2.8 3.8 26.9
Whitethorn L.5 0.32 10.2 14.8 28.0

2Normalized to dry leaf weight, unless noted.
None detected.

CNormalized to total dry weight.

Nc data; no survey coqduct?d.

€1soprene = 2.3 ug hr™!' gm™'.

All of the agricultural crops for which full protocols were carried
out exhibited total assigned plant emission (TAPE) rates above the

detection limits of this study. Crops with TAPE emission rates above 10

Hg hr-'1 gm'1 included pistachio and tomato. Although rice also exhibited

a mean TAPE emission rate ahove 10 ug hr~? gm", this result must be used

Wwith caution since, as seen in Table VI-37, two of the five protocol
samples had dry leaf weights of only 6-8 gm with no corresponding reduc-
tion in the measured TAPE, resulting in calculated emission rates approx-
imately an order of magnitude larger than the average of the remaining

three emission rates. If these two high values are removed, the mean

emission rate for TAPE from rice would be 3 ug hr"'1 gm'1 vs. the reported

value of 11 g hr~ gm'1. The natural plant species whitethorn also had a

TAPE emission rate above 10 pg hr~] gm’1.

Crops with TAPE emission rates between 1 and 10 g hr~1 gm‘1 included
alfalfa, almond, apricot, carrot, cherry, cotton, grape, lemon, Valencia
orange, peach, plum, safflower, sorghum and walnut. Also having a TAPE

emission rate above 1 ug hr~! grn"I was the abundant natural plant species,
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chamise, which had been reported to be a nonemitter in previous work
(Winer et al., 1983). The remaining crops, i.e. beans, nectarine, olive,
Washington Navel orange and wheat, displayed TAPE emission rates below

1 ug hr-1 gm'1.

1. Grouping of Emitters and Comparison with Previous Studies

Agricultural Plant Species. From the data tables in Section V

i1t is possible to calculate an upper limit to the isoprene emissions from
the agricultural species studied. As discussed in Section V, pentane and
isoprene co-eluted on the GS-Q column. If we assume that all of the
observed C5 concentrations measured in the protocols was due to isoprene,
then the upper limits to isoprene emissions from the agricultural crops
were in the range 0.008 to 0.09 g hr~] gm". The absence of significant
isoprene emissions from the agricultural crops is consistent with the
previous work of Evans et al. (1982) who screened beans, alfalfa, field
corn, wheat, sugar beets and cotton for isoprene emissions and found
nondetectable levels in the sugar beets and cotton and “low" isoprene
emissions for the remaining crops.

The TAPE includes organic compounds that were obviously plant
emissions, although the specific compound could not always be identi-
fied. The TC includes, in addition to the TAPE, any background peaks from
the residual ambient air in the plant enclosure and/or contaminants in the
medical air blanks {generally with the exception of acetone) and is,
therefore, most likely to overestimate the plant emissions, especially if
the plant is a very low emitter and/or a sample of small biomass was
measured. Therefore, as discussed at the end of Section V, with the
exception of wheat, irrigated pasture and possibly safflower, the total
assigned plant emissions are good estimates of the total emissions from
the particular plant specimen at the time of sampling.

A qualitative grouping of the agricultural crops studied by their
rates of total assigned plant emissions is given in Table VII-3 and a
corresponding grouping by order of magnitude ranges in the sum of total
monoterpene and sesquiterpene emissions rates is shown in Table VII-4,
Only the citrus (lemon and orange) and nut trees (pistachio and walnut)
and the two tomato varieties emitted monoterpenes at levels comparable to,
or greater than, the predicted a-pinene emission rates from coniferous
trees of ~3.5 ug hr™! gn™' at 29-30 °C (Lamb et al., 1987).
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Table VII-3. rouping of Agricultural Crops by Rates
) of Total Assigned Plant Emissions
Low Middle High
1 1-10 >10
Bean Alfalfa Pistgchio
Nectarine Almond Rice
Olive Apricot Tomato®
Orange? Carrot
Pasture Cherry
Wheat Cottopn
Grape
Lemon
Orangec
Peach
Plum
Safflower
Sorghum
Walnut

8yashington navel.
Thompson seedless and French columbard.
Cyalencia.
dsee text.
eSunny and canning.

Al

Table VII-&4,. Qua%itative Grouping of Agricultural Crops by Rates (ug pr-!

gm~ ') of Total Monoterpene plus Sesquiterpene Emissions

<0.1 0.1-1 1-10 >10
Almond Alfalfa Carrot Pistachio
Bean® Apricot Cotton’ Tomato
Grape b Cherry Lemon
Nectarine Cottogc Orange®
Plum Grape Peach
Rice? Olive Walnut
Sorghum Orange®
Wheat? Safflower

4None detected.

PThompson seedless.

CNormalized to total dry weight
French columbard.

€Washington navel.

fNormalized to dry leaf weight.
Evalencia.

Sunny and canning.
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Natural Plant Species. As seen in Table VII-2, mean emission

rates for total assigned plant emissions from the natural plant
communities studied ranged over two orders of magnitude, from a low value
near 0.1 ug hr~! gm'1 for grasslands and manzanita to a high value of 10

L gm'1 for whitethorn. The Valley oak was the only confirmed

ug hr-
isoprene emitter found among either the agricultural or natural plant
species investigated. The isoprene emission rate of 2.3 g hr~? gm'1
determined in the present study for Valley oak is at the low end of the
range of emission rates reported for other oaks by previous workers
(Zimmerman, 1979a; Flyckt et al., 1980; Tingey et al., 1980).
Calculating, as discussed above for the agricultural plant species, an
upper limit to the isoprene emissions for the natural plant species other
than the Valley oak, gives a range of 0.008 to 0.05 ug hr~! gm'1 for
maximum isoprene emission rates,

Chamise and whitethorn were found to be significant monoterpene
emitters. As mentioned above, previous work had suggested that chamise
did not emit monoterpenes (Winer et al., 1983).

In utilizing the data from the present study, it is important to
recognize that emphasis was placed on agricultural plant species, in part
because considerable previous research has been conducted for natural,
plant communities found in California's Central Valley, or for related
plant communities. Thus, a significant literature is available concerning
organic emissions from conifer species (Arnts et al., 1978; Zimmerman,
1979a; Roberts et al., 1983, 1985; Hov et al., 1983; Isidorov et al.,
1985; Lamb et al., 1985, 1986; Juttner, 1988; Petersson, 1988) and from
sage and chaparral communities (Went, 1960; Tyson et al., 1974; Winer et
al., 1983).

2. Estimates of Uncertainty and Variation in Emission Rates

Enclosure Effects. As discussed in Sections II and IV, there

were early concerns that emission measurements made using the enclosure
technique were overestimating the actual plant emissions (Dimitriades,
1981), but recent comparisons of enclosure emission measurements with
atmospheric tracer and micrometeoroclogical gradient techniques have shown
reasonable to excellent agreement (Lamb et al., 1987). It is clear,
however, that reliable emission measurements require that considerable
care be taken in using the enclosure technique. We noted during our
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preliminary measurements made in 1988 that "rough handling" of a plant
species when placing it within the enclosure enhanced emissions.
Increased emissions both of monoterpenes and of the oxygenated species
commonly observed from the agricultural crops were noted. An extreme
example of this is shown in Table V-28 where no cis-3-hexen-1-ol (leaf
alcohol) and only 5 ppbC of ¢is-3-hexenylacetate were observed for survey
sample NH-31, but for sample NH-27 in which the lettuce was disturbed to
encourage emissions, ~670 and ~1100 ppbC of the alcohol and the acetate,
respectively, were measured. It should be noted that both the alcohol and
the acetate were often observed from plants during the protocol samples
when every effort was made to gently place the plant or plant limb within
the enclosure and these emissions were considered to be true represen-
tative plant emissions. Consistent with these findings, Isidorov et al.
(1985) in a study in which efforts were made to minimize disturbances to
the plant specimens reported ¢is-3-hexenylacetate to be one of the ma jor
emissions from bilberry shrubs.

Realizing that many replicate samples would be required to understand
the important variables asscciated with the enclosure sampling technique,
a student visitor (Soile Juuti) at SAPRC was encouraged to undertake a
detailed study of the emissions from a Monterey Pine over a four week
period. The publication resulting from this work has been included as
Appendix B. Neither the absence of added C02 to the synthetic air flow
stream, nor increased air movement within the enclosure (from the addition
of a variable speed fan capable of operating at higher speeds) had an
observable effect of the monoterpene emission rates from the Monterey Pine
studied. In contrast, rough handling of the pine during the sampling
protocol, i.e., manually compressing, and then releasing, the enclosure
around the tree in a repetitive manner during the 15 min flush of the
chamber preceeding sampling, increased the monoterpene emission rate by
factors of 10-50.

During our protocol samples every effort was made to avoid touching
the plant or tree limb with the Teflon of the enclosure. Noting the high
emission rate of monoterpenes in the pistachio sample NH-T764, which was a
factor of ~4-5 higher than those of the two replicate samples (NH-T76C and
NH-T6E) taken during the day, a review of the data sheet indicated
potential mishandling during this first sample and, therefore, NH-T6A has
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not been included in calculating the average emission rate from the
pistachio.

Temperature Effects and Specimen Variation. As discussed in

Section IV, the emission sampling protocol, which called for five
measurements for a given plant species - -over the course of a six hour
period from mid-morning to mid-afterncon, was designed in part to
characterize, if possible, the temperature dependence of the emissions.
Thus, the emissions from the same specimen were measured at 0900 hr, noon
and 1430 hr allowing a three point temperature versus emissions plot to be
made with the temperature range controlled by the ambient conditions
encountered. The second and third specimens measured at 1030 and 1330 hr
would show the plant-to-plant variablility in the emissions. An
exponential temperature dependence for the monoterpene emissions was
expected based on the work of Tingey and co-workers (Tingey et al., 1980)
on slash pine.

Consistent with the work of Tingey et al. (1980) on slash pine, the
temperature dependence observed in the recent four-week enclosure study of

rey pine by Juuti et al. (1990; and Appendix B) also showed an

o

»
o

order of magnitude increase in the a- and B-pinene emissions over a
temperature range from 10 to 40°C. At any given temperature the
variability in the a- + g-pinene emission rate for this single plant was %
a factor of ~ two.

Since a temperature variation of 10-17°C was commonly observed for
the daily sampling protocols in this study, a variation in the emission
rate of between a factor of 2 to 4 throughout the course of a given
sampling protocol could be explained on the basis of the temperature
variation. Since our work with the Monterey pine suggests that at any
given temperature the emission rate could be expected to vary by * a
factor of two, reliable temperature versus emission profiles with only
three data points to define the curve are unlikely.

In the study of Tingey and co-workers (Tingey et al., 1980) on slash
pine, emission rate measurments were made for fourteen individual
plants. Each plant showed a similar temperature dependence {parallel
lines for each temperature vs. log emissions profile), but the absolute
emission rates at a given temperature varied by an order of magnitude from

plant-to-plant. Thus, the specimen-to-specimen variability is likely to
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be too great to improve the curve fit by .adding the 1030 and 1330 hr
samples to the temperature vs. log emissions curve. In practice, in a few
cases the individual emission rates for monoterpenes within a protocol did
vary with temperature in a correlated way. The whitethorn and cotton
samples are two examples of this, where the log of the emission rates for
the 0900 hr, noon and 1430 hr samples give a reasonable straight line when
plotted against the sampling temperature. For the cotton sample the
sesquiterpene emissions give a line parallel to the monoterpenes.

We have reported here mean emissions rates, but have included in the
data tables in Sections V and VI all the data used to calculate these mean
values. Generally, the mean sampling temperatures (Table VII-1 and VII-2)
were above 30 °C and our data could be viewed almost as an upper limit to
the expected emissions. Therefore, these mean emission rates, when
combined with biomass data for the Central Valley, will be sufficient to
determine which, if any, species should be evaluated in a more rigorous
way in regard to their emissions at various temperatures.

Tingey et al. (1980) suggest that the monoterpene vapor pressure
{which over .ambient temperatures is an exponential
temperature) and monoterpene pool size control the emissions rates. For
example, pine needles are known to contain a large pool of monoterpenes
available for volatilization into the atmosphere. For the agriculturaf
species reported on here, in some cases, i.e. the carrot, lemon, nectarine
and canning tomato, the morning lowest temperature emission rate was the
highest value of the day (this was also the case for the pistachio, but as
noted above the first data point was suspect). In these instances one
could speculate that the monoterpene pool size may have been limiting.
Relevant to this, Dement et al. (1975) noted that the emission rate of
camphor from California black sage was higher for samples pretreated at a
low night temperature.

A further important qualification of the data obtained in the present
study is that these results must be viewed as a "snapshot" of the emission
rates from the various plant species investigated. In each case, data
reported are for a single day, and involve at most three different plant
specimens for the given species. In a number of cases only two or even
one plant specimen was involved with emission rate measurements being

obtained from different limbs or branches of this one specimen. These
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considerations must be borne in mind when the emission rate data reported
here are employed in the construction of an emission inventory for
vegetative emissions of organic compounds.

In summary, taking into account the results obtained in the present
study, and the earlier work of Tingey et al. (1980) and Juuti et al
{1990), an uncertainty as large as * a factor of five may apply to some or
all of the mean emission rates reported in this study. This potential
uncertainty should be reflected in the uncertainty of the emission
inventories constructed from these data. Clearly, to narrow these uncer-
tainties further additional studies for multiple plant specimens of a
given species and over an entire growing season are warranted.

3. Importance of Compound Classes Other than Monoterpenes

Another major conclusion of the present work is the need to be
concerned with the emissions of compounds other than the commonly studied
monoterpenes and isoprene. Not only did we identify more than two dozen
individual organic compounds other than the monoterpenes, but these fell
into several compound classes, most of which were oxygenated organics,
including alcohols, acetates, aldehydes, ketones, ethers, and esters.
Additionally, at the temperatures typical of the Central Valley in summer,
sesquiterpene emissions were found to be significant from several plant,
species.

Lamb et al. (1987) in compiling a national inventory of biogenic
hydrocarbon emissions notes that the role of oxygenated hydrocarbon
emissions has not been documented to any significant extent. The emission
of cis-3-hexen-1-0l (leaf aleohol) from higher plants was reported by Ohta
(1984) and both leaf alecohol and 3-hexenylacetate were reported by
Isidorov et al. (1985) as among the volatile organic compounds produced by
plants characteristic of Northern hemisphere forests. As mentioned above,
Isidorov et al. (1985) reported 3-hexenylacetate as one of the major
emissions from bilberry shrubs. Both Ohta (1984) and Isidorov et al.
(1985) used Tenax-GC adsorbent for collection of the volatile emissions,
It is possible that these and other oxygenated compounds were not observed
in certain previcus studies because of poor recovery from the stainless
steel canisters often employed for sample colleetion.

We observed cis-3-hexen-1-0l and, particularly, 3-hexenylacetate in

the emissions from many of the agricultural plant species studied here.
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It is of interest to note that no leaf alcohol or hexenylacetate was
observed from the Monterey pine, even under conditions which produced very
enhanced emissions. For many plant species, 3-hexenylacetate was the
single largest emission (note that since the same GC-FID response was
assumed for all species measured on the DB-5 GC column, the actual
3-hexenylacetate concentration may be somewhat greater than the ecalculated
values). Our findings suggest that cis-3-hexenylacetate and cis-3-hexen-
1-0l may be significant plant emissions from nonconiferous plant species
and measurements should be conducted in vegetation canopies to confirm the
importance of these emissions.

B. Atmospheric Lifetimes of Biogenic Emissions and Potential for
Formation of Photochemical Air Pollution

Organic compounds emitted into the troposphere from anthropogenic
sources, such as stationary and mobile combustion sources, oil production
facilities, landfills and waste disposal sites, interact with oxides of
nitrogen (NOX) under the influence of sunlight through a complex series of
chemical reactions and physical processes, resulting in the formation of
photochemical air pollution. These photochemical processes lead to a
degradation in air quality manifested by the formation of ozone, acidic
deposition, secondary particulate (PM-10), as well as other atmospheric
species. '

Biogenic compounds emitted into the atmosphere from vegetation can
undergo analogous chemical and physical processes and hence also
contribute to the formation of-adverse air quality. The recent modeling
studies of Trainer et al. (1987a) and Chameides et al. (1988) have shown
that the emissions of biogenic organic compounds can play extremely

P ) SRy gy 4 Pr—— o o =
both urban {Chameides et al.,

important roles in the formation
1988) and rural (Trainer et al., 1987a) areas, and that the regulation of
organic compounds of anthropogenic origin may not be effective in reducing
ozone levels in either urban or rural regions.

1. Tropospheric Lifetimes

Organic compounds emitted into the troposphere are removed
and/or transformed by a number of physical and chemical processes which
inciude wet and dry deposition, photolysis and gas-phase reactions with OH
and NO3 radicals and 03 (Atkinson, 1988; Bidleman, 1988). For organiec

compounds present in the troposphere in the gas phase, the reactions with
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OH and NO3 radicals and 03 dominate in the vast majority of cases (see,
for example, Atkinson, 1988). The tropospheric lifetimes, v, of organic
compounds (the time required for the concentration of an emitted compound
to decrease to 0.368 of its intital concentration) are then given by

-1 -1 -1 -1
= (1qy) ( )T+ (1)
T TOH + TN03 T03
where

with analogous expressions for the N03 and 03 reactions. Thus, the
tropospheric lifetimes of the biogenic or anthropogenic compounds can be
calculated by combining the rate constants for the reactions of these
compounds with OH and NO3 radicals and 03 with the ambient concentrations
of OH and ND3 radicals and 03. While the rate constants at room
temperature for the gas-phase reactions of a large number of organic
compounds of bio
ambient tropospheric concentrations of OH and, especially, NO3 radicals
are not well known at the present time, and this leads to significant,
uncertainties in the calculated lifetimes of organic compounds in the
atmosphere and, especially, in the assessment of the dominant tropospheric
loss process for a given chemical.

Table VII-5 gives the tropospheric lifetimes of those biogenic
compounds identified as being emitted from agricultural and natural
vegetation in this study for which rate constant data are available, while
Table VII-6 gives the corresponding lifetimes for a series of organic
compounds which are among the major species emitted from anthropogenic
sources in urban areas (Grosjean and Fung, 1984). In order to calculate
the tropospheric lifetimes of these organic compounds with respect to gas-
phase reactions with OH radicals, N03 radicals and 03, the following
ambient tropospheric concentrations were used: OH radieals, a 12-hr
daytime average of 1.5 x 106 molecule cm™3 obtained from comparison of the
ambient atmospheric concentrations of methylchloroform (CH3CC13) with its
emission inventory (with this global tropospheric concentration being

consistent with the lower tropospheric concentrations obtained by recent
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Table VII-5. Calculated Tropospheric Lifetimes of Organic Compounds
Observed as Biogenic Emissions in the Present Study

Lifetime with respect to reaction with

Biogenic OH2 03b N03°
Isoprene 1.8 hr 1.2 days 20 hr
Monoterpenes
Camphene 3.5 hr 18 days 18 hr
2-Carene 2.4 hr 1.7 hr 35 min
A--Carene 2.1 hr 10 hr 1.1 hr
d-Limonene 1.1 hr 1.9 hr 53 min
Myrcene 52 min 49 min 1.1 hr
cis- and trans-Ocimene 44 min 43 min 31 min
a-Phellandrene 35 min 13 min 8 min
a-Pinene 3.4 hr 4.6 hr 2.0 hr
B-Pinene 2.3 hr 1.1 days 4.9 hr
Sabinene 1.6 hr 4.5 hrs 1.1 hr
a-Terpinene 31 min 3 min 4 min
y-Terpinene 1.0 hr 2.8 hr 24 min
Terpinolene 50 min 17 min 8 min
Aldehydes
n-Hexanal ~7.4 hed >4.5 yrd ~190 days
Ketones
2-Heptanone 1.8 days >h .5 yrd e
Ethers
1,8-Cinecle 1.4 daya >110 days e
Dimethoxybenzene ~10 hrs ~3 yrs
p-Methylanisole ~T hrs® ~l yrs
n-Alkanes
n-Hexane 2.8 days 4.5 yrd 13 yrs
n-Cy0+Cyqq 7 hrs-1.3 days >4.5 yrd 21.3 yr
Alkenes
C10-C17 1-Alkenes -4 hrsd ~1.3 daysd =25 days
Aromatics
p-Cymene 1.0 days >330 days e

(continued)
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Table VII-5 (continued) - 2

3For a 12-hr gaytime average OH radical concentration of 1.5 x 106
molecule cm ° (Prinn et al., 1987). Rate constant data from Atkinson
{1989), Atkinson et al. (1989a) and Corchnoy aqq Atkinson (1989).

PFor a 24 hr average O, concentration of 7 x 10 ' molecule em > [30 ppb]
{Logan, 1985). Rate constant data from Atkinson and Carter (1984), and
Atkinson et al. (1989b).

®For a 2l-hr average NO, radical concentration of 2.4 x 107 molecule om~3
{1 ppt] (Atkinson et a}. 1986b and text). Rate constant data from
Atkinson et al. (1988, 198%a) and Corchnoy and Atkinson (1989).

Estimated as discussed in Atkinson and Carter (1984) and Atkinson (1987).

Expected to be of negligible significance as a tropospheric loss process.

Table VII-6. Calculated Tropospheric Lifetimes of Representative
Anthropogenic Emissions

Lifetime with respect to reaction with

Anthropogenic oK 03b N03C
Alkanes

n-Butane 6.1 days U500 yrs 20 yrs
n-Octane 1.8 days >4.5 yrs 7.3 yrs
Alkenes

Ethene 1.8 days 9.2 days 6.3 yrs
Propene 7.0 hrs 1.5 days 51 days
Aromatics

Benzene 13 days >4.5 yrs >19 yrs
Toluene 2.6 days 4.5 yrs 22 yrs
o-, p-Aylene 1.1 days >4.5 yrs 3.2 yrs
1,2,4-Trimethylbenzene 5.6 hrs >¥.5 yrs 270 days
Oxygenates

For-maldehyded 1.6 days 4.5 yrs 2.2 yrs

8For a 12zhr average daytime OH radical concentration of 1.5 x 106 mole-
cule em™ (Prinn et al., 1987). Rate cosntant Qata from Atklgson (1989).
For a 24-hr average 0, concentration of 7 x 107 molecule cm {Logan,
1985) Rate constant”data from Atkinson and Carter (1984%
CFor a 2i4-hr average NO, radical concentration of 2.4 x 10’ molecule em™3
(Atkinson et al. 1986% and text). Rate constant data from Atkinson et
al. (1988).
Also photolyzes with a lifetime of 10 hrs.
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direct (Hubler et al., 1984; Pernmer et al., 1987; Platt et al., 1988) and
indirect (Arey et al., 1989) studies; 03, a 24-hr average of 7 x 1011
molecule cm™3 (30 ppb) applicable to background air (Logan, 1985) which is
also within a factor of 2-3 of the average 24-hr 03 concentrations
observed in urban areas; and NOj radicals, a 24-hr average of 2.4 x 107
molecule cm'3 (1 ppt) arrived at from consideration of the daytime N03
radical concentrations expected from the formation reaction of NO, with 03
and the photolysis of N03 radicals [~2 x 106 molecule cm'3 for 7 x 101"
molecule cm™3 (30 ppb) of 03 and 2.4 x 1019 molecule cm™3 (1 ppb) of NO,,
with this daytime concentration being approximately linearly dependent on
the NO2 concentration] and the observed nighttime concentrations which
range from <2 Xx 107 molecule em™> to 1 x 1019 molecule em™3 {Atkinson et
al., 1986b). While the OH radical and 03 concentrations used are expected
to bhe reasonably applicable to most tropospherie conditions, the actual
tropospheric concentrations of the N03 radical are uncertain to at least
an order of magnitude, although it should he noted that daytime NO3
radical concentrations are likely to be generally similar to those of OH
radicals, and this is extremely important for those organic compounds
which react with OH and N03 radicals with similar rate constants (the
. monoterpenes and the hydroxy-substituted aromatics).

The 1lifetime data given in Table VII-5 shows that most of the
biogenic emissions identified in this study are highly reactive, with many
of them having calculated tropospheric lifetimes of a few hours or less.
Comparison of the data in Table VII-5 for the biogenic compounds with
those in Table VII-6 for organics emitted from anthropogenic sources
further shows that, with the possible exceptions of the more highly alkyl-
substituted aromatic hydrocarbons and alkenes, the organic compounds
emitted from biogenic sources are significantly more reactive in the
troposphere than are the anthropogenic emissions (the ozone forming
potential of these biogenic compounds is discussed below). This
observation indicates that these biogeniec organics, including not only
isoprene and the monoterpenes but also certain of the aldehydes, ethers,
alkenes and aromatics, have the definite potential to play a major role in

the chemistry of the air masses into which they are emitted.
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2. Ozone Forming Potential

It is recognized that all organic compounds emitted into the
troposphere are not equal with respect to the formation of oczone (see, for
example, Carter and Atkinson, 1987, 1989). Clearly, as evident from
Tables VII-5 and VII-6, there is a wide range of reactivities, and hence
lifetimes, in the organic compounds emitted into the troposphere and these
variations in reactivity are to a first approximation responsible for
differences in ozone-forming potential. However, the reaction mechanisms

of an organic compound subsequent to the initial OH radical, NO3 radical

potential for an organic compound to form ozone.

Ozone is formed from the reaction sequence

NO, + hv » NO + 0(3p) (phot)
0(30) + 0y + M+ 03+ M (M= air) (fast)

and at steady state
[03] = Ky [NO5 17k, [NO]

In the presence of organic compounds, NO is converted to NO, during the
degradation reaction scheme of the organic compounds and the NO2/N0
concentration ratio increases, leading to increased O3 formation.

The small (sCu) alkanes (RH) have fairly simple reaction schemes
following their initial reaction with the OH radical (their only

significant tropospheric removal process). For example

OH + RH » H0 + R (3)
R + 0, + RO, (4)
RO, + NO + RO + NO, (5)
RO + 0, » carbonyl + HO, (6)
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RO + carbonyl + R' (7

where R' is an alkyl radical with less carbon atoms than the parent RH
alkane and which then undergoes the series of reactions (4) through (8) to
lead to the formation of carbonyl compounds (which react further in the
troposphere by photolysis and reaction with the OH radical), the
conversion of NO to NO, and the regeneration of OH radicals.

&, organic compounds

general y &
may also be removed from the troposphere by photolysis and reactions with
NO3 radicals and 03 in addition to the OH radical reaction. Thus, the
general reaction scheme for the degradation of an organic compound can be

written in a simplistic manner as
organic + (hv, OH, NO4, 03) + aRO, (a)
RO, + BNO » yNO, + §0H (b)

where reaction (a) inecludes all loss process of the organie under
atmospheric conditions, and o, 8, y and &§ are coefficients (which may be.
greater than or less than unity, including zero) which will generally
depend on the relative importance of the various loss processes and on the
organic/NO, concentration ratio (Carter and Atkinson, 1987, 1989). The
reaction process (a)} determines the lifetime of the organic in the
troposphere (v = ka'1) and can be viewed as being the "kinetic reactivity"
of an organic compound (Carter and Atkinson, 1989; Carter, unpublished
data, 1989). The subsequent reactions leading to conversion of NO to NO,
and the (re)generation of OH radicals [reaction process (b)] are
responsible for the "mechanistic reactivity" of the organic compound.
Carter (Carter and Atkinson, 1989; Carter, unpublished data, 1989) has
shown that to a first approximation the ozone forming potential of an
organic compound ("ozone reactivity") is given by

ozone reactivity = (kinetic reactivity) x (mechanistic reactivity)
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with the provisc that for rapidly reacting compounds (those reacting on a
time scale less than a few hours) the kinetic reactivity levels off and
becomes independent of the 1lifetime for the most reactive compounds.
[Indeed, the "kinetic reactivity" can be quantified as the fraction of the
organic emitted which has photolyzed or reacted (Carter, unpublished data,
1989)].

In contrast to the situation for many of the organic compounds
emitted from anthropogenic sources, while the data are available to assess
the "kinetic reactivities" of organic compounds of biogenic origin, there
ially no data available, from either experimental or modeling
studies, to allow the "mechanistic reactivities" of these biogenic
compounds to be assessed or estimated. Thus at the present time, while it
is clear that many of the organic compounds emitted from vegetation are
highly reactive in the troposphere and hence have high "kinetic
reactivities," the magnitudes of the "mechanistic reactivities" of these
compounds are not known, and hence the overall reactivities of biogenic
compounds, relative to anthropogenic organic emissions, with respect to
ozone formation cannot be quantified.

C. Recommendations for Future Research

Although the data obtained in the present study for the rates of
emissions of organic compounds from agricultural plant species are by far
the most detailed and comprehensive relative to any previous investigation
of this type, additional research is needed to broaden and extend the
utility of these results. In particular, the following research tasks are

recommended for future investigations.

can be large variations in emission from a given plant species, not only
between different specimens of the same cultivar, but even for replicate
measurements from the same specimen. For those agricultural plant species
which are found to dominate the vegetative emission inventory for the
Central Valley, it would be prudent to conduct additional measurements of
emission rates for a statistically robust sample of plant specimens, in
order to reduce the uncertainty in the observed emission rates. This will
be especially needed if meaningful estimates of the variation of emissions

with temperature are to be made.
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e For the most important plant species, it would also be important to
conduct emission rate measurements over the entire spring, summer, fall
smog season, in order to determine how emissions vary with time of year
and stage of growth for a given plant.

e Additional emission rate measurements may be needed for various
members of the natural plant communities found in the Central Valley which
may be shown to have dominant biomass contributions below the generally
prevailing temperature inversion heights.

e Additional studies are recommended of rice, irrigated pasture, and

vegetative emission inventory assembled for the Central Valley.

e Efforts should be made to identify the compounds observed as
emitted from vegetation in this study (in particular cis-3-hexen-1-0l and
cis-3-hexenylacetate) in appropriate vegetation canopies.

e If recent proposals for massive tree-planting in the Central Valley
(as well as in other airsheds in California) are to be implemented to
address needs for windbreaks, sequestering carbon, and to reduce urban
heat island effects, the emissions of organic compounds from the candidate
tree speciles should be determined quantitatively as one basis for
selecting the most appropriate trees for such planting programs.

e A longterm research program is needed to elucidate the atmospheric
chemistry of many of the individual corganic compounds identified in this
study (and earlier work) as arising from vegetation. Information on the
atmospheric transformations of such compounds is required in order to
reliably assess their potential for contributing to the formation of ozone
and other secondary air pollutants, and thereby understand the relative
importance of organic emissions from vegetation vs. emissions from

anthropogenic sources in California's airsheds.
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APPENDIX A

Species Typically Associated with Natural
Plant Communities in the Central Valley






Valley Foothill Hardwood plant community: Includes such species as blue

oak, valley oak, Englemann oak, interior live oak, coast live cak, digger

pine, California buckeye, tanoak, lupine spp., several shrub species, etc.

Annual Qrassland plant community: Includes such species as wild oats,

soft chess, ripgut, red brome, wild barley, foxtail fescue, filaree spp.,

turkey mullein, true clovers, bur clover, popcorn flower, etec,

Mixed Conifer plant community: Includes such species as Ponderosa pine,

pine,
California black oak, etc. This plant community can occur from approxi-
mately 2500 to 10,000 feet elevation.

Red Fir plant community: Includes largely red fir, with lodgepole pine.

This plant community is expected conly above about 6000 feet elevation.

Chamise-Redshank Chaparral plant community: Ineludes such species as

chamise, redshank, toyon, sugar sumac, peoison oak, California buckthorn,

ceanothus spp., manzanita spp., California scrub oak, etec.

Lodgepole Pine plant community: Includes largely lodgepole pine, with red

fir. This plant community is expected only above about 6000 feet eleva-

tion.

Ponderosa Pine plant community: Includes largely Ponderosa pine, along

with such species as white fir, incense cedar, Coulter pine, Jeffrey pine,
sugar pine, Douglas fir, canyon live oak, California black ocak, etc: This

plant community can occur from approximately 800 to 7000 feet elevation.

Mixed Chaparral plant community: Includes such species as California

secrub oak, chaparral oak, manzanita spp., mountain mahogany, ceanothus
spp., chamise, huckleberry oak, bush Chinguapin, tobacco brush, mountain

misery, scotchbroom, etc.

Fresh Emergen Wetland plant community

v

Includes such species as bigleaf
balrush, etc.
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Montane Chaparral plant community: Varies across the state, but includes

such species as whitethopn and snowbrush ceanothus, greenleaf manzanita,
other manzanita spp;, bittercherry, mountain mahogany, etc. This plant
community can occur from approximately 3000 to 10,000 feet elevation.

Pinyon-Juniper plant community: Includes such species as single leaf or

Perry pinyon, western Juniper, Utah juniper, California juniper,
California scrub oak, canyon live oak, etc. This plant community can

occur from approximately 3500 to 9000 feet elevation.

Jeffrey Pine plant community: Includes largely Jeffrey pine, along with

such species as Ponderosa pine, Coulter pine, sugar pine, lodgepole pine,
incense cedar, red fir, black cottonwood, aspen, California black oak,
ete. This plant community can occur from approximately 500 to 9500 feet

elevation,

Sagebrush plant community: Includes sueh species as big sagebrush and

other sagebrush Species, rabbitbrush, horsebrush, gooseberry, western

chokecherry, curlleaf mountain mahogany, butterbrush, etc.
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ABSTRACT

The monoterpenes emitted from a Monterey pine (Pinus radiata) were

investigated using a dynamic flow-through enclosure technique. The
monoterpenes identified and quantified were a- and g-pinene, d-limonene +
g8-phellandrene, myrcene, camphene and A3—carene, Wwith a- and B-pinene
accounting for over 80% of the total monoterpene emissions. The
monoterpene emission rate increased with temperature, in good agreement
with previous data for other coniferous species. The absence of added COz
to the synthetic air flow stream, exposure to elevated levels (300-500
parts-per-billion mixing ratio) of 03 for 3-4 hr, and increased air
movement within the enclosure had no observable effect on the monoterpene
emission rate at a given temperature. In contrast, "rough handling" of
the pine during the sampling protocol resulted in increases in the
monoterpene emission rate by factors of 10-50. These results will be
useful to those designing enclosure sampling protocols for the

determination of the emission rates of biogenic organic compounds from






from handling and/or from the enclosure itself. In this work, we have
carried out a study of the effects of several of these variables on the

emission rates of monoterpenes from a Monterey pine (Pinus radiata).

EXPERIMENTAL

The emission rate measurements were performed with a Monterey pine
over a 4 week period, using the dynamie flow-through enclosure technique
described by Winer et al. [1983]. For the majority of the measurements,

| T S

the pine tree (o d planted in a plastic pot) was enclosed
in a Teflon chamber of circular cross-section (diameter 1.1 m) and height
-1 m. The chamber was fitted around the top of the plant pot, resulting
in an approximately conical shape of volume ~450 liters. Cylinder
synthetic air (99.6% stated purity, with no organic compounds being
observed in the region of monoterpene elution by the GC-FID analyses
described below) was passed through a humidifier unit and premixed with
CO, to yield a CO, mixing ratio of 360 parts-per-million (ppm), and was
flowed through the enclosure at a flow rate of 45 liter min~'. This flow
was maintained for 15 min prior to sampling. All flows were monitored
with calibrated rotameters, and the relative humidity and temperature in
the enclosure were monitored by a Vaisala Model HMI 32 instrument. The
enclosure was equipped with a stirring fan which caused a Just noticeable
movement of the pine needles close to the fan. The tree was removed from
the chamber between measurements and stored outdoors. All measurements

were made outdoors under ambient solar lighting conditions.

After flowing synthetic air through the chamber containing the tree
d at a flow

for 15 min, gas samples of 1.3-1.4 liter volume were collec

rate of ~0.8 liter min~' onto Tenax-GC solid adsorbent for analyses by gas
chromatography with flame ionization detection (GC-FID) and, in selected
cases, combined gas chromatography-mass spectrometry (GC-MS). For the GC-
FID analyses, the samples were thermally desorbed at 225 °C for 5 min onto
the head of a 15 m megabore DB-5 fused silica column which was held at O
°C, and then temperature programmed at 8 °C min~! to 200 °C. The GC-MS
analyses involved the thermal desorption of the samples at 250 °C onto the
head of a 50 m HP-5 capillary column held at -25 °C for 10 min and then
temperature programmed at 6 °C min~'. The identifications of the
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INTRODUCTION

A variety of organic compounds, including isoprene (2-methyl-1,3-
butadiene) and a series of monoterpenes, are emitted from vegetation [see,
for example, Rasmussen, 1970, 1972; Graedel, 1979; Zimmerman, 1979a,b;
Tingey et al., 1979, 1980; Lamb et al., 1985, 1986; Isidorov et al., 1985]
and on regional or global scales these biogenic emissions may dominate
over anthropogenic nonmethane organic emissions [Zimmerman et al., 1978,
1988; Lamb et al., 1987]. Recent computer modeling studies, using
isoprene as a surrogate for all biogenic emissions, have shown that
vegetative emissions may play important roles in the producticn of ozone
in urban [Chameides et al., 1988) and rural [Trainer et al., 1987a] areas
and in the chemistry of the lower troposphere [Trainer et al., 1987b;
Jacob and Wofsy, 1988].

The emission rate of isoprene from hardwood trees depends on light
intensity [Rasmussen, 1972; Tingey et al., 1979] and temperature [Tingey
et al., 1979; Lamb et al., 1985, 1986]. Tingey et al. [1979] showed that
the isoprene emission rate from a live oak (Quercus virginia) increased to

an asymtotic value with increasing light intensity at a given temperature,
and increased with temperature up to ~44 °C. Monoterpene emission rates
from coniferous species have also been reported to be temperature
dependent, but independent of light intensity [Raémussen, 1972; Tingey et
al., 1980; Lamb et al., 1985]. The emission rate from a slash pine (Pinus
elliottii) increased exponentially with temperature [Tingey et al, 1980],
showing an order of magnitude increase between 20 and 50 °C.

The extensive studies of Lamb and coworkers showed that the emissions
of isoprene from a deciduous forest and of a-pinene from Douglas fir made
using an enclosure method were in reasonable agreement with micrometecr-
ological gradient profile measurements [Lamb et al., 1985) and that
isoprene emission rates from oak (Quercus garryane) as measured by the

enclosure method agreed very well with those derived from tracer
measurements {Lamb et al., 1986]. Enclosure methods of measuring emission
rates [Zimmerman, 1979a,b; Winer et al., 1983] have the obvious potential
of disturbing the plant due to changing the microenvironment around the
plant, through changes in humidity, temperature, C02 concentration,
effective wind speed and mechanical motions, including damage to the plant
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A1l measurements in the CSTR chamber were carried out under conditions

such that the steady state concentrations were achieved.

Measurements as a Function of Temperature in the Teflon Enclosure.

A series of measurements of the monoterpene concentrations in the
enclosure were made over the period April 21 through May 12, 1989 under
"standard" conditions, in which the CO, concentration was maintained at
360 ppm and the tree was handled as gently as p0551ble Th1rty such

ut during 13 daytime p
times OX20 hr to 1540 hr, The temperature within the enclosure varied
from 12 °C to 39 °C and the relative humidity from 48-93%. The
monoterpene concentrations showed no obvious dependence on the relative

humidity, but increased with increasing temperature.

o- and B-Pinene accounted for over 80% of the total monoterpene
concentrations observed. The average percentage contributions of the
individual monoterpenes to the total for these 30 measurements were:
B-pinene, 48 : 5%; o-pinene, 34 : 5%; myrcene, <10%; d-limonene +
g-phellandrene, 7 : 2%; camphene, 0.6 + 0.4%; and A3-carene, 0.4 + 0.6%
(where the indicated errors are one standard deviation). Since there were
indications that a small contribution of residual ambient air in the
enclosure interferred with the myrcene measuremenié, the myrcene data are
not discussed further. There was no evidence for any change in the
monoterpene concentration distribution with temperature. Since a- and 8-
pinene were the major monoterpenes observed, their sum was used to examine

the effects of temperature and other variables, as discussed below.

The measured a- + B-pinene concentrations in the enclosure are
plotted against the temperature in Figure 1 (open cirecles)., There is a
clear increase in the emission rate with increasing temperature, and a
least-squares analysis of these data obtained over the temperature range
12-39 °C leads to an exponent B in the assumed equation

a- + B-pinene concentration = A eBT

of B = 0.085 & 0.027, where the indicated error is two least-squares
standard deviations. This temperature exponent is in excellent agreement
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emissions from slash pine over the temperature range of 20-46 °C.

The temperature dependence determined here for the emission of a- +
B-pinene from a Monterey pine is very close to the temperature variation
of the vapor pressures of these two monoterpenes, which yields B = 0.060
over the temperature range ~0-40 °C [strictly, over extended temperature
ranges the vapor pressures obey an equation of the form vapor pressure =
Ce‘D/T]. Furthermore, the temperature dependencies of the vapor pressures
of the monoterpenes are all very similar, and this is consistent with cur
observation that the monoterpene concentration distribution did not change
with temperature and also with the data of Tingey et al, [1980] which
showed esentially identical temperature dependencies of the emission rates
from slash pine of the monoterpenes a- and g-pinene, myrcene, d-limonene
and g-phellandrene.

The data shown in Figure 1 from this set of 30 experiments indicate
that at any given temperature the scatter, or reproducibility, of the data
for emissions from this one tree were :+ a factor of ~2 around the mean.
While one or two of the higher emission values may have been caused by
unavoidable handling effects and some uncertainty (< *20%) existed because
of the non-attainment of steady state conditions (see above), it appears
that the majority of this &+ 2 factor in the emissions rate is due to

fluctuations in the plant's emissions.

Effect of C02.

Two experiments were carried out in which no 002 was added to the
cylinder synthetic air. An identical, within the uncertainties,
distribution of the monoterpenes was observed, and the measured a- + 8-
pinene concentrations are plotted in Figure 1 (filled triangles). These
two data points are indistinguishable from the data obtained in the
presence of tropospheric levels of CO,, showing that, at least for the
time scales pertaining for each of these experiments (15 min), the absence
of C02 has no obvious effect on the relative abundances of the monoter-

penes emitted or on the monoterpene emission rate.
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Effect of Simulated Wind Speed.

As discussed above, for the "standard" set of measurements the
enclosure was equipped with a small fan which led to a just observable
needle movement close to the fan. In order to investigate the effect of
air perturbation, a household 3-speed fan was installed in the enclosure
and operated at medium speed for one experiment and then at high speed for
a further experiment, both leading to pronounced needle movement. The
data obtained (not differentiated for fan speed) are plotted as the filled

airnal : i
circles in Figure 1.

ition to the monoterpenes, a series of other
organic compounds were emitted from the fan lubrication system (as shown
by an experiment without the tree present in the enclosure), including
1,2,4-trimethylbenzene which co-eluted with myrcene on the DB-5 column.
The relative abundances of a-pinene, B-pinene, A3-carene, camphene and
d-limonene (+ B-phellandrene) were unchanged from the "standard" exper-
iments, and the a- + B-pinene concentrations were within the scatter of
the "standard" data set (Figure 1). These observations imply that air
movement has no marked effect on the monoterpene emission rates, at least

under the experimental conditions used in this study.

Effect of Rough Handling.

Four experiments were carried out in which thé pine tree was roughly
handled while in the enclosure prior to sampling. This was achieved by
manually compressing, and then releasing, the enclosure around the tree in
a repetitive manner during the 15 min flush of the chamber preceeding
sampling. The tree was hence in repeated contact with the Teflon
enclosure
oceurred. While the relative abundances of the individual monoterpenes
were essentially identiecal to those in the "standard" measurements, the
emissions were greatly increased. As shown in Figure 1, the a- + gB-pinene
concentrations for the "roughed up" tree experiments (filled squares) were
factors of 10-50 higher than those in the "standard" experiments conducted
at the same temperature, far outside of the reproducibility of the
individual experiments. These data show that rough handling markedly

increases the monoterpene emission rates for this Monterey pine. Similar
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effects have recently been observed for citrus and other broad-leaved
plants (Arey et al., 1989).

For the rough handling experiment conducted at 16-17 °C, emission
rate measurements were also made at intervals following the initial
experiment to determine the time needed for the vastly increased emission
rate to return to "normal". As shown in Figure 1 the measurement 1 hr
after the rough handling ([l) appears to have been within the normal
emission range, as was the replicate 2 hrs after the rough handling ().

Effects of Exposure to Elevated 0. Concentrations.

As discussed above, these measurements were carried out in a CSTR
chamber. Measurements of the concentrations of the monoterpenes were
carried out prior to and immediately after the Monterey pine had been
exposed to 03 concentrations of 300 ppb for 3 hr and 500 ppb for 4 hrs.
Because of the higher flow rate in the CSTR chamber than in the Teflon
enclosure (~600 liter min~' versus 45 liter min'T), the monoterpene
concentrations in the CSTR chamber were significantly lower (by an average
factor of 24, which can be compared to the factor of ~10-11 expected from
the flow rates and residence times in the two chambers), and only o- and
B-pinene could be analyzed accurately. Two sets of experiments were
carried out. In the first, three measurements were taken prior to the
addition of O3 at a mixing ratio of 300 ppb (for 3 hr) to the CSTR
chamber, and measurements were taken immediately after the 03 supply was
turned off, and at 40 min and 80 min after. In the second experiment,
measurements were taken prior to 03 addition (500 ppb for a 4 hr period),
immediately after turning off the O3 supply and 65 min and 165 min later.

Since the temperatures within the CSTR chamber increased throughout
each experiment, the temperature dependence of the a- + 8-pinene emission
rate determined in the all-Teflon chamber was assumed to allow comparison
of the data taken before and after the exposures to 03. The a- + g-pinene
concentrations measured during these experiments are plotted in Figure 2,
with the dashed line being the temperature dependence obtained from the
Teflon enclosure "standard" experiments shown in Figure 1. When the
temperature dependence of the monoterpene emission rate is taken into
account, the a- + g-pinene concentrations measured prior to and after
exposure of the pine to 300 ppb of 03 for 3 hr were indistinguishable.
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For the exposure to 03 at 500 ppb for 4 hr, the measured a- + B-pinene
concentrations before and after the 03 exposure were essentially
constant. These concentratioqs were within a factor of 2 of those
expected based on the temperature (see Figure 2), with the pre-exposure
data point for this 500 ppb 03 exposure appearing to be somewhat high,
These data then indicate that, within the expected reproducibility of t a
factor of ~2, the monoterpene emissions were not affected to any
significant extent by these 3-4 hour exposures to elevated 03 at levels

which were at or above those observed in polluted urban areas in the U.S.

The small data set for these 03 exposures require cautious interpre-
tation of the data. The Monterey pine was growing in ambient Riverside
air and, therefore, exposed to levels of 03 occasionally reaching ~200
ppb. The data do suggest, however, that sudden high levels of 03 will not

result in a marked increase (or decrease) of monoterpene emissions,

CONCLUSIONS

Our experimental data on the temperature dependence of a- + B-pinene
emissions from a Monterey pine are in agreement with the earlier results
of Tingey et al. [1980] for a slash pine, showing a monoterpene emission
rate increase of an order of magnitude for an ~30 °C temperature
increase. As also discussed by Tingey et al. [1950], this temperature
dependence of monoterpene emission rates is very similar to the temper-
ature dependence of the monoterpene vapor pressures.

The experimental variables investigated in this study have impli-
cations for the design and use of enclosure methods for the direct
determination under field conditions of biogenic emission rates from
vegetation., The data obtained in this study indicate that the emission
rates are not affected, outside of the t a factor of ~2 repeatability, by
neglecting to add CO, at ambient levels to the pure air flow or by use of
a fan to ensure mixing within the enclosure. However, mechanical
agitation of the plant through touching of the needles with the Teflon
film markedly increased the emissions rates. Clearly, extreme care must
be taken in fitting the enclosure over the plant or portion of the plant

for which emissions are to be measured.
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To date, two enclosure methods have primarily been used for direct
field measurements, these being the semi-static enclosure technique
developed and used by Zimmerman [1979a,b] and the dynamic flow technique
of Winer et al. [1983] used in this study. The semi-static enclosure
technique involves enclosing the branch in a Teflon chamber, partially
evacuating this chamber and taking a background sample, and then filling
the chamber with pure air and again sampling. While the semi-static
enclosure method would appear to be prone to high emission rates caused by
touching of the leaf surfaces with the enclosure during evacuation, the
general agreement between the data reported from such studies and from
micrometeorological and tracer flux measurements [Lamb et al., 1985,1986]
suggests this is not the case, in part perhaps, due to correction from the

background sample for excess emissions [Zimmerman, 1979b].

The micrometeorological and tracer flux approaches have stringent
requirements involving large areas of similar vegetation with long fetch
and cannot be readily used in many areas. Therefore, enclosure technigues
for emission rate measurements under field conditions are necessary and it
appears that if proper care is taken, reliable measurements can be
obtained.
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Figure 1.

Figure 2.

Plot of the a- + s;pinene concentrations from a Monterey pine
(Pinus radiata) measured in the Teflon enclosure as a function
of temperature. (- Standard experiments (see text); A -
carried out with no added CO,; @ - carried out with increased
air movement around the tree (see text); [JJ- immediately

after rough handling (see text) of enclosed tree; [JJ - ! hr
and J- 2 hr after rough handling experiment at ~16 °C.
(

) least-squares fit to "standard" experiments shown.

Plot of the a~ + B-pinene concentrations from a Monterey pine
measured in the CSTR chamber as a function of temperature.

0, & - prior to addition of 03 to the CSTR chamber; e - after
cessation of 03 exposure at 300 ppb for 3 hr; 4 - after

cessation of O3 exposure at 500 ppb for 4 hr, (- - -)

temperature dependence obtained from Teflon enclosure
"standard" experiment measurements shown in Figure 1.
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APPENDIX C

ELECTRON IMPACT MASS SPECTRA OF STANDARD COMPOUNDS
UTILIZED TO IDENTIFY PLANT EMISSIONS

Electron Impact Mass Spectra of
Monoterpenes and Sesquiterpenes

Electron Impact Mass Spectra of
Electron Impact Mass Spectra of
. Eleectron Impact Mass Spectra of

Electron Impact Mass Spectra of

6. Electron Impact Mass Spectra of

Electron Impact Mass Spectra of
Aromatics

Isoprene, Selected

Alcohols
Acetates
Aldehydes
Ketones
Ethers

n-Alkanes, Alkenes and






C.1. Electron Impact Mass Spectra of Isoprene, Selected Monoterpenes
and Sesquiterpenes (Listed in order of their elution on an HP-5
capillary column):

Isoprene

Monoterpenes
a-Pinene
Camphene
Sabinene
g-Pinene
Myrcene
2-Carene
a-Phellandrene
A3-Carene
a-Terpinene
cis-Ocimene?
d-Limonene
g-Phellandrene
trans-Ocimene?
y-Terpinene

Terpinolene

Sesquiterpenes

Cyperene
Longifolene
B-Caryophyllene

a-Humulene

30ur ocimene standard contained twoc well resolved terpene peaks and was
specified to be a mixture of the cis and trans ocimene isomers. The
peaks were assigned as the ¢is or trans isomer on the basis of their
reported elution order {cis before trans) on a DB-5 column (Adams,
1989). It should be noted that on the DB-5 megabore column and the HP-5
ecolumn utilized the first summer, d-limonene eluted before both ocimene
isomers.
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49.05 g 54,25 ) £3.05 7 £9.85 &

50.05 16
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42.10 2 64.15 1 89.00 i 108.05 1
43.10 9 65.05 8 81.10 42 114,95 1
50.05 3 66.05 2 92.10 29 117.05 1
51.05 9 67.05 19 83.10 100 119.05 2
52.05 4 68.05 3 84.10 9 121.05 11
53.05 12 69.05 1 85.19 ] 122.05 1
54.05 2 77.00 35 103.10 2 136.15 . 10
£5.05 7 78.00 g 104.10 1 137.10 1
SE.05 1
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44,10 1 66.05 3 92.10 12 120.05 1
50.25 3 67.05 g 83.19 120 121.05 g
51.05 9 68.15 1 94.10 14 122.05 1
52.05 4 £9.05 11 95.19 1 134.05 1
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51.00 ] 66.10 3 £8.95 ! 115.05 1
52.00 S 67.10 1S 91.@5 31 117.10 1
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52.05 4 66.@5 i §5.80 | 122.85 2
G3.05 9 74.05 1 102.10 ! 136,15 30
54,05 1 75.05 1 183.10 3 137.10 2
55.95 4 77.00 41




terpinolene

c-18

m.w. 136 //u\\
Scan S14 (35.752 min) of DATA: NEWTERP.D
108 \
s@ 82 121
/
=}~]
1386
« 78
1]
« ©&@ 73
T osei 4 .
~
TS e
a
36 128
85 4
2@ S
ol U | |
| Wl e |Ilﬁﬁ L ]. i _1IJ41, 1 ,‘L
SR e 7B =) 99 192 11 B 122 128
Mnss/Ch;rga
m/z abund. m/z abund. m/z abund m/z abund.
41.05 38 62.00 2 80.10 B 107.05 17
42.25 3 63.00 B B1.10 3 198.15 5
43.05 19 64.10 2 89.05 2 115.05 4
44,05 i E5.10 15 81.05 53 116.@5 1
50.05 5 BE.10 3 92.05 13 117.85 4
51.00 16 B7.12 13 93.05 100 118.18 1
52.00 6 B8.18 3 94,05 g 118,10 7
53.00 19 E9.10 ! 85.18 ] 121,10 83
54.00 2 74.00 1 182.05 1 122.10 - 8
55.10 i@ 75.10 1 103.05 4 132.10 2
56.10 1 77.10 41 104.15 2 134.10 1
G8.00 2 78.10 8 105,05 24 136.10 B3
§5.10 | 79.10 45 108.085 B 137.10 7




cyperene

m.w. 204
\
Scan 1811 (41.392 min) of DARATA: STD3.D
1234
8@ 284
8@3 189
] 7@
d 3
c 3
.: !SEIi a1 119
c 59?,/’/. g1 §!
3 : /
G_Zﬂ 4 ] o |
1 133
3 78
327 7
17
3 \ /5
227
Ll by ]
2 l\ .Iiﬁlj JH‘ . |5lA1 “L '.lllL !l ||l i“!|l |! 7..1.11 l Jj,l; || N | NES—
1= g2 1@e 128 141 16 182 204
Mass 7Charpe
m/z abund. m/2 abund. m/2 abund. m/z atund.
41.10 45 75.15 i 109.10 4 142.05 1
42.19 5 77.05 20 110.10 1 143.05 1
43.10 9 78.05 [ 115,05 S 144,05 !
44,10 i 79.05 21 116.05 4 145.10 5
50.05 i ge.es 2 117.05 11 146.10@ 3
51.05 3 81.00 12 119.05 48 147,10 21
52.05 2 82.00 1 120.05 8 148.10 5
83.05 13 83.192 2 121.05 7 149.10 2
55.05 20 89.00 1 122.05 3 188,10 i
SE6.15 2 91.00 41 123.0S 1 161.10 49
£7.05 z 92.10 = 127.05 2 t162.10 B
£3.05 p 93.10 17 128.0S 5 163.20 1
£4.05 1 g4.10 S 129.05 5 175.20 20
£5.05 10 gc.1@ 10 130.05 2 176.10 3
£6.85 2 S6.10 ! 131,05 1@ 189.15 73
67.@5 19 102.10 1 132.15 3 180.18 11
£8.@5 i 103.19 g 133.05 28 181,15 1
69.95 10 105.10 45 134 .15 g 204.25 100
708.15 1 106.1¢@ 7 135.15 3 205.25 15
71.05 1 107.10 15 141,15 1 206.1%5 ]
72.05 i 168.10 4




longifolene

.. 200 g
Scean 1874 (41.512 min) of DATA:STDe . D
a@ 41 161
BB‘: _ /IBS
v -k
¢ 3 ™~
: B
T ] 133 189
c 52? | /
3 eaq
c ] 204
384
k 7
2@ 1/5
.
G NP1 PR OO0 T O O R b
= ee 1ae 12@ 14@ 160 120 2ea
Mass /Charge
m/z abungd m/ 2z abund. m/z abund. m/2 abund.
41.10 100 72.15 1 187.05 83 137.10 )
42.10 8 73.18 1 108.05 29 138.10 1
43.10 18 75.05 1 109.05 29 141.00 1
44,10 } 77.00 44 119.05 4 143.00 i
52.05 3 78.10 13 111.08 3 144,10 1
51.05 13 79.00 Ea 115,05 9 145,10 4
52.85 7 80.10 11 116.05 4 147.10 27
£3.95 28 g1.10 29 117.05 12 148.10 13
€4.15 4 g2.10 i 118.15 4 149,10 4
55.05 50 g3.10 7 119.05 Sl 180,10 2
56.05 7 84.00 i 120.05 23 158.10 2
87.05 g 89.10 3 121.05 26 161.19 82
£7.95% 1 91,10 92 122.05 13 162.10 17
58.15 1 92.10 24 123.15 B 163.20 7
£9.05 1 83.1@ 64 124 .15 ! 164.10 }
61.95 1 84.10 1) 127.15 2 175,15 14
£3.05 4 85.10 40 128,05 4 176.15 7
64.15 3 95.10 B 129.05 4 177.18 1
B5.05 27 97.10 2 130,05 2 189.15 42
66.05 7 102.00 1 131.05 ] 190.15 8
£7.05 39 103.10 7 133,15 45 191,15 1
68.05 4 104.10 5 134:.15 21 204,20 29
69.05 21 105.10 68 135.15 35 205.20 5
70.15 3 106.1@ 25 136,18 11 206.20 1
71.15 2 c-20




g-caryophyllene

-

c-21

m.w. 204 ‘_:?_)
Ccan 1982 (41.B14 min) of DATA:STDE.D
1209~ ‘
i ~
spq 4!
.
¢ 73 ag 31
3 ‘ 1223
i [y~=] \\\ ;
T 5@ 1es
3 -
o 4
T : 1E1
32
ng N 183
. I 4
jm 1“ |_““.1..| I Ly |ill . HL _,! du l-ll'“. sl IL1 Al 1Ir Il.T } . _L.
°47%) =g] 182 128 143 162 18R z2aEe
Mass “Charge
m/z abund. m/2 abund. m/z abund m/z abund
41.10 100 70.15 3 185.10 41 131.05 2
42.10 ] 71,05 2 106.10 21 133.15 54
43.10@ 10 75.15 1 107.05 2 124,15 14
44.,00Q i 77.00 33 108.05 6 135,15 7
50.05 2 78.00 9 199.05 10 136.15 3
S1.05 g 75.00 2 112.05 2 137.10 1
52.085 7 80.10 12 111.05 2 145.10 1
83.05 27 gi1.1@ 27 115.05 3 147,10 17
54.05 4 2.10 7 116.05 ] 148.10 16
55,05 29 83.10 2 117.05 4 149,10 4
56.05 6 89.00 1 118.15 2 161.10 20
57.05 ) 91,10 60 119.05 2 162.20 6
58.05 1 2.19 16 120.05 25 163.10 2
B2.05 \ 93.19 58 121.18 16 175.15 7
£3.05 2 54.190 13 122.05 4 176.15 4
B4.15 1 95.19 13 123.15 3 177.18 1
65.05 15 96.10 2 124.15 1 189.15 13
66.0% 5 97.10 1 127.95 1 18@.15 2
B7.05 32 162.10 1 129.05 i 204,20 5
68.15 g 193.10 4 130.05 1 205.20 1
69.15 46




C-22

s-humulene N}
n.w, 204 L\rék\;>xf—
. Sean 1OBS (41 .9@Q2 min) of DRTR: &STD2. D
T-E 3
CI=R
L] 72
o 9
: Bﬂ? )
T sey 4! ge
3 4Bi’/,> N
T ] 121
281 /14?
29? ‘ 2@4
19@ 138 175
Q_*ll. .ll ll . .II“ lh ‘I . ‘illl le L .un/_ L jl. — e jﬁJ.
52 Ba 18Q i@ 1408 160 1@ 2808
Mzss/Chlrge
m/z abund. m/z abund. m/z abund. m/z abund.
41.00 49 £7.05 20 96.10 1 131.05 1
42.10 4 68.0S g 103.10 1 133.18 2
43.10 12 B9.85 4 195.10 13 134.05 2
44.10 1 77.85 21 186.10 3 135.05 2
5e.05 1 78.085 4 187.10 1B 136.15 2
50.95 5 79.8S 23 108.10 4 147.10 19
52.05 3 80.05 36 109.10 8 148.10 4
53.05 19 81.00 9 119.10 1 149.1¢ 1
54.05 3 82.00 5 115.05 ! t61.10 ° 3
B5.0¢< 18 83.00 1 117.05 1 162.10 1
56.05 1 91.00 23 1158.05 8 175.20 1
57.05 1 32.10 2@ 121.05 26 189.15 2
63.05 1 93.00 180 122.05 7 204.15 7
65.05 8 94.10 15 123.05 2 205.25 ]
66.05 3 95.10 7 128.0S 1




c.2.

their elution on an HP-5 capillary column):

cis-3-Hexen-1-0l
trans-2-Hexen-1-0l
Linalool
Hyrcenol
a=Fenchol
Isopulegol
Menthol
Terpinene-4-0l
a-Terpineol
Citronellol?
trans-Carveold
Nerol?
cis-Carveol?
Geraniol

Electron Impact Mass Spectra of Alcohols (Listed in order of

4¢rans-Carveol and nerol when co-injected, were not resolved.

The elution

order for these compounds as reported by Adams (1989) on a DB-5 column

was:

trans-carveol, nerol, citronellol then cis-carveol.

a1 Y

C-23






cls-3-hexen-1-0l

(leaf alcohol)

c-24

Gean 428 (3@2.897 min) of DATR:STD14. D
122':\
92{ 41
8@ 87
] /
o 71
¢
c ) -4
“ EQ@
5 5@ .
a 40 \\\.
a 3 B2
30 4
29: 57
‘ ’// 72 182
g || TR 11 -
B: Il [ll ]Jll Lt —
7@ =J<] 9@ 182
Ma:s/Chlrgc
m/z abund. m/2z abund. m/z abungd m/2 abund
41.10 100 £3.0% 14 B5.85 3 75.10 Y
42.10 23 54.05 12 B7.@5 73 60.10 i
43,10 11 E5.05 36 668.05 7 81,19 5
44,10 7 S6.05 g 6S.15 19 §2.10 28
45,19 2 £7.05 13 70.15 8 B3.10 3
50.95 4 £8.05 1 71.85 2 98.00 1
g1.05 B £2.05 1 72.05 3 100.10 2
52.05 3 63.05 2 77.00 1




trans-2-hexen-1-¢l

C-25

m.w. 100 CH3CH20H2CH==CHCH20H
Scan 438 (31.0873 min) af DRTR:STD1a4.D
1201 \
- 7
1= 5
« e 41
u ]
¢ s:a-‘/
n .
c SBE
- 4@
a ]
39} se E? %?
22 71
{1l |
:"l AJ'lllII!.‘ .LJ.lj‘Jl] rl.‘L. . —
5@ EQ 20 B@ SE 186
Mass/Charg_t
m/z abund. m/z abund. m/2 abund. m/2 abund.
41.10 g9 §3.05 8 £3.05 1 72.15 5
42.10 13 £4.1%5 € £5.05 2 76.90 1
43.10 26 £5.e5 15 B6.15 1 79.10 1
44.10 18 £6.0% 1] £§7.05 22 81.20 3
45,19 3 57.05 10Q BB.@s 2 82.10 20
43.25 | 58.0S B 639.05 7 83.10 2
Se.e5 4 59.05 1 70.15 3 85.00 1
gt1.es8 4 61.95 1 71.05 8 100.10 2
52.05 2




"OH

linalool
m.w. 154
N
Sean 14 (25.7168 min) of DRTR:&8TD!1.D
18806 \ v
aged | 43 s
880
¢« 7@8 99
u /s
5 EQR
0
c =y =1~ -}
2 ame
a
3p@
121
2ee 4
127 1386
120 | l i / jo 154
) |u th |hl' AJJ I _'_l il Ileh | Lll_“' i Jn]ll-l - gk ds —— ‘I. n . \\
EQ ga iaa 12@ 14
Mx::/Cergn
m/z abund. m/z abund. m/z abund. m/z abund.
41.10 B8E2 62.95 12 84.10 37 108.10 21
42.20 98 65.05 41 85.10 13 109.10 53
43,10 1000 €6.15 2) 86.10 13 110.10 8
44,00 34 £67.@5 215 87.00 . 3 111,19 27
45.10 28 £68.05 116 §1.10 102 112.10 4
47.30 2 69.05 372 g92.10 138 118.05 i1
50.85 17 70.15 64 83.10 621 121.05 187
50.95 52 71.05 8E6E 94.10 88 122.@5 17
52.05 28 72.@5 g6 8c.10 3e 123.05 4
83,05 192 73.15 B SE. 10 62 125.05 . 59
§5.05 E28 74.15 3 97.1@ 21 127.15 S
S6.05 96 77.05 g4 88.10 g 136.15 B9
57.05 46 79.05 120 99,10 4 137.15 9
58.05 28 80.05 272 183.00 4 139,15 1B
59.95 33 g1.10 108 105.10 52 149.05 3
50.15 3 82,10 48 106.10 13 154.20 3
62.05 g 83.10 139 107.10 £3

C-26




myrcenol

|
oM
P

c-27

m.w. 154
Scarn B4 (3€.148 min) of DATR: STD!12.0D
1804
92': 59
eQ
43
[ 78
U ’//
-
3 ] Q3
42 - =
£ , -
BB]
- 21
= b 13E
fl | [
B=J|f Uy J[g A JI l {1l Al L A 1
SB g BB =)= 166 11@ e 13@
Mass - Chrarge
m/z abund, m/z abund, m/z abund m/z abund.
41.10 49 56,05 3 69.15 1S 92.10 5
42,20 7 57.85 9 7.5 2 93.10 32
43.10 E4 GB.@S 6 71,858 8 94.00 ]
44 .00 6 S9.05 109 77.05 9 85.10 [
45.10 ] £0.05 3 79.05 42 107.10 [
49,95 3 62.95 2 80.05 27 108.00 2
51.05 7 65.05 8 81.00 30 121.05 15
£1.85 g 68.15 4 82.10 S 122.05 2
£3.05 18 67.05 21 83.00 2 136.05 7
54.05 3 £8.05 27 91.10 4 139.25 2
55.05 12




HO.

c-28

a-fenchol H-
m.w. 154
s
Scan 672 (3E.431 min) of DRTRA:STD3.D
1225
Qaj 81
aa% 41
" 7@
u 3
: SB?
“ P
¢ 52?
2 42 69
g E
3@ 4 ™~ 84
111
207 -~ ~— 121
. ‘ | ‘ 7 129 154
g .hl,l_l.,,llu.,l. [ 1| 1 T ‘| }., \.ﬁ
E@ 80 18@ 12@ 148
Ma::/Ch;rEE
m/z abund. m/z abund, m/z abund. m/z abund.
41.10 65  53.05 i g2.00 18 107.10 12
42.10 7 £5.05 B 83.10 14 108.10 2
42.10 66 BE.15 3 B4.10 18 109.10 2
44.10 3 67.05 27 BS.!B ) 110.20 2
45.19 g 68.15 5 86.10 1 111,10 14
49,485 2 69.05 30 81.1@ 7 112.18 2
50.85 ) 70.05 5 82.10 4 121.05 12
§2.95 3 71.05 25 93.1@ 16 122.15 i
53.05 18 72.05 24 84,10 3 123.05 4
54,05 <) 73.05 3 85,10 B 124.05 1
55.05 29 77.05 ] 96.10 4 125,15 2
56.05 7 78.15 2 87.10 5 136.15 2
57.05 23 78.15 18 88.10 4 139,15 2
58.0%5 2 80.05 70 99.10 2 184,10 2
59.05 2 g81.00 100 195.10 2




C-29

isopulegol 0K
muw, 15U P
Scan 7212 (368.820 mim) af DRTA:STD!1.D
sed ¢!
]
a2
v 7@ sz\\
7] 4
c -
i (=R Bl
T 5@ . -
3 E on 59
Eﬂ - e 111 1;.
207
] ~
. ™~ 138
2@ / 154
<l sl ol e alll Y
gL |h| 11'.|.|| L 1) I “ ,I L i lrll ., R 1L, __J.
E@ sa 1282 120 143
Maszs ~Charge
m/z abund. m/z abund. m/z abund. m/z abund
41.10 100 63.05 2 82.10 11 108.10 3
42.1Q 16 64.05 ] 83.00 24 109.10 13
43.10 45 65.05 8 84,00 31 110.10 12
44.10 12 B6.@5 5 85.00 8 111,10 20
45.10 3 £7.05 S8 86.00 1 112.10 9
50.05 2 £8.05 39 91.00 g 113.05 1
50.85 8 £S.05 46 92.10 8 121.05 34
52.05 s 70.05 14 93.10 22 122.0@5 3
53.05 33 71.05 44 S4.10 14 123.05 4
54,05 7 72.05 g 85.10 31 125.05 1
55.05 S5 73.05 1 85.10 b 136.15 1S
S6.05 30 77.@S 10 97.10 15 137.158 2
57.05 18 78.18 3 88.10 1 138.15 19
58.05 2 79.05 24 9g.10 2 14@.15 |
59.05 3 80.15 14 105.00 2 154,10 1)
62.05 1 81.00 45 107.10 13 155.10 1



menthol

4, o,

C-30

OH
m.w. 156
rd 'S
CSeam 748 (37.242 min) of DATR:STD11.D
QB-; 41 2l /
B
¢ 7@ 55 o5
u el
5 =k
<
c 5@
3 4@
@ ! -
123
3-: / 138
2o 1 109
a l /
1@ ] l
ajl“l :I‘I.;l’r A l ‘!r"lll '!¢lJ l,l: — !\I. AL 1|
s@a £ 2 8 ga QE 122 11a 12 13@
Mass  Charge
m/z abund. m/z abund. m/z2 abund. m/z abund.
41.10 100 £3.05 1 83.10 12 100.00 W
42.1¢ {5 65.05 4 B4.10 5 197.1@ !
43.10 €0 67.05 47 gS.10 g 108.1@ 1
44,10 11 £8.05 16 86.10 3 1038.10 12
45.10 s £9.0@5 35 87.10 1 110.10 B
56.05 1 79.05 18 81.10 2 111.10 2
S0.9% 4 71.05 89 92.10 1 112.10 2
£2.05 2 72.05 S 93.10@ ] 113.@5 1
83.05 18 73.05 1 94.10 g 121.05 2
54.05 g 77.05 S 95,19 &7 123.05 i 26
55.05 62 78.05 1 96.10 23 124,05 3
56.05 2S 78.05 8 97.10 5 136.15 )
§7.05 40 B0.15 14 98.10 1 128.1% I8
58.05 4 g81.00 88 98.10@ k] 139,15 3
£9.05 2 82.10 37




terpinene-l-ol
m,u, 154

OH
N

Scan BE4 (27 .2E?7 min)

af DRATA:STD!.D

C-31

IBBT
9@ 21
ee
3 43
¢ 78
(7] 3 /
c Y= 111
[ ] =)
T 52 ! ™~
2 4@
a 3 E9
B<
3 ™~ 154
2@ 138
& R [T ~ L]
Bilu ﬂllduynll L' JJJ]I ]”JI' :IH’IT | ‘1g J
4=} =) 186 123 140
Mass “Charge
m/z abund. m/z abund. m/2 abund. m/z abung
41.10 47 62.05 1 81.00 13 105.10 )
42.10 7 £3.05 2 82.00 4 107.00 2
43,10 B2 £5.05 7 83.10 {R] 108.0@ 1
44.10 3 6E.0S 3 84.10 2 199.10 2
45,00 3 £7.05 21 86.10 19 110.10 7
50.05 2 668.05 18 g7.1@ 2 111.1@ 48
58.95 5 £9.05 22 91.00 14 112.10 4
52.05 3 71.05 100 82.10 9 121.08 p
53.05 17 72.05 5 93.10 50 125,05 3
54.05 3 73.05 1 94,190 6 136,15 - i
55.05 30 77.05 15 95.10 9 137.05 2
56.05 2 78.05 2 96.10 1 139,15 2
57.05 4 79.05% 8 97.10 2 154,10 15
58.05 3 80.15 | 98.10 2 155,18 2
59,05 2




a-terpinecl

C-32

m.w., 154
Scan 872 (37.5725 min) of DATHR: STD!2 .0
IBB? \
QB% 99
B0
¢ 781
1] E 43
. €27 e 93
b 1-E
H ap }1 121
o 3@5 &7 # ! {28
3 / V4
20
la-‘. ‘ I ‘ ’/a?
P I TR 11 {10 [PV J:L IR 1{ UL ol R .l
5B gEa B g =g ] 182 113 12@ 12& 142
Mass - Charge
m/z abynd. m/z abund. m/z abund. m/z abund.
41,10 30 £0.05 3 78.05 3  105.10 3
43.10 1 §1.05 1 7%.05 16 106.10 !
44.10 2 £2.05 1 80.15 [ 107.10 5
45,00 3 £3.05%5 | 81.00 31 108.10 3
5@g.es 2 85.05 5 82.10 2 108,10 i
S1.05 5 E6.05 2 81.10 S 119.85 i
52.05 3 £7.05 22 92.10 17 121.08 34
53.05 13 £8.05 12 83.10 47 122.05 3
4.05 5 69.0S 4 94.10 7 123.05 1
85.05 18 70.05 1 95.10 T 136.15 26
SE .05 ) 71.05 8 96.10 4 i37.15 3
57.05 2 72.05 1 87.00 1 129.15 5
55.05 100 77.05 4




citronellol

mw, 156

CH,0H

N

Scan 215 (38.0258 mirml

of DATR:STDR3.D

C-33

9~ 41
BB-E
u ]
c Y-k ™~
T -
c 507
3 ]
4 42 1 g1
T b e
384 85
] Vg
22
{ 123
7
o Ul AIL L% o l. puidlly A | |L. . L i
ea B& 138 12@ 141
Ma:s/Charge
m/z abund, m/z abund. m/z abund m/z abund.
41.10 100 57.05 9 79.05 3 87.10 i
42.10 9 §7.95 1 80.1S 3 95.10 1
43,10 19 59.05 1 81,00 32 108.10 8
44,00 3 683.05 1 g2.1e 26 110.10 k3
45.10 4 65.@5 3 83.1@ B 111.20 !
50.05 I 67.05 42 84.10 2 112.18 1
51.85 3 E8.05 17 BS.00 2 123.85 1]
£2.05 2 85.@5 57 86.10 2 124.05 1
£3.05 12 7@.0% 10 81.00 1 138,18 [
54,15 4 71.08 16 83.19 1 139.15 1
§5.05 49 72.0S% t 85.1@ 23 156.18 3
56.0@5 18 77.05 2 96.10 S 157.10@ 1



trans-carveol

c-34

m.w., 152
Scan B20 (38.189 min) of DRTR:STDIZ. D
129'; ‘ '
'ga- 128
8@1
] 4 g4
o 28
u :/’//’ 7
g EE?
T 4
c 52 -
0 4] | Sg\ ~
a 1 [
321 ™~
281 \ 118 1< 152
L] I ‘
E:|-]l ll” I.,ﬁ...lvilu. ; li l L ] I‘ll.wlhlll ll 1l .rk.ll A . l
68 g 1682 126 14
Masgs ~Charge
m/z abund. m/z abund. m/z abund. m/z abund.
41.10 g4 63.05 4 85.00 4 110.10 19
42.19 7 B65.05 13 85.00 ) 11,12 Z
43,10 38 £6.0S g 91.00 27 115.05 2
44,00 5 £7.0S 25 92.10 ? 115,95 1
45,10 3 £8.05 7 93.10 16 117.05 i
50.05 4 £9.05 30 94,10 6 119.05 12
51.05 13 70.05 2 95.10 20 120.05 }
52.05 6 71.05 2 86.10 10 121.085 i
£3.85 24 72.05 1 87.10 5 122.15 1
©4.05 8 74.05 1 98.10 1 123.05 8
§5.05 49 75.05 1 102.00 1 124.05 3
56.05 258 77.05 2! 103.10 2 133,15 1
87.05 5 78.05 = 104.20 1 134.15 3
g7.85 ! 79.05% 18 195.10 7 135.05 ]
58.@5 1 80.05 10 106.10 3 137.85 10
69.05 1 g1.10 16 107.10 ] 136.05 1
60.05 1 82.00 11 188.10 16 152.10 9
B1.@5 | 83.00 36 199.10 100 1583.80 1
62.05 1 84.00 B3




HOH,C

C-35

nerol
m.Ww. 154 P
\o@ \Sc;n 722 (3R.142 min) of DRTR:STD2. D0
sed 41
b g8
1=k ™~
¢ P2
u ]
5 BE!;
T sed
HIr
a ]
313'3
2@ B@ v
T-F ! ” AN N 121 138 154
BJ il Jllx' RN H Ilhill ll“l’l’ !I..:]. ,! ol l' \
EQ BEQ 1@ 122 142
Mn::/Chnrge
m/'z abund. m/z abund. m/z abund, m/z abund
41,19 180 E63.05 1 82.10 3 108.10 i
42.10 & 65.05 3 83.10 8 109.00 i
43.10 12 66.05 1 84.10 13 110.20 1
44,00 2 67.05 16 85.00 2 111,10 4
45.10 1 £8.05% 16 S1.10 5 112,10 ]
50.05 2 59.05 76 §2.10 3 119,05 1
£@.95 4 72.05 7 93.1¢ 17 121.05 [
82.05 2 71.@8 7 94.10 3 122.15 1
£3.05 13 72.8S 1 95.10 3 123,15 S
54.05 2 77.05 5 96.10 2 135.05 1
55.85 1 78.15 1 897.10 4 136.15 2
56.05 4 78.05 g 98.10 2 139.15 3
57.05 3 80.05 8 185.10 2 150.00 |
59.05 2 81.00 ] 107.1@ 3 1584.1¢@ 1




cls-carveol
m.w. 152

Scan B38 (38.318 minJ

of DRATR:STLOI13.0

C-36

100 41
sed 84
o 70
c -] \\\\
c =y}
P
'2 5@ / 1/34
3
2 4@
a 118
3R /
20
1@ 152
e I ]‘ll ng;hh 'ulu. |.| b ,“.ﬁJul”II. Ll gnll ||.1 i
BB ==) tge 128 148
Mass . Charge
m/z abund. m/z abund. m/z abund. m/2 abund.
41.10 85  B4.15 2 B84.00 100 103.10 &2
42,19 10 £5.05 16 85.00 g 110.10 8
43,10 5o 66.05 7 85.00 1 111.10 1
44,190 £ £§7.05 33 85.00 . 1 115.05 2
45.1¢ 4 EB.@5 10 81.00 34 116.25 1
58.0%5 6 658.05 50 92.10 18 117.@5 3
51.85 16 70.05 3 93.10 26 118.05 27
52.05% 7 71.05 4 94.10 19 120.05 3
§3.05 26 72.05 3 95.0@ 27 121.05 3
54.05 9 73.05 1 96.10 7 122.15 1
55.85 1] 74.05 1 897.1@ B 1232.05 10
56.05 41 74,95 1 98.10 1 124 .15 2
57.05 7 77.05 29 102.10 1 131.05 1
57.95 2 78.0% 7 103.10 2 134 .05 45
58.05 3 79.05 3t 105.10Q 13 135.05 5
60.15 1 80.@5 22 106.10 7 137.18 10
6@.95 2 81.10 26 187.10 B 138.05 1
61.95 2 82.10 H 198.10 10 162.1@ 1
63.05 5 83.00@ 47




CH,0H

C-37

geraniol H
m.W. 154 ’/n\\
Scan 7?55 (38.517 min) of DATA:STD3.D
120834 ‘
: X
soq 4!
8@
« ?a-i
a -
5 €21
B .
c 5@
3 o
a 9 K
a
3@
22‘: 70 g3 123
3 111
b M2 LN
:[14 :I' 1_1|1' ol “. L]“JL [lux..' ‘J.,‘.I. '|A|,ﬁ . AL —_
E@ BB 106 12 14
Mass “Charge
m/z abund m/z abund. m/z abund. m/z abund.
41.10 100 63.05 1 82.10 110710 2
42.10 & £5.05 3 83.00 4 108.10 1
43.10 10 66.15 1 84,00 7 189,18 1
44.10 2 67.05 14 85.00 2 119,10 i
45.00 1 68.05 18 81.10 3 111.10 5
50.0S 1 £8.0e%S 8B 92.f0 3 112.10 1
51.05 4 70.05 7 93.10 10 121.05 4
82.0S 2 71.0%5 € 94,10 2 122.18 }
£§3.05 12 72.05 i 9c.1e 2 123.05 7
54,05 2 77.05 4 36.1@ 2 124.0% 1
55.@5 10 78.05 1 97:\0 1 136.18 2
56.05 2 79.05% 4 88.00 1 139.15 2
£7.05 4 80.05 5 185.10 1 154,10 1
59.05 3 gt.1@ 5




C.3. Electron Impact Mass Spectra of Acetates (Listed in order of
their elution on an HP-5 capillary column):

Bornylacetate

c-38






C-39

cig-3-hexenylacetate
m.w. 142 CH3C00CH20HZCH==CHCH2CH3
Scan 755 (33.927 mim) of DATR:STD14.0
180 \
s@ 2
=F=]
P rd~ 8?7
g /
s EQ@
) ¥,
c -l
3
o a2
a 82
30 /
28
51 S4 73
12 43 / 57 ES \\ 7q
a I T i ] DA {1 N ‘1l
S 7 gEa
Mass  Charge
m/z abund. m/z abund. m/z abund. m/z abund.
41,10 21 52.05 1 S7.@5 1 73.85 2
43.10 100 £3.95% S £5.05 2 75.00 1
44,10 3 S4.05 7 £7.@S €0 81.10 4
45,10 1 §5.95 B £8.05 4 2.10 28
50.05 i S6.05 1 £9.15 2 83.10 2
51.@S 2




,,,,,,

c-40

Scan 769 (34.875 min) of DATA:STO14.D
IBB?
92{ 43
1=k
“ -E
v ]
5 €87
c 587 i
3 1 e?
4
i e
327 55 8z
22 7 l/BB
18] 113 142
oAl .LIdIL RS IV | [ LJA [ f\\fﬁ
EQ =3 180 128 1402
Mass/Charge
m/2 abund. m/z abund. m/z abund. m/z sbund.
41.10 22 £4.05 S 69.05 1 85,12 1
42.20 ) S5.0% 1] 70.15 1 87.00 \
43,10 100 56.085 4 71.18 B 98.10 1
44,19 4 57.05 12 72.05 P4 98.102 4
45.10 ] 5B.05 2 75.10 1 1002.10 12
50.05 1 61.05 2 81:10 4 181.10 1
§1.05 3 £5.0% 2 B2.1@ 22 113.05 1
5§2.05 1 £7.05 31 83.10 4 142.10 1
§3.05 b 68.905 2



bornylacetate

c-1

H
m.w. 196 OAc
Scarn B27? (39.1868 min) of DRTR:8TD1.D
IEB?
3 43
gai gs
Q@? \\\
« 70
o s
: SBE
T 3
c 5@
3 ] 12
42
é E | \\
308
j S [=)=]
295 2 N 18986
l@'.' L \\ \
e I.JJﬂA; 1,LH i it — —_— 1
10@ 12@ 140 1e@ 1@
Mass “Charge
m/z abund. m/z abund. m/z abund. m/z abund
41.10 44 B7.085 17 91.00 8 111,10 4
43.10 100 68.@5 5 §2.10 12 112.10 !
44,10 3 £9.05 12 82.10 38 113.05 2
45,00 1 70.05 2 84.20 8 119.05 1
49,95 1 71.05 4 85.10@ 76 121.05 30
51.05 3 72.08 2 895.10 B 122.95 3
§2.05 2 77.05 8 87.10 2 123.085 ]
53.0e5 14 78.05 2 9810 1 125.08 1
S4.15 2 79.05 10 95.10 | 136.15 31
S5.05 21 80.05 15 105.10 2 137.15 4
56.05 2 81.00 9 108.20 | 139.05 1
57.05 3 82.10 [ 1907.10 7 182.10 !
58.05 1 B3.10 ] 108.10 13 154,10 )
83.085 1 g84.10 4 109.10 10 185.10 i
€5.05 4 85.10 1 110.10 7 196.15 2
66.15 2







C.4. Electron Impact Mass Spectra of Aldehydes (Listed in order of
their elution on an HP-5 capillary column):

n-Hexanal
trans-2-Hexenal
Citronellal
Safranal

Neral

Geranial
Hydroxycitronellal

c-42






n-hexanal

c-43

{caproaldehyde)
m.w. 100 CH, (CH. ), CHO
o K ihairid]
Scan S8B (29.783 min) of DATR:STDI!ISE.D
19024 //
99% 44
807 SE
v 781
6 s
: SB?
T s5@1
3 ]
0 40
T ]
3@ }5 5S
J £7 72
22 AN ) y a2
197 S1 gs I
ad | . I N |, i N N B S B
s@ €0 7@ -1~}
M;:S/Ch;rgﬁ
m/z abund. m/z abund. m/2 abund. m/2 abund.
41,10 89 51.05 3 58.05 8 70.156 gl
42.10 20 52.05 ] £9.05 ] 71.05 )
43.19 83 £3.08 4 £3.05 1 72.05 15
44,10 100 54.05 3 B5.05 i 73.05 1
45.10 20 55,85 17 B7.85 19 81.10 1
4E.05 ] 56.05 g7 EB.05 | 82.10 10
50.05 2 57.05 48 £9.05 1 g83.1@ 1




trans-2-hexenal
(leaf aldehyde)
m.w. 98

CHCH,CHoCH==CHCHO

Scan 414

(28.848 min)

ef DATRAR:€TD14.D0

c

-4y

122-:
3 41
ek 55
-k AN
(] 78
a ]
c B@ E9
] ] ‘\
T 3
g 5@ a3
0 42 =4 /
T ¢
30
22‘E F a8
3 58
] N £S5 73
18 II ‘\\
B: — JJL : lllan.lI | JJI 1 — 'L
S@ [~ =] 70 =gv] =4 ]
Mass ~Charge
m/z abund. m/z abund. m/z abund, m/z abung.
41,10 100 54.05 10 65.05 3 79.10 5
42.10 50 £5.05 76 £6.05 ! 80.10 8
42.10 24 56.05 17 E7.05 5 g1.10 3
44.10 2 57.05 33 68.15 8 g3.10 28
49.95 1 £8.05 2 69.05 49 84.00 2
50.05 7 61.05 1 70.05 15 897.109 7
51.0% 8 62.05 2 T1.18 i 88.10 13
§2.05 3 63.05 2 77.00 1 99.00 1
£3.05 13 64.15 1




C-45

citronellal HO
m.w., 154
N
Scan EBE (38.825 min) of DRTAR:STD3.D
IQQ \ !
s 41
ag
] 2
G &8
5 eER \
T
c 5@
3 95
0 4
a | \\\
e
20 11l 121
™~ 4 139 154
1
‘1 .|1|l |1 | I|]1 Lh[l”l JJ IH ”ll ' } \|
z A\ T - T b T -
£0 ec 12e 120 140
Mass  Charge
m/z abund. m/z abund. m/z abund, m/z abund,
41,10 100 63.05 1 g2.10 3 107.10 i
42.10 10 £5.05 3 83.10 9 108.20 ]
43.10 19 £7.05 20 B84.00 10 109,10 7
44,10 2 68.15 8 85.00 2 110.10 8
50.05 1 658.05 58 91.1@ ] 111,10 it
5i.05 4 78.05 9 92.10 1 112.1@ S
§2.05 2 71,085 ? 83.e0 b 121.05 14
G3.@5 13 72.05 2 95.10@ 3t 122.1t5 1
4,05 4 77.@5 3 86.19 4 123.05 1
85.05 36 78.05 1 97.10 E 136.15 4
£6.05 19 79.1% 4 $8.10 S 133,15 4
£7.05 7 80.15 2 94. 00 1 154,10 4
59.05 2 81.10 8 105.10 |




C-46

safranal |
m.w. 150 5;, <
e Scan 1174 (37 .867 min) of DATA:STDS. D
l -
91 -
9@ 4 187
=l
] -
q
J 121
ﬁ EB. \\
- ] -
€ 5@ 73 15@
FEEPY-E N -
18 b
324 ES
3 £1 /s
22'5 135
127
oL ||Ll..;JJalL| T I!L. ! IL. jJ I L bl | R
§=] el =] 12@ 142
Mass ~Charge
m/z abund. m/z abund. m/z abund. m/z abund,
41,10 18 60.15 3 80.0S 4 108.10 10
42.10 i §2.05 2 gt.10 3 108.00 2
43.1¢ 6 €3.05 9 82.00 1 115,05 3
44,10 1 64.05 P 83.00 i 117.05 2
45.00 1 £5.0%5 23 89.00 3 119,05 (3
45.80 1 B66.0S 4 91.10 88 121.05 Y
46.10 1 £7.05 5 g82.¢0 12 122.05 7
50.05 7 B7.85 1 93.10 9 123.18 1
51.@5 19 69.0% 2 S54.10 2 132.15 |
52.05 B 73.05 1 95.90 2 133.05 2
£3.05 12 74.15 2 102.10 1 134,05 1
54.05 2 75.05 2 103.00 B 135.05 9
55.05 5 77.05 31 105.10 49 136.05 1
56.95 1 78.05% 7 106. 10 10 150.10 26
58.15 1 78.05 37 107.10 100 181,10 )




neral

;]
r

-
()]
n

Scan 745 (38.402 min) of DRTA:STL3.D

C-47

12221\\\
999% 41
B@@;
« ?BB%
u 3 €9
: SBB':: /
:-) ] -
¢ 5227
: -
a a2
a
El-1=k E?7
3 ~\\\ B4 189
20@ e ~
b 137
S l R P AR A
E:I n Ill ||ll sl Ll Il. l.lJ : JL! i I ".1 1 Al >
6@ g 1a@ 122 140
Mns:/Cha.r;ge
m/z abund. m/z abund. m/z abund. m/z abund.
41.10 1000 B3.05 1S 82.00 121 110.10 25
42.10 K] 64.15 & 83.00 122 111.10 g
43,19 122 €5.05 44 84,00 155 114,985 3
44,00 12 B6.18 17 85.00 11 117.15 5
45.00 1 67.05 188 91.10 61 119,05 54
50.05 25 68.18% 44 92.00 18 120.18 7
£0.95 58 6S.05 538 93.1@ 29 121.05 16
§2.05 27 70.05 g5 94,10 154 122.05 6
£3.05 156 71.05 15 85.1@ 128 123.05 18
54.05 B5 72.05 8 96.10 8 124.18 . 10
55,05 106 73.08 4 97.00 13 124.95 3
56.05 1] 75,05 2 102.9@ 4 134.05 18
£7.05 19 77.05S 49 195.00 15 135.05 4
59.05 118 78.0@5 13 126,10 S 137.15 27
60.05 5 79.05 62 1907.10 3e 138.05 3
61,25 3 80.15 41 199.1@ 150 162.00 S
62.05 7 81.00 140



=0

N —H
geranial
m.u, 152 |
N
Scan 7?83 (28.B42 min) of DRATA:STD3.D
182 ‘\\\\
sp 41
[}
ga ‘\\\
-l a
7]
c
] ea
T
c sa
FEPY-
a
2@ ez 1239
~— SR E: 137 152
gk TR O L R [ Y > ™
O [T SO A THOVN 1 RV [ OSSO | RPN R 1
E@ ga 1868 12B@ 14@
Ma:s/Charge
m/z abund. m/z abund. m/z abund. m/z abund.
41.10 100 £2.05 1 82.00 10 108.20 o 1
42.10 ) 63.05 1 82.29 8 109.10 8
43.10 5} 65.05 3 84.00 17 110.18 7
44.00 i 66.@5 1 g5.00 . 1 111.10@ 1
49,95 2 B7.05 9 91.00 3 119.05 2
50.85 ) £9.05 73 g2.10 1 121.05 1
52.05 2 70.085 5 83.10 1 123.05 )
§3.05 12 T7.05 3 84.10 10 124.05 1
54.05 4 78.05 1 gc. i@ 3 134.05 1
65,05 7 79.05 4 86.10 1 137.05 7
56.05 4 80.15 1 1905.10 1 138.15 ]
57.05 i g1.1¢ (] 107.10 1 152.10 4
59.85 3

c-u8




hydroxycitronellal

m.w

. 172

.,

tt
o

Scarn 914 (39.824 min)

ef DARATR:STLOIB.D

C-49

=1~ ]%]
sge 58
43
B2 /
[ 720
U
: EQ0B
©°
c 5002 21
2 4@p e
a
e )
28a 9B
\ 1 11 139 (53
18Q v
| N R PR TN N
Ir. “_. ._j.lll 1{' ilY b I__l.|1 Y_Ll__llll 1_L |' ™~
BB 8@a e tz@ 14
Mass ~Charge
m/z abund m/z abund. m/z abund. m/z abund.
41,10 220 £60.05 31 82.00 9 109.10 b |
42.1¢ 74 61.05 9 83.00 18 110,10 18
43.10 738 62.05 1 84.00 10 111.10 28
44.10 49 83.05 2 85.10 20 112.10 11
45.10 33 £3.95 1 86.10 14 113.05 30
48.10 2 £5.05 B 87.10 1 114,05 46
47,10 3 B6.85 3 g1.10 3 115.15 4
48.95 1 B7.05 32 93.10 24 119.085 1
50.0% 3 £8.15 18 S5.10 84 121.05 42
51.0% 8 £9.05 111 96.10 93 122.15 . 5
52.1% 4 70,15 33 97.1@ 22 123.05 1
53.e5 34 71.08S 371 98.10 7 129,05 3]
54.05 17 72.@5 22 95.10 1 136,15 3
55.@5 138 73.@5 4 100.00 1 137.18 2
£6.05 47 77.85 L=t 181.10 1 139.15 43
57.05 B84 79.@5 11 105.20 2 140.15 4
£8.18 €S 81.10 105 187..10 2 157.10 5
58.05 1000







C.5. Electron Impact Mass Spectra of Ketones (Listed in order of
their elution on an HP-5 capillary column):

2-Heptanone
Fenchone
a-Thu jone
B8-Thu jone
Camphor
Menthone
Isomenthone
Pulegone
Carvone

Pipertone

C-50






2-heptanone

44,10

Cc-51

mw, 11 CH3CQ(CH2)hCH3
Scan ?8E (31.80@8 min) of DATR:STD?.0D
1804
1=E 43
807
] 781
a ]
c J
E E@ se
c 52? ~
a .
a 40Q ]
T s
3@ 1
261 7]
133 d sg 114
T gs
] | l ' 7 e
a* — . - .l — el . 1 . |
=] [ogc] 78 g€ sS@ 1@ 110
Mass ~Charge
m/z abund. m/z abund. m/z abund. m/z abund.
41.10 13 45.10 1 56.05 1 72.05 '3
42,10 8 £1.05S 1 £8.05 45 85.10 2
43.19 100 53.05 1 59.0% B 95.10 2
3 E5.0S 4 71,85 . | 114.05 3




fenchone

- o
EA) o VW &

152

Cc-52

\Ba Scan 882 (38 .84 min) of DARTAR:STDS.DO
- B SCRLED
B&
[ 22
g ER 41 Eg
- 7 ™~
c 5@ |
3
o 4@
a
=)
i52
=8 89S tes 37
Sl bl S Y A
ol wld ol iy ' .
EQ BE 18 122 14
Mass ~Charge
m/z abund. m/z abund. m/z abund. m/z abund.
41,10 5o 56.05 1 72.05 2 93.19 '
42,10 B £57.05 1 77.05 ) 95.1@ 2
43,10 ) 83.05 1 78.05 1 107.1@ 1
50.05 2 65.05 4 79.05 B 199,10 6
51.85 4 E66.05 1 80.)5S 14 110.10 1
52.05 2 67.05 13 81.00 100 137.18 2
53.85 10 £8.15 3 £82.00 8 152.10 12
54.05 2 685.0% g3 83.00 1 183.1¢ 1
£5.85 7 70.05 - 5 91,00 2




a-thujone

C-53

m.u. 152
Scan 53 (36.15?7 min) e DARATAR:ESTDIB.D
IGB\
q 1 E? 81
9 \\\
80
112
u 2@
U
: =] Qs
T =@ [N
3
a 4Q
a
a2
2B 111 , 152
g (O T N
2],, ||||1IJJ ] Lvlri,‘ YJLI ll' i | . T - I
[y =] 80 10 12@ i4@2
Ma::/Charge
m/z abund. m/z abund. m/z abund. m/2 abund.
41,10 98 §7.05 1 79.@5 27 105.10 ‘1
42.10 9 62.05 i 80.15 12 107.10 2
43.10 232 83.05 4 81.10 100 109.10 46
44,00 ! 65.05 12 82.10 22 110.19 B3
46.10 ; E6.15 b g3.10 4 111,109 5
50.05 B 67.05 81 84.10 1 123.1% 1
51.05 14 £€B8.05 g1 S1.10 7 124.15 3
52.05 8 £9.05 =13 g2.10 i 134.0% 1
£3.05 35 70.15 10 83.10 4 137.05 2
54,05 8 74,085 ] 95.10 48 152.10@ . 7
55.05 40 77.05 13 86.10 5 153.10 !
SE.@5 b 78.15 3 97.10 2




g-thu jone

C-54

m.w. 152
Scan BBY (36.335 min) ef DATA:STD!2.D
lBE] — —
god <! E7 81
82 9\\\\ lifi\
« 70
G s
g SEE
T 3
¢ se
3 ]
o 48
48 ]
284
20 152
111
- 137
o R Y ~ N
o { l”l(l ] I[ 'f‘ ] I fl[ L -
E@ BR Q@ lz@2 14 @
Ma.s:/l:h;rge
m/z abund. m/z abund m/z abund. m/z abund.
41.10 100 56.05 7 77.85 16 96.10 9
42.19 11 S6.95 2 78.25 4 97.10 3
43.10 25 63.0%5 € 79.05 33 107.10 3
44.10 3 64.05 1 80.15 1" 105.10 g3
49.95 7 €65.05 14 81.10 97 110.19 72
51.05 18 67.05 95 82.10 20 111.1@ 7
52.08 7 68.05 54 83.00 6 123.15 2
53.05 35 £9.05 13 9i.1@ 9 124,15 3]
54.05 10 70.05 24 93.10 5 137.15 3
§E.08 so 74,185 2 85.18 70 152,18 i0




camphor
m.w. 152

102

Scean E25 (3BE.931 min)

of DATR:STD!.D

C-55

——-""4"‘
=17] 95
8@ Bl\\
] 2B
u
: E@ ce
T
c S ~— 1@8
3 7 182
a 4@ .
@ ™~
1a
2@
| Ll N
ol Il[]). '.1|I ] UL I , h . L !
~§7] 80 168 12@ 1
Mns:/Ch;zge
m/z abund. m/z abund. m/z abund, m/z abund.
41.10 90 62.05 1 80.15 15 108.10 40
42.10 10 £3.05 2 81.10 72 109,19 332
43.10 11 £5.05 8 82.10 13 118.10 12
48,95 3 B6.15 3 B3.10 33 111,10 1
51.@5 9 67.05 40 84.10 2 118.95 1
52.05 S £8.0S 18 91.00 8 123.05 i
53.05 22 £9.05 42 92.10 16 124,85 1
54,15 g 70.05 3 95.10 180 137.05 4
65.05 82 77.05 12 96.10 10 152.19 32
S6.05 3 78.05 2 97.10 g 153,10 3
57.05 1 79.05 12 105,10 !




menthone

0
m.w. 154 ,/,L\\
\oa \\\\S:an 7?33 (37.835 min) of DATRA:STDI@.D
E 112
spq 4! T
] ES
aa-: \ -
v 72
u s
S EQ@7
E S8 139
2 4 4 /7;@ g7 \ 'S4
g 7 ~
3@ ™~ ™~
207 1132
121 ‘ ‘ /”/
B: 1y N I I:._ JJ.I ' i.[Jt ! l.hv I e IJ I _'L J N 1 4
Ea ge 1a@ 173 140
Ma:s/ChaLge
m/z abund. m/z abund m/z abund m/z abung
41.10 100 £3.05 1 83.00 24 110.10 |5
42.10 24 65.05 3 B4.10@ 21 111,10 27
43,10 41 56.05 1 B5.19 2 112,19 91
44,10 2 §7.05 1 81.1@ ) 2 113,85 7
45,19 1 68.15 K 32,10 1 121.05 5
50.05 2 §9.05 74 83.10 3 122.05 1
51,05 4 70.05 32 84,10 3 123.05 1
52.05 2 71.05 g 85.10 18 125.15 S
£3.05 14 72.15 1 g97.40 30 126.05 1
54.15 g 77.@5 4 88.10 9 136.05 1
55.05 71 78.15 1 99,190 1 138.15 39
56.05 31 78.05 5 105.10 1 140.15 4
57.05 8 80.15 1 107.10 1 154.10 28
58.05 2 81.10 ] 109,10 2 155,19 3
§9.05 1 82.10 2
C-56




isomenthone

m L
e

184

[ ot

Scan E432 (37 .29Q min) of DATR:STD2.D

C-57

1B02 4
] 112
3=
=k ~-
] 70
4}
c -
p EB‘
T 5@
] 129
_; 40 1 ;2 g7 A
T 5 ~ AN N 1s4
BB-: \
3
207 113
121 I | ~
Q: 1, i ll" L ] 1 ]LII i ] “ . Lt L 'L. i !
EQ =] 182 12@ 1413
Mass/Ch;rE
m/2z abund, m/z abund. m/z abund. m/z abund.
41.10 100 E5.05 3 83.00 22 112.10 )
42.10 25 £6.05 1 84.00 20 111.10 23
43.10 40 £7.0% 12 85.00 2 112.10 91
44,10 2 €8.15 7 91.00 2 113.05 8
45,00 1 69.05 75 93.00 E 121.05 5
50.0S 2 70.05 32 94.10 S 122.05 1
50.85 4 71.@5 5 95.10 18 123.15 ]
S2.05 2 71.85 1 g87.00 28 125.05 5
§3.05 14 77.05 4 98.10 8 126.05 1
55.05 B7 78.15 i 99.10 1 136.185 . 1
S6.05 3 79.05 £ 105.10 1 139.05 33
57.05 8 80.15 1 197.10 2 140,15 3
58.05 2 81.00 g 198.30 1 154.10 23
5B8.8% ! g2.1@ 3 109.1¢2 3 155.10 3
62.895 ]




c-58

pulegone
m.w. 152
N
Scarn 8951 (28.4583 min) g+ DATR:€TDO12.D
180 &8>
Y= g1
82
] e 41
u
t e - 152
) s@ ‘%f
5 .
a 4
a
3R g5 1%i
2R “
=l
i 111.1.,,41,! W Ldh Lol Ll L L i
e =¥~} 1@ 12@ 14
Magss “Charge
m/z abund. m/z abund. m/z abund. m/2 abund.
41.10 S8 £9.05 1 81.10 100 109.10 42
42,10 19 82.05 1 82.00 34 110.1@ 7
43.10 17 £€3.05 3 83.10 4 it1.1@ 1
44,00 1 £4.15 1 84.00 1 119,08 3
45,102 1 65.0% 9 91.00 B 121.05 1
50.05 3 67.05 9 92.10 1 123.05 P4
61,05 10 68.05 18 93.10 4 124,15 2
52,05 5 69.05 20 94,10 2 135.05 1
£3.05 24 70.05 2 95.1@ 16 137.05 19
54.0% 5 77.@5 10 96.1@ 3 138.15 | 2
£5.05 17 78.15 2 97.00 ) 152.10 S
S6.05 3 79.05 13 105.10 1 183.10 [
£7.05 1 80.15 13 107.10 ]




)

C-59

Scanm B?73 (3B.572 min) aof DRTAH:STDI@.D
1025 1
T-E Be
QB'5
o 787 w4
u
g =k N
h -5
3 4 93
0 4~ <
a ] AN 128
30 ~
3 E?
*2 N 2 135 122
g P P 1 PO S
OO TR0 Y N 1R | oA S
£ s 182 122 1403
Mas:/Ch;r&e
m/2 abund. m/z abund. m/z abund. m/z abund
41.19 28 64.15 1 83.00 5 1908.10 25
42.10 5 65.05 8 89.10 i 185.1@ 4
43.10 3 E6.05 3 91.00 14 115.05 1
S0.05 5 B67.0S 11 92.10 g 117.05 1
£1.05 " 68.05 3 83.10 31 119.05 1
52.05 6 £9.05 4 94.10 g 120.05 1
§3.05 25 74.05 1 85.10 4 124.05 2
54,05 58 77.05 12 96. 00 } 122.05 2
£5.05 7 78.15 3 123.00 1 132.15 1
58.05 11 79.05 17 125.10 4 135.05 . 2
£9.15 1 80.05 7 126.10 I3 150.10 7
82.05 i 82.00 160 107.109 18 151,10 1
£3.05 4 ’




pipertone

C-60

m.w. 152
Secanm B83 (38.721 mim) of DRTA:STOLlL1 . D
IBB? ‘
3 B2
9B 11@
82 N
v ?Bé
u o
5 6R 1
-] =5
Sa- 41
c N
é 423’/// k
(19 4
232 137
b E7 . 152
2 ~. ™~
2 ] . 124 ~
4l ol o |
9:”. !h“, ‘uil¢ 'hh L Iu L .:,l ,'tl —
ED =35 tiala 12
Mass ~Charge
m/z abungd. m/z abund. m/z abund. m/z abund
41.10 38 62.05 1 8.8 10 107.10 2
42.10 g 6§3.85 2 82.00 100 1@S8.10 26
43,10 9 £5.05 5 83.00 7 110.1@ 76
45.10 1 66.05 3 B84.00 1 111,10 6
50.95 2 £7.05 13 91.10 -] 119.05 1
51,05 B £8.0S 2 92.00 1 123.0S 2
§2.05 4 £9.05 5 83.10 2 124,05 )
52.05 18 77.05 7 85.00 41\ 137.0S 20
54.05 27 78.05 2 95.10 3 138.15 2
55.05 14 79.0% 7 97.00 ! 182.10 14
56.05 1 80.15 2 105,10 1 153.10 1




C.6. Electron Impact Mass Spectra of Ethers (Listed in order of their
elution on an HP-5 capillary column):

1,8-Cineole
Anethole

c-61






1,8-cineole

/CE

C-62

m.w. 154
. Scar B8RE8 (34 .7%4 minl of BRTAR.-ETOE.T
1224
apd | 43
QEj
. -k
u ]
5 EB?
T 3
S 1-F
FEPT-E el
a €9 ~
32 188
g3 - 139 154
20 { o N
125
s RN L > .
P BT lxIJJJ 4 L‘l.]'l P 1| L JITEn 1L i 1
=y = ea 168 12@ 142
Mass/Chazge
m/z abund. m/z abund m/z abund, m/z abund,
41.10 36 §9.05% 9 82.10 5 108.10 24
43,10 100 £3.05 1 g83.10 12 108.10 3
44.10 2 £65.05 3 84.10 21 111,10 20
45,10 2 66.05 2 85.10 2 112.10 2
$0.05 | 67.05 16 91.00 2 121.05 3
51.0% 3 BEg.0%S t3 897.10 18 125.05 4
§2.05 2 ES.0@5 23 94.10 2 126.05 2
£3.05 i1 71.05 28 85.19 8 126.15 3
£4.05 = 72.05 2 96.10 11 139,15 15
55.05 25 77.05 4 §7.10 4 140.15 - 1
56.05 5 78.15 ! 9g8.0@ 1 154.10 18
57.05 2 79.@5 & 107.20 3 185.12 2
58.85 10 81.00 32




C-63

anethole P
m.w. 148 CH = CHCH,
Scan 1335 (38.174 min) of DRTR:STDI14. 0
1808
@ 148
=] =]
& ’a
U
: ER .
o == 77
g 4 7
123
30 S} ) s
e3
2B /
10
22 ’ “ | " ‘II 111 4|” } :.l,lill ',l I 1L | “lA L“ | v —LLL
(=] =% 1080 128 14
Mass ~Charge
m/z abund. m/z abund. m/z abund. m/2 abund.
41.10 5 73.15 1 92.10 4 118,05 4
42.10 1 74.05 8 83.00 3 121.05 19
43.10 2 75.05 S 101.20 1 122.05 2
52.05 14 76.00 [ 102.10 [ 129,05 1
51.05 25 77.00 4% 103.10 23 130.15 1
g§2.05 9 78.00 19 104.10 8 131.95 -}
53.05 7 79.00 28 105.10 39 132,05 )
g65.0e5 1R 80.00 2 106.10 4 133.05 28
§7.55 i 85.00 i ig7.85 3 134.@5 3
61,08 2 86.00 1 108.05 1 145.00 i
62.05 7 87.00 2 115.85 23 147,10 59
63.05 17 88.10 1 116.05 10 148.10 100
£4.05 5 89.00 9 117.05 41 149,102 10
65.85 13 90.10 3 118,05 5 150.10 i
B6.05 2 91.10 27




C.7. Electron Impact Mass Spectra of n-Alkanes, Alkenes and Aromatics
(Listed in order or their elution on an HP-5 capillary column):

n-Hexane
n-Heptane
n-Octane
p-Xylene
n-Nonane
1-Decene
n-Decane
p-Cymene
n-Undecane
1-Dodecene
n-Dodecane
n-Tridecane
j-Tetradecene \
n-Tetradecane
n-Pentadecane
n-Hexadecane
n-Heptadecane

C-64






n-hex

- oy
Wie ¥

ane
86

Abundance

Scan

EBB-\\\

90
8O
-k
£@
se-f
e
10
2@ 7
107

a1t

46 (24 .488B min)

8?7

//

(L]
12}

51
!(:!¢| |

of DATA:STDE.D

=1

L

Mass  Charge

E@

m/z

41.10
42.19
43.10
44.10
50.05

abund.

100
37
87

2
2

m/z abund. m/z

51.05
52.e5
§3.05

55.05
56.@5
57.05

—_ G — N

54.05 B8.15

C-65

m/z

72.15
71,18
86.10
B7.10

abund.

—F) & o2




n-heptane
m.w. 100

CH3(CH2)5CH3

Scan BES (27.182 min) ef DATR:STRE. DO

C-66

1804 \
99-1 3
1=k
¢« 727
g ;
€ Pk
_g 3 5> 71
50
C b
3 3 ~ -~
g 487 58\ ve
324
\ 108
20 N
12 B
Q: ] PR P . . ut - 4
58 9] 73 g =g} 1806
Mass - Charge
m/z abund. m/z abund. m/z abund. m/z abund.
41.10 79 52.98 i 57.05 42 71.15 44
42.10 30 £3.08 3 £8.05 2 72.05 3
43.10 100 54,15 } B6S.@5 1 85.10 2
44.10 3 55.05% 14 67.05 1 100.10 15
48,95 1 SE.05 28 70.05 26 101,10 1
51.05 2




n-octane

m.w. 114 CH

Scarn B?79 (29 .685% min) of DATA:STDE.D

iga \\\
@ 43
=f =]
L] 78
u
S EB
o
c 5@
3
o a. T es
T 2/ /
38
21
22 !
I ‘ . 114
12 { ~
G*J 'l:lr.|_.1 \ 1‘|. . ST ey . |
=1%] EQ 68 g2 QR 18 110
Mass ~Charge
m/z abund. m/2 abund. m/z abund. m/z abund.
41.10 58 §3.05 3 $8.05 t 72.05 N
42.10 19 §4.15 1 67.05 ] ga.1o@ 9
42.10 100 £5.05 12 £9.15 2 85.19 23
44,10 4 56,05 19 70.15 12 86.10 2
S1.05 - ? 57.05 21 71,18 18 114,15 5
S2.@5 1

C-67




p-xylene

c-68

m.u. 106
Sean 1239 (231.245 min) of DATR:STOE. D
1008
@ ER
g8
- 70
Jd
5 (=] 1
- ae
s
3 ~
n 4
T
32
S1
2. yd 65 77
el 4 ~. 74 Bg
e S N
@ S . ll |.I.¢ . | + Alljﬁ 1'_‘11
5@ e62 @ =y o 122
Mass/Charge
m/2 abund. m/z abund. m/z abund. m/z abund.
41.10 2 63.05 8 76.10 2 81.109 100
49.05 1 B4.05 1 77.80 14 92.10 8
50.05 9 £5.05 8 78.00 8 102.10 1
51.05 15 66.05 1 79.00 10 103.1@ &
52.05 6 £7.05 1 80.10 1 104.20 3
53.05 4 73.05 1 86.00 1 105.10 20
61.0@5 1 74.05 2 g87.10 1 126.10 4]
62.05 3 75.05 1 88.00 3 107.05 4




n-nonane

C-69

m.w. 128 CH:(CHQ)GCHQ
=) = =}
Scan 1883 (31.B2E min) of DRATA:STDE.D
108
spq | 43 57
/
(=3}
« 8
u
c
M =]
|
c s5c
3
g a0 o=
a ug\
]~ ~—
2@ Z}
o qﬁ %? 128
| I~ | ]
g PR NS 1 N E— L - —_—— | + v Y ”
se EQ @ ER =] 1a@ 11 120
Mass - Charge
m/z abund. m/z abund. m/z abundg. m/z abund.
41.1@ 62 54,15 2 £9.05 4 BG6.10 4
42.10 19 £5.@5 16 78.15 12 98.10 4
43.10 100 £6.05 20 71.15 16 99.10 7
44,10 4 £7.05 81 72.15 | 102.10 !
£1.05 1 58.05 3 84.10 9 128.15 )
53.85 3 67.t5 ] BS.1@ 25 128.18 i




1-decene

1u0

C-70

Mt T N2 TS
Scan 1256 (23.78! min) of DRTR:ETDE.D
IB“\
gsoq ¢!
281 55
] 701
u -
c ]
p EQ e
T se g 4
2 4@
(18
cl-
g3
21 g 9,7
127 [ l/ll l4{\
L 411|| i u“ J .'ll ‘1 IL' ,h 1
e B8O 180 12@ 14@
Mass ~Charge
m/z abund. m/z abund. m/z abund. m/z abund.
41.10 100 £5.05 67 70.15 45 96.10 2
42.10 27 6.05 58 71,15 S 87.10Q 14
43.10 50 57.05 36 77.10 1 98.10 b
44,10 2 £8.05 2 79.00 1 99.20 i
50.05 1 65.05 2 81.1@ 2 110.05 1
51.@5 2 66.05 1 82.10 6 111.05 6
g2.15 2 £7.05 8 83.10 18 112.05 4
53.0% S £8.05 7 g84.10 13 1490.19 3
54.05 12 6%.05 37 B5.10 2 141,10 }



n-decane

c-1

Scan 1271 (33.BE4 min) of DATA:STDE. D
IBEBE \\\ N
YL 43 ]2
82%
¢ 701
y 3
: sa?
T 3
c @
3
o 4 71
@ s
304
] =3
2@y t 142
b Qs
19% H JJ g l/l 3 \
BJ iy J' %1 L il . ”1 g . jJ
E@ =37 1006 12@ 143
Mass  Charge
m/z abund. m/z abund. m/z abund m/z abund.
41,10 67 85.05 18 £9.05 ) B6.10 1
42.10 19 56.05 19 70.15 12 98.10 5
43.18 190 £7.05 96 T7V.15 33 85,10 7
44 .10 4 S8.0S 4 72.18 2 112.15 2
51.05 1 65.05 1 83.10 1 113,15 3
52.08% t 67.05 1 84.10 9 142,10 )
§3.05 3 68.15 1 B8S. 40 18 143,10 1
54,15 2




p~-cymene
m.Ww. 134

AN

Ccan B7@ (34 .%54080 min}

of DRTR:ST7TDS8.D

Cc-72

IBQ?
92% 1139
80
o 7@
v
< =k
]
c 5@
3 o g1
a q
o 134
324 \\\
g4 4 ES 77
1~ 83 -~ - 193
19 \\\ // l
23t VLLI il YJ:. - ,uih o ’AU — L | . i
Se B2 @ =)=} sE@ 122 110 120 12@
Mass ~Charge
m/z abund. m/z abund. m/iz abund. m/z abund.
41.10 11 B3.05 E  79.05 4 105.10 4
42,10 1 64.05 2 87.60 3 115,05 9
43.10 1 B5.05 11 89.00 . 3 116.25 2
49,95 3 BE.Q5 1 81.10 33 117.05 15
51.05 7 74.05 1 2.00 3 118.05 102
§2.05 2 75.05 1 93.10 3 120.05 10
£3.05 2 76.15 1 102.00 2 134,158 24
57.65 3 77.05 1R 103.10 5 135.15 2
62.05 2 T€.05 4 104.102 4




n-undecane

C-73

m.uw. 156 CH,{CH., ) ,CH,,
T 7 3° ¥y's
Scarn 1445 (35.750 min) of DNDRTA:STDE.D
10@ ~— -
a@ 43 57
(=f =}
¢ 7@a
u
¢
_‘; e 24
c 5@ e
2 4@
T
22 )5
1@ \\\\
L gl !J 1 ; .Jl.l — lL i '\.‘ ] vJ.
EQa 8 1@ 120 14Q
Macss ~Charge
m/z abund. m/z abund. m/z abund. m/z abund.
41.10 B4 §6.05 18 2.15 2 39.10 43
42.10 18 57.05 190 82.10 | 100.2 1
43.10 97 $8.05 4 83.10 2 112,15 3
44,10 2 67.05 1 B4.10 8 113.15 4
£1.05 1 68.15 1 85.10 22 126,15 1
52.05 ! 69.15 5 86.10 2 127.15 2
£3.05 3 70.15 i1 §7.10 1 156.20 5
54,15 2 71.15 45 98.1Q2 6 187.10 1
55.05 18




1-dodecene

- s aL0 nu
H.w. VOV Wil

Scarn 1582 (37.358 min) of DRTR:&ETDE. D

129'\
- 41
B
] 727
]
: Y=k
1: P
c S@ ﬁ?
2 424 g3
a ] /s
30 g7
1 e
221
J A 125 14@ 168
194 <2 g
[ OO O A
2 | T 111 ,Hll . J.‘ il , b wl —
EQ 82 180 tzig 1408 16
Mass ~Chargs=
m/z abund. m/z ahund. m/z abund. m/z abund.
41.10@ 100 57.85 38 79.10 1 99.12 Y
42.19 22 58.0% 2 B0.1Q 1 11@.18 2
43.1@ 65 65.0S i g81.1@ 3 111.05 9
44,10 3 66.05 1 gz.10 10 112,15 3
50.95 1 B7.05 11 83.10 33 124,15 1
51.05 1 68.15 8 84.10 21 125.18 4
§2.05 1 £9.05 44 85.10 -] 126.15 2
53.05 9 70.15 38 95.10 1 138.10 1
54.905 12 71.15 12 86.10 5 139.18 1
G55.05 70 72.15 1 97.1@ 23 140.10 . 2
56.05 g3 77.00 1 88.10 10 168.15 2

C-74



n-dodecane

m L
LR XY

170

C-75

P32/ 1073
Scan 1EQS (3?72.482 min) of DRTHRH:STDE. D
123
92_; 57
C1=
[ 72
u 1
c £ 71
a .
c 52
3
n 40 4
a
sag 9?
22
b 172
89 -
E ; 113 141
125 ” I g , ;;7 //, ‘\\\
e Ll .Jllf s .H; S | S| B I
1=} =] 188 128 140 l1EB
Mass ~Charge
m/z abund. m/z abund. m/z abund. m/2 abund.
41.10 61 57.05 100 B3.10 3 112,15 Y
42.10 16 58.05 4 84.10 7 113,15 4
43,10 91 £7.05 1 85,10 26 126.15 2
44.10 3 68.15 1 86.1@ 2 127.15 3
51.05 1 £9.15 ? 87.10 1 140.10 1
53.@e5 3 78.15 1 9. 10 [ 141,10 1
©4.05 2 71.158 = 99.10 6 170.15 4
55.05 18 72.15 3 100.12 i 171.15 1
56.05 18 gz2.10 1




n-tridecane

C-76

Scan 1?55 (39.123 min) of UORTR:STDE. D
1291
QB-; 57
8@ 7
v 7@
u 3 71
: EBi /
T J
c SB:
2 ep -
g : 8/5
30 7
2@ 28 .
p =
12'.' ” l - N 141 155 ~—
PR T N | Y| RO | N L ]
e =§ =] 186 12@ 14 1EB 1g@
Mass - Charge
m/z abund. m/z abund, m/z abund m/z und,
41.10 58 58.05 4 84.10 7?7  113.15 3
42.10 14 €7.05 2 85.10 31 126.15 3
43.10 86 68.1% 1 B6.10 2 127.18 3
44,10 3 E9.15 ? 97,10 2 140.10 1
£3.85 3 70.15 11 88.10 5 141.10 2
S4.05 2 T1.18 -1 99.10 7 154.20 1
€5.05 19 72.15 3 102.10 1 165.20 1
56.05 17 82.10 i 111.@5 ! 184,25 4
§57.05 100 g3.1e 3 112,15 4 185.25 1




1-tetradecene

c-77

Scan 1B8% (dB.537 minm) of DARATAR:STDE.D
184
99—: 41
8@
u 787
g s
< 6] g9 g3
o 3
] 7
T 587 -
3 o
0 &k 7
E «
324
] 111
za? s
=f 1 Il Y
3 / 1E8
oAl I Ll '] i ; ll|J| ll.v : 1||. JJ;/. - { —_——b
EQ@ g2 122 12 140 160 182
Mass Charge
m/z abund mn/z asung. n/z abund. m/z abund
41.10 100 57.05 15 84.10 24  124.15 2
42.10 2 68.15 i B5.10 8 125.15 7
43.10 72 69.05 52 86.10 1 126.15 4
44.10 3 70.15 42 91.10 1 127.15 1
51.05 1 71,15 18 95,10 2 138.1@ 1
52.05 1 72,15 1 96.10 g 139.19 2
83.05 8 73.15 1 97,19 36 140,10 1
54,05 14 77.00 1 88.10 12 182.10 1
85.05 81 79.00 1 89.10 4 1563.20 1
56.05 49 go.1e 1 110.15 4 154,20 - 1
57.05 57 g1.10 5 111.05 17 168.15 2
58.0S 2 g2.10 1] 112.05 7 196.25 3
65.05 1 83.10 49 113.15 ! 197.20@ 1
B66.0S 2




n-tetradecane

-_— = 40
Hl.W,. (-4

2
o

Scan 1884

(4B.642 min) of DRTR:STDE.D

C-78

IBB?
Qaj 5?7
ee-; - -
]
& 71 71
u /
5 B&
-
1=k
5 3 a/s
32?
22% =3]
] 5 141 1
1@ l | R S 163
B:l Al L YJJ Jdl 'J+ .”" il - y - { . L
e == 1806 12 140Q@ 1683 18@
Mass - Charge
m/z abund. m/z abund. m/z abungd m/2 abund
41,10 58 £7.95 2 86.10 2 126,15 hi]
42.10 14 68.15 ] 96.10 1 127.15 4
43.10 90 6S.15 8 97.10 2 1490.10 2
44,10 3 70.15 11 88.10 5 141,10 2
53.@5 3 71.18 Y4 99.19 10 154.20 |
54.05 3 72.15 3 100.10 1 155,20 2
55.eS 21 82.10 é 111,05 1 169.15 1
56.@5 17 83.10 4 112,15 4 198.20 4
57.95 100 B4.10 ] 113,15 5 199.20 1
58.0S 4 g5.10 24 -




n-pentadecane

c-79

Scan 2822 (42.B856 min) of DRTR:STDE.D
18Q
o g7
B@
(1] 28 21
J 7
c
4 (]
b ]
c 5@ 1 g5
3 o -
09 4 -~
a
30
2@
113 127 212
1@ 7 18
| A pa
e Wl [' i 'd'x . .1[1 J . Al ﬁll A —_ , 1
(>4 =] Bz 18 123 14 16 180 280
Mass ~Charge
m/z abund. m/z abund. m/2 abund. m/z abund
41.10 57 68.15 2 36.10 1 127.15 3
42.19 14 €9.05 8 57.19 3 140,10 2
43.19 87 70.15 1 98.10 4 141.10 3
44.10 2 71.15 61 99.19 1t 154.20 1
£3.05 2 72.15 3 100.10 i 155.20 Z
54.05 3 82.10 2 111,15 1 168.18 1
585.05 22 83.10 4 112.15 4 169.15 1
56.05 i6 84.10 g 113,15 B 183.15 i
87.05 100 85.10 37 125,15 1 212.20 4
58.05 4 8E6.10 2 126.15 3 213.20 - ¥
67.05 2




n-hexadecane

- oo Y 4
HWewW, &V

Scan 2145 '(43.4B85 min)

cf DARATAR:STDE . D

c-80

IBBE
90 9?7
EBE
3 71
¢ -k 4
7] 3
ﬁ EB?
T 3
c 5@
FEEPT-E
a
30
2@ 839
] 4 /1/'3 228
193}1 ] J A 1£3 197 N
2 l'l' il '.||]| l‘ d[' . ‘.lf_ . 'll 1 —l, _— ./' . I
(9] 8@ 196 128 140 16@ te@ 2B 220
Mass  Charpge
m/z abund. m/z ahund. m/z ahund. m/z abund
41,10 56 69.15 S 97.10 4 140.10 '3
42.10 13 70.15 (] g98.10 5 141,10 4
43.10 86 71.15 B8 89.10 14 154,20 2
44,10 3 72.1% 100.20 ] 155.22 3
53.05 2 81.10 1 111,15 2 168,15 1
54,05 3 g82.1@ 2 112.15 4 168.15 2
£5.05 23 83.10 g 113,15 8 182.25 1
S§.15 1] 84.10 B 114,15 1 183.15 1
57.05 100 85.10 49 125.15 1 197.20 1
58.05 5 86.10 3 126.15 2 226.30 S
67.05 2 86.10 1 127.15 5 227.30 1
68.05% 2




n-heptadecane

~ o

c-81

o T a5 BN ~
M.W. &4V "3\‘#"2]150"3
Scan 2260 (44 €E6Q min) of DATA:STDE.D
IB-. L‘
sei{ 57
CI=g
3 71
[ 7a /
u
5 E@
o < -
c S
3 ap '
18
32 1
3 99
#E 4 z4Q
127 211
iR s 188 182
\ L 1 / ~ ™~
o | . il ol " o P —
5@ 106 180 =]
Mass - Charge
m/z abund m/z abund. m/z abund. m/z abund,
41,10 51 £9.05 g 98.19 4 141,10 3
42.19 A 70.15 12 99.10 15 154.2 2
43,10 B3 71.15 65 1ee.19 1 155,20 3
44.10 3 72.15 4 111,18 2 188.15 2
53.05 2 81,10 1 112.15 4 169.15 2
54,15 3 B2.1@ 2 113.18 g 182.15 1
55.05 23 g3.1@ 3] 114,15 1 183.25 2
5E. 18 1S g4.1@ & 125.18 1 196.25 1
57.05 100 85.10 41 126.15 3 187.20 1
58.05 4 86.10 3 127.15 3] 211,20 i
67.05 2 86.10 | 128.15 1 240.25 4
68.05 2 97.10@ 4  140.10 2 241.25 1






APPENDIX D

ELECTRON IMPACT MASS SPECTRA OF TENTATIVELY IDENTIFIED COMPOUNDS
AND LITERATURE REFERENCE SPECTRA

Spectra Are Given of the Following Tentatively Identified Compounds
(Listed in order of their elution on an HP-5 capillary column):

1-Butylacetate?

Tricyclene? or a-Thujene?
p-Methylanisole?
2-Methyl-6-methylene-1,7-octadien-3-one®

p-Mentha-1,3,8-triene?

p-Dimethoxybenzene?®

Pinocarvoneb

p-Cymen-B-olb

Estr‘agolea

MethylsalicylateP

Verbenone?

1-Pentadecene?

1-Hexadecene?

3Reference spectrum from EPA/NIH Mass Spectral Data Base, 1980.

PReference spectrum from Adams, 1989.






1~butylacétat.e

m.w. 116 CHACOOCHA(CHA )ACH,
4 £ & s ]

Abundance

Ceanmn 1109 (29.BEB min) of DRTA:NWH?3.D

&1 73
57

45 72
51 yd
1/// . ; |,[l .| T\

™~

B?7

s@ 6@ 7@ 8@
Mass 7 Charpe

116 CeH120:
Acetic acid, butyl ester

123-86-4

Me { CH2 )3 OAc

T T r v -y Y u .
0 0 W 10 10 10X W 10




t

tricyclene or a-thujene

m.W.

136

Rbundance

IBB?
90 ]
aa-i
7@
e
5o
42
22
29-2
12

41

—

///

Scan

1se

55

(22.515 min}
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~J

> 79

\\/
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1@5
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!h.“¢..

of DRATA:NHES.D
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Lol
EalJ“h.gUlJJLW“d;“[dgu.. lll“uu‘.y

1y

78 =37 ] =]

Mass ~Charge

124

it@

136 CioH1e
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