
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 list 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]ss• determined by the 

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]ss = ( 1 ) 

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

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

[organic emissionlt = R (3)
T 

where kd and tare in the same time units. 

Under the sampling conditions utilized in this study, kdt = 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 = F[organic emissionlss (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 flow 
I 

rate in liters per minute, then from the perfect gas law the conversion 

factor to obtain emission rates in units of µg hr- 1 at 30°C and 740 torr 

is 0.032 times the matrix air flow rate (which in this study was either 

41.9 1 min- 1 or 45.3 lt min- 1). Division by the appropriate dry biomass 

weight yields the emission rate factor in units of µg 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 -42°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 i.ufurma.ti.uu 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, 

sesqui terpenes, 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 and 
\ 

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 organic 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-1. Data Requireda to Calculate Emission Rates for Alfalfa (Pierce) 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (OC) (gm) i: Monoterpenes i: Sesquiterpenes TAPEc TCd 

NH-83A 28.5 317.4 32 e 183 276 

c:::.... 
I 
.r= 

NH-83B 

NH-83C 

34.0 

40. 1 

300.0 

317.4 

49 

140 
3 

10 

553 

324 

720 

547 

NH-83D 41.2 380.3 171 14 635 880 

NH-83E 39.8 317.4 106 e 184 436 

Average 36.7 

aAll flow rates during protocol = 
bDry weight of leaves and stems. 
cTotal assi.gned plant emissions. 
dTotal carbon. 
eNone detected. 
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Table VI-2. Emission Rates (µg hr-• gm-') for Hydrocarbons Observed from 

Alfalfaa (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 <0.035c 

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 (OC) 28.5 34.0 40. 1 41.2 39.8 36.7 

aNormalized to total dry weight of leaves and stems. 
bNone detected. 
cAverage does not include none detected values. 
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Table VI-3. Data Requireda to Calculate Emission Rates for Almond (Nonpareil) 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (OC) (gm) r Monoterpenes r Sesquiterpenes TAPEc Ted 

NH-28A 20.9 13.6 e f 13 53 
NH-28B 27.5 28.6 1 f 26 123 

NH-28C 30.6 13.6 e f 34 143 

< NH-28D 32.8 18.3 e f 19 114 ..... 
er, 
I NH-28E 33.8 13.6 e f 26 98 

Average 29. 1 

aAll flow rates during protocol= 45.3 1. 
bory weight of leaves. 
cTotal ass:igned plant emissions. 
dTotal carbon. 
~None detec~ted. 

No data. 



Table VI-4. Emission Rates (µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Almond (Nonpareil)a at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
Compounds NH-28A 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 C 

Total Assigned 
Plant Emissions 1.39 1.32 3.62 1.50 2.11 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 

aNormalized to total dry weight of leaves. 
bNone detected. 
c~Jo data. 
dDoes not include none detected values. 
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Table VI-5. Data Requireda to Calculate Emission Rates for Apricot {Blenheim) 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (OC) {gm) 1: Monoterpenes i; Sesquiterpenes TAPE 1
~ Ted 

NH-29A 20.7 32.7 2 f 21 67 

NH-29B 29. 1 31. 1 7 f 37 113 

NH-29C 31.l! 32.7 <1 f 33 116 

< ..... 
I 
0, 

NH-29D 

NH-29E 

33.9 

33.9 

25.8 

32.7 

e 

3 

f 

f 

35 
24 

127 

135 

Average 29.8 

a All flow rates during protocol = ll5. 3 1. 
bory weight; of leaves. 
cTotal assiLgned plant emissions. 
dTotal carbon. 
eNone deteeted. 
fNo data. 



Table VI-6. Emission Rates (µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Apricota (Blenheim) at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
Compounds NH-29A NH-298 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 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. 14 5.98 5.3 

Temperature (°C) 20.7 29. 1 31.4 33.9 33.9 29.8 

aNormalized to total dry weight of leaves. 
bNone detected. 
cNo data. 
dAverage does not include none detected value. 
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Table VI-7. Data Requireda to Calculate Emission Rates for Beans (Top Crop) 

Mean Temperature Biomassb Steady State Concentration (ppbCJ, 

Run No. (oc) (gm) I: Monoterpenes I: Sesquiterpenes TAPEe red 

NH-46A 22.8 165.0 e e 3 240 

NH-46B 31.0 153. 1 e e 19 174 

NH-46C 36.9 165.0 e e 34 248 
c::.... 
I 
~ 

0 

NH-46D 

NH-46E 

39. 1 

39.0 

111. 9 

165.0 

e 

e 

e 

e 

28 

20 

276 

297 

Average 33.8 

aAll flow rates during protocol = 41. 9 1. 
bory weight of leaves and stems. 
cTotal assigned plant emissions. 
drotal carbon. 
eNone detected. 



Table VI-8. Emission Rates(µ§ hr- 1 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-46D NH-46E Rates 

Isoprene b b b b b b 

Monoterpenes b b b b b b 

Sesquiterpenes b b b b b b 

Total Assigned 
Plant Emissions 0.024 o. 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 39. 1 39.0 33.8 

~Normalized to total dry weight of leaves and stems. 
None detected. 
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Table VI-9, Data Requireda to Calculate Emission Rates for Carrot (Imperator Long) 

Mean Temperature Biomassb Steady State Concentration (ppbC} 

Run No. (OC) (gm) r Monoterpenes r Sesqui terpenes TAPEci red 

NH-36A 24.5 143.7 192 e 193 250 

NH-36B 30.6 135.7 80 e 82 141 

NH-36C 36.2 143.7 133 e 136 279 
< NH-36D 37.3 123. 1 121 e 124 262-I 
~ NH-36E 34.9 143.7 137 e 140 214I\) 

Average 34.8 

aAll flow rates during protocol = 45.3 1. 
hory weight of leaves. 
cTotal assi.gned plant emissions. 
drotal carbon. 
eNo data. 



Table VI-10. Emission Rates (µg hr-i gm- 1) for Hydrocarbons Observed from 
Carrot (Imperator Long)a 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 C 

Total Assigned 
Plant Emissions 1.95 0.876 1.37 1.46 1. 41 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. 
bNone detected. 
cNo data. 
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Table VI-111. Data Requireda to Calculate Emission Rates for Cherry (Bing) 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (OC) (gm) z: Monoterpenes z: Sesquiterpenes TAPEe Ted 

NH-54A 20.4 59.5 e <2 34 151 

NH-54B 27.3 74.8 4 6 67 135 

NH-54C 29.7 59.5 3 3 66 165 
c:: ..... NH-54D 32.7 80.4 7 12 55 145 
I 
~ NH-54E 30.8 59.5 2 5 53 186-'= 

Average 28.0 

aAll flow rates during protocol= 41.9 1. 
bory weight of leaves. 
cTotal assl.gned plant emissions. 
dTotal carbon. 
eNone deteeted. 



Table Vl-12. Emission Rates (µg hr-i gm-i) for Hydrocarbons Observed from 
Cherrya (Bing) at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
Compounds NH-54A NH-54B NH-54C NH-54D NH-54E Rates 

lsoprene b b b b b 

Monoterpenes b 0.072 0.068 o. 117 0.045 o.o8C 

Sesquiterpenes <.045 0. 108 0.068 0.200 0. 113 <O. 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 

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

cAverage does not include none detected value. 
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Table VI-13. Data Requireda to Calculate Emission Rates for Cotton (Pima) 

Mean Temperature Biomassb 
During Sampling Leave:s/Total Steady State Concentration (ppbC) 

Run No. (OC) (gm) :t Monoterpenes r Sesqui terpenes TAPEc Ted 

NH-89A 26.0 112.9 167. 1 36 1 613 158 

NH-89B 32.7 120.4 181. 5 86 4 16:2 290 
C: .... 
I NH-89C 37.8 112.9 167. 1 57 2 133 235 

°' 
~ 

NH-89D 42.8 143.7 230.7 235 14 34:2 489 

NH-89E 41.0 112. 9 167.1 89 2 163 246 

Average 36. 1 

aAll flow 1rates during protocol = 41. 9 1. 
bory weight. 
cTotal ass:igned plant emissions. 
dTotal carbon. 



Table VI-14a. Emission Rates {µg hr-i gm- 1) for Hydrocarbons Observed from 
Cottona (Pima) at Indicated Temperatures - Normalized to Dry 
Leaf Weight 

Emission Rates From Protocol Mean Emission 
Compounds NH-89A NH-89B NH-89C 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 o. 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 (DC) 26.0 32.7 37.8 42.8 41.0 36.2 

aNormalized to dry leaf weight. 
bNone detected. 

T le VI-14b. Emission Rates (µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Cottona (Pima) at Indicated Temperatures - Normalized to Toral 
Dry Weight 

Emission Rates From Protocol Mean Emission 
Compounds NH-89A NH-89B NH-89C NH-89D NH-89E Rates 

Isoprene b b b b b b 

Monoterpenes 0.289 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 (oc) 26.0 32.7 37.8 42.8 41.0 36. 1 

aNormalized to total dry weight. 
bNone detected. 
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Table VI-15. Data Requireda to Calculate Emission Rates for Grape (Thompson Seedless) 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (OC) (gm) I: Monoterpenes I: Sesqui terpenes TAPEc: TCd 

NH-92A 26.0 54. 1 e e 47 247 

NH-92B 31.3 48.7 e e 115 365 
NH-92C 33.7 54. 1 e e 42 236 

NH-92D 39.2 31.5 e e 65 268 
< ..... 
I NH-92E 38.7 54. 1 e e 79 301 
~ 

ex, 

Average 33.8 

a All flow rates during protocol = 41, 9 1. 
bory weight of leaves. 
cTotal assJlgned plant emissions. 
dTotal carbon. 
eNone detecited. 



Table VI-16. Emission Rates (µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Grape (Thompson Seedless) at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
Compounds NH-92A NH-92B NH-92C NH-92D NH-92E Rates 

Isoprene b b b b b b 

Monoterpenes b b b b b b 

Sesquiterpenes b b b b b b 

Total Assigned 
Plant Emissions 1 . 16 3. 17 1.04 2.77 1.96 2.0 

Total Carbon 6. 12 10.0 5.85 11.4 7.46 8.2 

Temperature (°C) 26.0 31.3 33.7 39.2 38.7 33.8 

aNormalized to total dry weight of leaves and stems. 
bNone detected. 
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Table VI-17. Data Requireda to Calculate Emission Rates for Grape (French Colombard) 

Mean Temperature · Biomassb Steady State Concentration (ppbC) 

Run No. (OC) (gm) I: Monoterpenes I: Sesquiterpenes TAPEe TCd 

NH-93A 26.2 68.4 e 3 106 203 

NH-93B 32.6 47.5 e 7 68 202 

NH-93C 36.7 68.4 e 5 98 230 
c:: ..... 
I 
I\) 
0 

NH-93D 

NH-93E 

39.8 

39.4 

7~ .0 

68.4 

e 

e 
9 

7 

139 

133 

293 

269 

Average 34.9 

a All flow rates during protocol = 41 . 9 l . 
bory weight of leaves. 
cTotal assl.gned plant emissions. 
dTotal carbon. 
eNone deteeted. 



Table VI-18. Emission Rates {µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Grapea (French Columbard) at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
r.nmprnmds NH-93A NH-93B NH-93C NH-93D NH-93E Rates 

Isoprene b b b b b b 

Monoterpenes b b b b b b 

Sesquiterpenes 0.059 0. 198 0.098 0. 163 o. 137 o. 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 

aNormalized to total dry weight of leaves. 
bNone detected. 
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Table VI-19. Data Requireda to Calculate Emission Rates for Lemon (Lisbon) 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (°C) (gm) r Monoterpenes r Sesquiterpenes TAPE 0 Ted 

NH-26A 19.7 20.8 93 e 104 146 

NH-26B 29.0 13.8 50 e 58 126 

NH-26C 33.9 20.8 23 e 24 75 
c ..... 
I 

I\.) 
I\.) 

NH-26D 

NH-26E 

35.2 

38. 1 

18.3 

20.8 
33 

32 

e 

e 
35 

34 

83 

95 

Average 31.2 

a All flow 1~ates during protocol = 
bory weight of leaves. 
0 Total ass:igned plant emissions. 
dTotal carbon. 
eNo data. 

45. 3 1. 



Table VI-20. Emission Rates (µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Lemon (Lisbon)a at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
Compounds NH-26A 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 C 

Total Assigned 
Plant Emissions 7.25 6.09 1. 67 2.11 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 

aNormalized to total dry weight of leaves. 
bNone detected. 
cNo data. 
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Table VI-21. Data Requireda to Calculate Emission Rates for Nectarine (Armking) 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (OC) (gm) i: Monoterpenes i: Sesqui terpenes TAPEc: red 

NH-30A 22.8 29.8 3 e 24 189 

NH-30B 29.6 37.3 1 e 17 142 

NH-30C 32.6 29.8 <1 e 17 118 

..... < NH-30D 35.6 29.3 0 e 20 101 
I 

I\) 
.i= NH-30E 32.8 29.8 <1 e 13 94 

Average 30.7 

aAll flow rates during protocol = 45.3 1. 
bory weight of leaves. 
cTotal assigned plant emissions. 
dTotal carbon. 
eNo data. 



Table VI-22. Emission Rates (µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Nectarinea (Armking) at Indicated Temperatures 

Emission Rates From Protocol Hean Emission 
Compounds NH-30A NH-30B NH-30C NH-30D NH-30E Rates 

Isoprene b b b b b b 

Honoterpenes 0. 146 0.039 <0.049 0 <0.049 <0.06 

Sesquiterpenes C C C C C 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 

aNormalized to total dry weight of leaves. 
bNone detected. 
CHO data. 
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Table VI-23. Data Requireda to Calculate Emission Rates for Olive (Mazanillo) 

Mean Temperature Biomassb Steady State Concentration (ppbC} 

Run No. (OC) (gm) r Monoterpenes r Sesquiterpenes TAPE'1 Ted 

NH-79A 26.3 63. 1 1 3 52 180 

NH-79B 27.6 71.6 2 3 38 120 

NH-79C 31.6 63. 1 5 3 49 145 
<: ..... NH-79D 30.3 51. 7 1 <1 41 109 
I\) 
I 

NH-79F 30.5 63. 1 2 4 41 127
°' 

Average 29.3 

aAll flow rates during protocol = 41 .. 9 1. 
bory weight of leaves. 
cTotal assllgned plant emissions. 
dTotal carbon. 



Table VI-24. Emission Rates (µi hr- 1 gm- 1) for Hydrocarbons Observed from 
Olive (Mazanillo) at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
Cnmpnunds NH-79A NH-79B NH-79C NH-79D NH-79E Rates 

Isoprene b b b b b b 

Monoterpenes 0.021 0.038 0. 106 0.026 0.042 0.05 
Sesquiterpenes 0.064 0.056 0.064 <0.026 0.085 0.06 

Total Assigned 
Plant Emissions 1. 10 0.712 1. 04 1.06 0.811 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. 
bNone detected. 
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Table Vl-25. Data Requireda to Calculate Emission Rates for Orange (Washington Navel) 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. ( oc) (gm) I: Monoterpenes i: Sesquiterpenes TAPEc TCd 

NH-37A 14.3 98.3 10 e 11 27 

NH-37B 14.7 95.2 46 e 47 72 

NH-37C 20.2 98.3 11 e 11 36 
< NH-37D 29.2 98.3 210 e 222 256-I 
I\) 
OJ NH-37E 28.4 98.3 3 e 5 29 

Average 21.4 

aAll flow rates during protocol = 45.3 1. 
bory weight of leaves. 
~Total assicgned plant emissions. 

Total carbon. 
eNo data. 



Table VI-26. Emission Rates (µg 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 0.044 0.83 

Sesquiterpenes C C C C C C 

Total Assigned 
Plant Emissions o. 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 

aNormalized to total dry weight of leaves. 
bNone detected. 
cNo data. 
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Table VI-27. Data Requireda to Calculate Emission Rates for Orange (Valencia) 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (OC) (gm) r Monoterpenes r Sesquiterpenes TAPEc Ted 

NH-24A 26.2 38.0 39 e 45 131 

NH-24B 33.6 22.6 18 e 22 42 

NH-24C 39.9 38.0 42 e 94 219 
< ..... NH-24D 41.9 27.8 59 e 109 222 
I 

w 
0 NH-24E 42.2 38.0 36 e 82 191 

Average 36.7 

aAll flow rates during protocol= 45.3 1. 
bory weight of leaves. 
0 rotal assigned plant emissions. 
drotal carbon. 
eNo data. 



Table VI-28. Emission Rates (µi hr- 1 gm- 1} for Hydrocarbons Observed from 
Orange (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 1.41 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 41.9 42.2 36.7 

aNormalized to total dry weight of leaves. 
bNone detected. 
cNo data. 
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Table VI-29. Data Requireda to Calculate Emission Factors for Irrigated Pasture 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (OC) (gm) I: Monoterpenes I: Sesquiterpenes TAPEe Ted 

NH-48A 30.0 497.6 e e 80 572 

NH-48B 36.4 602. 1 e e 73 877 

NH-48C 41.4 425.5 e e 161 1256 
< 
>-< NH-48D 39.7 392.5 e e 422 1349 
I 

w 
I\) NH-48E 41.7 425.5 e e 92 1229 

Average 37.8 

aAll flow rates during protocol = 41.. 9 1. 
bTotal dry weight. 
cTotal assigned plant emissions. 
dTotal carbon. 
eNo data (no survey GC/MS analysis conducted for Jlrrigated pasture). 



Table VI-30. Emission Rates(µ§ hr- 1 gm- 1) for Hydrocarbons Observed from 
Irrigated Pasture at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
f'.nmpnunds NH-48A NH-48B NH-48C NH-48D NH-48E Rates 

Isoprene b b b b b b 

Monoterpenes C C C C C C 

Sesquiterpenes C C C C C C 

Total Assigned 
Plant Emissions 0.216 0. 163 0.507 1.44 0.290 0.52 

Total Carbon 1. 54 1.95 3.96 4.61 3.87 3. 12 

Temperature (°C) 30.0 36.4 41.4 39.7 41.7 37.8 

aNormalized to total dry weight. 
bNone detected. 
cNo data (no survey GCiMS analysis conducted for irrigated pasture). 
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Table VI-31. Data Requireda to Calculate Emission Rates for Peach (Halford) 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (OC) (gm) i: Monoterpenes i: Sesquiterpenes TAPEc Ted 

NH-BOA 26.4 114.9 19 32 715 853 
NH-80B 28.8 141. 6 19 48 517 618 

NH-BOC 34.9 114.9 21 49 372 525 
< ..... NH-80D 34.0 75.6 17 104 465 631 
I 

w 
.t: NH-BOE 36.4 114. 9 33 85 309 436 

Average 32. 1 

aAll flow rates during protocol= 41.9 1. 
bDry weight of leaves. 
~Total assi.gned plant emissions. 
Total carbon. 



Table VI-32. Emission Rates (µg hr-i gm- 1) for Hydrocarbons Observed from 
Peach (Halford)a at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
Compounds NH-80A NH-80B NH-80C NH-80D NH-80E Rates 

lsoprene b 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 

aNormalized to total dry weight of leaves. 
bNone detected. 
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Table VI-33. Data Requireda to Calculate Emission Rates for Pistachio (Kerman) 

Mean Temperature 
During Sampling Biomassb Steady State Concentration {!;!!;!bC)I 

Run No. c•c) (gm) 1: Monoterpenes r Sesquiterpenes TAPEc TCd 

NH-76Af 22.4 85.4 4700 e 4933 5115 
NH-76B 33.7 139.7 1524 e 178,? 1917 

<-I NH-76C 36. 1 85.4 890 e 129~i 1552 
w 
°' NH-76D 37.2 67.4 371 e 523 667 

NH-76E 38.7 85.4 887 e 109,? 1301 

Average 33.6 

aAll flow rates during protocol= 41.9 1. 
bDry leaf weight. 
cTotal assi.gned plant emissions. 
dTotal carbon. 
eNone deteeted. 
f Tree limb improperly handl:ed, data E1uspect. 



Table VI-34. Emission Rates (µg hr-i gm-i} for Hydrocarbons Observed from 
Pistachioa (Kerman} at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
Compounds NH-76A NH-76B NH-76C NH-76D NH-76E Rates 

Isoprene b b b b b b 

Monoterpenes 73.8c 14.6 14.0 7.38 13.9 12.5d 

Sesquiterpenes b b b b b b 

Total Assigned 
Plant Emissions 77_4c 17. 1 20.3 10.4 17.1 16.2d 

Total Carbon 80.3c 18.4 24.4 13.2 20.4 19. 1d 

Temperature (oc} 22.4 33.7 36. 1 37.2 38.7 33.6 

~Normalized to dry leaf weight. 
None detected. 

cValue suspected to be high due to rough handling of tree limb. 
dooes not include values for NH-76A. 
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Table VI-3!>. Data Requireda to Calculate Emission Rates for Plum (Santa Rosa) 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (°C) (gm) I: Monoterpenes I: Sesquiterpenes TAPEc) Ted 

NH-94A 31.4 66. 1 <1 e 342 428 

NH-94B 34.8 59.6 < 1 e 111 231 

NH-94C 39,5 66. 1 < 1 e 155 278 
<.... 
I 

w 
CXl 

NH-94D 

NH-94E 

38.4 

37.5 

50.7 

66. 1 

e 

3 

e 

e 

125 

173 

194 

265 

Average 36.3 

aAll flow rates during protocol : 
bnry weight of leaves. 
cTotal ass:lgned plant emissions. 
dTotal carbon. 
eNone deteeted. 

41. 9 1. 



Table VI-36. Emission Rates{µ§ hr- 1 gm- 1) for Hydrocarbons Observed from 
Plum (Santa Rosa) at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
Compounds NH-94A NH-94B NH-94C NH-94D 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 3.31 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 

aNormalized to total dry weight of leaves. 
bNone detected. 
cAverage does not include none detected value. 
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Table VI-37. Data Requireda to Calculate Emission Rates for Rice 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (OC) (gm) r Monoterpenes r Sesquiterpenes TAPEc Ted 

NH-90A 33.2 44.9 e e 72 163 

NH-90B 36.4 6.5 e e 106 192 
NH-90C 38.3 44.9 e e 136 238 

c:: ...... NH-90D 39.8 7.8 e e 147 267 
I 
~ 

0 NH-90E 37. 1 44.9 e e 98 196 

Average 37.0 

~All flow rates during protocol= 41.9 1. 
Dry weight of leaves. 

~Total assigned plant emissions. 
Total carbon. 

eNone detected. 



Table VI-38. Emission Rates (µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Ricea at Indicated Temperatures 

Emission Rates From Protocol Hean Emission 
Compounds NH-90A NH-90B NH-90C NH-90D NH-90E Rates 

Isoprene b b b b b b 

Honoterpenes b b b b b b 

Sesquiterpenes b b b b b b 

Total Assigned 
Plant Emissions 2. 15 21. 9 4.06 25.3 2.93 11.3 

Total Carbon 4.87 39.6 7. 11 45.9 5.85 20.7 

Temperature (°C} 33.2 36.4 38.3 39.8 37. 1 37.0 

aNormalized to total dry weight of leaves. 
bNone detected. 
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Table VI-39. Data Requireda to Calculate Emission Rates for Safflower 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (OC) (gm) r Monoterpenes r Sesquiterpenes TAPEc Ted 

NH-75A 35.7 173. 9 10 50 212 574 

NH-75B 40.3 254.o 19 207 610 996 
NH-75C 41.8 173.9 19 80 302 538 

< ..... NH-75D 43. 1 170.4 e 143 430 1025 
I 

.I= 
rv NH-75F: 42. 1 173.9 5 94 389 672 

Average 40.6 

a All flow r·ates during protocol = 41 . 9 1. 
bory weight of leaves and heads with developing seieds and bracts; leaves -7% of total biomass, 
leaves and heads -84% of total biomass. 

cTotal assl.gned plant emissions. 
dTotal carbon. 
eNot assigned. 



Table VI-40. Emission Rates {µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Safflowera at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
Compounds NH-75A NH-75B NH-75C NH-75D NH-75E Rates 

Isoprene b b b b b b 

Monoterpenes 0.077 o. 100 0. 146 C 0.039 0.09 

Sesquiterpenes 0.386 1.09 0.617 1. 12 0.725 0. 79 

Total Assigned 
Plant Emissions 1.63 3.22 2.33 3.38 3.00 2.71 

Total Carbon 4.42 5.26 4. 15 8.07 5. 18 5.41 

Temperature (°C) 35.7 40.3 41.8 43. 1 42. 1 40.6 

aNormalized to total dry weight of leaves and heads with developing seeds and 
bracts. 

bNonP tiPt-.P,-.t-.eri. 
0 Not available. 
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Table VI-41. Data Requireda to Calculate Emission Rates for Sorghum 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (DC) (gm) r Monoterpenes r Sesquiterpenes TAPEc Ted 

NH-81A 37.3 117. 3 6 e 100 246 

NH-818 37.5 42.7 4 e 128 270 

NH-81C 40.0 117.3 3 e 127 265 
< ..... NH-81D 39.7 68.5 4 e 16!J 405 
I 
.I= 
.I= NH-81E 39.5 117.3 5 e 103 261 

Average 38.8 

aAll flow rates during protocol = 41 .. 9 1. 
bory weight of leaves; leaves were ~,!8% of the total dry weight from leaves, stems and hE!ads. 
cTotal asslgned plant emissions. 
dTotal carbon. 
eNone detec:ted. 



Table VI-42. Emission Rates (µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Sorghuma 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 

aNormalized to total dry weight of leaves. 
bNone detected. 
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Table VI-43. Data Requireda to Calculate Emissio1r1 Rates for Fresh Marketing Tomato (Sunny) 

Mean Temperature Biomassb 
During Sampling Leaves/Total Steady State Concentration (pJP.!2£2 

Run No. <•c > (gm) :c Terpenes I: Sesquiterpenes TAPEc TCa-

NH-78A 30.7 125.8 267.5 4,360 12 4,496 4,781 

NH-78B 36.0 140.2 290.5 7,453 33 7,737 8, 1n 

..... < NH-78C 40.7 125.8 267.5 5,375 18 5,534 5,91!5 
I 

.i::- NH-78D 40.7 182.3 423.5 13, 134 49 13,5n 14,240
°' 

NH-78E 41.7 125.8 267.5 1,746 5 1,797 2,22·1 

Average 38.0 

:All flow rates during protocol = 41. 9 1. 
Dry weight (excluding fruit). 

cTotal assigned plant emissions. 
dTotal carbon. 



Table VI-44a. Emission Rates {µg hr-i gm-i) for Hydrocarbons Observed from Fresh 
Marketing Tomatoa (Sunny) at Indicated Temperatures - Normalized to 
Total Dry Weight 

Emission Rates From Protocol Mean Emission 
Compounds NH-78A 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 o. 10 

Total Assigned 
Plant Emissionsa 22.5 35.7 27.7 42.8 9.0 27.5 

Total Carbonb 24.0 37.7 29.6 45. 1 11. 1 29.5 

Temperature (°C) 30.7 36.0 40.7 40.7 41.7 38.0 

aNormalized to total dry weight. 
bNone detected. 

Table VI-44b. Emission Rates {µg hr- 1 gm- 1) for Hydrocarbons Observed from Fresh 
Marketing Tomatoa (Sunny) at Indicated Temperatures - Normalized to 
Dry Leaf Weight. 

Emission Rates From Protocol Mean Emission 
Compounds NH-78A NH-78B NH-78C NH-78D 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 Emissionsa 47 .9 74.0 59.0 99.5 19.2 59.9 

{\ '70,., 4 n.11 "Total Carbonb ",., " _,,I• V ru., v~.v IV'+. I 23.7 64. i"" 

Temperature (OC) 30.7 36.0 40.7 40.7 41.7 38.0 

:Normalized to dry leaf weight. 
uNone detected. 

VI-47 



Table VI-4~i. Data Requireda to Calculate Emission Rates for Processing Tomato ( #6203 Canning) 

Mean Temperature Biomassb 
During Sampling LEiaves/Total Steady State Concentration (ppbC) 

Run No. (OC) (gm) I: Monoterpenes I: Sesquiterpenes TAPEc Ted 

< ...... 
I 

-I= 
CD 

NH-82A 

NH-82B 

NH-82C 

27.9 

33.8 

37.3 

56.7 

60.3 

56.7 

113.7 

112.7 

113. 7 

7,998 

2,923 

991 

21 

22 

10 

8,.363 

3,.082 

1,.052 

8,723 

3,330 

1,280 

NH-82D -39 48.!I 95.0 , , 124 6 1,. 186 1,46B 
NH-82E 39.2 56.7 113.7 1,056 10 1,. 121 1,470 

Average 35.4 

a All flow rates during protocol = 41. 9 1. 
bDry weight; (excluding fruit). 
cTotal assigned plant emissions. 
dTotal carbon. -



Table VI-46a. Emission Rates(µ§ hr-i 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 34.8 11. 7 15.9 12.5 33.8 
Sesquiterpenes 0.248 0.262 0. 118 o. 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·c) 27.9 33,8 37.3 -39 39.2 35.4 

aNormalized to total dry weight. 
bNone detected. 

Table VI-46b. Emission Rates(µ§ hr- 1 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. 1 25.0 66.7 

Sesquiterpenes 0.497 0.489 0.237 0. 166 0.237 0.33 
Total Assigned 
Plant Emissions 198 68.5 24.9 32.9 26.5 70.2 

Total Carbon 206.2 74.0 30.3 40.7 34.8 77.2 

Temperature (OC) 27.9 33.8 37.3 -39 39.2 35.4 

aNormalized to dry leaf weight. 
bNone detected. 
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Table VI-47. Data Requireda to Calculate Emission Rates for English Walnut (Hartley) 

Mean Temperature Biomassb Steady State Concentration (ppbC} 

Run No. (OC) (gm) r Monoterpenes r Sesquiterpenes TAPEc Ted 

NH-91A 31.7 62.7 135 3 264 349 
NH-91B 36. 1 45.3 127 2 208 296 

< NH-91C 38.9 62.7 165 8 298 399 ..... 
IJ1 
I NH-910 38.3 45.3 76 2 152 262 
0 

NH-91E 38.8 62.7 181 14 329 456 

Average 36.8 

~All flow rates during protocol = 41.. 9 1. 
Dry weight of leaves. 

cTotal assJlgned plant emissions. 
dTotal carbon. 



Table VI-48. Emission Rates (µg hr- 1 §m- 1) for Hydrocarbons Observed from 
English Walnut (Hartley) at Indicated Temperatures 

Emission Rates From Protocol Hean Emission 
Compounds NH-91A NH-91B NH-91C NH-91D NH-91E Rates 

Isoprene b b b b b b 

Monoterpenes 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 4.50 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 

aNormalized to total dry weight of leaves. 
bNone detected. 
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Table VI-49. Data Requireda to Calculate Emission Factors for Wheat 

Mean Temperature Biomassb Steady State Concentration (ppbC]1 

Run No. (OC) (gm) r Monoterpenes r Sesqui terpenes TAPE'1 Ted 

NH-47A 29.4 741. 9 e e 27 301 

NH-47B 34.5 1105.2 e e 69 613 

NH-47C 40.3 741. 9 e e 61 626 
< ..... 
I 

Vl 
I\) 

NH-47D 

NH-47E 

43.3 

41.4 

781 .4 

741.9 

e 

e 

e 

e 

150 

70 
993 
683 

Average 37.8 

~ All flow rates during protocol = 
Total dry weight. 

~Total assi.gned plant emissions. 
Total carbon. 

eNone deteeted. 
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Table VI-50. Emission Rates (µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Wheata at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
r.nmpmmds NH-47A NH-47B NH-47C NH-47D NH-47E Rates 

Isoprene b 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 o. 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 41.4 37.8 

aNormalized to total dry weight. 
bNone detected. 
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Table VI-511. Data Requireda to Calculate Emission Factors for Chamise 

Mean Temperature 
During Sampling Biomassb Steady State Concentration (ppbC) 

Run No. (•C) (gm) I: Monoterpenes I: Sesquiterpenes TAPEc red 

NH-49A 23.9 102.2 21 e 1411 223 

NH-49B 25.6 121. 6 31 e 5~· 185-' < ...... 
I NH-49C 29.6 102.2 19 e 7'',. 177 

\J1 
.t= NH-49D 31.4 83.6 29 e 99 201 

NH-49E 31.6 102.2 20 e 87 185 

Average 28.4 

aAll flow rates during protocol= 41.9 1. 
bDry leaf weight. 
cTotal assigned plant emissions. 
drotal carbon. 
eNone detected. 



Table VI-52. Emission Rates (µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Chamisea at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
Compounds NH-49A NH-49B NH-49C NH-49D 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 (OC) 23.9 25.6 29.6 31.4 31.6 28.4 

~Normalized to dry leaf weight. 
None detected. 
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Table VI-53, Data Requireda to Calculate Emission Factors for Annual Grasslands 

Mean Temperature Biomassb Steady State Concentration {ppbC) 

Run No. (OC) (gm) r Monoterpenes r Sesquiterpenes TAPEc Ted 

NH-51A 17.2 162.9 e e 6 97 

NH-518 20.6 241.6 e e 2 57 
NH-51C 39.3 162.9 4 e 23 175 

< ...... 
I 

\.Tl 

°' 

NH-51D 

NH-51E 

43.0 

43.3 

169.8 

162.9 

2 

2 

e 

e 

26 

24 

203 

158 

Average 32.7 

aAll flow rates during protocol = 
bTotal dry weight. 
cTotal assl.gned plant emissions. 
dTotal carbon. 
eNone detecited. 
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Table VI-54. Emission Rates(µ§ hr- 1 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 <0.02c 

Sesquiterpenes b b b b b b 

Total Assigned 
Plant Emissions 0.049 0.011 0. 189 0.205 0. 197 o. 13 

Total Carbon 0.798 0.316 1.44 1.60 1.30 1. 1 

Temperature (°C) 17.2 20.6 39.3 43.0 43.3 32.7 

aNormalized to dry weight of leaves and stems. 
bNone detected. 
0 Average does not include none detected values. 
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Table VI-55. Data Requireda to Calculate Emission Factors for Manzanita (Big Berry) 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (•C) (gm) r Monoterpenes r Sesquiterpenes TAPEc Ted 

NH-45A 16.3 154.0 e e 13 129 

NH-45B 25. 1 207.8 e e 26 181 

NH-45C 29.0 154.o e e 23 143 
< ...... NH-45D 33.3 223.2 e e 68 275 
I 

U1 
CD NH-45E 32.5 154. 0 e e 24 133 

Average 27.4 

a All flow rates during protocol = 41. 9 1. 
bnry weight: of leaves. 
cTotal assi.gned plant emissions. 
dTotal carbon. 
eNo data (1110 survey GC/MS analysis conducted for Manzanita) 



Table VI-56. Emission Rates {µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Manzanita (Big Berry)a at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
r.nmpn11ntis NH-45A NH-45B NH-45C NH-45D NH-45E Rates 

Isoprene b b b b b b 

Monoterpenes C C C C C C 

Sesquiterpenes C C C C C 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. 
bNone detected. 
cNo data. 
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Table VI-57. Data Requireda to Calculate Emission Factors for Valley Oak 

Steady State Concentration (ppbC) 

Mean Temperature Bioma~1sb I: Mono­ r Sesqui­
Run No. (OC) (gm)i Isoprene terpenes terpenes TAPEc 1rcd 

< 
H 
I 
a, 
0 

NH-77A 

NH-77B 

NH-77C 

NH-77D 

NH-77E 

Average 

26.3 

29.4 

24.8 

27. 1 

27.0 

26.9 

147.3 

141 .8 

147.3 

166. 1 

147.3 

491 

261 

166 

257 

117 

1 

< 1 

<1 

3 
<1 

e 

e 

e 

e 

e 

621 

342 

200 

285 

133 

781 

1194 

304 

342 
'184 

a All flow rates during protocol = 41. 9 1. 
bory weight of leaves. 
cTotal assl.gned plant emissions. 
dTotal carbon. 
eNone deteeted. 



. Table VI-58. Emission Rates {µg hr-i gm-i) for Hydrocarbons Observed from 
Valley Oaka at Indicated Temperatures 

Emission Rates From Protocol Mean Emission 
Compounds NH-77A NH-77B NH-77C NH-77D NH-77E 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. 11 4.67 2.77 2.76 1.67 3.8 

Temperature (°C) 26.3 29.4 24.8 27. 1 27.0 26.9 

aNormalized to dry weight of leaves. 
bNone detected. 
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Table VI-59. Data Requireda to Calculate Emission Factors for Whitethorn 

Mean Temperature Biomassb Steady State Concentration (ppbC) 

Run No. (OC) (gm) i:: Monoterpenes i:: Sesquiterpenes TAPE'D Ted 

NH-50A 18. 1 29.6 15 e 71 156 

NH-50B 25.4 27. 1 70 2 253 348 

NH-50C 31.3 29.6 123 8 248 355 
c:::: ..... NH-50D 34.7 48.0 280 13 542 675 
I 

I\) NH-50E 30.5 29.6 109 10 203 326°' 

Average 28.0 

aAll flow rates during protocol= 41.9 1. 
bory weight of leaves. 
cTotal asslgned plant emissions. 
dTotal carbon. 
eNone detec:ted. 



. Table VI-60. Emission Rates (µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Whitethorna 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 0.32C 

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 

aNormalized 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. 
Plant Type 

Temperature 
(oC) 

Biomassa 
(gm) 

IMono-
terpenes 

ISesqui-
terpenes TAPE TC 

NH-31b 
Lettuce 

NH-32b 
Onion 

NH-43d 
Mountain 
Mahogany 

28.6 

32.5 

41. 9 

396.6 C C 5 112 

28.8 C C 57 142 

69.6 3 C 47 210 

aDry weight of leaves. 
bFlow rate during survey - 45.3 l. 
0 None detected. 
dFlow rate during survey - 41.9 1. 

Table VI-62. Emission Rates (µg hr- 1 gm- 1) for Hydrocarbons Observed from 
Plant Species for Which Only Surveys were Conducteda 

Plant Iso- Mono­ Sesqui- Tempera­
Species prene terpenes terpenes TAPEc ture (oC) 

Lettuce 
Empire 

b b b 0.02 0.41 28.6 

Onion 
South Port 
White Globe 

b b b 2.9 7. 1 32.5 

Mountain 
Mahogany 

b 0.06 b 0.90 4.0 41.9 

aNormalized to dry leaf weight. 
bNone 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 be made (as rli!!-:c1n.::::~t=)rl 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 cf 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 Section 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 µg hr- 1 gm- 1 of monoterpene emissions 

from the two cultivars of tomato investigated (normalized to total dry 

biomass, excluding fruit). The Kerman pistachio also fell in the high 

emitter category with a rate of about 12 µg hr- 1 gm- 1• Other species 
' 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 (sesqui terpenes 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 

O. 1 µg hr- 1 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 µg hr- 1 gm- 1. Note that the sesqui terpene emissions from the cherry, 

French columbard grape, olive, peach and, in particular the safflower, 

exceeded the monoterpene emissions from these species. 

VII-1 



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 (~g hr- 1 gm-1 )c Mean 
l: Mono- .i: Sesqui- Temperature 

Plant Species terpenes terpenes TAPE TC (•C) 

Alfalfa (Pierce)d 0.4 <0.03 1.5 2.3 36.7 
Almond (Nonpareil) 0.01 a 2. 1 9.3 29. 1 
Apricot (Blenheim) <O. 12 a 1 . 4 5.3 29.8 
Bean (Top Crop)d b b o. 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 28.0 

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 
n. n~Olive (Manzanillc) v.v::, 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, Irrigatedd 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 11. 3f 20.1f 37.0 
Safflowerg 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 
C. C. ...tr~nninn\Tomato "..., ... •••• .&.••II!> I uu., 0.33 70.2 77.2 35.4 

Walnut (Hartley) 3.3 O. 13 5.9 8.4 36.8 
Wheatd b b 0. 13 1. 1 37.8 

aNo data. ;No data; no survey conducted. 
bNone detected. -use with caution; see text. 
cNormalized to dry leaf weight, unless noted. gNormalized to dry weight of 
dNormalized to total dry weight (excluding 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 

Mean 
Mean Emission Rates (µg hr- 1 gm- 1)a Tempera­

r Mono~ r Sesqui- ture 
Plant Species terpenes terpenes TAPE TC (oC) 

Chamise 0.32 b 1. 3 2.5 28.5 

Grasslands, Annualc <0.02 b 0. 13 1. 1 32.7 

Manzanita (Big Berry) d d 0.22 1.3 27.4 

Valley Oake <0.01 b 2.8 3.8 26.9 

Whitethorn 4.5 0.32 10.2 14.8 28.0 

aNormalized to dry leaf weight, unless noted. 
bNone detected. 
cNormalized to total dry weight. 
dNo data; no survey co~duct1d. 
elsoprene = 2.3 µg hr- gm- . 

All of the agricultural crops for which full protocols were carried 
I 

out exhibited total assigned plant emission (TAPE) rates above the 

detection limits of this study. Crops with TAPE emission rates above 10 
1µg hr- 1 gm- included pistachio and tomato. Although rice also exhibited 

a mean TAPE emission rate above 10 µg hr- 1 gm- 1, this result must be used 

with 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 µg hr- 1 gm- 1 vs. the reported 

The natural plant species whitethorn also had a 

TAPE emission rate above 10 µg hr- 1 gm- 1• 

Crops with TAPE emission rates between 1 and 10 µg 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 µg hr- 1 gm- 1 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 

µg hr- 1 gm- 1. 

1,. Grouping of Emitters and Comparison with Previous Studies 

Agricultural Plant Species. From the data tables in Section V 

it 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 concentrations measured in the protocols was due to isoprene,c5 
then the upper limits to isoprene emissions from the agricultural crops 

were in the range 0.008 to 0.09 µg hr- 1 gm- 1. 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 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 fro~ 

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 sesqui terpene emissions rates is shown in Table VI I-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 µg hr- 1 gm- 1 at 29-30 °C (Lamb et al., 1987). 

VI I-4 



Table VII-3. Qualitayive yrouping of Agricultural Crops by Rates 
(µg hr- gm-) of Total Assigned Plant Emissions 

Low Middle High 
<1 1-10 >10 

Bean 
Nectarine 
Olive 
Orangea 
Pasture 
Wheat 

Alfalfa 
Almond 
Apricot 
Carrot 
Cherry 
Cottog 
Grape 
Lemon 
Orangec 
Peach 
Plum 
Safflower 
Sorghum 
Walnut 

Pistachio 
Rice 
Tomatoe 

awashington navel. 
bThompson seedless and French columbard. 
':Valencia. 
0 see text. 
esunny and canning. 

Table VII-4. Quatitative Grouping of Agricultural Crops by Rates (µg hr- 1 ' 
gm-) of Total Monoterpene plus Sesquiterpene Emissions 

<0. 1 0. 1- 1 1-10 >10 

Almond 
Beana 
Grapea,b 
Nectarine 
Plum 
Ricea 
Sorghum 
Wheata 

Alfalfa 
Apricot 
Cherry 
Cottog° 
Grape 
Olive 
Orangee 
Safflower 

Carrotf 
Cotton 
Lemon 
Orangeg 
Peach 
Walnut 

Pistacgio 
Tomato 

aNone detected. 
bThompson seedless. 
0 Normalized to total dry weight 
dFrench columbard. 
ewashington navel. 
fNormalized to dry leaf weight. 
gValencia. 
hsunny 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 µg hr- 1 gm- 1 for grasslands and manzanita to a high value of 10 
1 1-µg hr - gm- for wh i tethorn. The Valley oak was the only confirmed 

isoprene emitter found among either the agricultural or natural plant 

species investigated. The isoprene emission rate of 2 .3 µg hr- 1 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 µg hr- 1 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 natura~ 

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 ( Arn ts 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 I I and IV, there 

were early concerns that emission measurements made using the enclosure 

technique were overestimating actual plant emissions (Dimitriades, 

1981), but recent comparisons of enclosure emission measurements with 

atmospheric tracer and micrometeorological 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 

P.x~mp l P nf' this is sho~1n in Table V-28 where no cis-3-hexen- i-ol ( leaf 

alcohol) and only 5 ppbC of cis-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 cis-3-hexenylacetate to be one of the major 

emissions from bilberry shrubs. 

Realizing that many replicate samples would be required to understand 

the important variables associated 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 CO,, to the svnthetic 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-76A, which was a 

factor of -4-5 higher than those of the two replicate samples {NH-76C and 

NH-76E) taken during the day, a review of the data sheet indicated 

potential mishandling during this first sample and, therefore, NH-76A has 
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not been included in calculating the average emission rate from the 

pistachio. 

.... 1measurements +'n~ given course of six hour 

Temperature Effects and Specimen Variation. As discussed in 

Section IV, the emission sampling protocol, which called for five 
~'--........... av, a tJ..l..C.11 I., ,;:, •.n::a.;;.i.cu · VVCT \.,[Jt;: a 

period from mid-morning to mid-afternoon, 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 variablili ty 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 
..... I 'lnnn.a Monterey pine uy Juuti et - ' and Appendix also showed and.J... \ 1:,:,u; B) 

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-+ B-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., i980) 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 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 °Candour 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 tt:wµt:1·a tu,·t:;::, is an CAt,JVUt::lJ l.r .1.Q..1. function the 

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 agricultural 

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 1 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, aldehydes, Ket.ones, ethers, and esters. 

Additionally, at the temperatures typical of the Central Valley in summer, 

sesqui terpene emissions were found to be significant from several plant. 

species. 

Lamb et al. ( 1987) in compiling a national inventory of biog~ni<' 

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-ol (leaf alcohol) from higher plants was reported by Ohta 

(1984) and both leaf alcohol 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 previous studies because of poor recovery from the stainless 

steel canisters often employed for sample collection. 

We observed cis-3-hexen-1-ol 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 

~~.1•:n1m.o,rt f'nr !:Ill species measured. on the DB-5 GC colt1.wJ1, the actual 

3-hexenylacetate concentration may be somewhat greater than the calculated 

values). Our findings suggest that cis-3-hexenylacetate and cis-3-hexen-

1-ol 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 

important roles in the formation of ozone in both urban (Chameides et al., 

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 

include wet and dry deposition, photolysis and gas-phase reactions with OH 

and radicals and (Atkinson, 1988; Bidleman, 1988). For organicN03 o3 
compounds present in the troposphere in the gas phase, the reactions with 
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OH and N03 radicals and o3 dominate in the vast majority of cases (see, 

for example, Atkinson, 1988). The tropospheric lifetimes, T, 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 

where 

with analogous expressions for the No3 and reactions. Thus, theo3 
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 N03 radicals and o3 with the ambient concentrations 

of OH and N03 radicals and o3 . While the rate constants at room 

temperature for the gas-phase reactions of a large number of organic 

compounds of biogenic and anthropogenic er igin have been determined, the 

ambient tropospheric concentrations of OH and, especially, N03 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-

with the following 

ambient tropospheric concentrations were used: OH radicals, 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 

Isoprene 1.8 hr 1.2 days 20 hr 

Monoteq~enes 

Camphene 
2farene 
/J. -Carene 
d-Limonene 
Myrcene 
cis- and trans-Ocimene 
a-Phellandrene 
a-Pinene 
8-Pinene 
Sabinene 
a-Terpinene 
y-Terpinene 
Terpinolene 

3.5 hr 
2.4 hr 
2. 1 hr 
1 . 1 hr 
52 min 
44 min 
35 min 

3.4 hr 
2.3 hr 
1. 6 hr 
31 min 

1.0 hr 
50 min 

18 days 
1. 7 hr 

10 hr 
1. 9 hr 
49 min 
43 min 
13 min 

4.6 hr 
1 . 1 days 
4.5 hrs 

3 min 
2.8 hr 

17 min 

18 hr 
35 min 

1. 1 hr 
53 min 

1. 1 hr 
31 min 
8 min 

2.0 hr 
4.9 hr 
1. 1 hr 

4 min 
24 min 
8 min 

Aldehydes 

n-Hexanal -7.4 hrd >4.5 yrd -190 days 

Ketones 

2-Heptanone 1 Q ~ ..-,. ,. .....'.u uay;;;, >4 .5 .. _d
y1· e 

Ethers 

1,8-Cineole 
Dimethoxybenzene 
p-Methylanisole 

1 .4 day~ 
-10 hrs 
-7 hrsd 

>110 days e 
-3 yrs 
-4 yrs 

n-Alkanes 

n-Hexane 
n-C1o•C17 

2.8 days 
7 hrs-1.3 days 

>4.5 yrd 
>4 .5 yrd 

13 yrs 
~ 1. 3 yr 

Alkenes 

C10-C17 1-Alkenes -4 hrs0 -1.3 days0 :25 days 

Aromatics 

p-Cymene 1.0 days >330 days e 

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

aFor a 12-hr 1aytime 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 a~1 Atkinson (1989). 

bFor a 24-hr average 0~ concentration of 7 x 10 molecule cm-3 [30 ppb] 
(Logan, 1985). Rate constant data from Atkinson and Carter (1984), and 
Atkinson et al. (1989b). 

cFor a 24-hr average NOi radical concentration of 2.4 x 107 molecule cm-3 
[1 ppt] (Atkinson et al. 1986b and text). Rate constant data from 
Atkinson et al. (1988, 1989a) and Corchnoy and Atkinson (1989). 

dEstimated as discussed in Atkinson and Carter (1984) and Atkinson (1987). 
eExpected 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 OHa NO/o/ 

Alkanes 

n-Butane 6. 1 days >4500 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 
o-, p-Xylene 

2.6 days 
,. 1 days 

>4.5 yrs 
>4 .5 yrs 

22 yrs 
3.2 yrs 

1,2,4-Trimethylbenzene 5.6 hrs >4.5 yrs 270 days 

Oxygenates 

Formaldehyded 1 .6 days >4.5 yrs 2.2 yrs 

aFor a 123hr average daytime OH radical concentration of 1.5 x 106 mole­
cule cm- (Prinn et al., 1987). Rate cosntant 1ata from Atki~son (1989). 

bFor a 24-hr average o3 concentration of 7 x 101 molecule cm- (Logan, 
1985). Rate constant data from Atkinson and Carter (1984). 

°For a 24-hr average NOi radical concentration of 2.4 x 107 molecule cm-3 
(Atkinson et al., 19866 and text). Rate constant data from Atkinson et 
al. ( 1988). 

dAlso photolyzes with a lifetime of 10 hrs. 
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direct (Hubler et al., 1984; Perner et al., 1987; Platt et al., 1988) and 

indirect ( Arey et al. , 1989) studies; o3, a 24-hr average of 7 x 10 11 

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 concentrationso3 
observed in urban areas; and N03 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 N02 with o3 
and the photolysis of N03 radicals [-2 x 106 molecule cm-3 for 7 x 10 11 

molecule cm-3 (30 ppb) of o3 and 2.4 x 1010 molecule cm-3 (1 ppb) of N02 , 

with this daytime concentration being approximately linearly dependent on 

the N02 concentration] and the observed nighttime concentrations which 

range from <2 x 107 molecule cm-3 to 1 x 1010 molecule cm-3 (Atkinson et 

al., 1986b). While the OH radical and o3 concentrations used are expected 

to be reasonably applicable to most tropospheric conditions, the actual 

tropospheric concentrations of the N03 radical are uncertain to at least 

an order of magnitude, although it should be noted that daytime N03 
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 lifetime 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 biogenic 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 ozone (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, N03 radical 

and/or reactions in the atmosphere play an important role in theo3 
potential for an organic compound to form ozone. 

Ozone is formed from the reaction sequence 

(phot) 

(fast) 

(2) 

and at steady state 

In the presence of organic compounds, NO is converted to N02 during the 

degradation reaction scheme of the organic compounds and the N02/NO 

concentration ratio increases, leading to increased o3 formation. 

The small (~C4) 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+ H20 + R (3) 

R + 02 + R02 (4) 

R02 + NO +RO+ N02 (5) 

RO+ o2 +carbonyl+ H02 (6) 
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RO+ carbonyl+ R' (7) 

(8) 

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 N02 and the regeneration of OH radicals. 

In general, as seen from Tables VII-5 and VII-6, organic compounds 

may also be removed from the troposphere by photolysis and reactions with 

radicals and in addition to the OH radical reaction. Thus, theN03 o3 
general reaction scheme for the degradation of an organic compound can be 

written in a simplistic manner as 

(a) 

(b) 

where reaction (a) includes all loss process of the organic under 

atmospheric conditions, and a, a, y and 6 are coefficients (which may be, 

greater than or less than unity, including zero) which will generally 

depend on the importance of the various loss processes and on the 

organic/NOx concentration ratio (Carter and Atkinson, 1987, 1989). The 

reaction process (a) determines the lifetime of the organic in the 

troposphere ('r = 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 N02 
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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wi.th the proviso 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 lifetime 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 

are essentially 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 ot 
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. 

• Data obtained in the present study demonstrated again that there 

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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• 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. 

• 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. 

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

wheat if these are shown to constitute important components of the overall 

vegetative emission inventory assembled for the Central Valley. 

• Efforts should be made to identify the compounds observed as 

emitted from vegetation in this study (in particular cis-3-hexen-1-ol and 

cis-3-hexenylacetate) in appropriate vegetation canopies. 

• 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 species should be determined quantitatively as one basis for 

selecting the most appropriate trees for such planting programs. 

• A longterm research program is needed to elucidate the atmospheri~ 

chemistry of many of the individual organic 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. 

VII-19 





VIII. REFERENCES 

ABAG (1981): Selection of biogenic hydrocarbon emission factors for land 
cover classes found in the San Francisco Bay Area, Association of Bay 
Area Governments, Berkeley, CA. 

Adams, R. P. (1989): Identification of Essential Oils by Ion Trap Mass 
Spectroscopy. Academic Press, Inc., San Diego, CA. 

Air Resources Board (1987): Effects of Ozone on Vegetation and Possible 
Alternative Ambient Air Quality Standards. Technical Support 
Document. 

Air Resources Board (1988): San Joaquin Valley Growth and Air Quality 
Impacts. Technical Support Document. 

Arey, J., Zielinska, B., Atkinson, R. and Winer, A. M. (1987): Polycyclic 
aromatic hydrocarbon and nitroarene concentrations in ambient air 
during a winter time high-NOx episode in the Los Angeles Basin. 
Atmos. Environ.,~. 1437. 

Arey, J., Atkinson, R., Zielinska, B. and McElroy, P. A, (1989): Diurnal 
concentrations of volatile polycyclic aromatic hydrocarbons and 
nitroarenes during a photochemical air pollution episode in Glendora, 
California. Environ. Sci. Technol., 23, 321. 

Arnts, R. R., Seila, R. L., Kuntz, R. L., Mowry, F. L., Knoerr, K. R. and 
Dudgeon, A. C. (1978): Measurement of a-pinene fluxes from a 
loblolly pine forest. In: Proceedings, 4th Joint Conference on 
Sensing of Environmental Pollutants, New Orleans, LA, November 6-11, 
p. 829. 

Arnts, R. R. and Meeks, S. A. (1980): Biogenic hydrocarbon contribution 
to the ambient air of selected areas: Tulsa, Great Smoky Mountain, 
Rio Blanco County, CO. EPA 600/3-80-023. 

Arnts, R. R. and Meeks, S. A. (1981): Biogenic hydrocarbon contribution 
to the ambient air of selected areas. Atmos. Environ., .12, 1643. 

Arnts, R. R., Petersen, W. B., Seila, R. L. and Gay, B. W., Jr. (1982): 
Estimates of a-pinene emissions from a loblolly pine forest using an 
atmospheric diffusion model. Atmos. Environ., J.Q, 2127. 

Atkinson, R., Winer, A. M. and Pitts, J. N., Jr. (1982): Rate constants 
for the gas phase reactions of 0~ with the natural hydrocarbons 
isoprene and a- and a-pinene. Afmos. Environ., J.Q, 1017. 

Atkinson, R. and Carter W. P. L. (1984): Kinetics and mechanisms of the 
gas-phase reactions of o3 with organic compounds under atmospheric 
conditions. Chem. Rev., 84, 437. 

VIII-1 



Atkinson, R., Aschmann, S. M., Winer, A. M. and Pitts, J. N., Jr. (1984): 
Kinetics of the gas-phase reactions of No3 radicals with a series of 
dialkenes, cycloalkenes and monoterpenes at 295 ± 1 K. Environ. Sci. 
Technol., .1§, 370. 

Atkinson, R., Aschmann, S. M. and Pitts, J. N. Jr. (1986a): Rate 
constants for the gas-phase reactions of the OH radical wiLn a series 
of monoterpenes at 294 ± 1 K. Int. J. Chem. Kinet., .!§, 287. 

Atkinson, R., Winer, A. M. and Pitts, J. N. Jr. (1986b): Estimation of 
night-time N2o5 concentrations from ambient N02 and NO~ radical 
concentrations and the role of N2o5 in night-tlme chemistry. Atmos. 
Environ., 20, 331. 

Atkinson, R. (1987): A structure-activity relationship for the estimation 
of rate constants for the gas-phase reactions of OH radicals with 
organic compounds. Int. J. Chem. Kinet., .12, 799. 

Atkinson, R., Arey, J., Zielinska, B. and Aschmann, S. M. (1987): 
Kinetics and products of the gas-phase reactions of OH radicals and 
N2o5 with naphthalene and biphenyl. Environ. Sci. Technol., f..!, 
101Q. 

Atkinson, R. (1988): Atmospheric transformations of automotive emissions. 
In: Air Pollution, the Automobile, and Human Health, A. Y. Watson, 
R. R. Bates and D. Kennedy, Eds., National Academy Press, Washington, 
DC, pp 99. 

Atkinson, R., Aschmann, S. M. and Pitts, J. N., Jr. (1988): Rate 
constants for the gas-phase reactions of the NO~ radical with a ' 
series of organic compounds at 296 ± 2 K. J. Pnys. Chem., 92, 3454. 

Atk~nson, R. (1989): Kinetics and mechanisms of the gas-phase reactions 
of the hydroxyl radical with organic compounds. J. Phys. Chem. Ref, 
Data, in press. 

Atkinson, R., Aschmann, S. M. and Arey, J. (1989a): Rate constants for 
the gas-phase reactions of OH and N03 radicals and o3 with sabinene 
and camphene at 296 ± 2 K. Atmos. Environ., submitted for 
publication. 

Atkinson, R., Hasegawa, D. and Aschmann, S. M. (1989b): Rate constants 
for the gas-phase reactions of o3 with a series of monoterpenes and 
related compounds at 296 ± 2 K. Int. J. Chem. Kinet., submitted for 
publication. 

Bailey, L. H. and Bailey, E. Z. (1976): Hortus Third. Macmillan 
Publishing Co., Inc., NY, NY. 

Bidleman, T. F. (1988): Atmospheric processes. Environ. Sci. Technol., 
22, 361. 

Brown, D. E. and Winer, A. M. (1986): Estimating urban vegetation cover 
in Los Angeles. Photogram. Eng. and Remote Sensing, 52, 117. 

VIII-2 



Killus, J. P. and Whitten 1 G~ Z. (1984): Isoprene: a photochemical 
kinetic mechanism. Environ. Sci. Technol., 18, 142. 

Kimmerer, T. W. and Kozlowski, T. T. (1982): Ethylene, ethane, 
acetaldehyde and ethanol production by plants under stress. 
Plant Physiol., 69, 840. 

Knoerr, K. R. ana Mowry, F. W. (1981): Energy balance/Bowen ratio 
techniques for estimating hydrocarbon fluxes. 1n: Atmospheric 
Biogenic Hydrocarbons, J. J. Bufalini and R. R. Arnts, Eds., Ann 
Arbor, Science, Ann Arbor, MI, Vol. 1, p. 35. 

Lamb, B. K., Westberg, H. H., Quarles, T. and Flyckt, D. L. (1984): 
Natural hydrocarbon emission rate measurements from selected forest 
sites. Washington State University, Pullman, WA (EPA-600/3-84-001). 

Lamb, B., Westberg, H., Allwine, G. and Quarles, T. (1985): Biogenic 
hydrocarbon emissions from deciduous and coniferous trees in the 
U.S. J. Geophys. Res., 90, 2380. 

Lamb, B., Westberg, H. and Allwine, G. (1986): 1soprene emission fluxes 
determined by an atmospheric tracer technique. Atmos. Environ., 20,,. 

Lamb, B., Guenther, A., Gay, A. and Westberg, H. (1987): A national 
inventory of biogenic hydrocarbon emission. Atmos. Environ., gj_, 
1695. 

Lieth, H. and Whitaker, R.H. (eds.) (1975): Primary Productivity of the 
Biosphere. Springer, New York. 

Lloyd, A. C., Atkinson, R., Lurmann, F. W. and Nitta, B. (1983): Modeling 
potential ozone impacts from natural hydrocarbons - 1. Development 
and testing of a chemical mechanism for the N02-air photooxidations 
of isoprene and a-pinene under ambient conditions. Atmos. Environ., 
lI, 1931. 

Logan, J. A., Prather, M. J., Wofsy, S. C. and McElroy, M. B. (1981): 
Tropospheric chemistry: a global perspective. J. Geophys. Res~, 86, 
7210. 

Logan, J. A. (1983): Nitrogen oxides in the troposphere: global and 
regional budgets. J. Geophys. Res., 88, 10785. 

Logan, J. A. (1985): Tropospheric ozone: seasonal behavior, trends, and 
anthropogenic influence. J. Geophys. Res., 90, 10463. 

Miller, P.R. and Winer, A. M. (1984): Composition and dominance in Los 
Angeles basin urban vegetation. Urban Ecology,§, 29. 

Munz, P. A. and Keck, D. D. (1968): A California Flora. University of 
California Press, Berkeley and Los Angeles, CA. 

VIII-5 



Holdren, M. W., Westberg, H. H. and Zimmerman, P.R. (1979): Analysis of 
monoterpene hydrocarbons in rural atmospheres. J. Geophys. Res., 84, 
5083. 

Holzer, G., Shanfield, H., Zlatkis, A., Bertsch, W., Juarez, P., Mayfield, 
H. and Liebich, H. M. (1977): Collection and analysis of trace 
organic. emissions from natural sources. J. Chromatog., i42, 755. 

Hov, 0., Schjoldager, J. and Wathne, B. M. (1983): Measurement and 
modeling of the concentrations of terpenes in coniferous forest 
air. J. Geophys. Res., 88, 10679. 

Howitt, R. E., Gossard, T. W. and Adams, R. M. (1984): Effects of 
alternative ozone concentrations and response data on economic 
assessments: the case of California crops. J. Air Pollut. Control 
Assoc., 34, 1122. 

Hubler, G., Perner, D., Platt, U., Tonnissen, A. and Ehhalt, D. H. 
(1984): Groundlevel OH radical concentration: new measurements by 
optical absorption. J. Geophys. Res., 89, 1309. 

Hunsaker, D. (1981): Selection of biogenic hydrocarbon emission factors 
for land cover classes found in the San Francisco Bay Area. Air 
Quality Tech. Memo 31, Association of Bay Area Governments, January. 

Hunsaker, D. and Moreland, R. (1981): Compilation of a biogenic 
hydrocarbon emissions inventory for the evaluation of ozone control 
strategies in the San Francisco Bay Area. Air Quality Tech. Memo 35, 
Association of Bay Area Governments, March. 

Isidorov, V. A., Zenkevich, I. G. and Ioffe, B. V. (1985): Volatile 
organic compounds in the atmosphere of forests. Atmos. Environ., .12, 
1. 

Jacob, D. J. and Wofsy, S. C. (1988): Photochemistry of biogenic 
emissions over the Amazon forest. J. Geophys. Res., 93, 1477. 

Jones, C. A. and Rasmussen, R. A. (1975): Production of isoprene by leaf 
tissue. Plant Physiol., 55, 982. 

JUttner, F. (1988): Quantitative analysis of monoterpenes and volatile 
organic pollution productions (VOC) in forest air of the Southern 
Black Forest. Chemosphere, 11, 309. 

Juuti, S., Arey, J. and Atkinson, R. (1990): Monoterpene emission rates 
from a Monterey Pine. J. Geophys. Res., in press. 

Kamiyama, K., Takai, T. and Yamanaka, Y. (1978): Correlation between 
volatile substances released from plants and meteorological 
conditions. In: Proceedings, International Clean Air Conference, 
E.T. White, P. Hetherington and B. R. Thiele, Eds., Brisbane, 
Australia, p. 365. 

VIII-4 



Riba, M. L., Tathy, J. P., Tsiropoulos, N., Monsarrat, B. and Torres, L. 
(1987): Diurnal variation in the concentration of a- and S-pinene in 
the Landes Forest (France). Atmos. Environ., gj_, 191. 

Roberts, J.M., Fehsenfeld, F.·c., Albritton, D. L. and Sievers, R. E. 
(1983): Measurement of monoterpene hydrocarbons at Niwot Ridge, 
Colorado. J. Geophys. Res., 88, 10667. 

Roberts, J.M., Hahn, C. J., Fehsenfeld, F. C., Warnock, J.M., Albritton 
D. L. and Sievers, R. E. (1985): Monoterpene hydrocarbons in the 
nighttime troposphere. Environ. Sci. Technol., 1.2., 364. 

Sanadze, G. A. and Kalandze, A. N. (1966): Evolution of the diene c5H8 by 
poplar leaves under various conditions of illumination. Dok!. Bot. 
Sci., 168, 95. 

Satoo, R. (1967): Primary production relations in woodlands of Pinus 
denisflora. In: Primary Productivity and Mineral Cycling in 
Terrestrial Ecosystems, Symposium, 13th Annual Meeting of the 
Ecological Society of America, American Association for the 
Advancement of Science, NY. 

Schulting, F. L., Meyer, G. M. and van Aalst, R. M. (1980): Emission of 
hydrocarbons by vegetation and its contribution to air pollution in 
the Netherlands. TNO Report No. CMP 80/16, November 1. 

Seinfeld, J. H. (1989): Urban air pollution: state of the science. 
Science, 243, 745. 

Tingey, D. T., Ratsch, H. C., Manning, M., Grothaus, L. C., Burns, W. F. 
and Peterson, E.W. (1978): Isoprene emission rates from live oak. 
EPA-CERL Report No. 40, May. 

Tingey, D. T., Manning, M., Grothaus, L. C. andt.£urns, W. F. (1979): The 
influence of light and temperature on isoprene emission rates from 
live oak. Physiol. Plant., 47, 112. 

Tingey, D. T. and Burns, W. F. (1980): Hydrocarbon emissions from 
vegetation. In: Proceedings, Symposium on Effects of Air Pollutants 
on Mediterranean and Temperate Forest Ecosystems, Riverside, CA, June 
22-27, and references therein. 

Tingey, D. T., Manning, M., Grothaus, L. C. and Burns, W. F. (1980): The 
influence of light and temperature on monoterpene emission rates from 
slash pine. Plant Physiol., 65, 797. 

Tingey, D. T. (1981): The effect of environmental factors on the 
emission of biogenic hydrocarbons from live oak and slash pine. 
In: Atmospheric Biogenic Hydrocarbons, J. J. Bufalini and R. R. 
Arnts, Eds., Ann Arbor Science, Ann Arbor, MI, Vol. 1, p. 53. 

VIII-7 



Munz, P. A. and Keck, D. D. (1975): A California Flora. University of 
California Press, Berkeley. 

National Academy of Science (1975): Productivity of world ecosystems: 
In: Proceedings of a Symposium presented 31 Aug. - 1 Sept. 1 1972, 
Seattle, WA. 

Ohta, K. (1984): Emission of hexanol from higher plants. Geochem. Jour., 
.1.§., 135. 

Oliver, W.R., Lundberg, G. W. and Banks, J. D. (1984): Biogenic 
hydrocarbon emissions in the southern San Joaquin Valley air basin. 
Systems Applications, Inc., San Rafael, CA. 

Olszyk, D. M., Thompson, C. R. and Poe, M. P. {1988a): Crop loss 
assessment for California: modeling losses with different ozone 
standard scenarios. Environ. Pollut., 53, 303. 

Olszyk, D. M., Cabrera, G. and Thompson, C. R. (1988b): California 
statewide assessment of the effects of ozone on crop productivity. 
J. Air Pollut. Control Assoc., 38, 928. 

Perner, D., Platt, U., Trainer, M., Hubler, G., Drummond, J., Junkermann, 
W., Rudolph, J., Schubert, B., Volz, A., Ehhalt, D. H., Rumpel, K. J. 
and Helas, G. (1987): Measurements of tropospheric OH concentra­
tions: a comparison of field data with model predictions. J. Atmos. 
Chem., 2., 185. 

Petersson, G. (1988): High ambient concentrations of monoterpenes in a 
Scandinavia pine forest. Atmos. Environ., 22, 2617. 

Platt, U., Rateike, M., Junkermann, W., Rudolph, J. and Ehhalt, D. H. 
(1988): New tropospheric OH measurements. J. Geophys. Res., .2,J, 
5159. 

Prinn, R., Cunnold, D., Rasmussen, R., Simmonds, P., Alyea, F., Crawford, 
A., Fraser, P. and Rosen, R. (1987): Atmospheric trends in methyl­
chloroform and the global average for the hydroxyl radical. Science, 
238, 945. 

Rasmussen, R. A. and Went, F. W. (1965): Volatile organic material of 
plant origin in the atmosphere. Proc. Nat. Acad. Sci., 2l, 215. 

Rasmussen, R. A. (1970): Isoprene: identified as a forest-type emission 
to the atmosphere. Environ. Sci. Technol., 1, 667. 

Rasmussen, R. A. (1972): What do the hydrocarbons from trees contribute 
to air pollution? J. Air Pollut. Control Assoc., 22, 537. 

Rasmussen, R. A. and Jones, C. A. (1973): Emission isoprene from leaf 
discs of Hamamelis. Phytochem., .1£, 15. 

Rasmussen, R. A. and Khalil, M. A. K. (1988): Isoprene over the Amazon 
Basin. J. Geophys. Res., 93, 1417. 

VIII-6 



ZiJJWJerman, P. R. (i979b): Testing of hydrocarbon emissions from 
vegetation, leaf litter and aquatic surfaces, and development of a 
methodology for compiling biogenic emission inventories. Final 
Report, March 1979. EPA 450/4-79-004. 

Zimmerman, P.R. (1979c): Natural sources of ozone in Houston: natural 
organics. In: Proceeding~i Air Pollution Control Association 
Specialty Conference on Ozone/Oxidants, Houston, TX, October. 

Zimmerman, P. R., Greenberg, J. P. and Westberg, C. E. (1988): Measure­
ments of atmospheric hydrocarbons and biogenic emission fluxes in the 
Amazon boundary layer. J. Geophys. Res., 93, 1407. 

VIII-9 



1nu.ner, M., Williams, E. J., Parrish, D. D., Buhr, M. P., Allwine, E. J., 
Westberg, H. H., Fehsenfeld, F. C. and Liu, S. C. (1987a): Models 
and observations of the impact of natural hydrocarbons on rural 
ozone. Nature,~. 705. 

Trainer, M., Hsie, E. Y., McKeen, S. A., Tallamraju, R., Parrish, D. D. 
Fehsenfeld, F. C. and Liu, S. C. (1987b): Impact of natural 
hydrocarbons on hydroxyl and peroxy radicals at a remote site. 
J. Geophys. Res., 92, 11879. 

Tyson, B. J., Dement, W. A. and Mooney, H. A. (1974): Volatilization of 
terpenes from Salvia mellifera. Nature, 252, 119. 

Went, F. W. (1960): Organic matter in the atmosphere, and its possible 
relation to petroleum formation. Proc. Natn. Acad. Sci., 46, 212. 

Winer, A. M., Lloyd, A. C., Darnall, K. R. and Pitts, J. N., Jr. (1976): 
Relative rate constants for the reaction of the hydroxyl radical with 
selected ketones, chloroethanes, and monoterpene hydrocarbons. 
J. Phys. Chem., 80, 1635. 

Winer, A. M., Dodd, H. C., Fitz, D. R., Miller, P.R., Stephens, E. R., 
Neisess, K., Meyers, M., Brown, D. E. and Johnson, C. W. (1982): 
Assembling a vegetative hydrocarbon emission inventory for the 
California South Coast Air Basin: direct measurement of emission 
rates, leaf biomass and vegetative distribution. Paper No. 82-
5i.6. Presented at the 75th Annual Meeting of the Air Pollution 
Control Association, New Orleans, LA, June 20-25. 

Winer, A. M., Fitz, D. R. and Miller, P. R. (1983): Investigation of the 
role of natural hydrocarbons in photochemical smog formation in 
California. Final Report to California Air Resources Board Contract 
No. A0-056-32. .. 

Winer, A. M., Olszyk, D. M. and Howitt, R. E. (1990): Air Quality: An 
endangered resource for agriculture: In: California Agriculture 
During the Next Two Decades: Choices and Constraints, University of 
California Agricultural Issues Center, Davis, CA. 

Yokouchi, Y. and Ambe, Y. (1988): Diurnal variations of atmospheric 
isoprene and monoterpene hydrocarbons in an agricultural area in 
summertime. J. Geophys. Res., 93, 3751. 

Zimmerman, P.R., Chatfield, R. B., Fishman, J., Crutzen, P. J. and Hanst, 
P. L. (1978): Estimates on the production of CO and H2 from the 
oxidation of hydro~~rhnn emissions from vegetation. Geophys. Res. 
Lett., 2, 679. 

Zimmerman, P.R. (1979a): Tampa Bay Area Photochemical Oxidant Study: 
determination of emission rates of hydrocarbons from indigenous 
species of vegetation in the Tampa/St. Petersburg, Florida, area. 
Final Appendix C, February 2, 1979. EPA 904/9-77-028. 

VIII-8 



IX. APPENDICES 





APPENDIX A 

Species Typically Associated with Natural 
Plant Communities in the Central Valley 

A-1 





Valley Foothill Hardwood plant connuni ty: Includes such species as blue 

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

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

Annual Grassland 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, etc. 

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

Douglas fir, white fir, incense cedar, sugar pine, Jeffrey 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 only above about 6000 feet elevation. 

Chamise-Redshank Chaparral plant community: Includes such species as 

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

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

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 oak, etc: This 

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

Mixed Chaparral plant community: Includes such species as California 

scrub oak, chaparral oak, manzanita spp., mountain mahogany, ceanothus 

spp., chamise, huckleberry oak, bush Chinquapin, tobacco brush, mountain 

misery, scotchbroom, etc. 

Fresh Emergen Wetland plant community: Includes such species as bigleaf 

sedge, baltic rush, redroot nutgrass, common cattail, ~iver and tule 

balrush, etc. 
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Montane Chaparral plant community: varies across the state, but includes 

such species as whitethorn and snowbrush ceanothus, greenleaf manzanita, 

other manzanita spp. , bi ttercherry, 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, 

etc. This plant community can occur from approximately 500 to 9500 feet 

elevation. 

Sagebrush plant community: Includes such species as big sagebrush and 

other sagebrush species, rabbitbrush, horsebrush, gvv.:,cbcrry, 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 S=pinene, d-limonene + 

a-phellandrene, myrcene, camphene and 63-carene, with a- and a-pinene 

accounting for over 80J 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 CO2 
to the synthetic air flow stream, exposure to elevated levels (300-500 

parts-per-billion mixing ratio) of o3 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 

vegetation. 
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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 dynamic flow-through enclosure technique 

described by Winer et al. (1983]. For the majority of the measurements, 

the pine tree (of height -1 m and 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 (99.6J 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 

CO2 to yield a CO2 mixing ratio of 360 parts-per-million (ppm), and was 

flowed through the enclosure at a flow rate of 45 liter min- 1. 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 Hodel HHI 32 instrument. The 

enclosure was equipped with a stirring fan which caused a just noticeable 

movement or 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 

for 15 min, gas samples of 1.3-1.4 liter volume were collected at a flow 

rate of -0.8 liter min- 1 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-HS). 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 0 

°C, and then temperature programmed at 8 °C min- 1 to 200 °C. The GC-HS 

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- 1. 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, i980; 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 production 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. Honoterpene emission rates 

from coniferous species have also been reported to be temperature 

dependent, but independent of light intensity [Rasmussen, 1972; Tingey et 

al., 1980; Lamb et al., i985]. 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 micrometeor­

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 fr-om 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, CO2 concentration, 

effective wind speed and mechanical motions, including damage to the plant 
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All 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 CO2 concentration was maintained at 

360 ppm and the tree was handled as gently as possible. Thirty such 

measurements were carried out during 13 daytime periods, covering the 

times 0420 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. 

a- and a-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: 

a-pinene, 48 ± 5%; a-pinene, 34 ± 5%; myrcene, i10%; d-limonene + 

a-phellandrene, 7 ± 2%; camphene, 0.6 ± 0.4%; and t3-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 measurements, the myrcene data are 

not discussed further. There was no evidence for any change in the 

monoterpene concentration distribution with temperature. Since a- and a­

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-+ a-pinene concentrations in the enclosure are 

plotted against the temperature in Figure 1 (open circles). 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 Bin the assumed equation 

a-+ a-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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with that of 0.074 determined by Tingey et al. [1980j for monoterpene 

emissions from slash pine over the temperature range of 20-46 °C. 

The temperature dependence determined here for the emission of a-+ 

s-pinene from a Monterey pine is very close to the temperature variation 

of the vi:lµur µre:s:sure:s of the:se 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 our 

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 s-pinene, myrcene, d-limonene 

and S-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(< ±20J) 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 piant;s emissions. 

Effect of CO2. 

Two experiments were carried out in which no CO2 was added to tpe 

cylinder synthetic air. An identical, within the uncertainties, 

distribution of the monoterpenes was observed, and the measured a-+ S­

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 co2 , showing that, at least fer the 

time scales pertaining for each of these experiments (15 min), the absence 

of CO2 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 

circles in Figure 1. In addition 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, t3-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 the 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, although no obvious damage (for example, broken needles} 

occurred. While the relative abundances of the individual monoterpenes 

were essentially identical to those in the "standard" measurements, the 

emissions were greatly increased. As shown in Figure 1, the a-+ B-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 ([I) appears to have been within the normal 

emission range, as was the replicate 2 hrs after the rough handling (I]). 

Effects of Exposure to Elevated o3 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 o3 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- 1 versus 45 liter min- 1), 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 a- and 

s-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 o3 supply was 

turned off, and at 40 min and 80 min after. In the second experiment, 

measurements were taken prior to o3 addition (500 ppb for a 4 hr period), 

immediately after turning off the o3 supply and 65 min and 165 min J._ater. 

Since the temperatures within the CSTR chamber increased throughout 

each experiment, the temperature dependence of the a-+ s-pinene emission 

rate determined in the all-Teflon chamber was assumed to allow comparison 

of the data taken before and after the exposures to o3. The a-+ s-pinene 

conn~ntr~t:inn.ct m,o::1.ct11r~r1 nu.,..;ng 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-+ s-pinene concentrations measured prior to and after 

exposure of the pine to 300 ppb of o3 for 3 hr were indistinguishable. 
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For the exposure to o3 at 500 ppb for q hr, the measured a-+ 8-pinene 

concentrations before and after the o3 exposure were essentially 

constant. These concentrations were within a factor of 2 of those 

expected based on the temperature (see Figure 2), with the pre-exposure 

n~t.~ pnint: for this 500 ppb o3 exposure appearing to be somewhat high. 

These data then indicate that, within the expected reproducibility of± a 

factor of -2, the monoterpene emissions were not affected to any 

significant extent by these 3-4 hour exposures to elevated o3 at levels 

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

The small data set for these o3 exposures require cautious interpre­

tation of the data. The Monterey pine was growing in ambient Riverside 

air and, therefore, exposed to levels of o3 occasionally reaching -200 

ppb. The data do suggest, however, that sudden high levels of o3 will not 

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

CONCLUSIONS 

Our experimental data on the temperature dependence of a-+ a-pinene 

emissions from a Monterey pine are in agreement with the earlier results 

of Tingey et al. (19801 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. (1980], 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± a factor of -2 repeatability, by 

neglecting to add CO2 at ambient levels to the pure air flow or by use of 

However, 

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 
teahniquP- invnlvP.~ Pn~ln~ing ~h~ hranch 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 techniques 

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 CAPTIONS 

Figure 1. Plot of the a-+ B-pinene concentrations from a Monterey pine 
(Pinus radiata) measured in t.hP T1>f'lnn ,.n,.1n,..11r"' ,.,.. ,. f'11nr,tinn 

of temperature. 0- Standard experiments (see text);A­

carried out with no added CO2; e - carried out with increased 

air movement around the tree (see text); ■ - i11111ediately 

after rough handling (see text) of enclosed tree; [I - 1 hr 

and I]- 2 hr after rough handling experiment at -16 °C. 

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

Figure 2. Plot of the a-+ B-pinene concentrations from a Monterey pine 

measured in the CSTR chamber as a function of temperature. 

o, t - prior to addition of o3 to the CSTR chamber;• - after 

cessation of o3 exposure at 300 ppb for 3 hr; , - after 
nP-1uu:1t:inn nf-' n t:.1Ypn~11re at 500 ppb for 1' hr. (- - .... )

3 
temperature dependence obtained from Teflon enclosure 

"standard" experiment measurements shown in Figure 1. 

B-15 



--

IOOOf 

500 

J:) 200 
C. 
C. 

z 100Q 
~ • 
er 
f-- 50z 
1.1.J 
u z 
0 
u 

201.1.J:z 
1.1.J z 
Q. 

I 
10 

CQ. 

+ 
C, 
I 

5 

0 

0 
0 0 

[JIJ 0 

0 0 

• 
• 

• 

2 e 
0 

l'------1.--~--..,___ ___,______.___--'-_ ___, 

10 20 30 40 
T (°C) 

FIGURE 1. 

B-16 



.0 

5-
-~ ~ 
z 
0 

~ 
2 

0:: .... 
z 
LLl 
u z 
0 u 
LLl z 
LLl 0.5z 
n 

tOJ 
20 30 40 

FIGURE 2. 

B-17 



APPENDII C 

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

,. Electron Impact Mass Spectra of lsoprene, Selected 
Monoterpenes and Sesquiterpenes 

2. Electron Impact Mass Spectra of Alcohols 

3. Electron Impact Mass Spectra of Acetates 

4. Electron Impact Mass Spectra of Aldehydes 

5. Electron Impact Mass Spectra of Ketones 

6. Electron Impact Mass Spectra of Ethers 

7. Electron Impact Mass Spectra of n-Alkanes, Alkenes and 
Aromatics 
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C.1. Electron Impact Mass Spectra or 1soprene, Selected Monoterpenes 

and Sesquiterpenes (Listed in order of their elution on an HP-5 

capillary column): 

Isoprene 

Honoterpenes 

a-Pinene 

Camphene 

Sabinene 

a-Pinene 

Hyrcene 

2-Carene 

a-Phellandrene 

ti3-carene 

a-Terpinene 
. o . a ~-~C!lfflP.nP. 

d-Limonene 

B-Phellandrene 

trans-Ocimenea 

y-Terpinene 

Terpinolene 

Sesguiterpenes 

Cyperene 

Longifolene 

B-Caryophyllene 

a-Humulene 

2 0ur ocimene standard contained two well resolved terpene peaks and was 
specified to be a mixture of the cis and trans ocimene isomers. The 
peaks were assigned as the cis or trans isomer on the basis of their 
reported elution order(~ before trans) on a DB-5 column (Adams, 
1989). It should be noted that on the DB-5 megabore column and the HP-5 
,-n111mn 11t.i 1 ;-,,,.,1 thP f'irst SUlllll!er, d-limonene eluted before both ocimene 
isomers. 
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isoprene 

(2-methyl-1,3-butadiene) 
m.w. 68 

s~::.n SB (21.743 min) o.f DATA,5TDB.D

uaral 53 
90 ; 

B0 

7121•u 68 
C: 60 
~ 

1l 50C 
::i 

.!] 40 
a: 

30 50 5 I 
/

20 6562 I "'· 6358 
/ 

~ /10 

0 
45 50 55 60 65 

Mas;; " /Ch a r g e 

l'IIZ abund. l'IIZ abund. l'IIZ abund, l'IIZ abund. 

41. 10 50 51 .05 20 58.05 5 65.05 13 
42. 10 20 52.05 13 61 .15 5 67.05 100 
43. 10 14 53.05 85 62.05 7 68.15 64 
49.05 5 54.25 s 63.05 7 69.05 6 
50.05 16 
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1 la0 
Sca.n 203 (32.71217 minl 0f DRTR:NE~80TRP.D 

3 

•u 
C 
II 
-a 
C 
:I 
.c 
([ 

13 6 

'--.. 
I 

13121 

Sia 

Sia 

?0 

6 la 

5121 

4121 

:3 121 

20 

77 

/ 

50 60 70 80 90 10121 11121 120 

a-pinene 
m.w. 136 

Ma.s: s: /Ch a.,.. • 

!'!/'Z. 

39.10 
40. 10 
41 .10 
42. 10 
43. 10 

50.05 
51 .05 
52.05 
53.05 
54.05 

55.05 
56.05 

~bund. 

29 
5 

26 
2 
9 

3 
9 
4 

12 
2 

7 

,.; '1, 

58.05 
62.05 
63.05 
64. 15 
65.05 

66.05 
67.05 
68.05 
69.05 
77 .00 

78.00 

ebund. 

1 
1 
3 
1 
8 

2 
10 
3 
1 

35 

5 

111/z 

79.00 
80.00 
81 • 10 
89.00 
91 • 10 

92. 10 
93.10 
94.10 
95. 10 

103.10 

104. 10 

ebund. 

28 
10 

3 
1 

42 

39 
100 

9 
1 
2 

111/z abund. 

105. 10 10 
106.10 3 
107.05 6 
108.05 1 
114.95 1 

117 .05 
119.05 2 
121 .05 1 1 
122.05 1 
136. 15 10 

137 .10 
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camphene 
·m.w. 136 

Sca.n 231 (33.072 min) of ORTR:NEC80TRP.O 

100~ 
390 

eia 

70•u 1 2 1 

•C 6 la I 
4 1 -a / 795 laC 

67 /
.D 
J 

412! /a: 
1'21730 53 I 136/2 la 

10 " 
l2l 
40 50 60 70 8'21 90 100 11'21 12'21 130 

Ma.$$/Cha.r • 

l'IIZ abund. l'IIZ abund. l'IIZ abund. l'IIZ abund. 

37 .10 1 56.05 78.10 5 104.10 I 
38. 10 3 57.25 79.00 40 105. 10 7 
39.10 43 58.05 80.10 10 106.20 2 
40. 10 9 62.05 81.10 6 107.05 24 
41. 10 44 63.05 4 82.10 4 108.05 7 

42. 10 4 64. 15 1 89.10 1 109.05 1 
43. 10 7 65.05 12 91.10 31 115. 05 I 

50.05 4 66.05 8 92. 10 12 119.05 1 
51 .05 1 I 67.05 33 93.10 100 121 .05 56 
52.05 5 68.05 13 94.10 17 122.05 6 

53.05 18 69.05 5 95.10 14 136.15 14 
54.05 2 70.05 2 96.10 137 .10 
55.05 11 77.00 27 103. 10 
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sabinene 

m.w. 136 

Sc a.n 263 (33.493 min) cf DRTA:NE~8121TRP.D 
I 121121 

9121 3 

8121 

• 7121 
u 
C 6121
..i 77 

1:1 5121C 4 l 
:l /.0 4121 

er 

/ 

3121 

2121 

50 7121 8121 90 11210 11121 12121 13121 
Ma. s: s: ,Ch a. r g • 

ft!IZ abund. ..,/z ebund. rr1/z ebund. rri.lz. ebund. 

37. 10 1 56.15 78.10 8 105. 10 3 
38. 10 2 57 .15 79.00 31 106. 10 1 
39.10 28 57.95 I 80.10 13 107.05 3 
40. 10 5 62.05 I 81 .10 2 108.05 
41. 10 35 63.05 3 82 .10 1 115.05 

42. 10 2 64.05 1 89.10 1 117.05 1 
43. 10 8 65.05 9 91.10 44 119.05 3 
44. 10 1 66.05 3 92 .10 12 120.05 1 
50.05 3 67.05 5 93. 10 100 121. 05 5 
51.05 9 68. 15 1 94.10 14 122.05 1 

52.05 4 69.05 I I 95.10 1 134.05 1 
53.05 1 1 70.05 1 103.10 2 136 .15 15 
54.05 1 74.05 1 104.10 1 137.10 I 
55.05 4 77.00 45 
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e-pinene 
m.w. 136 

Sc a.n 3 2 7 (33.674 min) cf DRTR,NEWTERP.D 
1121121 

9121 

9121 

ti 7121 
u 

•C 6121 
1l 5121C 
::l 

J] 4121 
a: 

3121 
136 

2121 

79 
69 // 

"--.._107 
/1121 

121 
5121 60 7121 e f2l 90 1121121 I 1 121 1 2 f2l I 3 121 

Ma.cc/Charge 

r<i/z 

41 .05 
42.05 
43.15 
50,05 
51.00 

52.00 
53.10 
54.10 
55.10 
56.00 

57. 10 
60,90 

ebund. 

57 
3 
5 
3 
9 

5 
15 
2 
8 
1 

r<i/z 

62 .10 
63.00 
64. 10 
65. 10 
66 .10 

67 .10 
68.10 
69. 10 
70 .10 
74. 10 

77.10 
78.10 

ebund. 

1 
3 
I 

9 
3 

15 
5 

34 
2 

32 
6 

rri/z 

79.10 
80. 10 
81 .10 
82 .10 
88.95 

91.05 
92.05 
93.05 
94.05 
95.05 

103.05 
105.05 

abund. 

35 
14 

4 

31 
13 

100 
14 
3 

1 
4 

r<i/z 

106.05 
107.05 
108.15 
109.05 
ii 5.05 

117 .10 
119.10 
12 t. 10 
122.10 
136 .10 

137 .10 

abund. 

1 
9 
2 

1 
1 

15 
2 

13 

2 
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myroene 
m.w. 136 

Sc: a."' I 4 9 I 
1 rara f'..._ 

Sita 4 I1 
sra 

9370• /u 69C 60 /Ii 
1l S 0C 
J 

,g 4121 
a: 

3121 

2121 

I 121 

121 

77 

/ 

40 50 60 70 80 9121 100 110 120 13 0 
Ma.s:s:/Char • 

l'IIZ abund. 

38.15 2 
39.05 32 
40.15 6 
41. 05 100 
42.05 s 

43.05 4 
50.05 3 
51.00 7 
52.00 3 
53.00 13 

l'IIZ 

54.00 
55.00 
62.00 
63.00 
64. 10 

65 .10 
66. 10 
67. 10 
69. 10 
70. 10 

ebund. 

1 
3 

2 

5 
2 

11 
55 

3 

l'IIZ 

77 .10 
78.10 
79.10 
80.10 
81.10 

82. 10 
91 .05 
92.05 
93.05 

ebund. 

14 
2 

13 
8 

1 
17 

9 
63 

l'IIZ 

94.05 
95.05 

103.05 
105.05 
107.05 

108.05 
121.10 
136 .10 
137.10 

abund. 

6 
1 
1 
2 
2 

1 
3 
3 
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2-c.arene 

m.w. 136 

Sc~n 364 (34.12192 min) of DRTR,NEWTERP.D 
100] 

39 0 

1 2 180 I 

ti 70 
u 
C 6121 77 79
Ill 

1l 4 1 '------... /5 0 C: /:I 
4121.ca: 
:3121 

20 

10 

13 
70 80 90 1121121 11121 12 0 I 3 0 

1 1215 
I 

5121 6 0 
Ma.s:" /Cn a.r-g E 

1'1/Z sbund. l'IIZ sbund. l'IIZ abund, l'IIZ sbund. 

41 .05 41 59. 10 77.10 48 105.05 19 
42.05 3 60.70 78.10 9 106.05 5 
43.05 21 62.00 I 79.10 48 107.05 11 
44.05 1 63.00 5 80.10 8 108.05 5 
50.05 4 64. 10 81 .10 4 109.05 

51 .00 14 65.00 14 89.05 1 115.05 1 
52.00 6 66 .10 3 91 .05 55 117 .05 1 
53.00 16 67. 10 9 92.05 15 119.10 5 
54.10 2 68. 10 2 93.05 100 121 .10 74 
55. 10 11 69. 10 94.05 9 122 .10 7 

56. 10 74. 10 95.05 136.10 38 
58.10 75. 10 103.05 4 137. 10 4 
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6o-phellandrene 

m.w. 136 A 
Sckn 31 I (34.II~ min) of DATA:NEG80TRP.D 

100~ 
390 

80 

• ;, 0 
(J 

.-C: 60 
"0 50C: 
:I 

.D 40 
a: 

30 136 

20 "--
10 

0 
40 

7;, 

/ 

50 60 '70 80 90 100 110 12121 130 
Mkss/Charge 

l'IIZ 

38. 10 
39.10 
40. 10 
41.10 
42 .10 

43. 10 
50.05 
51. 05 
52.05 
53.05 

abund. 

1 
18 

2 
14 

5 
2 
7 
3 
5 

l'IIZ 

55.05 
57.65 
62.05 
63.05 
64. 15 

65.05 
66.05 
67.05 
69.05 
77.00 

abund. 

...... 
1 
1 
3 

10 
1 
1 
1 

42 

1'1/Z 

78.00 
79.00 
80.00 
81. 10 
89. 10 

91 .10 
92.10 
93.10 
94.10 

103.10 

abund. 

7 
8 
2 
1 

54 
32 

100 
8 

l'IIZ abund. 

104.10 1 
105.10 3 
106 .10 1 
107.05 1 
115.05 1 

117 .05 1 
119.05 2 
121 •05 2 
136. 15 18 
137. 10 2 
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i3-carene 

m.w. 136 

Sc a.n 32 1 ( 34. 249 min) of DATA: NEG;80TRP. D 

100~ 

90 3 

80 

II 
u 
C 
Iii 
~ 

C. 
J 
.ca: 

70 

6 0 

50 

40 

30 

20 

10 

/ 
4 1 

/ 
53 

/ 
77 

I 05 
I 

1 2 I 
/ 

13G 

"--
0 

40 50 60 70 80 912 
Ma.s. s /Ch a.r • 

100 1 1 0 120 13 0 

l'IIZ abund. l'IIZ abund. 1'1/Z abund. l'IIZ abund. 

37. 10 I 54.05 2 69.05 I 103.10 2 
38. 10 2 55.05 8 77 .00 38 105.10 13 
39.10 32 57. I 5 78.10 6 106.10 3 
40.10 5 57.95 79.00 36 107.05 7 
41. 10 30 58.65 80.00 23 108.05 2 

42.10 2 62.05 I 81 .00 4 115. 05 I 
43.10 16 63.05 3 89.00 I 117 .05 I 
44. 10 1 64.05 I 91 .10 47 119.05 3 
50.05 3 65.05 10 92. 10 30 121 .05 18 
51 .05 10 66.05 2 93. 10 100 122.05 2 

52.05 4 67.05 10 94. 10 11 136, 15 17 
53.05 13 68.05 2 95.10 2 137. 10 .,.. 
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o-terpinene 

m.w. 136 

Scan 328 (34.346 min) cf DATA,NECB121TRP.D 

100] 
3 12 I912! 

B 12! 

712!•u 
C 612! 
~ 

-a 

/ 
i' 7 136512!C 

J 
.c 40 

4 1a: "" 
312! / 1121565 
20 

1 121 

121 

/ 
I 

4121 50 E, 121 7121 80 90 11210 11121 12121 130 
t-1a~s:/Cha.r • 

l'l/z abund. rri/z abund. rri/z abund. rri/z abund. 

38. 10 2 58.15 2 77.00 40 104.10 2 
39.10 29 58.95 1 78.00 8 105.10 20 
40.10 4 60.65 1 79.00 34 106. 10 5 
41.10 26 62.05 2 80.00 7 107.05 12 
42. 10 2 63.05 6 81 .10 2 108.05 6 

43.10 18 64.05 2 89.00 2 115.05 3 
44.10 1 65.05 14 91 .10 50 116. 05 1 
50.05 4 66.05 2 92.10 16 117 .05 2 
51.05 13 67.05 4 93.10 100 119.05 6 
52.05 5 68.05 94. 10 9 121 .05 94 

53.05 10 69.05 95.10 122.05 9 
54.05 I 74.05 102. 10 136. IS 40 
55.05 7 75.05 103. 10 4 137 .10 4 
57.65 2 
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cis-ocimene 
m.w. 136 

Sca.n 343 £34.551 m,nl o~ 

100~ 
90 

90 

70•u 

•C 60 

"ti 5121C 
::i 
~ 40 
Ct 

30 

20 

1 121 

DATA,NEC80TRP.D 

4 1 

/ 
53 

/ 67 
/ 

79 

/ 

\ 
3 

105 
/ 

121-'+'+-'+~,-f.1+4-'+-\.....,....~4-l-,U.,-~~-'-+-'".........~...,.......................,.............c.i-.+-,-.......~J+l.."""'"".,.........,........,...~ 
40 50 60 70 80 90 100 110 120 130 

~a.ss,Cna.~ • 

l'IIZ ebund. l'IIZ ebund. l'IIZ ebund. l'IIZ ebund. 

37 .10 1 55.05 11 77.00 38 103.10 3 
38.10 3 56. 05 1 78.00 6 105. 10 16 
39. 10 37 57.85 79.00 42 106.10 5 
40. 10 7 62. 05 80.10 16 107.05 6 
41. 10 39 63.05 4 81 .10 6 108.05 

42. 10 3 64.05 82. 10 114.95 1 
43. 10 12 65.05 10 89.00 1 117.05 1 
44. 10 1 66 .15 3 SJ.. 10 47 119.05 5 
50.05 4 67.05 16 92 .10 41 120.15 1 
51 .05 11 68.05 8 93. 10 100 121 . 05 11 

52.05 s 69.05 3 94. 10 11 122.05 
53.05 20 75 .15 95.10 136. 15 3 
54.05 2 
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d-limonene 6 
m.w. 136 A 
Sc a.n 346 (34.593 min) of DATR:NE~80TRP.D 

1001 
890 

80 

., 70 
u 
C: 60 
,.i 

11 50C: 
:I 

..c 40 
a: 

30 

20 

10 

0 
70 80 90 100 l l 0 12 0 13 la 

Ma.£~/Ch.a.r 
40 50 60 

• 

93 
/ 

79 

/53 

/ 136 
107 "--/ I 2 l 

I 

rrs/z abund. 1'!/Z abund. 1'!/Z abund. l'!IZ abund. 

37. 10 1 57.25 79 ..00 37 104. 10 1 
39. 10 45 57.95 80.10 13 105.10 6 
40. 10 13 62.05 81. 10 10 106.10 2 
41. 10 35 63.05 4 82.10 2 107.05 21 
42. !0 5 t::.A 

U'"t • 
I~ 
I ;J 89.00 108.05 6 

43. 10 4 65.05 10 91, 10 23 115,05 1 
50.05 4 66. 15 5 92. 10 24 117.05 I 
51 .05 12 67.05 78 93. 10 67 119.05 2 
52.05 6 68.05 100 94.10 28 121 .05 19 
53.05 31 69.05 7 95. 10 8 122.05 2 

54.05 3 77.00 23 96. 10 136.15 22 
55.05 9 78. 10 6 103.10 137 .10 2 
56,05 1 



8-phellandrene 

m.w. 136 

Sc~n 522 (34.755 minl cf CATR,BP~ELL.D,..l 
390 

80 

II 70 
(J 

C 60., 
1::1 50C 
:i 

Jl 40 
CI 

30 

20 

10 

0 
1 3 0 

77 

"' 79 

/ 

50 60 70 80 90 100 1 1 0 1 2 0 
M~ss/Ch-.rge 

MIZ 

41 .10 
42. 10 
43.10 
50.05 
51 .05 

52.05 
53.05 
54.05 
55.05 
57.05 

57. 65 

abund. 

21 
1 
8 
3 
9 

4 
8 
I 
2 

MIZ 

62.05 
63.05 
64.05 
65.05 
66.05 

67. 15 
68. 15 
69. 15 
77 .00 
78.00 

79. 10 

abund. 

4 
1 

14 
2 

4 
2 
5 

45 
9 

26 

MIZ 

80.10 
81 .10 
82 .10 
89. 10 
91. 10 

92.10 
93.10 
94. 10 
95.10 

103.10 

104.10 

abund. 

11 
1 
1 
2 

52 

14 
100 

14 
1 
1 

MIZ 

105.10 
106.20 
107 .10 
108.05 
115. 05 

119.05 
121 .05 
122. 15 
136. IS 
137. IS 

abund. 

2 
1 
3 

I 
6 
I 

19 
2 
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trans-ocimene 
m.w. 136 

Sca.n 360 C:34.77_9 min) cf DRTA:NEG80TRP.C 
1121121~ 

39121 

80 

• 70 
(J 

C ,_ 60 4 1 79 
1l I50C 
::i 

..I] 4121 
er 53

3121 
11215 

2121 136 
'-....._

1 121 

/ 

/ 
67 
I 

I 

121 ~f-'-f-4+-~---.........-"+--,..,................,'-'+'-...................... _-....-................f--T-~.........--+-,...,........,..~-+ 
4121 5121 6121 7121 80 9121 

Ma.s~/Cha.rge 
1121121 I 1 121 12121 13121 

rri/z ebund. rri/z ebund. rri/z ebund. rri/z ebund. 

37. 10 
38. 10 
39, 10 
40. 10 
41 .10 

1 
3 

43 
8 

48 

55.05 
56.05 
57. 15 
57. 95 
62.05 

14 
I 
1 
1 
1 

75.05 
77 .00 
78. 10 
79.00 
80. 10 

1 
40 

7 
49 
40 

103.10 
105.10 
106.10 
107.05 
108.05 

3 
18 

5 
7 

42. 10 
43.10 
44. 10 
50.05 
51.05 

3 
17 

1 
5 

12 

63.05 
64. 15 
65.05 
66.05 
67.05 

4 
1 

10 
3 

15 

81 .10 
82. 10 
89.00 
91 .10 
92. 10 

8 

1 
47 
26 

115. 05 
117 .05 
119.05 
120.05 
121 . 05 

4 
1 

14 

52.05 
53.05 
54.05 

6 
22 

2 

68.05 
69.05 
74.05 

4 
2 

93. 10 
94.10 
95.10 

100 
11 

122.05 
136 .15 
137 .10 

1 
8 
1 
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y-terpinene 

m.w. 136 

Sc ~n 387 (35.13.121 min) cf DRTR,NECB121TRP.D 
1 la 121] 

39121 

8121 

• 70 
(J 

C 60
Id 
-a 7750 /C 
::l 13 6..c 40 

4 1 a: 
I 2 1 30 / / 

65 ""20 I 05/ /
1 0 

121 
4121 50 60 70 80 90 100 l 1 0 I 2 0 13 0 

M~s s /Ch~ r e 

1'1/z abund. 1'1/2 i!lbund. l'IIZ i!lbund. 1'1/Z abund. 

38.10 2 57.75 78.00 7 104. 10 1 
39.10 25 58.05 79.00 24 105. 10 10 
40. 10 4 58.75 80.00 8 106. 10 2 
41. 10 24 62.05 81. 10 2 107.05 7 
42. 10 1 63.05 4 89.10 1 108.05 1 

43, 10 23 64.05 91. 10 49 115. 05 2 
44.10 1 65.05 1 1 92. 10 24 117.05 1 
50.05 3 66.05 2 93.10 100 119. 05 3 
51 .05 11 67.05 3 94 .10 9 121. 05 24 
52.05 4 68.05 95.00 122.05 2 

53.05 9 74.05 102. 10 1 136 .15 30 
54.05 1 75.05 103.10 3 137 .10 3 
55.05 4 77.00 41 
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terpinolene 6 
m.w. 136 A 
Se~n 514 (35.752 min) of ORTR,NEWTERP.O 

•u 
C ,_ 

"'D 
C 
J 
.c 
ct 

100~ 
90 

80 

70 

60 

50 

40 

30 

79 

\ 
3 1 2 1 

I 

136 
"--.. 

20 

10 

0 
50 

77 /

"-

70 80 90 100 

105 
/ 

IIIZI 120 I 3 0 
M~s:s:/Ch~r e 

PIiz 

41 .05 
42.05 
43.05 
44.05 
50.05 

51. 00 
52.00 
53.00 
54.00 
55.10 

56. 10 
58.00 
59.10 

ebund. 

38 
3 

19 
1 
5 

16 
6 

19 
2 

10 

1 
2 

l'IIZ 

62.00 
63.00 
64. 10 
65. 10 
66. 10 

67. 10 
68. 10 
69. 10 
74.00 
75. 10 

77. 10 
78. 10 
79. 10 

ebund. 

2 
6 
2 

15 
3 

13 
3 

41 
8 

46 

l'IIZ 

80.10 
81.10 
89.05 
91 .05 
92 .05 

93.05 
94.05 
95.15 

102-.05 
103.05 

104. 15 
105.05 
106.05 

ebund. 

8 
3 
2 

53 
13 

100 
9 
1 

4 

2 
24 

6 

l'IIZ 

107.05 
108. 15 
115.05 
116 .05 
117 .05 

118 .10 
11 9. 10 
121 .10 
122. 10 
132. 10 

134. 10 
136. 10 
137 .10 

ebund. 

17 
5 
4 
1 
4 

1 
7 

83 
8 
2 

1 
63 

7 
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cyperene fP 
!!UL 204 

\ 

Se a.n 1 0·1 1 (41.392 min) c.f OFITFl:STD:3.0

···i /i 
51'21 204 

S0 
HlO 
... u7 

• 7'21 
u 
C 60 I I 9.. 4 I 

~1l 50 / 1 6 I 
C 9 I 

"':J / 
.Cl 4121 
a: 

79 
1 3 3 

30 /
"-,. I 7 5 

2121 
I 

I 121 

0 
6121 8121 I 1210 12 0 14 0 IE. 0 I 8 0 200 

Mills:s:/Cha.r e 

1'1/z ebund. l'IIZ ebund. l'IIZ ebund. 1'1/Z abund. 

41. 10 45 75.15 1 109. 10 4 142.05 1 
42, 10 5 77 .05 20 110. 10 1 143.05 1 
43. 10 9 78.05 6 115.05 9 144.05 1 
44. 10 79.05 21 116.05 4 145. 10 5 
50.05 80.05 2 117 .05 11 146 .10 3 

51 .05 6 81 .00 10 119.05 48 147 .10 21 
52.05 2 82.00 1 120.05 8 148.10 5 
53.05 13 83. 10 2 121 .05 7 149. 10 2 
55.05 20 89.00 122.05 3 159. 10 1 
56.15 2 91 .00 41 123.05 161 .10 40 

57.05 
., 
"- 92.10 6 127.05 2 162 .10 6 

63.05 
.,.. 93. 10 17 128.05 5 163.20 1 

64.05 1 94. 10 5 129.05 5 175.20 20 
65.05 10 95.10 10 130.05 2 176 .10 3 
66.05 2 96. 10 131.05 10 189.15 73 

67.05 10 102. 10 1 132. 15 3 190, iS ii 
68.05 1 103.10 5 133.05 28 191. 15 1 
69.05 10 105.10 45 134.-15 5 204.25 100 
70. 15 1 106.10 7 135.15 3 205,25 15 
71. 05 I 107. I 0 15 141, 15 1 206. 15 I 

72.05 i 08. 10 4 
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longifolene 

m.w. 204 

Sc an 1974 C41.517 min) of D~T~:STDb.D 
9,,11iaia1~ 

1 6 I9 ca 4 I 

t-1a.s: s: /Ch a r- a 

liH21 
79 

• 70 "---u 
C 60 
IC 

1l 50C 
::l 

40.!Ja: 
30 

2121 

10 

0 
60 80 

105 

/ 

13 3 
/ 

" 

I 00 12 0 14 0 16 0 1 B 0 

18 9 

/ 
204 

200 

't'IIZ abund. 1'1/Z 11bund. l'IIZ 11bund, l'IIZ 11bund. 

41. 10 100 72.15 107.05 53 137. 10 7 
42.10 8 73. 15 108.05 29 138.10 1 
43.10 1 B 75.05 109.05 29 141 .00 1 
44.10 1 77. 00 44 110.05 4 143.00 1 
50.05 3 78. 10 13 111 • 05 3 144.10 1 

51 .05 13 79.00 64 115.05 9 145. 10 4 
52.05 7 80. 10 1 I 116. 05 4 147. 10 27 
53.05 28 81. 10 29 117. 05 12 148. 10 13 
54. 15 4 82 .10 11 118.15 4 149.10 4 
55.05 50 83. 10 7 119.05 51 150.10 2 

56.05 7 84.00 1 120.05 23 159.10 2 
57.05 5 89. 10 3 121. 05 26 161. 10 82 
57.95 91. 10 92 122.05 13 162 .10 17 
SB. 15 92. 10 24 123.15 6 163.20 7 
59.05 93. 10 64 124. 15 I 164. 10 1 

61. 95 94. 10 56 127. 15 2 175.15 14 
63.05 4 95.10 40 128.05 4 176.15 7 
64. 15 3 96. 10 6 129.05 4 177. 15 1 
65.05 27 97. 10 2 130.05 2 189.15 42 
66.05 7 102.00 1 131 . 05 6 190.15 8 

67,05 39 103. 10 7 133. 15 45 191. 15 I 
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. 10 25 136. 15 11 206.20 1 
71. 15 2 C-20 
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a-caryophy llene 

m.w. 204 

S.ca.r, 1982 (41.614 minl of DATR,STD6.D 
J 00f'"-

90~ 4 I 

., 
u 
C 
ti 

"Cl 
C: 
J 
.c 4 0 
a: 

30 

80 

70 

60 

50 

79 

~ 

9 I 
I 

105 

/ 

133 
/ 

20 

10 

1 6 I 

"'--

60 80 I 00 12 0 14 0 I 6 0 18 0 200 
M:a.$ $ .-'Ch are"' 

- ,_
r\l ~ abund. Mlz abund. rt'!/? abund .. rr,/z abund. 

41 .10 100 70. 15 3 105.10 41 131 .05 3 
42 .10 6 71. 05 .., 

i.. 106. 10 21 133. 15 54 
43. 10 10 75. 15 1 107.05 28 134. 15 14 
44.00 1 77 .00 33 108.05 6 135. 15 7 
50.05 2 78.00 9 109.05 10 136. 15 3 

51 .05 8 79.00 52 110. 05 2 137. 10 1 
52.05 7 80 .10 12 111 .05 2 145.10 1 
53.05 27 81 .10 27 115. 05 3 147 .10 17 
54.05 4 82. 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 5 91. 10 60 119.05 25 162.20 6 
58.05 92. 10 16 120.05 25 163.10 2 
62.05 1 93. 10 58 121 .15 16 175. 15 7 
63.05 2 94. 10 13 122.05 4 176.15 4 

64. 15 1 95.10 13 123.15 3 177. 15 1 
65.05 15 96 .10 2 124.15 189.15 13 
66.05 5 97 .10 127.95 190.15 2 
67.05 32 102 .10 129.05 204.20 5 
68.15 8 103. 10 4 130.05 205.20 1 

69.15 46 
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a-humulene 

■ .w. 2~ 

£e a.n l 09 5 
100 

90 

90 

70•u 

•C 60 
1) 

50C 
::, 

.D 40 
a: 

30 

20 

s 0 

' I 2 l 

' I 4 7 

/ 
204 

10 I 7 5 
/ 

0 "' 60 80 100 120 14 0 16 0 I 8 0 200 
Ma.ss/Charg• 

l'IIZ ebund. l'IIZ abund. l'IIZ ebund. l'IIZ ebund. 

41. 00 40 67.05 20 96. 10 131 .05 1 
42. 10 4 68.05 5 103. 10 1 133.15 2 
43.10 12 69.05 4 105.10 13 134.05 2 
44. 10 77.05 2! !06. 10 .," 135.05 

..,.. 
50.05 78.05 4 107. 10 16 136. 15 2 

50.95 5 79.05 23 108.10 4 147. 10 19 
52.05 3 80.05 36 109. 10 8 148. 10 4 
53.05 19 81 •00 9 110.10 149. 10 1 
54.05 3 82.00 5 115 .05 161.10 3 
55.05 15 83.00 117 .05 162 .10 1 

56.05 91 .00 23 119.05 8 175.20 1 
57.05 1 92. 10 20 121.05 26 189.15 2 
63.05 1 93.00 100 122.05 7 204. 15 7 
65.05 8 94 .10 15 123.05 2 205.25 
66.05 3 95. l 0 7 128.05 I 
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C.2. Electron Impact Hass Spectra of Alcohols {Listed in order of 

their elution on an HP-5 capillary column): 

cis-3-Hexen-1-ol 

trans-2-Hexen-1-ol 

Linalool 

Myrcenol 

a-Fenchol 

Isopulegol 

Menthol 

Terpinene-4-ol 

a-Terpineol 

Citronellola 

trans-Carveola 
Nerola 

cis-Carveola 

Geraniol 

atrans-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. 
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cis-3-hexen-1-ol 
(leaf alcohol) 

m.w. 100 

67s la 
I 

7121•u 
C Sia 

11- 5121C 55 
:l 
.a 40 "- 82 

/ 
a: 

3121 

2121 
100

1121 

121 
80 90 " 

l'IIZ ebund. l'IIZ ebund. l'IIZ ebund. l'IIZ ebund. 

41 .10 100 53.05 14 65.05 3 79.10 2 
42. 10 23 54.05 12 67.05 73 80. 10 1 
43. 10 1 1 55.05 36 68.05 7 81. 10 5 
44,10 7 56.05 6 69.15 19 82. 10 28 
45.10 2 57.05 13 70.15 8 83. 10 3 

50.05 4 58.05 \ 71 .05 2 98.00 1 
51 .05 6 62.05 1 72.05 3 100.10 2 
52.05 3 63.05 2 77.00 1 
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E!!!!-2-hexen-l-ol 
m.w. 100 

5c: a. n 4 3 Iii c :3 I . la 7 3 m ; n ) 0 f D l=l T l=l ! STD 1 4 . D 
1ia01 j'-.,_

57Iii la 

Ella 

• 71a 

" C 61a•"II 50C 
:l 

4 la.a 
II 

30 67 8255 I

"- I
7 120 

I !ala/I la "-0 
50 60 70 80 90 100 

Ma.ss/Cha.r- • 

1'1/z 

41. 10 
42. 10 
43. 10 
44. 10 
45. 10 

49. 25 
50.05 
51.05 
52.05 

ebund. 

59 
13 
26 
18 
3 

1 
4 
4 
2 

1'1/Z 

53,05 
54. 15 
55.05 
56.05 
57.05 

58.05 
59.05 
61, 95 

ebund, 

8 
6 

!5 
11 

100 

6 
1 

I'll z 

63.05 
65.05 
65 .15 
67.05 
68,05 

69.05 
70. 15 
71.05 

ebund. 

1 
2 

22 
2 

7 
3 
9 

1'1/z 

72.15 
76. 90 
-, 0 1 B 
r _, • '~ 

81 .20 
82.10 

83, 10 
85,00 

100, 10 

ebund, 

5 
1 

3 
20 

2 
1 
2 
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linalool 

m.w. 154 

5 I 4 (35.716 m 1 n) of DRTR:5TD1.D 
1 la01al ~ Se a.n 

/ 
7 1 

435100 

Q00 

700 93•Cl / 
C 600•"'II 500 69C 
J 
~ 4121121 '-----a: 

3121121 
I 2 I 
/21210 

13 6 I 5 4I100 ....._______ 
0 ......._ __....._.1-L-U-i.+---i...+,t....._..........,_._--+,'-JL.l.4'...__ ........ ......,.....,___.........µ-~...............,,........,__......,._~~~ 

60 80 100 14 0 
Ma.££ /Ch a.rg • 

1'1/Z abund. 1'1/Z abund. l"IIZ abund. I'll z abund. 

41 .10 862 62.95 12 84.10 37 108.10 21 
42.20 98 65.05 41 85.10 13 109. 10 53 
43.10 1000 66 .15 21 86 .10 13 110.10 8 
44.00 34 67.05 215 87.00 3 111 .10 27 
45.10 28 68.05 116 91 .10 102 112 .10 4 

47.30 2 69.05 372 92. 10 139 119.05 1 1 
50.05 17 70. 15 64 93.10 621 121 .05 187 
50.95 52 71 .05 866 94·, 10 88 122.05 17 
52.05 28 72.05 66 95.10 30 123.05 4 
53.05 192 73. 15 8 96.10 62 125.05 5 

55.05 629 74. 15 3 97 .10 21 127. 15 5 
56.05 96 77 ,05 64 98.10 9 136. 1S 69 
57.05 46 79.05 120 99.10 4 137 .15 9 
58.05 28 80.05 272 103.00 4 139.15 16 
59.05 33 81. 10 108 105.10 52 140.05 3 

60. 15 3 82. 10 48 106.10 13 154.20 3 
62.05 5 83. 10 139 107. 10 63 
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myrcenol 
II!. w,. 154 ~~ 
5c: ..... 6 4 la (3 6. 1 4 la minl O't OATA,STD13.D 

991a···1 
Bia 

/ 
43 

7121" u 
C 60 
Oil 

"C 79 
SiaC 

:l / 93 
~ 40 

/ 
68a: /

3121 

I 2 I20 / 
13 6 
/1 121 

" 50 60 70 80 90, 1 121121 I I 0 12 0 I 3 0 
Ma.,.,. /Ch a. r g • 

ri/z abund. ,,,.,;z t!bund. 1"!'1/: abund. Pl I z abund. 

41. 10 49 56.05 3 69.15 15 92. 10 ' 5 
42.20 7 57.05 9 70.05 2 93.10 32 
43. 10 64 58.05 6 71 .05 8 94.00 5 
44.00 6 59.05 100 77.05 9 95. 10 6 
45.10 5 60.05 3 79.05 42 107.10 6 

49.95 3 62.95 2 80.05 27 108.00 2 
51 .05 7 65.05 8 81 .00 30 121. 05 15 
51. 95 5 66. 15 4 82 .10 5 122.05 2 
53.05 18 67.05 21 83.00 2 136.05 7 
54.05 3 68.05 27 91. 10 4 139.25 2 

55.05 12 
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I 
I 

H~~a-fenchol 

m.w. 154 ~ 
S.c a.n 5?2 C.IS.431 m;" ) c.f OFITFI, 5TIJ3. IJ 

/1,..l 
I 

8 I510 

Sia 4 1 

• 70 
u 
C 60
Ill 

"ll 50C 
J 
.c 4121 
a: 

3121 

2121 

/ 

69 

"- 84 

/ 
I 3 9 

6121 8121 I 121121 1 2 121 

154 

"'140 
Ma.s:s:/Cha.~ e 

'----.__10 

121 

l'IIZ abund, l'IIZ abund. MIZ abund. l'l/z abund. 

41. 10 69 63.05 1 82.00 18 107.10 1,2 
42. 10 7 65.05 6 83.10 14 108 .10 2 
43.10 66 66. 15 3 84.10 19 109.10 2 
44.10 3 67.05 27 85.10 5 110.20 2 
45.10 5 68. 15 5 86. i0 1 111. 10 14 

49.95 2 69.05 30 91 .10 7 112. 10 2 
50.95 5 70.05 5 92. 10 4 121 .05 12 
52.05 3 71 .05 25 93.10 16 122, 15 1 
53.05 18 72 .05 24 94 .10 3 123.05 4 
54.05 5 73.05 3 95.10 6 124.05 1 

55.05 29 77.05 9 96. 10 4 125.15 2 
56. 05 7 78. 15 2 97. 10 5 136. 15 2 
57.05 23 79.15 1 B 98.10 4 139.15 2 
58.05 2 80.05 70 99.10 2 154. 10 2 
59.05 2 81.00 100 105. 10 2 
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isopulegol 

!!!.W. 154 

7 I 2 (36.820 min) cf ORTR,STOII.DH:l01~ Sc a.n 

90 41 

912! 

II 70 67 
u 
.,C 60 

'1l 50 "' 
C 

1 2 I..c 
J 

40 93 /er / 

30 

1 la 

0-.....--.......,,.........,_.._.................,....."+"-........ - .............................................._....,.........,.___............,___..., 

6 la 80 100 120 I 4 0 
Mas:s:/Cha.r e 

l'IIZ tibYnd, l'IIZ abund. ,.,/z ebund. MIZ .i....,_ .... 
ig,IJWIIW • 

41 .10 100 63.05 
.,.. 82.10 11 108.10 6 

42.10 16 64.05 1 83.00 24 109.10 13 
43.10 45 65.05 8 84.00 31 110.10 12 
44.10 12 66.05 5 85.00 8 111.10 20 
45.10 3 67.05 58 86.00 112. 10 9 

50.05 2 68.05 39 91 .00 8 113. 05 1 
50.95 8 69.05 46 92. 10 8 121 .05 34 
52.05 5 70.05 14 93.10 32 122.05 3 
53.05 33 71 .05 44 94 .10 14 123.05 4 
54.05 7 72.05 5 95.10 31 125.05 1 

55.05 55 73.05 1 96. i0 6 136.15 IS 
56.05 30 77.05 10 97 .10 15 137 .15 2 
57.05 18 78. IS 3 98. 10 11 139. 15 10 
58.05 2 79.05 24 99. 10 2 140. 15 1 
59.05 3 80. I 5 14 105.00 2 154 .10 6 

62.05 81. 00 45 107. 10 13 155.10 
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0 ...menthol 
;:, ''OH 

m.w. 156 

100)1"--._ Sc a.n 

90 41 

749 (37.242 min) 

B 1 

/ 

of DRTR, STDl 1. D 

II 
u 
C 
ol 

"1l 
C 
:J 

.tla: 

80 

70 

60 

50 

40 

30 

20 

10 

/ 
55 

95 
/ 

109 
I 

12 3 
I 13 8 

"'-
0 

50 70 8121 90 11210 110 120 130 
Ma.s: s: /Ch a. r e 

1'1/Z abund. l'IIZ abund. l'IIZ abund. l'IIZ abund. 

41 .10 100 63.05 83.10 12 100.00 ,1 
42. 10 15 65.05 4 84. 10 5 107 .10 I 
43.10 60 67.05 47 85.10 8 108.10 1 
44. 10 1 1 68.05 16 86 .10 3 109.10 12 
45.10 5 69.05 35 87.10 110.10 6 

50.05 70.05 15 91 .10 2 111. 10 2 
50.95 4 71 .05 99 92 .10 1 112 .10 2 
52.05 2 72.05 5 93. 10 6 113.05 1 
53.05 18 73.05 1 94.10 8 121 .05 2 
54.05 8 77 .05 5 95.10 67 123.05 26 

55.05 62 78.05 1 96 :10 23 124.05 3 
56.05 25 79.05 8 97 .10 5 136. 15 1 
57.05 40 80.15 14 98.10 138.15 18 
58.05 4 81 .00 88 99. 10 3 139. 15 3 
59.05 2 82. 10 37 
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terpinene-4-ol Q
1r.llm.w. '.,, ....-...__ 

,.. 
sua 
l 

ee 

• 7121 
CJ 
C 60
Ii 

"O 5121C 
:i 

.0 40 
er 

321 

20 

I 121 

0 

Sc: a.n 664 (37.31,;7 min) 0f □RTR, ST □ I . □ 

"' 7 1 

43 

/ 
1 1 I93 

"----/ 

69 
............., 1 5 4 

l::lS " I 2 5 / 

"'60 80 I IZI 121 1 2 Lal 14 0 
Ha.s: s: /Ch a. r- e 

l'IIZ ~bund, !"!IZ abund. rn./z abund. rrilz abund. 

41. 10 47 62.05 1 81 .00 13 105.10 
42.10 7 63.05 2 82.00 4 107.00 2 
43.10 62 65.05 7 83.10 11 108.00 l 
44. 10 3 66.05 3 84. 10 2 109.10 2 
45.00 3 67.05 21 86.10 19 110.10 7 

50.05 2 68.05 15 87.10 2 111.10 48 
50.95 5 69.05 22 91 .00 14 112 .10 4 
52.05 3 71 .05 100 92. 10 9 121 .05 2 
53.05 17 72.05 5 93. 10 50 125.05 3 
54.05 3 73.05 94.10 6 136 .15 11 

55.05 30 77 .05 15 95.10 i0 137.05 2 
56.05 2 78.05 2 96. 10 1 139. 15 3 
57.05 4 79.05 8 97: 10 2 154.10 15 
58.05 3 80. 15 I 98.10 2 155 .10 2 
59.05 2 
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11-terpineol 

m.w. 154 

Sc: a.n 872 (37.575 min) of □ l=ITR:5TOl2. □ 

9100190 

B0 

II 7 0 
u 43 
C 612! / 93,Id 

"0 /512!C 
:I 8 I I 2 1..0 40 

/er 67 / 13 6
3121 //
20 

112! 

0 
50 60 70 80 90 100 I 1 0 I 2 L2I I 3 121 I 4 0 

Ma. s: s: /Ch a. r .. 

l'IIZ abund. l'IIZ abund. l'IIZ abund. I'll:.: abund. 

41 .10 30 60.05 3 78.05 3 105. 10 3 
43. 10 55 61 .05 79.05 16 106. 10 '1 
44.10 2 62.05 80.1 S 6 107 .10 s 
45.00 3 63.05 1 81 .00 31 108.10 3 
50.05 2 65.05 5 82 .10 2 109. 10 

51 .05 s 66.05 2 91 .10 9 119.05 1 
52.05 3 67.05 22 92. 10 17 12 t .05 34 
53.05 13 68.05 12 93.10 47 122.05 3 
54.05 5 69.05 4 94. 10 7 123.05 1 
55.05 ts 70.05 95. 10 1 t 136. 15 26 

56,05 1 71 .05 8 96.10 4 137. ts 3 
57.05 2 72. 05 I 97.00 t 39. t 5 5 
59.05 100 77 .05 12 
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citronellol 0-
!!!.W. 156 /'-... 

S.c a.n 7 I 5 C3B.lill59 m; r"'1) 0+ DATA:STD3.D1001"'!30 41 

a ia 

• 7lill 
(J 

,_ C 60 
1l 50C 
::l 
.c 40 
er 

30 

20 

10 

0 
60 80 100 l 2 0 14 0 

P-1._s: s: /Ch a. r e 

6 !3 ..........__ 

8 I 
/ 

95 
/ 

1 2 3 
/ 1 3 8 156 

/ "' 
111/z ebund. l'IIZ ebund. "1IZ abund. 

_,_ 
r11 ._ abund. 

41 • 10 100 57.05 9 79.05 3 97.10 
42.10 9 57.95 1 80. 15 3 99.10 I 
43. 10 19 59,05 1 81 .00 32 109.10 8 
44.00 3 63.05 I 82 .10 26 1 I 0. 10 3 
45.10 4 65.05 3 83.10 6 111.20 I 

50.05 I 67.05 42 84.10 2 112, 10 I 
51 .05 3 68,05 17 85.00 2 123.05 II 
52.05 2 69.05 57 86. 10 2 124.05 1 
53.05 12 70.05 10 91 .00 I 138. 15 5 
54.15 4 71 .05 16 93.10 139.15 1 

55.05 40 72 .05 1 95.10 23 156. 10 3 
56.05 18 77.05 2 96. 10 5 157. 10 1 
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OH 

H 
~-carveol 

m.w. 152 st.
, 

., ' 

···i9121 

80 

II 7121 
u 
C 60 
Id 

"tl 5121C 
:J 

.11 40 
a: 

3121 

20 

10 

121 

Sc a.n 821.l (39. 11219 mi n ) of DATR:STDl3.0 
_,/i 

109 

4 1 £4 
/ / 

83 
69 "'~ ~ 

1 l 9 1 3 7 1 5 2 
/ "--

-----------

E, 0 8121 11210 12 0 14 0 
Ma"s..-'Cha.r • 

I'll z abund. !'1/z abund. l'IIZ abund. !'IIZ abund. 

41. 10 64 63.05 4 85.00 4 110. 10 J0 
42.10 7 65.05 13 89.00 1 111. 10 2 
43.10 38 66.05 5 91 .00 27 115.05 .,.. 
44.00 5 67.05 25 92. 10 7 11S. 9S 1 
45.10 3 68.05 7 93.10 16 117 .05 2 

50.05 4 69.05 30 94. 10 6 119. 05 12 
51 .05 13 70.05 2 95.10 20 120.05 1 
52.05 6 71 .05 2 96. 10 10 121. 05 
53.05 24 72.05 97. 10 5 122. 15 1 
54.05 8 74.05 98.10 123.05 8 

55.05 49 75.05 1 102.00 124 .05 3 
56.05 29 77.05 21 103. 10 2 133 .15 1 
57.05 5 78.05 5 104.20 1 134.15 3 
57.85 79.05 18 105.10 7 135.05 1 
58.05 80.05 10 106. 10 3 137.05 10 

59.05 81. 10 16 107. 10 6 i38.05 
60.05 82.00 11 108.10 16 152. 10 9 
61.05 83.00 36 109.10 100 153.00 1 
62.05 84.00 63 

C-34 



nerol 
m.w. 154 

(38.148 min) cf DRTR,ST03.D 

•(J 
70 

C 
Ill 

60 
"C 
C 50 
::l 
.aa: 

40 

30 

20 

10 

0 .............~U.U.f-U-'-,--4'-.U........_........~........-

60 80 
11 a.,., "' 

M/z ebund. l'IIZ ebund. 

41 .10 100 63.05 1 
42 .10 6 65.05 3 
43. 10 12 66.05 I 
44.00 2 67.05 16 
45. 10 68.05 16 

50.05 2 69.05 76 
50.95 4 70.05 7 
52.05 2 71 ,05 7 
53.05 13 72 .05 1 
54.05 2 77 .05 5 

55.05 11 78.15 1 
56.05 4 79,05 6 
57.05 3 80.05 9 
59.05 2 81. 00 5 

9 :3 
/ 

154 
'-....._ 

................,..____,...,....~--.........---_..,.'--',...--~----' 

100 12 0 14 0 
/C n a. r e 

l'llz e.bund. r:i/z abund. 

82 .10 3 108.10 
\ 

I 
83.10 8 109.00 I 
84.10 13 110.20 1 
85.00 2 111.10 4 
91. 10 5 112. 10 

92.10 3 119. 05 1 
93.10 17 121 .05 6 
94. 10 3 122, 15 1 
95.10 3 123.15 5 
96. 10 2 135.05 1 

97. 10 4 136 .15 2 
98. 10 2 139 .15 3 

105.10 2 150.00 1 
107, 1·0 3 154.10 1 
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cis-carveo1 
m.w. 152 

s~ a.n 838 (39.319 min) of DRTR,STD13.D 

4 1 I'...11211211 
91.l / 84 

8121 55 
GJ 7121 
u 
C 6121
,.i 

"O 50C 
::l 
~ 4121 
a: 

3121 

2121 

IS 2I 121 

121 
6121 9121 11210 l 4 la --------

Ma.s:s: .✓ Ch a.ri;ie 

/ l 1219 

~ 
69 

/ 

1 l 9 
I 

1 3 4 
I 

1 2 121 

l'IIZ abµnd. l'IIZ abund, l'llZ abund. 1'1/Z abund. 

41 .10 85 64.15 2 84.00 100 109.10 6,2 
42 .10 10 65.05 16 85.00 5 110. 10 8 
43.10 50 66.05 7 86.00 1 111. 10 1 
44. 10 6 67.05 33 89.00 1 115.05 2 
45.10 4 68.05 10 91 .00 34 116. 25 1 

50.05 6 69.05 50 92. 10 18 117 .05 3 
51 .05 16 70.05 3 93.10 26 119.05 27 
52.05 7 71 .0S 4 94. 10 19 120.0S 3 
53.05 36 72.05 3 95.00 27 121 .05 3 
54.05 9 73.05 96.10 7 122. 15 1 

55.05 66 74.05 97 .10 6 123.05 10 
56.05 41 74.95 98. 10 124. 15 3 
57.05 7 77.05 29 102 .10 1 131 .05 
57.95 2 78.05 7 103. 10 2 134.0S 45 
59.05 3 79.05 31 105.10 13 135.05 5 

60. i 5 i 80.05 22 i06. i0 7 i 37. iS i0 
60.95 2 81 . 10 26 107. 10 8 138.05 1 
61. 95 2 82. 10 11 108 ._10 10 152. 10 
63.05 5 83.00 47 
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0 -'W-'+--+JCU.....,.__..,_._....U..,....._.,....J-'-4-'-.......__ ........ ......,.......,_____,i-L-'-..,,_..._ 

geraniol 

m.w. 154 

(38.517 min) of DATFl:5TD3.D•::r.-,Scan•~ 

80 

•
CJ 
C• £0 

'tl 5'21C 
::i 
.a 40 
a: 

30 

20 
1 3 9

1 121 "----
154 

"--__,..LU.1~--....._..,--_--.-.....J_ 
E,121 80 10121 14 0 

Ma.s:s: .-'Ch a.rge 

flliZ e1bund. fTIIZ !!bund. l'liz abund. 1'1/Z abund. 
\ 

41. 10 100 63.05 1 82.10 107. 10 2 
42.10 6 65.05 3 83.00 4 108. 10 1 
43.10 10 66. 15 84.00 7 109.10 1 
44. 10 2 67.05 14 85.00 2 110. 10 1 
45.00 1 68.05 18 91 .10 3 l ! 1. ! 0 5 

50.05 1 69.05 86 92.10 3 112. 10 1 
51 .05 4 70.05 7 93. 10 10 121 .05 4 
52.05 2 71 .05 6 94.10 2 122. I 5 1 
53.05 12 72.05 1 95.10 2 123.05 7 
54,05 2 77.05 4 96.10 2 124.05 l 

55.05 10 78.05 97 .10 136. 15 2 
56.05 2 79.05 4 98.00 139. 15 2 
57.05 4 80.05 5 105.10 154.10 l 
59.05 3 81 . 10 5 
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C.3. Electron Impact Mass Spectra of Acetates (Listed in order of 

their elution on an HP-5 capillary column): 

cis-3-Hexenylacetate 

trans-2-Hexenylacetate 

Bornylacetate 

C-38 





m.w. 142 

Si.c & ,., 755 C:ilJ.937 m;,.,) .. ; DATA, !i.TDI 4. D 

1 liil!a] 
92 .1 

• 
Iii la -

70· 
Cl 
C 6 ia-•"Cl -s ia • C 
::i 
.0 4 la· 
(! 

30· 

20· 

I 0 

la 

67 

/ 

82 
/ 

: 
45 5 1 54 73 

~ 

/ \ I 57 65 '" 79. 
I I II 

/ ( I ' 
I I' ' ' 

50 60 7 ia 8121 
Ma,.~~,;Charge 

l"IIZ sbund. r,/ z abund. r,/ z abund. 1"1/z sbund. 

41. 10 21 52.05 1 57.05 1 73.05 2 
43. 10 100 53.05 5 65.05 2 79.00 1 
44. 10 3 54.05 7 67.05 60 81 .10 4 
45. 10 55.05 6 68.05 4 BZ. 10 28 
50.05 56.05 69. 15 2 83.10 2 

51.05 2 
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trans-2-hexenylacetate 

m.w. 142 

Sca.n 7&9 C34:~75 minl of CATA:STC14.C 
1001 ~ 

9121 ~-

9121 

• 7121 
u 
C•"II 
C 
::i 

.0 er 

6'3 

5121 

4121 

30 

20 

10 

55 

/ 
I 1 3 
/ 

142 ........_____ 
e ..........,_......,.,..........,.....,.~......~...._..-...,..~......~.......,...............___........_..-___~......,,.... 

,0 80 
Ma.s:s:/Cha.r-

100 
• 

12 0 1 4 0 

l'IIZ ebund. 1'1/Z ebund. 1'1/Z ebund. l'IIZ 'ebund. 

41 • 10 
42.20 
43.10 
44. 10 
45. 10 

22 
7 

100 
4 
1 

54.05 
55.05 
56.05 
57.05 
58.05 

9 
16 

4 
12 

2 

69.05 
70.15 
71. 15 
72.05 
79.10 

1 
1 
6 
2 
I 

85. 10 
87.00 
98.10 
99. 10 

100.10 
4 

12 

50.05 
51. 05 
52.05 
53.05 

1 
3 
1 
6 

61 .05 
65.05 
67.05 
6B.05 

2 
2 

31 
2 

81;10 
82. 10 
83. 10 

4 
22 

4 

101. 10 
113.05 
142. 10 

C-4O 



bornylacetate 

m.w. 196 

Sc a.r, 827 (39.166 minl0f DATA:5TDI.D1••1~91a 43 

•u 
C: 
1111 

'ti 
C: 
::l 
.c 
ct 

8121 

70 

60 

50 

4121 

30 
67 

2121 / 

I 121 

0 
6121 8121 

95 

"---

11218 
/ 

100 120 140 1 I:. 0 

196 

"' 1 8 121 
Ma.s:s:/Cha..-ge 

fll/z ab-und. rr,/z abund. rr,/z abund, rr,/z abund, 

41 • 10 44 67.05 17 91 .00 8 111.10 ,4 
43. 10 100 68.05 5 92. 10 12 112. 10 1 
44. 10 3 69.05 12 93 .10 38 113.05 2 
45.00 1 70.05 2 94.20 8 119.05 1 
49.95 1 71 .05 4 95.10 76 121 .05 30 

51 .05 3 72.05 2 96.10 6 122.05 3 
52.05 2 77.05 9 97 .10 2 123.05 
53.05 11 78.05 2 98·.10 125.05 1 
54. 15 2 79.05 10 99.10 1 136.15 31 
55.05 21 80.05 15 105.10 3 137. 15 4 

56,05 2 81 .00 9 106.20 1 139.05 1 
57.05 3 82. 10 6 107 .10 7 1S3. 10 1 
59.05 83. 10 6 108 .10 13 154.10 6 
63.05 84. 10 4 109.10 10 155. 10 1 
65.05 4 85. 10 I 110. 10 7 196. 15 2 

66. 15 2 
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C.4. Electron Impact Mass Spectra of Aldehydes (Listed in order of 

their elution on an HP-5 capillary column): 

n-Hexanal 

~-2-Hexenal 

Citronellal 

Safranal 

Neral 

Geranial 

Hydroxycitronellal 
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n-hexanal 

(caproaldehyde) 

m.w. 100 

Sc:: a. n 5 8 ( 2 9 . 7 5 3 m , n ) 0 f DFI TR , STD I 5 . D 
11a0 

90 

80 

., 70 
u 
C 60
Ill 

"ti 5 0 C 
::l 

..c 40 
(t 

30 

20 

I 0 

0 
80 

/1).. 
56: 

/-
_: 

: 

. 

. 45 
55 

. / "'5 I 

e:7 72 

/ I 
. 

I 
65 I . I, i. I 1 / 

50 60 70 
Ma.s:,: /Ch a. r • 

82 
/ 

I 

l'IIZ ebund. l'IIZ ebund. l'IIZ ebund. l'IIZ ebund. 

41 .10 99 51 .05 3 58.05 8 70.15 '1 
42.10 20 52.05 59.05 71 .05 6 
43.10 63 53.05 4 63.05 72.05 15 
44. 10 100 54.05 3 65.05 1 73.05 I 
45. 10 20 55.05 17 67.05 10 81.10 1 

46.05 1 56.05 67 68.05 82. 10 10 
50.05 2 57.05 48 69.05 83.10 1 
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trans-2-hexenal 

(leaf aldehyde) 

m.w. 98 

S.c:a.n 414 (30.-940 min) cf DATA,STDl4.D 

I 00 ]"" 

90~ 41 

Sia 

7121•u 
C 6121
N 

1l 5121C 83
:i I57..0 4121 

/er 
3121 

712l 98 
20 / '\_ 
10 

0 ............_.__,_-'-+....i~--'-".........___,...&....1.......,........'"""'-_1-'-__............,_~.....,_.,____~_-.....,_..., 
50 60 70 80 9121 

M:a.s: s: /Ch a.,. g e 

l'llZ ebund. fl'IIZ ebund. fl'IIZ abund, "1/z abunQ, 

41. 10 100 54.05 10 65.05 3 79.10 5 
42. 10 50 55.05 76 66.05 l 80. 10 8 
43.10 24 56.05 17 67.05 5 81. 10 3 
44. 10 2 57.05 33 68.15 8 83. 10 39 
49. 05 1 58.05 2 69.05 49 84.00 2 

50.05 7 61. 05 l 70.05 15 97 .10 7 
51.05 8 62.05 2 71 .15 l 98.10 13 
52.05 3 63.05 2 77.00 1 99.00 1 
53.05 13 64. 15 1 

C-44 



citronellal 

m.w. 154 

Sc a.n 606 (36.825 m,nl cf DRTR,ST □ 3. □ 

90 41···1" 
80 

•u 
C 
Ill 
1) 

C 
::l 

..Da: 

70 
69 

60 "--
50 

9540 

""'30 

20 

10 

0 
60 e 121 100 

1 2 I 
/ I 3 9 1 5 4 

"-- "-..___. 

1 2 0 14 ra 
Ma.s:s:/Cha.r"e 

rri/z abund. rri/z abund. rri/z abund, rri/z abund. 

41. 10 
42.10 
43.10 
44. 10 
50.05 

100 
10 
19 
2 
1 

63.05 
65.05 
67.05 
68.15 
69.05 

1 
3 

20 
8 

56 

82, 10 
83.10 
84.00 
85.00 
91 .10 

3 
9 

I 0 
2 
1 

107. 10 
108.20 
109, 10 
110.10 
111.10 

,I 
I 
7 
8 

11 

Si .05 
52.05 
53.05 
54.05 
55.05 

4 
2 

13 
4 

36 

70.05 
71 .05 
72 .05 
77.05 
78.05 

9 
7 
2 
3 
1 

92 .10 
93.00 
95.10 
96.10 
97 .10 

1 
6 

31 
4 
6 

112 .10 
121 .05 
122.15 
123.05 
136, 15 

5 
14 

1 
1 
4 

56.05 
s1 .0s 
59.05 

19 
7 
2 

79.15 
80. 15 
8 I. 10 

4 
-~ 
L 

8 

98. f0 
'.39.00 

105:10 

5 139.1!::, 
154. 10 

4 
4 
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safranal 

m.w. 150 

Sc a.n I I 7 4 (37.967 min) of □ ATA,ST □ 9. □ 

_./i91 107
9 la ···i 
90 

II 70 
u 
C 60
ol 

-a 50C 

65 
51 /

/ 

60 80 100 
M.._s: s: /Ch a.r e 

I 2 I 

"-., 
I 5 0 

:) '----....0 40 
a: 

30 

20 

10 

0 
14 0 

rri/z sbund. rri/z sbund. rri/z e.bund, !'!/z abuncL 

41 .10 18 60. 15 3 80.05 4 108. 10 rn 
42. 10 1 62.05 3 81.10 3 109.00 2 
43.10 6 63.05 9 82.00 1 I 15 .05 3 
44. 10 64.05 .,.. 83.00 1 117 .05 3 
45.00 65.05 23 89.00 3 119.05 6 

45.80 1 66.05 4 91 .10 89 121 .05 51 
46. 10 1 67.05 5 92.00 12 122.05 7 
50.05 7 67.85 93.10 9 123. 15 
51 .05 19 69.05 ..... 94.10 2 132. 15 
52.05 6 73.05 95.~0 2 133.05 2 

53.05 12 74.15 2 102 .10 1 134.05 1 
54.05 2 75.05 

.,.. 103.00 6 135.05 9 
55.05 5 77.05 31 105.10 49 136.05 
56.95 78.05 7 106 .1·0 10 150.10 36 
58.15 79.05 37 107 .10 100 151. 10 5 
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neral 
11::?m.w. ,_,_ 

Soc a.n

1•••1"-._ 
!Hilla 4 l 

745 (38.402 mjn) c~ DATA:S.T03.D 

800 

•u 
C 
l'i 

"Q 
C 
J 

.Cl 
a: 

700 

600 

5 0121 

4 0121 

3 121121 

2121121 

67 

"-

/ 
69 

84 109"' I 121121 

0 

15 2 

"'
/ 

60 8121 11210 12 0 1 4 121 
Ma.s s /Ch a.r e 

r,,/z abund, r,,/z abund. r,i/z abund. r,,/z abund. 

41 .10 1000 63.05 15 82.00 121 110.10 25 
42. 10 63 64. 15 6 83.00 122 111. 10 5 
43. 10 122 65.05 44 84.00 155 114.95 3 
44.00 12 66 .15 17 85.00 11 117 .15 5 
45.00 11 67.05 188 91 .10 61 119,05 54 

50.05 25 68. 15 44 92.00 18 120.15 7 
50.95 58 69.05 539 93.10 39 121. 05 16 
52.05 27 70.05 55 94. 10 154 122.05 6 
53.05 156 71 .05 15 95.10 128 123.05 18 
54.05 55 72 .05 8 96. 10 38 124. 15 10 

55.05 106 73.05 4 97.00 13 124.95 3 
56.05 56 75.05 3 102.90 4 134.05 19 
57.05 19 77.05 49 105.00 15 135.05 4 
59,05 119 78.05 13 106.- 10 5 137 .15 27 
60.05 5 79.05 62 107 .10 30 138.05 3 

61.25 3 80.15 41 109.10 150 152.00 5 
62.05 7 81 .00 140 
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geranial 
m.w. 152 

Sc: a.n!BBi"._ 
9(2J 41 

783 (38.842 min) 0f DFITFl:STD3.D 

•u 
C 
Ii 

"Cl 
C: 
:I 
.ca: 

90 

70 

60 

5 0 

4 0 

3121 

69 ........ 

" 

84 

212J 

1121 

82 

'-------
/ 137 

'----.. 15 2 

~ 
0 

6 0 80 11210 
Ma. s: s: /Ch a.,. g e 

12 0 14 0 

111/z ebund. 111/z ebund. 111/z ebund. 111/z abund. 

41. 10 100 62.05 1 82.00 10 108.20 \ 1 
42.10 5 63.05 1 83.00 8 109.10 B 
43.10 6 65.05 3 84.00 17 110. 10 7 
44.00 1 66.05 1 85.00 1 111. 10 1 
49.95 2 67.05 9 91 .00 3 119. 05 2 

50.95 5 69.05 73 92. 10 121 . 05 1 
52.05 2 70.05 5 93. 10 1 123.05 5 
53.05 12 77 .05 3 94.10 10 124.05 1 
54.05 4 78.05 I 95.10 6 134.05 1 
55.05 7 79.05 4 96. \0 1 137.05 7 

56.05 4 80.15 1 105.10 138.15 1 
57.05 1 81 .10 6 107. 10 152, 10 4 
59.05 3 
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-------------

hydroxycitronellal CJ=O 
r,um.w. 172 ,,,,--.........-·· 

,...I 
900 

800 

II 700 
(J 

C: 600
ol 

1l 
5 0121C: 

:I 
4121121.tia: 
3 0121 

2 0121 

I 0121 

0 

Sc: a. n 9 I 4 (39.024 m,nl ,;, f DRTR,STCJ!0.IJ 

"" 59 

43 
../

/ 

7 I 

/ 

I 3 9 
'"'-. I 5 7 

60 80 100 I 2 0 I 4 0 
Mao.s: s: /Ch a r e 

ff',/Z abund. ff'IIZ abund. ff'IIZ abund. ff'IIZ abund. 

41 .10 320 60.05 31 82.00 9 109.10 ri 
42.10 74 61 .05 9 83.00 15 110. 10 19 
43.10 738 62.05 1 84.00 10 111 .10 38 
44.10 49 63.05 2 85.10 20 112 .10 11 
45.10 33 63.95 1 86.10 14 113.05 30 

46.10 2 65.05 6 87 ..10 1 114 .05 46 
47. 10 3 66.05 3 91 .10 3 115.15 4 
48.95 1 67.05 32 93.10 24 119.05 1 
50.05 3 68. 15 18 95.10 84 121 .05 42 
51.05 8 69.05 111 96 .10 93 122 .15 5 

52 .15 4 70. 15 33 97. 10 23 123.05 1 
53.05 34 71 .05 371 98 .10 7 129,05 6 
54.05 17 72.05 22 99.10 11 136.15 3 
55.05 139 73.05 4 100.00 137. 15 2 
56.05 47 77.05 5 101 .10 139.15 43 

57.05 84 79.05 11 105.20 2 140.15 4 
58.15 69 81 .10 105 107 .. 10 2 157 .10 5 
59.05 1000 
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C.5. Electron Impact Hass Spectra of Ketones (Listed in order of 

their elution on an HP-5 capillary column): 

2-Heptanone 

Fenchone 

a-Thujone 

s-Thujone 

Camphor 

Menthone 

Isomenthone 

Pulegone 

Carvone 

Piper tone 
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2-heptanone 

!!!.W. 114 

Scan 786 (.31.608 minl of DRTR,ST □ 7. □ 

100l 
90 
~ 

43 

80 

It 
(J 

70 · 

C 
~ 

"'ll 
C 
J 

.D er 

S 0 · 

5 121 • 

4 0 · 

3 0 · 

58
•,""' -

2 0 · 

I 0 ·: I 0 , I . . 
50 

I. I 
60 

7 1 
,/' 

/ 

II 

70 80 
Has:s: ,Ch a.rge 

85 
/
I 

90 

99 

/
I 

100 

I I 4 
'-..,_ 

I 

I I 0 

l'IIZ sbund. l'IIZ abund. l'IIZ sbund. l'IIZ sbund. 

41. 10 13 45. 10 56.05 72 .05 '3 
42. 10 8 51 .05 58.05 45 85. 10 .,.. 
43.10 100 53.05 59.05 8 99.10 .,,. 
44.10 3 55.05 4 71 .05 11 114 .05 3 
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fenchone 

Scan 992 C:35.884 m1nl cf DRTR:STD9.D 

8~ 5CRLED 
9 0 ···i 
8121 

ti ?0 
u 69 

/ 
4 1C 60

Al ~ 
"O 50C 
:l 

..c 40 
a: 

:3121 
15220 

11219 
95 "-10 

0 "" 
6121 8 121 "" I 121121 14121 

Ma.~~/Cha.r e 

l"IIZ abund. 11'1/z abund. 11'1/Z abund. !'!/z abund. 

41 .10 50 56.05 72.05 
.,.. 93.10 ' 1 

42.10 6 57.05 77.05 5 95. 10 2 
43.10 5 63.05 78.05 1 107 .10 1 
50.05 2 65.05 4 79.05 8 109. 10 6 
51 .05 4 66.05 1 80.) 5 14 110. 10 

52.05 2 67.05 13 81 .00 100 137 .15 2 
53.05 10 68. 15 6 82.00 9 152 .10 12 
54.05 2 69.0S 53 83.00 1 153.10 1 
55.05 7 70.05 5 91 .00 2 
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a-thujone 

m.w. 152 

Sc a.n 6 5 :3 L:36.157 mini cf DRTR:5TD10.D 

1001j-,-. /i
8 19 la 4 1 

80 

GI 
(J 

C 
ftl 

1l 
C 
:l 
.0a: 

152 
1:3 7 ,....._,_ '-----

70 

60 

50 

40 

10 

1 1 0 

'-----
95 

"" 

0 -'u.J........--j.U...,............,.......-.-,..u..i..,i----............l.J.fJ,-........ - .................'-,--~.1.j,,1...----,----"L.,--~__..,__._.--_~_._ 
60 80 100 12 0 14 0 

Ma.s:s:/Ch a.r-ge 

l'IIZ abund, l'IIZ abund. l'IIZ abund. l'IIZ abund. 

4 I. 10 98 57.05 79.05 27 105. 10 '1 
42.10 9 62.05 80.15 12 107 .10 2 
43.10 23 63.05 4 81. 10 100 109. 10 46 
44,00 1 65.05 12 82 .10 22 110 .10 63 
46. 10 I 66. 15 6 83.10 4 11 l. 10 5 

50.05 6 67.05 81 84.10 1 123. 15 I 
51. 05 14 68.05 61 91. 10 7 I 24. 15 3 
52.05 8 69.05 55 92. 1-0 134.05 I 
53.05 35 70. 15 10 93.10 4 137.05 2 
54.05 8 74.05 I 95.'!0 48 152. 10 7 

55.05 40 77.05 13 96. 10 5 153. 10 
56.05 6 78. 15 3 97. 10 2 
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s-thuJone 
!!!.W. 152 

I::J'~ISc ~n6~ £36.335 min) of DATR:5TDl0.D 

....----i 
8 I 

95801 

ti 70 
(J "' 
•C 60 
1l 50C 
J 

40.Da: 
30 

152 

137 ~ 
20 

10 '-----._ 
0-'W.1,---+JU.U.µ.J.........,.J4,..l.l..l.a,._.J..-1.J..4.1.U...,-..,..1-L..1,J.L...,.-.,...L..J+l,~-..--u..---~~--...i 

80 I 00 I 2 0 14 0 
Ma.s-s/Cha.r e 

l'IIZ abund. l'IIZ abund. 1'1/Z abund. l'i/z abund. 

41 .10 100 56.05 7 77.05 16 96.10 9 
42.10 11 56.95 2 78.25 4 97 .10 3 
43.10 25 63.05 5 79.05 33 107. 10 3 
44.10 3 64.05 80. 15 11 109. 10 53 
49.95 7 65.05 . 14 81. 10 97 110. 10 72 

51.05 16 67.05 96 82 .10 20 111. 10 7 
52.05 7 68.05 54 83.~0 6 123.15 2 
53.05 35 69.05 66 91 .10 9 124. 15 6 
54.05 10 70.05 24 93.10 5 137 .15 3 
55.05 50 74. 15 2 95.10 70 152 .10 10 
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camphor 
m.w. 152 

Sc a.n 625 (3Ei.931 m; n) of DFITFl:STI:ll.D1001 
Qla 

9'3 

• 7'3 
(j 

C S0 ... 
'ti 50C 
J 

..a 40 
a: 

3121 

20 

10 

0 
I 2 121 I 4 121 

41 95/1 
--

8 I 

' "' 
S9 

"---

6121 8121 I 121121 
Ma.s: s: /Ch a. r • 

108 
/ 15 2 

"' 
I 3 7 

"' 

l"t/Z ab-und. rt1/z abund. rt1/z abund. rt1/z abund. 

41 .10 90 62.05 l 80.15 lp 108.10 40 
42 .10 10 63.05 2 81 .10 72 109.10 33 
43. 10 11 65.05 8 82 .10 13 110.10 12 
49.95 3 66. 15 3 83. 10 33 11 I. 10 1 
5 I. 05 9 67.05 40 84 .'10 2 118.95 1 

52.05 5 68.05 18 91 .00 8 123.05 
53.05 22 69.05 42 93.10 16 124.05 
54. 15 5 70.05 3 95. 10 100 137.05 4 
55.05 52 77.05 12 96 .10 10 152.10 32 
56.05 3 78.05 2 97 .10 5 153 .10 3 

57.05 79.05 12 105.10 
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Qmenthone 
4~h l m.w. ,;,.. . ,,,,,,,......__ 

5c a.n 733 (37.035 m 1 r,) ",f CFITFl,5TC10.C 
100 ~ 1 I 2 

4 1 510 
69 --

80 '-----
II 70 
u 
C., 60 

11 13 950C 
J 70 

/ 
97.!I 40 I 5 4 ,........__er "' '--..30 

20 

10 

IL0 
60 80 100 I - 0 I 4 0 

Ma.s: s: /Ch a. r I! 

_,_ 
!'Ill ab1.1nd. f"I.! z ebund. I"ll &, abund. rri/z abund. 

41 .10 100 63.05 1 83.00 24 110.10 's 
42. 10 24 65.05 3 84.10 21 111 .10 27 
43.10 41 66.05 1 85.10 2 112. 10 91 
44 .10 2 67.05 1 1 91. 10 2 113.05 7 
45.10 68.15 7 92. 10 121.05 5 

50.05 2 69.05 74 93.1.0 6 122.05 1 
51 .05 4 70.05 32 94.10 3 123.05 1 
52.05 2 71 .05 5 95.10 18 125.15 5 
53.05 14 72 .15 1 97 .4 0 30 126.05 1 
54.15 5 77 .05 4 98.10 9 136. 05 1 

55.05 71 78.15 1 99. i0 139.15 39 
56.05 31 79.05 5 105.10 140 .15 4 
57.05 8 80.15 1 107 .10 1 154.10 28 
58.05 2 81 .10 6 109. 10 2 155.10 3 
59.05 82 .10 2 
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AH 
isomenthone 
""' u 1 CJJ ~ -·"· ,.,, ............... 

Sc a.n 643 C37.0S0 min) of DATR:STD2.D 
l 1 2 

Sia 4 l··T----- --
80 

70•u 
C 6121
Iii 

"!l 5121C 
I 3 9 J 70 

~ 4121 / 97 '--......._a: 154 
3121 "' 2121 "' 
1121 

121 
6121 80 100 12 0 14 0 

Ma.££/Cha.r e 

f'tllz ab1.rnd, l'IIZ abund. 1'1/Z abund. l'IIZ abund. 

41 .10 100 65.05 3 83.J.:)0 22 1 I 0. 10 ,5 
42.10 25 66.05 84.00 20 111 . 10 23 
43.10 40 67.05 12 85.00 2 1 I 2. 10 91 
44, 10 2 68. 15 7 91 .00 2 113. 05 8 
45.00 69.05 75 93.~0 6 121. 05 5 

50.05 2 70.05 32 94. 10 5 122.05 1 
50.95 4 71 .05 5 95.10 19 123. 15 1 
52.05 2 71. 95 97.00 28 125.05 5 
53.05 14 77.05 4 98.10 8 126.05 1 
55.05 67 78. 15 99. l0 136. 15 1 

56.05 31 79.05 6 105.10 1 139.05 33 
57.05 8 80. 15 I 107 .10 2 140. 15 3 
5'l.05 2 81 .00 8 108.30 1 154. 10 23 
58.95 82. 10 3 109.10 3 155. 10 3 
62. 95 
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pulegone 

m.w. 152 

Sc a.n 9 S I rrii r, ) cf DRTR,STD12.D(3/153 
67 

8 I · 90···i --
80 

Cl 70 

/ 
4 I 

u 
IS 2C 60

.i 
"ti 

50C 
::i " 

.D 40 
a: 

:30 

20 

10 

0 
I 4 0 60 80 100 12 0 

Ma.s;s./Cha.rge 

rri/z abund. fl'IIZ abund. fl'IIZ abund. rri/z abund. 

41 .10 58 59.05 1 81 .10 100 109.10 ,42 
42. 10 10 62.05 1 82.00 34 110. 10 7 
43.10 17 63.05 3 83.10 4 111. 10 1 
44.00 1 64. 15 1 84.00 1 119.05 3 
45.10 1 65.05 9 91 .00 6 121 .05 

50.05 3 67.05 91 92. 10 123.05 2 
51 .05 10 68.05 18 93.10 4 124.15 2 
52.05 5 69.05 20 94.10 2 135.05 1 
53.05 24 70.05 2 95.10 16 137.05 19 
54.05 5 77. 05 10 96. 10 3 138.15 2 

55.05 17 78. 15 2 97.00 152 .10 51 
56.05 3 79. 05 . 13 105. 10 153. 10 6 
57.05 80. 15 13 107. 10 3 
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qcarvone 
- I.I 1i:::n1M •" • I_,..., 

~ 

Sc~n 87:3 1:38.572 mini of DRTR:5TDl0.D 

~,..l 
829l2l 

80 

"(J 

7121 54 

~ C 60
ol 
~ 

5l2lC 

9 :3 
JJ 
~ 

4121 
a: 

:30 

2121 I 5 0 

I 12! "---
0 

14 0 

~ 

ri/z eibund. ri/ z eibund. rrt/z abund. rrtl? abund. 

41 .10 28 64. 15 1 83.00 5 108. 10 25 
42. 10 5 65.05 8 89.10 1 109. 10 4 
43.10 3 66.05 3 91 .00 14 115. 05 
50.05 5 67.05 11 92. I 0 5 117 .05 
51 .05 11 68.05 3 93.10 31 119. 05 

52. 05 6 69.05 4 94.10 6 120.05 1 
53.05 25 74.05 1 95.10 4 121. 05 2 
54.05 58 77 .05 12 96.00 1 122.05 2 
55.05 7 78. 15 3 103.00 132. 15 1 
58.05 11 79.05 17 105. 10 4 135.05 3 

59.15 80.05 7 106. 10 13 150.10 7 
62.05 82.00 100 107. 10 19 151. 10 
63.05 4 
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pipertone 

m.w. 152 

Sc a.n 883 (38.721 m; n) cf DRTR,STDI I.D 
..,-,-1 

829121 1 1 0 ···i 
8121 ~ 

ti 7121 
u 
C 6121 

,:i 95- 50C: 
:I "--

..0 40 
a: 

I 3 7 30 

20 

I 121 

121 

'-....__ 

6 ta 80 100 I 2 0 140 
Ma.s s /Ch a. r • 

Mlz abund. l'IIZ abund. Ml, abund. l'IIZ abund. 

41 .10 38 62.05 1 81 .10 10 107. 10 2 
42. 10 5 63.05 2 82.00 100 109. 10 ' 26 
43.10 9 65.05 5 83.00 7 110. 10 76 
45.10 I 66.05 3 84.00 1 111. 10 6 
50.05 2 67.05 13 91.10 5 119 .05 1 

51,05 6 68.05 2 92.00 I 123.05 2 
52.05 4 69.05 5 93.10 2 124.05 5 
53.05 18 77.05 7 95.00 41 137.05 20 
54 .05 27 78.05 2 96. 10 3 138.15 2 
55.05 14 79.05 7 97.00 152. 10 14 

56.05 80.15 2 105.10 153.10 
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C.6. Electron Impact Mass Spectra of Ethers (Listed in order of their 

elution on an HP-5 capillary column): 

1,8-Cineole 

Anethole 
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1,8-cineole 
m.w. 154 

llal2ll ~ 
4'.390 

Biol 

u 
C Ela 

1l" 
50C 

J 8 I4 121.a er 
10830 
/ 154 "' 93 I 3 9 

I 

"2121 ~ 
I l2l 

0 ............_-j.l"-'-4.I.U.l-r--J.....,U.u..,.J~--'-'"Y.I-Ll----.-.........l-',J.L-.-~.U..,.,.,LJ,_-.........--4J.--.,.J-~~-_,.,JC.,.. 

60 80 1012l I 2 0 I 4 13 
Ma. s s: /Ch a. r e 

_,__,_ 
I'll &, 

-i...·.,_ ... 
CUJUIIU, I'll a;. 

.h, , .. ,.i
1.UJU I I'... 0 f'!'I/Z i.!ibund. MIZ ebund. 

41 .10 36 59.05 9 82 .10 5 108. 10 ~4 
43. 10 100 63.05 1 83.10 12 109.10 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 
50.05 I 67.05 16 91 .00 2 121 . 05 3 

51 .05 3 68.05 13 93.10 19 125.05 4 
52.05 2 69.05 23 94 .10 2 126.05 2 
53.05 11 71.05 28 95.10 8 136. 15 3 
54.05 6 72.05 2 96. 10 11 139.15 15 
55.05 25 77.05 4 97 .10 4 140. 15 

56.05 5 78. 15 1 98.00 154. 10 16 
57.05 3 79.05 6 107.20 3 155. 10 2 
58.05 10 81 .00 32 
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¢ 
OCH, 

anethole 

m.w. 148 CH=CHCH, 

1~~1 /"I
!48 

:,0 IQ 

8121 

7121•u 
C 60
If 
'0 7750 I I I 7 C 105 /J /
.a 4121 
er 13 39 I5 I ,·I30 / 

2121 

I 121 

121 
6121 80 100 l 2 0 14 0 

Ma.s £ .-'Ch a.r e 

111/z ebund. l'IIZ ebund. l'IIZ ebund. l'IIZ ebuntl. 

41. 10 5 73. 15 1 92 .10 4 119.05 4 
42. 10 1 74.05 8 93.00 3 121 .05 19 
43, 10 2 75.05 5 101 .20 I 122.05 2 
50.05 14 76.00 6 102. 10 6 129.05 
51 .05 25 77.00 45 103.10 23 130.15 

52.05 9 78.00 19 104. 10 8 131 .05 6 
53.05 7 79.00 28 105. 10 39 132.05 5 
55.05 11 80.00 2 106. 10 4 133.05 28 
57.55 1 85.00 107.05 3 134.05 3 
61. 05 2 86.00 108.05 145.00 

62.05 7 87.00 2 115.05 23 147 .10 59 
63.05 17 88. 10 1 116 .05 10 148. 10 100 
64.05 5 89.00 9 117 .05 41 149.10 10 
65.05 13 90. 10 3 I 

I 
I 0 ~C:
IWo,.,,.,J 

C.. t ~ti 
I W"1, 

1 nt, 
I"' 

66.05 2 91 • 10 27 
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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 

1-Tetradecene 

n-Tetradecane 
n-Pentadecane 

n-Hexadecane 

n-Heptadecane 
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n-hexane 
/'IL (/'IL\ .. rl-L86Ille ft• -··.:S' ---~ 'lf-"".:S 

9121 41···r 
80 

II 
u 
C 
Ill 

"ll 
C 
:i 
.D 
a: 

0 

Sc a.n 4 06 (24.488 rr, l n ) cf DRTR,STD6. □ 

/ 
57 

70· . 
6 0 · 56 

s0· " : 
40~ 

. 
30· 

20· BE. 7 I / 
I 0 ·. 5 I 

I ~ I. I 
I' ' ' I 

50 60 70 80 
Mas:s: /Ch a.rge 

1'1/z abund, l'IIZ abund. l'IIZ abund. 1'1/z abund. 

41 .10 100 51 .05 2 55.05 7 70.15 , 
42.10 37 52.05 1 56.05 47 71. 15 4 
43.10 67 53.05 3 57.05 76 86.10 12 
44.10 2 54.05 58.15 4 87 .10 
50.05 2 
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n-heptane 

m.w. 100 CH3(CH2 }5cH3 

Sca.n 65S (27.182 minl 0f □ ATR:ST □ 6.D 
100 

90l ' 3 
8121 

., 70 
u 
C 60 

1l " 
C 50 
:i 
.0 4121 
a: 

30 

I 121 

0 
50 6121 70 8121 9121 I 121121 

M11.s;s:/Cha.r e 

-
-
: 57 7 I 
- / / 
- S6 70. "-..._ 

"'-
100 

20 . " . 
I I I I 

85
',, 

I . I I. 

rriiz sbund. rriiz sbund. rri/z sbund. rri/z sbund. 

' 41 .10 79 52.05 1 57.05 42 71 .15 44 
42. 10 30 53.05 3 58.05 2 72 .05 3 
43.10 100 54. 15 65.05 85.10 2 
44.10 3 55.05 14 67.05 100. 10 15 
49.95 55.05 ?0..... 70.05 ., " ..... 1 1'111 I I:\ 

I 'III• I~ 

51.05 2 
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n-octane 
- •• 4 4 IIw.w. I 161 

Sc a.r, 879 ( 2 9 . 6 05 m; n) of DRTR, 5TD6. Cl,
90 

8'3 

II 70· 
u 
C: 60· 
fll 

"Cl 

..l "'-, 
43 

S7 85 
/ I 

7 1 
I 

1 1 4 
· 

• I I 
67 

. I I I 
'---

I 
''-,._ 

I 

-5 0-
C: 
::i 

40· 
(t 

30· 

20· 

10 

0 
50 E.0 70 80 90 10Ca 1 1 0 

M ii. s: s: /Ch a. r ~ e 

.D 

,.,;z abund. ,.,/z abund. ,.,;, abund. ,.,; z abund. 

41 .10 58 53.05 3 S8.05 72 .05 •1 
42. 10 19 54. 15 1 67.05 84. 10 9 
43. 10 100 55.05 12 69.15 2 85.10 33 
44. 10 4 56.05 19 70.15 12 86. 10 2 
51. 05 1 57.05 31 71 .15 19 114, 15 5 

52.05 
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p-xylene 

!!l.W. 106 

91a···i 
El~ 

70•(J 

,_ C 60 

"D 
S laC 

::l 
4 la .lJa: 
30 

20 

1 la 

la 

Sc a.n I (a3 9 (31.345 min) cf DFITFl!5TD6.D 

~ 
9 1 

1 06 

"' 
5 1 

/ 77 
/

4 1 74 89 

/ ~ "--
5121 6121 7121 80 9 la I !ala 

Ma.s:s:/Cha.r e 

1'1/Z abund. l'IIZ abund. MIZ abund. l'IIZ abund. 

41 .10 2 63.05 8 76.10 2 91. 10 100 
49.05 I 64.05 1 77.00 14 92 .10 ,8 
50.05 9 65.05 9 78.00 8 102.10 1 
51.05 15 66.05 1 79.00 10 103.10 6 
52.05 6 67.05 80.10 104.20 3 

53.05 4 73.05 1 86.00 i i05. i0 20 
61 .05 I 74.05 2 87.) 0 I 106.10 41 
62.05 3 75.05 1 89.00 3 107.05 4 
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n-nonane 

m.w. 128 CH,, (CH.,) ,.CH"..~ I J 

Sc an 108 3 (31.826 m;n) cf DRTR:STDE..D 

102! "" 4390 57 
I 

80 

70" u 
C 60
ol 

'ti 50C 
:l 

40.0 es(r ,,
3121 .......... 

7 I 
2121 / 

128 
I l.l 

0 
50 E.0 70 80 90 100 I I 0 120 "' 

Ma.cc /Cn a. r e 

l'IIZ abund. l'IIZ abund. l'IIZ abund. l'IIZ abund. 

41 .10 62 54. 15 2 69.05 4 86.10 2 
42.10 19 55.05 16 70.15 12 98.10 4 
43.10 100 56.05 20 71 .15 16 99.10 7 
44.10 4 57.05 81 72. 1,5 1 100.10 1 
51 .05 1 58.05 3 84. 10 9 128. 15 5 

53.05 3 67. 15 85.10 25 129. 15 
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Sca.n 1256 (33.701 min) cf DRTR:STDE.D 
100 I"-. 
90 4 I 

80 55 

II 70 / 
u 
C 
,d 

e:0 
,:i 

C 50 
70 
/ 

::i 
.D 40 
er 

30 

20 

10 

83 
/ 97 

/ 
14 0 

'-...... 
0 

I 2121 14 080 100 

1-decene 
!!!.W. 140 

Ma.s;;s;;./Cna.r- e 

rq/z 

41, 10 
42, 10 
43.10 
44, 10 
50.05 

51 .05 
52. IS 
53.05 
54.05 

11bund, 

100 
27 
50 

2 
1 

2 
2 
9 

12 

rttlz 

55.05 
56.05 
57.05 
58.05 
65.05 

66.05 
67.05 
68.05 
69.05 

11bund. 

67 
58 
36 

2 
2 

1 
8 
7 

37 

rq/z 

70.15 
71, 15 
77.10 
79.00 
81. i0 

82. J 0 
83.10 
84.10 
85. 10 

11bund. 

46 
5 

2 

6 
18 
13 ..., 

rq/z 

96.10 
97. 10 
98.10 
99.20 

110.05 

111 .05 
112 .05 
140.10 
141.10 

11bund. 

'2 
14 

6 

6 
4 
3 
1 
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n-decane 
- u-·"· 142 

Sc: a. n I 2 7 I (:3:3.864 min) of DATA:STD6.D 

43 "'79'21···i i"--
!l 0 

II 7 '21 
u 
C 60
,d 

'ti 50C 
:J 
.c 4'21 7 I 

/ 

:30 

2'21 

a: 

I 4 2 
I 0 "--

0 
60 8'21 1'210 12 0 14 0 

11 ....... ,,.,c ...... ,.ge 

l'IIZ ebund. rr,/z ebund. l'IIZ ebund. l'IIZ ebund. 

41 .10 67 55.05 16 69.05 5 86.10 , 
42. 10 19 56.05 19 70. 15 12 98. 10 5 
43.10 100 57.05 96 71. 15 33 99.10 7 
44 .10 4 58.05 4 72 .15 2 112. 15 2 
51.05 65.05 1 83.10 1 113. 15 3 

52.05 1 67.05 84.10 9 142. 10 5 
53.05 3 68. 15 85. ~0 19 143.10 1 
54.15 2 
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p-cymene 
m.w. 13!1 

Sc~n 8?0 (34.540 min) of DATFl:5TD9.D 

112101 
I I 9 90 

80 

II ?0 
(J 

C SIZI
,d 

1l 50C: 

/ 
9 I:I 

.I] 4 la 
a: 

30 

2121 

10 

121 
I 3121 

4 1 

/ 

50 60 ?0 SIZI 90 1121121 1 I 0 12 0 
l'-1~$ Sc /Ch a.r e 

f'liZ abund. f'li z abund. f'liZ abund. f'liZ abund. 

' 41 .10 1 1 63.05 6 79.05 4 105.10 4 
42. 10 64.05 2 87.00 1 115.05 9 
43.10 1 65.05 11 89.00 3 116 .05 2 
49.95 3 66.05 91.10 33 117 .05 15 
51 .05 7 74.05 92.00 3 1 ! 9. 05 ,vv1 "'"' 

52. 05 2 75.05 93.10 3 120.05 10 
53.05 2 76. 15 102.00 2 134.15 24 
57.65 3 77.05 11 103.10 5 135. 15 3 
62.05 2 78.05 4 104. 1.0 4 
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n-undecane 
m.w. 156 

Sc.._,.., 1445 .('.35.75121 min) 0 ♦ ORTR:ST06.0 
f"-.__r---. 

43 5790'""j
80 

Cl 70 
CJ 
C 60 
111 7 1 

"Cl 50 /C 
:i 

.ll 40 
er 85

'.3 121 /
2121 

1 5 6 
10 "--

0 
60 80 100 I 2 0 140 

1-1.._s: s: /Ch a.~ .. 

l'IIZ 

41.10 
42. 10 
43.10 
44. 10 
51 .05 

52.05 
53.05 
54.15 
55.05 

abund. 

64 
18 
97 
3 

1 
3 
2 

18 

l'llZ 

56.05 
57.05 
58.05 
67.05 
68. 15 

69. 15 
70. 15 
71. 15 

abund. 

18 
100 

4 

1 

5 
11 
45 

l'llZ 

72. i 5 
82. 10 
83.10 
84. 10 
85.10 

86. 10 
97. 10 
98. 10 

abund. 

2 
1 
2 
8 

22 

2 
I 

6 

l'llz abund. 

99.10 '6 
100.20 1 
112.15 3 
113.15 4 
126.15 1 

127. 15 2 
156.20 5 
157 .10 
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1-dodeoene 
•£0m.w. IUU 

Si:.,.,.. 1593 (37.359 m1l"ll cf CATA:STC6.0 
100 ~ 

4 I90 

80 

70•u 
C: 60
,j 
,i 

50C: 
J 

.0 40 
a: 

30 

20 
I 4 0 I 6 9

10 ,,.,,,/ 
0 

60 14121 1 6 " 12190 100 12121 
11a.s.s./Cha.r e 

!"'!/Z abund. 

41. 10 100 
42. 10 22 
43.10 65 
44. 10 3 
50.05 1 

51 .05 1 
52.05 1 
53.05 9 
54.05 12 
55.05 70 

56.05 53 

!'!/Z 

57.05 
58.05 
65.05 
66.05 
67.05 

68.15 
69.05 
70.15 
71, 15 
72.15 

77.00 

abund. 

38 
2 
l 
l 

11 

8 
44 
38 
12 

!'!lZ 

79. 10 
80. l-0 
81 .·10 
82. 10 
83.10 

84. 10 
85.10 
95. 10 
96.10 
97 .10 

98.10 

abund. 

1 
3 

10 
33 

21 
6 
l 
5 

23 

10 

f'!/Z 

99.10 
110.15 
l l l .05 
112 .15 
124.15 

125.15 
126 .15 
138. 10 
139.10 
140.10 

168. 15 

abund. 

'1 
2 
9 
3 
1 

4 
2 

.,.. 
2 
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n-dodecane 
m.w. 170 

Sca.n 1605 .(37.493 min) of DRTR,STD6.D 

/'I
5790···i 

e0 

ill 70 
u 
C 60 

"C" 
50C 

J 
..c 40 
a: 85

30 I 

20 
170 

10 "-----
0 

60 80 100 120 16 0I 4 0 
Hai. i. /Ch a r-' e, 

fl'IIZ ebund. fl'IIZ ebund. f"',/Z, abund. fl'I/Z abund. 

41 .10 61 57.05 100 83.10 3 112 .15 '4 
42. 10 16 58.05 4 84. 10 7 113. 15 4 
43.10 91 67.05 1 85. 10 26 126 .15 2 
44.10 3 68.15 1 86. 10 2 127. IS 3 
51 .05 69, 15 7 97,'10 l 40.10 I 

53.05 3 70. l 5 11 98. 10 6 141 .10 l 
54.05 2 71. l 5 50 99. 10 6 170.15 4 
55.05 18 72. 15 3 100. l 0 171. 15 
56.05 18 82. 10 
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n-tridecane 
- I.I 

ru I ru , ,.u1 R.lJ-.-.. . ,_...,. wu3\w"2'11""3 

Sca.n 1755 (39. 123 min) cf DRTR:STCE..D 

5790'""j /1 

90 

II 7121 
u 7 I
C 60 I 

"0"' 50C 
:l 

4121..c 85 
ct I 

3121 

2121 99 
18 4 

10 "-.._ 
121 

181216121 

,,./ 

113121 12121 I 4 121 
11:;,,ks:/Cha.r e 

!'!/Z 

41 .10 
42.10 
43.10 
44.10 
53.05 

54.05 
55.05 
56.05 
57.05 

ebund. 

58 
14 
86 

3 
3 

2 
19 
17 

100 

!'!/Z 

58.05 
67.05 
68.15 
69. 15 
70.15 

71. 15 
72.15 
82.10 
83.10 

abund. 

4 

2 
1 
7 

11 

56 
3 
1 
3 

MIZ 

84.10 
85.10 
86.10 
97. 10 
98.10 

99.10 
100.10 
111 .05 
112 .15 

abund. 

7 
31 

2 .,.. 
5 

7 

4 

Filz 

113. 15 
126. 15 
127 .15 
140. 10 
141 .10 

154.20 
155.20 
184.25 
185.25 

abund. 

4 
3 
3 
1 
2 

1 
1 
4 
1 
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1-tetradecene 

m.w. 196 

Sc a.n 1885 (40.537 . m, n) cf DRTR,STD6.D 

90 41'"T'-
B i2j -

II 7 0 · 
(J 

C 836 0 · 69,v I /1l 
5 C:J •C 

J 
~ 40· 
(I 

3 0 • 
1 I I 

2 0 • / 
1 2 5 196I 3 9
/10 • I E: 8 ~ . ,I,. ,11 / I.\II I ., I I 

' . 
6 0 80 100 12 0 1 4 0 I 6 0 I 8 0 

Ma. s: s: /Ch a. r g e 

0 ' 

_,_ 
,.. , "' _1,..,,_ .... 

c:11.11.,,u IU 1 
_,_ 
I'll'- _1,.., ·-""' CUUIIU• 

_,_ 
r1, 4 

-1.... __ _. 
CIUUTIU1 Mlz abund. 

' 41 .10 100 67.05 15 84.10 24 124 .15 2 
42. 10 21 68. 15 1 1 85.10 9 125.15 7 
43. 10 72 69.05 52 86. 10 126.15 4 
44.10 3 70. 15 42 91 .. 10 127 .15 
51 .05 1 71. 15 18 95. 10 

., 
L 138.10 

52.05 1 72. 15 96 .10 8 139. 10 2 
53.05 8 73. 15 97 .10 36 140.10 
54.05 14 77 .00 98.10 12 152. 10 
55.05 81 79.00 99.10 2 153.20 
56.05 49 80. 10 110.15 4 154.20 

57.05 57 81. 10 5 111 ._05 17 168 .15 2 
58.05 2 82. 10 16 112. 05 7 196. 25 3 
65.05 1 83. 10 49 113.15 197. 20 
66.05 2 
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912 

n-tetradecane 
_ .. 4n0
111.w. •~u 

5cAn 1894 (40.£.42 minl ·of DRTR:5T06.D 

571••1 /I 
90 

ti 7121 
u 

' 6121,. 
"O 

'J 

5121 

4121.0a: 
3121 

2121 
I 9 8 

I 0 169 ~ 
I 

0 
80 11210 120 140 ! 6 0 18 0 

MAs:s:/Ch._r • 

7 I 
I 

85 

/ 

60 

I'll;: 

41 .10 
42.10 
43.10 
44.10 
53.05 

54.05 
55.05 
56.05 
57.05 
58.05 

~bund. 

58 
14 
90 
3 
3 

3 
21 
17 

100 
4 

l'I /;: 

67.05 
68. 15 
69.15 
70.15 
71 .15 

72. 15 
82 .10 
83.10 
84 .10 
85. 10 

abund. 

2 
1 
8 

11 
62 

3 
2 
4 
6 

34 

Pl/? 

86.10 
96 .10 
97 .10 
98; 10 
99.10 

100.10 
111 .05 
112. 1-5 
113. 15 

ebund. 

2 
1 
2 
s 

10 

1 
1 
4 
5 

MIZ abund. 

126.15 5 
127 .15 4 
140.10 2 
141. 10 3 
154.20 

155.20 2 
169.15 1 
198.20 4 
199.20 1 
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n-pentadecane 
m.w. 2i2 

Sca.n 2022 (42.12156 minl cf DRTR,STC6.D,..l 
790 

tj l<l 

II 70 
u 
C 6 IZI
ol 

'ti 
C 5121 

.c 
:l 

4121 
a: 

:30 

2121 
2 I 2 

I 121 155 183 ~ 
/ / 

121 
8121 1121121 12121 14121 I 6 IZI I 8 IZI 2 121121 

Ma.s:s./Cha.r- e 

7 I 
/ 

85 ,,,,,.,.,,,,, 

6121 

r-,/z abUnd. r'l'IIZ abund. MIZ abund. M/z ebund. 

41 .10 57 6B.15 2 96. 10 1 127 .15 4 
42. 10 14 69.05 B 97 .10 3 140, 10 2 
43.10 B7 70.15 11 9B. 10 4 141 .10 3 
44.10 3 71. 15 61 99. 10 11 154.20 l 
53.05 2 72 .15 3 100. 10 l 155.20 2 

54.05 3 82. 10 2 111 .15 16B.15 
55.05 22 B3.10 4 112. 15 4 169. 15 
56.05 16 84, l 0 6 113.15 6 183.15 
57.05 100 B5.10 37 125.15 1 212.20 4 
5B.05 4 B6.10 2 126. 15 3 213.20 

67.05 2 
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n-hexadecane 
..,..,,:: rou / f'lu \ ,.u 

w.w. '-"-U "'"3 \ "'"2 I 14"'n3 

2 I 4 5 · ( 4 3. 4 05 rr, in) C, f 

90···1 
or,, ~-

II 70 
u 
C 60.. 

1) 
50C 

:, 
40.D er 
30 

2121 

10 

0 
60 B0 1 0121 12 0 I 4 0 I 6 0 18 0 201Zl 220 

Ma.£ s /Ch a. r g e 

Sc: a.n □ ATF=l, ST □ E.. □ 

7 

7 1 
/ 

99 
/ 226 

19 7 '------I 

!'IIZ abund, !'!/Z abund. PIiz. abund. rri/z abund. 

41 • 10 56 69. IS 9 97 .10 4 140.10 '3 
42. 10 13 70. IS I 1 98.10 s 141 .10 4 
43.10 86 71. IS 68 99.10 14 154.20 2 
44.10 3 72. 15 3 100.20 1 155.20 3 
53.05 2 81. 10 I 111. I 5 2 168.15 1 

54.05 3 82. 10 2 112. 1 S 4 169.15 2 
55.05 23 83. 10 5 113.15 8 182.25 
56. 15 IS 84. 10 6 114.15 183. 15 
57.05 100 85. 10 40 125. 15 197.20 1 
58.05 s 86. 10 3 126.15 3 226.30 5 

67.05 2 96. 10 127 .15 5 227.30 
68.05 2 

C-80 



n-heptadecane 
- .:'fvm.w . -··-
Sca.n 2260 144.660 m1nl cf DRTR,STD6.D 

790'""l 
..~,.,

"' 

• 
7 1 

70 /
(J 

C 6 0 
ill 

"0 5 0 C 
J 

40-" a: 
3 0 

992 0 I 
24 0

2 1 1 1 0 ~ ~ 
0 

5 0 1 00 1 5 0 200 
Ma.s."' /Ch a.re e 

r,t,/z. 

41 .10 
42. 10 
43.10 
44. 10 
53.05 

54.15 
55.05 
56. 15 
57.05 
58.05 

67.05 
68.05 

~bund. 

51 
11 
83 

3 
2 

3 
23 
15 

100 
4 

2 ., 
' 

rr,/z 

69.05 
70.15 
71.15 
72 .15 
81 .10 

82. 10 
83.10 
84.10 
85.10 
86. 10 

96 .10 
97. 10 

~bund .. 

9 
10 
65 

4 
1 

2 
6 
6 

41 
3 

4 

,,,J z 

98.10 
99.10 

100. 10 
111. 15 
112.15 

113. 15 
114. 15 
125.15 
126.15 
127 .15 

128.15 
140.10 

abund .. 

4 
15 

1 
2 
4 

9 
1 
1 
3 
6 

.,.. 

rt,/ 'Z. 

141. 10 
154.20 
155.20 
168.15 
169. 15 

182. 15 
183.25 
196.25 
197,20 
211 .20 

240.25 
241~25 

abund. 

a 
2 
3 
2 
2 

1 
2 

4 
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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-Butylacetatea 

Tricyclenea or a-Thujenea 

p-Methylanisolea 

2-Methyl-6-methylene-1,7-octadien-3-onea 

p-Mentha-1,3,8-trieneb 

p-Dimethoxybenzenea 

Pinocarvoneb 

p-Cymen-8-olb 

Estragolea 

Methylsalicylateb 

Verbenonea 

1-Pentadecenea 

1-Hexadecenea 

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

bReference spectrum from Adams, 1989. 

D-1 





1-buty!acetate 

m.w. 116 CH3COOCH2(CH2)2cH3 

Sc~n 1109 C29.868 ~in) c• D~T~:N~?3.D 

100l 
90 

80 

11 7 0. 
u 
C 
ol 
~ 

C 
J 

.Da: 

1.0 · 

5121· 

40· 

3121 · 

56 

" 
-

20· 

10· 

0 I 
45 

I~ 
5 I 
( 

5121 
' I 

6 I 
57 /

/
I ' I 

60 
Ma.s: s. ,'Ch a. r Be 

73 

/ 
7\ I 

70 80 

87 
/ 

116 123-86-4 
Acetic acid, butyl ester 

Ml I CH2 Ia OAc 

~I ~II I .J 11 I II I I I I I I I I I I I I I., .,10 20 30 40 IO IO 70 100 110 120 130 140 1IO 
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tricyclene or a-thujene 

m.w. 136 

,.. 
90 
l 

80 

GI 70 
u 

60.,C 

"'O 
5121C 

:l 
..0 40 
a: 

30 

20 

10 

0 

..,7 79 

''---..... / 
1 05 
I 

1 2 1 
I 

50 70 80 9121 100 1 1 0 12 0 
11a.s: s: /Ch a.rg R 

3 

136 C1oH1, 
Tricyclo[2.2.1.02.8)heptane, 1, 7,7-trimethyl-

508-32-7 

tricyclene 

,~~ I 
~l 11I U1 I111 Ill I ~11 JI II I II I I I I I I I I 

10 :IO :IO 40 IO IO' 10 IO IO 100 11G 1:IO 130 140 150 

136 C10H16 2867--05-2 
Bicyclo[3. l.0]hex-2-ene, 2-methyl-5-(1-methylethyl)-

a-thujene 

I·~1 
I la I•• l,, JI I I I I I I I I I II I I I 

1a :IO ao 40 IO IO 10 IO IO 100 11G 1:IO 130 140 1IO' 
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p-methylanisole 

m. w. 122 

,..l
9 la 

Sc: a.n 1525 C 3 4. 3 1 4 m; n) 0 f DATA: NH4 I TERP. tl 

/1
122 

80 

II 
(J 

C 
,a 

-0 
C 
:l 

.D er 

70 

60 

50 

40 

30 

77 
/ 

g I 

"---
1 07 
I 

20 

10 

0 
40 50 60 70 80 90 100 I I 0 I 2 0 

39 
/ 

Ma.s: s: /Ch a. r '1 e 

122 CsH1oO 104-93-8 
Benzene, 1-methoxy-4-methyl-

,D~ 

'~! 
Me 

I • III 
,, l.1 I, l. II I I I I I I I I I I 

10 20 3G 40 50 IO 10 IO IO 100 110 120 13G 140 IIO 
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2-methyl-6-methylene-1,7-octadiene-3-one 

m.w. 150 

Se a.n m, n l DRTR: Nl-iB4B. D 

100)~1 
90 

80 

II 70 
u 
C 60
Ill 

"C 50C: 
::i 

..0 40 
a: 

30 

20 

10 

E, 0 8 0 1 la0 12 0 14 0 
Ma.s;s /Ch a.r'-'e 

150 C10H1•0 41702-60-7 
1 .7-0ctadien-3-one, 2-methyl-6-methylene-

CH2 
II 

H2C:CMeCOCH2CH2CCH•CH2 

11 ,,I, .l LI,, J. I~I ~,.. II I 

10 20 :Ml 00 50 IO 70 IO IO 100 110 120 130 100 IIO 
I I I I I I I I I I I I I 
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p-mentha-1,3,8-triene 

m.w. 134 

Sc: a.n 4 9 7 

l00l 
90 

/ I 

0 jlJJJ.,Ji,..~..L).l./,.l.J.l.jJJ...JLU-J.4,L,l,.l.J.l.µ.µ.J.4.L.µLJ..1.1,..J..l-,L.IJ.,-4,l+J+'+-4..Lµ..µ..µ.;...+~-4-1-,-41-t---,-L_-,-'-+ .......... 
50 60 70 80 90 

Ma.s: s: .-'Ch ;.rg e 

13 480 
/ 

41 7 0 
fJ 

c: 60 
flJ 

"ti 50 41 
C: / 77 
.c 
:i 

40 
79 105a: '---------

30 

20 

10 

MENTHATRIENE <l,3,8-PARA-> 
CAS# 18368-95-1 MF ClO Hl4 FW 134 DBS-0661 
CN 1,3-Cyclohexadiene, l-methyl-4-(1-methylethenyl)- (9CI) ' 
SYNONYMS Mentha-1,3,8-triene, p-. 

100Y. 91 
l I r 

1192 134 
INT 

77 10541 
65 

40 140 
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p-dimethoxybenzene 

!!!.W. 138 

t••i90 

Sc an 1728 (3E.934 rr, ; n ) of DATA,N~41TERP.D 

90 

41 
u 
C: 
ol 

"O 
C: 
~ 

.D 
a: 

7121 

£121 

5121 

40 

30 

2121 

10 

4 1 
I 

53 

// 
/ 

65 
/ 

95 
/ 

11218 
/ 

ra 
40 E.IZl 8121 

Ma.$$/Cha.r-ge 
I IZl IZl 12 0 14 0 

I 
23 

1 3 El 
I 

138 CsH1o02 150-78-7 
Benzene, 1,4-dimethoxy-

·~--r--,----o,l~~-I~,.l . I.. I HI II I I I I I I I I I I I I 
10 20 :IC ~ 50''" IC 70 IC IC 100 110 120 130 ,.() 150 
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pinocarvone 

m.w. 150 

Sean BB? !37.243 minl of DRTR,N~BB.D 

5390'""l /i 

80 

QI 70 
u 
C: E; 0.. 

1l 5121C 
:l 

40.ll
a: 

30 l 3 5 

20 

10 

0 

9 l 
/ 

I 2 2 
/ 

E;0 80 11:10 12 0 l 4 0 
Ma.s. s. /Ch a.r9"' 

PINOCARVONE 
CAS# 16812-40-1 MF Cl0 Hl4 0 FW 150 DBS-0781 
CN Bicyclo[J.l.l]heptan-3-one, 6,6-dimethyl-2-methylene-

(9CI) 
SYNONYMS Nopinenone, 3-. Pinen-3-one, 2(10)-. 

1001/. 53 
l r 

41 

79 

107 
13569 91 

122 150 

120 140 160 
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p-cymen-8-ol 

m.w. 150 

Sca.n 599 (37.462 m,nl cf DRTR:NH69.D 

100! 
90 

80 

Cl 
u 
C 
al 

1:l 
C 

7 0 

60 

50 

30 

20 

1 121 105 
I 

1 I 7 
I 

1 3 5 
/ 

60 80 100 
Ma.s: s: /Cha.re e 

12 0 14 0 

CYMEN-8-0L <PARA-> 
CASI 1197-01-9 MF ClO H14 0 FW 150 DBS-0837 
CN Benzenernethanol, .alpha.,.alpha.,4-trirnethyl- l~~~, 

SYNONYMS 1-Methyl-4-(.alpha.-hydroxyisopropyl)benzene. 
1-Methyl-4-(1-hydroxy-1-rnethylethyl) benzene. ' 
Hydroxy-p-cymene, 8-. 2-(4-Methylphenyl)-2-propanol. 
Dimethyl-p-tolyl carbinol. 2-(p-M~thylphenyl)-2-propanol. 

IAA1•....l 43 

~ OH 

IHT 

!35 

91 
17 105 

40 80 100 120 140 
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estragole 

!ILW. 148 

Sc: a.n 1778 ( 37. 579 ..-,, n l o.f DRTR, Nl-14 I TERP. D 

,,/1 
1 4 B90···i 

80 

ill 70 
u 
C 60 
,d I 2 I 

"ti 
50C '--------39_,, 

.c 
~ 

40 
./a: 

/ 
5 I 

30 

20 

10 

0 
40 6 0 80 100 12 0 14 0 

Mas,s./Ch1Lrge 

148 C10H120 14o-67-0 
Benzene, l -methoxy-4-(2-propenyl)-

I·~1 
.11 11111 .1,I . .111I J .11 ,J.I.

I I 
,J l, II I I I I I I I I I 

10 20 30 ~ ID ID 70 IO IO 100 110 120 130 110 ·~ 
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methylsalicylate 

m.w. 152 

G) 

u 
C 

"' "tl 
C 
:i 
.ca: 

Sca.n 54121 C37.733 m,nl cf DRTR:NH7121.D 

\,..l 12 090 

8121 92 
/

70 

60 

50 
4 '.3 

/ 
/ 65 

/ 

'.3 121 

40 

7 I 

/20 

10 

0 
60 80 11210 12 0 

Ma.s:s: /Ch a.rge 

METHYL SALICYLATE 
CAS# 119-36-8 MF CS HS 03 FW 152 DBS-0856 
CN Benzoic acid, 2-hydroxy-, methyl ester (9CI) 
SYNONYMS Methyl o-hydroxybenzoate. Salicylic acid, methyl 

ester. Methyl 2-hydroxybenzoate. Hydroxybenzoic acid 
methyl ester, o-. Hydroxybenzoi~ acid methyl ester, 2-. 
(Methoxycarbonyl) phenol, 2-. Wintergreen oil. 
carbomethoxyphenol, 2-. 

100'!. 120 
092 II 

C(C-0-~HJ 

H 

IHI 
152 

,~
44 0.1 

53 
135105 

40 60 100 120 160 
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verbenone 

m.w. 150 

Sc: an 578 138.029 minl of DRTR,NH75A.D 
,,/i,..l 10790 

80 
4 I 9 I 

QI 70 / / 
(J 

C 60 
,I 

"ll 50C 
::i 55.c 40 
a: /

'.30 

20 

10 

0 
la 0 80 100 12 0 14 0 

Mass/Charge 

150 C10HuO 80-57-9 
Bicyclo[3.1.l]hept-3-en-2-one, 4,6,6-trimeth~l-

'~I l lII I l11I ti I 1111.I I I LI ,1 l.iL td. I JiI I III I I 
10 20 ilJCI 40 IO IO 70 IO io 100 110 120 1ill0 140 150 
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1-pentadecene 
!!!.W. 210 

Sca.n B57 (41 .971 m,nl ~, DATA,N~7SR.D 

B0 

Ill 7121 
u 

69C E, 0 
Iol 

-0 
s □C 

:J 
..0 4121 
er 

30 

2121 
2 I 121I E. 91 121 I 8 2'--, / '------, 

121 
16121 I 8 0 2121060 80 

97 
/ 

I 1 
/ 

14121 
I 

Ma.ss/Cha.rge, 
100 121a 140 

210 C1sH:io 1336o-61-7 
1-Pentadecene 

H2C:CH(CH2) i 2Mi 

·~1 ~~ j ! 1I 1.II A I ,h u II I I I I I I I 
10 20 ,0 40 so IO 10 IO IO IDO 110 120 130 140 150 

~i I I I I I I I I I I I I I I I 
IIO 110 1IO IIO 200 210 220 HO uo - 2IO 110 no no 300 
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CJ 
u 
C 
ol 

"Cl 
C 
::i 
.iJ 
a: 

....___ 

90 41 

80 

70 

60 

50 

40 

30 

20 

10 

0 
60 

69 
/

/ 

80 

97 
I 

1 1 

/ 

100 120 140 16 0 l 8 0 22 0 
M .. s: s: /Ch ao.r g e 

1-hexadecene 

!!UL 224 

Sc~n 939 (43.051 minl 0f DRTR,NM74.D 
100 i"-. 

224 629-73-2 
1-Hexadecene 

j
I~ J1 .1 j, I, ,,~..........,_...I~~

I I I I I I I I I I I I I 
10 20 :,0 00 60 10 70 IO IO 100 110 120 1:,0 100 1IO 

]l
0 .....--,,--...,..-T""--,-~-..-.....--,--.--"""T--,--.--....,..--.--,..., 

110 170 IIO IIO 200 110 l20 HD 200 IIO 2'0 170 110 JIO IOO 
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mass spectrometry for compound identification and quantitation. Identified as emissions 
from the plant species studied were: isoprene, monoterpenes, sesquiterpenes, aloobols, 
acetates, aldehydes, ketones, ethers, esters, alkanes, alkenes and aromatics. Mean 
emi~sion rates for total monoterpenes ranged from none detected to as high as -12-30 µg

1hr- gm- for pistachio and tomato (normalized to dry leaf and total biomass, 
respectively). Other species exhibiting substantial rates of emission of monoterpenes 
included carrot, cotton, lemon, orange, walnut and whitethorn. All of the plant species 
showed total assigned plant emission rates above the detection limits in this study. 
Reliable measurements of biomass are required before the importance of these emission 
rates to the ROG inventory for California's Central Valley can be determined. 
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