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FOREWORD

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE,
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED.

API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANUFAC-
TURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER
LOCAL, STATE, OR FEDERAL LAWS.

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU-
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV-
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL -
ITY FOR INFRINGEMENT OF LETTERS PATENT.
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EXECUTIVE SUMMARY

The role of biogenic hydrocarbons emitted from vegetation continues to remain a
troublesome uncertainty in developing effective control strategies to reduce photochemical
oxidants. In order to address these uncertainties, the American Petroleum Institute has
supported this work to review recent literature and current activities and to critique
representative studies as a basis for developing a research plan for future investigations. In
this report, an extensive compilation of recent studies related to emission measurements,
emission patterns, emission inventories, ambient concentration measurements, and chemical
modeling is presented. The compilation is based upon computerized literature searches in
combination with a review of research studies currently underway in the U.S. and in Europe.
Key papers from the literature were selected for detailed review with respect to both methods
and results with an emphasis upon identifying those areas where further work is needed. The
results from the compilation and review were then used to identify research needs and to
specify research tasks required to improve our overall understanding of biogenic hydrocarbon
emissions to a level sufficient for the development of effective ozone control strategies.

In the area of emission measurements and emission mechanisms there is a general lack
of information. A systematic field and laboratory program is needed to obtain emission rate
and environmental data describing emissions from the dominant U.S. species, including
agriculatural crops, in each region of the country. A comprehensive field survey of biogenic
emissions would provide data for the development and testing of emission models capable of
addressing the immense natural variability as well as the effects of seasonal changes, nutrient
levels, and environmental stress upon emissions. Complementary laboratory chamber studies
would provide the information needed to formulate an emission model in terms of fundamental
vegetative dynamics and biochemistry. Both field and laboratory studies should be designed to
measure isoprene, monoterpenes, and other hydrocarbons, including oxygenated species, in
order to develop a complete emission fingerprint and to specify correctly the reactive mix of
biogenic emissions.

Results from the emission measurements and modeling effort are needed for
incorporation into regional emission inventory systems. In addition, further work is required
to determine the accuracy of current land use data and biomass density estimates. This can be
accomplished using a combination of ground-truth surveys and remotely sensed satellelite data.
Very recent work has demonstrated the feasibility of developing an emission inventory method
based upon almost real-time satellite imagery. These approaches should provide the basis for
the next generation of biogenic emission inventories.

The current U.S. emission inventory system addresses the effects of the forest canopy
environment upon emissions through a simple canopy model. The accuracy of this model
needs to be determined through field measurements of canopy radiation levels and leaf
temperatures. Finally, any emission inventory system must be validated against ambient
concentration measurements in a manner that tests the representativeness of the model at scales
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ranging from the canopy scale to regional scales. Direct validation of the emission inventory
must be a high priority in future research studies.

Ambient concentration measurements of biogenic hydrocarbons and their atmospheric
oxidation products provide a benchmark for testing both emission inventory models as well as
chemical kinetic models. These measurements should be extended to include a variety of
ecosystems in different regions of the country during different times of the year. Methods
must be developed to measure all of the important primary and secondary--oxygenated--species
associated with oxidation of biogenic hydrocarbons. Relative burdens of biogenic and
anthropogenic emissions should aiso be included in these measurements as a test of both
biogenic and anthropogenic emission estimates.

While the initial stages of isoprene oxidation are relatively well understood,
uncertainties exists concerning the actual ratio of products and the fate of these products in the
atmosphere. The oxidation steps associated with terpene are more uncertain and the product
mix, including the proportion of aerosol vs gas phase yields, is not known with any certainty.
Further smog chamber studies are required to determine additional details of the oxidation

- mechanisms. Additional ambient measurements of both reactants and products--primary and
secondary--are needed to obtain a complete understanding of the atmospheric fate.

There are a number of programs sponsored by various agencies currently in progress
which address to some degree the issues raised in this review. The progress in these efforts
must be monitored and the required research tasks must be modified accordingly. Careful
consideration of the accuracy required in emission estimates and in chemical modeling is
needed to guide further research. This analysis of accuracy requirements in conjunction with
results from current studies must provide the basis for the details of the design of a
comprehensive biogenic hydrocarbon research program.

Copyright American Petroleum Institute
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1.0 LITERATURE COMPILATION
1.0 INTRODUCTION

The effects of biogenic hydrocarbon emissions upon the formation of atmospheric
ozone were first considered as a serious air pollution issue in the late 1970's. A series of
chemical modeling studies by Lurmann et al. (1984), among others, showed that during typical
conditions biogenic emissions of volatile organic compounds (VOC) increased ambient ozone
concentrations by only a small amount. Subsequent studies of biogenic emissions and
chemistry were related to issues of organic acid formation (Placet et al., 1990) or to climate
change and the global carbon cycle (Zimmerman et al., 1988). Recently, however, the
continued non-attainment of the ozone standard in urban areas across the U.S. has prompted a
second look at the importance of biogenic VOC's with regard to ozone formation and the
effectiveness of current hydrocarbon control strategies (Chameides et al., 1988).

There is a growing body of literature now available covering measurements of biogenic
emission rates, development of emission inventories, measurement of ambient biogenic VOC
and product concentrations and modeling of ozone and biogenic VOC air chemistry. In
addition, there are a number of extensive research programs now underway or in the planning
stage which should yield important new information about biogenic VOC's in the atmosphere.
It is very appropriate now to review the current literature as well as current activities and to
identify areas of uncertainty and gaps in our understanding of biogenic VOC emissions and
fate. A thorough review and evaluation will thus provide a basis to design additional research
to complement or confirm ongoing work and to fill any gaps which may occur.

This chapter presents a compilation of previous literature and current studies dealing
with the emissions and atmospheric chemistry of biogenic VOC's. In subsequent sections, a
critical evaluation of the most comprehensive of these studies in each area is presented and the
research needs and planning required to address the areas of major uncertainties in our current
understanding is outlined. The overall objective of this work is to develop a clear description
of the state of the science and to outline the steps needed to determine the role of biogenic
VOC's in ozone formation and ozone control strategies.

In the remainder of this chapter, the methods used to compile this literature review are
briefly outlined and an overview of the literature in each of several areas is presented. These
areas include: biogenic emission measurements, ambient concentration measurements,
chemical kinetics and modeling studies, and current studies. Complete references of the
literature reviewed in each area are contained in the bibliography.

1.2 METHODS: LITERATURE SOURCES AND DATA BASES

This literature review was based upon a combination of computerized searches and
compilation of known references. The primary data base used in the computer search was the
Scientific and Technical Information Network International (STN). The chemical abstracts
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section of this source was used. This section covers abstracts over the period 1960 to the
present. This search was supplemented by reviewing recent pertinent journals and reports,
using reference lists from current papers to expand the literature review, and incorporating
other literature available to us.

1.3 OVERVIEW OF BIOGENIC EMISSION MEASUREMENTS

While emission rate measurements have been conducted using a variety of methods,
most of the emission rate data have been obtained using either laboratory or field enclosures of
seedlings or individual branches(see Tingey et al., 1979, 1980, 1981; Zimmerman, 1979a,b;
Lamb et al., 1985; Winer et al., 1989; Juuti et al., 1990; and Bufler and Wegmann, 1991). A
few studies have employed micrometeorological gradient methods (Lamb et al., 1985; Seila et
al., 1982) or a tracer simulation flux approach (Lamb et al., 1986; Armnts et al., 1982), but
these efforts have mainly been aimed at validating branch enclosure results. The results from
these studies generally demonstrate agreement between enclosure and non-enclosure methods
within the bounds of experimental uncertainty. Most recently, Businger and Oncley (1990)
have introduced an eddy conditional sampling approach which should be quite applicable for
areal flux measurements of biogenic emissions from a vegetation canopy. The requirements
for this kind of application have been outlined by Businger and Delaney (1990). In addition,
Hills and Zimmerman (1990) have developed a novel continuous detection method for isoprene
which has been used to measure rapid changes of isoprene emissions in a leaf cuvette by
Guenther et al. (1990). These new developments should lead to improved emission
measurements and a better understanding of the uncertainties involved in making emission rate
and emission flux measurements.

1.3.1 Vegetation ies, I ifi ompoun d Emission

The enclosure method of sampling is quite useful for surveying a large number of
species and identifying the wide range of compounds emitted from vegetation. Compounds
routinely identified with these measurements are isoprene and monoterpenes including alpha-
pinene, beta-pinene, limonene, camphene, sabinene, myrcene, and A3-carene. Table 1.1 from
a review by Singh and Zimmerman (1990) gives a long list of VOC's emitted from different
species of vegetation. Emissions of isoprene and terpenes from specific forest species in the
southeastern U.S. compiled in preparation for the Southeast Oxidant Study are listed in Table
1.2. These two lists demonstrate the complexity of natural VOC emissions. There are
literally hundreds of compounds emitted from hundreds of species over a wide range of
emission rates.

A large amount of information concerning specific compounds emitted from specific
species was derived from extensive surveys by Zimmerman (1979a) in Tampa Bay, FL., by
Winer et al. (1983) for vegetation in the Los Angeles basin, by Winer et al. (1989) for crops
and other vegetation in the San Joaquin Valley, and by Lamb et al. (1985) for trees in
Pennsylvania, Washington, and Georgia. Isidorov et al. (1985) reported a long list of
compounds found in forested environments.

ican Petroleum Institute
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Table 1.1. Organics in Volatile Emissions of Arboreous Plants

Compound Plant species® | Compound Plant species™®
Propylene 8,9 Chloroform 16

Butylene 1-12,15,16 Dimethyl sulphide | 15

Isoprene (1-4)%#%,5-17 Santene 8,11

Hydrocarbon CsHjg | 1,2,5-9,13-15 | Cyclofenchene 8-10,15
2-Methylbutane 1-8,12 Bornilene g-17

2,3-Deimethyl Tricyclene 7,8%9-10

butadiene 8,13,14 o-Thujene 9,10,13-17
Hydrocarbon CgHy2 | 8,9 -Pinene 3,(7,8,11,12,14)*
Hydrocarbon CgHyg | 1,6,11,16 ' (9,10,13,15,17)**,16
Methanol 15 § -Fenchene 9,10,12

Ethanol 3-5,10,12-15 | ¢ _Fenchene 9,12

3-Hexene-l-ol 1,2,5%,7,8 « -Fenchene 7-17

Propanal 6 8 Fenchene 7-10,12

Isobutanal 16 Camphene 3,(7,9,10,12)* *(8,11)**
Crotonal 17 13-17

Isobutenal 1-4,9,7 Sabinene 12,13,15,17,(14,16)*
Acetone 1-17 B-Pinene 3,7-11,15

Butanone-2 8,13-15 Myrcene 7-13,14*%,15-17
Methyl vinyl ketone | 2,4 3-Carene 7*,8-10,12-15,16%,17
Pentanone-2 6,8,15 o -Phellandrene 3,8-11

Pentanone-3 57-10,15,16 | -Phellandrene 8-11,14

Furan 6 o -Terpinene 8-10,17

2-Methyl furan 1-5,12,13 B -Terpinene 3,8-10,13-15
3-Methy! furan 1-5,12,13 ¥ -Terpinene 9,13-15,17

Ethyl furan 1,2,4,8 Limonene 3,7-17

Vinyl furan 1,2,4,8 Terpinolene 9-17

Ethyl acetate 9 1,8-Cineol 3,8,14

3-Hexene-l-ol acetate | 1,4-8 Fenchone 16*

Methyl (o-methyl) Thujone l6%*

butyrate 14%+ Camphor 8

Methyl (o-methyl)

capronolate 14 p-Cymene 7-17

Methyl chioride 14-16 Menthane 14

#1. Bay-leaved willow; 2. Aspen; 3, Balsam poplar; 4. European oak; 5. European birch;
6. Sorb; 7. European larch; 8. European fir; 9. Scots pine; 10, Siberian pine; 11. Silver fir;
12. Common juniper; 13. Zeravshan juniper; 14. Pencil cedar; 15, Evergreen cypress; 16.
Northern white cedar; 17. Chinese arbor vitae (one asterisk refers to an important VOC
component and two asterisks refer to the dominant VOC component).

Source: Isidorv et al.
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Table 1.2 (Source: Southern Oxidants Study)

Forest tree species of the southeastern United States and the published rates of emission of isoprene and terpenes icr
those that bave been studued. Most rates of emission are expressed as micrograms of carbon emitted per gram dry weight of leaf

carbon accounts for about 88% of the molecular weight).

Species Isoprene  Terpene  Units Sample Reference Comments
- emission  emission size

Abies fraseri - + - Rasmussen, 1972
(Fraser fir)
Acer rebrum 0.0 35 - A 9 Zimmermann, 1979 day, a
(red maple) 0.0 24 A 9 Zimmermann, 1979 night, D

0 21 A 1 Lamb et al,, 1984 day, 24.4°C, ¢
Betula allegheniensis * - - 3 Evans ez a/., 1982
(yellow birch) / '
Betula nigra
(river birch)
Carpinus caroliniana
(American hornbeam)
Carya aquatica - 0.4 A 4 Zimmermann, 1979 day, a
(water hickory) . 03 A 4 Zimmermann, 1979 night, b
Carya cordiformis " 0.0 04 A 4 Zmmermann 1979 - day,a
(swamp hickory) 00 02 A 4  Zimmermann, 1979 night, b
Carya glabra 0 36 A 2 Lambetd., 1984 day, 25.0°C, ¢
(pignut hickory)
Carya illinoensis
(pecan)
Carya ovata
(shagbark hickory)
Carya tormentosa
(mockernut hickory)
Cercis canadensis + . 3 Evans ez af., 1982
(eastern redbud)
Comus florida 0 78 A 1 Lamberal, 1984 day, 27.3°C, ¢
(Nowering dogwood)
Diaspyros virginiana 0.0 0.0 A 17 Zimmermann, 1979 day, a

(common persimmon) 0.0 0.0 A 17 Zimmermann, 1579 night, b
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Fagus grandifolia
(American beech)

Fradnus americana
(american ash)

Frednus caroliniana
(Carolina ash)

Fraxinus pennsylvanica
(green ash)

Hex cassine
(dahoon holly)

[lex coriacea

(sweet gallberry)
Juniperus silicicola
(southern redcedar)

Juniperus virginiana
(eastern redcedar)

Liquidambar styraciflua
(sweetgum)

Liriodendron wlipifera
(tulip poplar)

Magrolia grandiflora
(southern magnolia)

Magnolia virginiana
(sweetbay)

Myrica cen'fefa

(wax myrtle)
Nyssa aguatica

(water tupelo)

Nyssa sylvatica
(blackgum)

bxydendmn arboreum
(sourwood)

Persed borbonia
(redbay)

Picea rubens
(red spruce)

0.0
0.0

0.0
0.0

385

00
14

Lo

0.0
0.0

Table 1.2 (Continued)

23 A 1 Lamb ez af., 1984
0.0 A 1 Zimmermann, 1579
0.0 A 1 Zimmermann, 1979

0.0 A 3  Zimmermann, 1979
0.0 A 3 Zimmermann, 1979
46.4 A 17 Zimmermann, 1979
318 A 17 Zimmermann, 1979
+ B 1 Rasmussen, 1972
27 A 2 Lamb et al., 1984
63 A 9  Zim  anm 1979
44 A 9 Zim ....ann, 1979
58 A7 LT Lamberdl., 1984
12 A pA Zimmermann, 1979
0.8 A 2 Zimmermaann, 1979
+ Rasmussen, 1972

day, 23.59C. ¢

day, a
night, b

day, 2
night, b

day, a
night, b
6 reps, 28°C

day, 23.99C, ¢

day
night

day, 28.9°C, ¢

- day, a

right, b

Copyright American Petroleum Institute
Provided by IHS under license with API

No reproduction or networking permitted without license from IHS Not for Resale




API PUBLx309 92 EM 0732290 052965t Tiy W

Pinus clausa
(sand pine)

Pinus echinata
(shorteaf pine)

Pinus ellioti?
(slash pine)
Pinus pdlu:tris
(longleaf pine)

Pinus rigida
(pitch pine)

Pinus seroting
(pond pine)

Pinus strobus
(eastern white pine)

Pinus taeda
(loblolly pine)

Pines virgird
(virginia pine)

Platartues occidentalls
(American sycamore)

Populus deltoides
(eastern cottonwood)

Quercus alba
(white oak)

. Quercus coccinea
(scarlet oak)

Quercus falcata
(southern red oak)

Quercus geminata
(scrub live oak)

Quercus incana
(bluejack oak)

Quercus laevis
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45.9°

L 4 A

4.6

124

439 .
00

84

Table 1.2 (Continued)

1.6
8.1

&

64
32
22

5.9
4.1

10.7‘

33
20

37,

35

72

0.2
0.2

03

A
A

o p

> awpp

R A S

H n

16
16

—

B n

~ -
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Zimmermann, 1979
Zimmermann, 1979

Rasmussen, 1572
Tingey et al., 1580

Zimmermann, 1979
Zimmermann, 1979

- Zimmermann, 1979

‘Zimmermann, 1979

Lamb et dl., 1984

Lamb ez al, 1984
Rasmussen, 1972

~

Arnts et al., 1978
Knoppel et a/,, 1982
Rasmussen, 1972
Armnts et al., 1978

Lamb et al, 1984
Lamb ez of., 1984
Evans et a/., 1982

Lamb et ., 1984

Lamb et ol 1984

Zimmermann, 1979
Zimmermann, 1979

Zimmermann, 1979

day, a
night, ©

day, a
night, b

day, a
might, b

day, 23.9°C

day, 24.4°C
7 reps, 31°¢C

repsonl tres
7 reps, 31°C
met method

day, 28.3°C

day, 32.2°C

day, 26.9,C

day, 25.0°C .

day, a
night, b

day, a




(turkey oak)

Quercus laurifolia
(laurel oak)

Quercus marilandica
(blackjack oak)

Quercus minima
(dwart oak)

Quercus myrtifolia
(myrde oak)

Quercus nigra
(water oak)

Quercus phellos
(willow cak)

Quercus prinus
(chestnut oak)

Quercus pumila
(runner oak)

Quercus rubra:
(northern red cak)

(post oak)

Quercus veluting
(black oak)

(live 0ak)

Rfu’zéplzora mangle
(red mangrove)

Sebal palmetto
(cabbage palmetto)

Salix carpliniang
(Carclina willow)

Sumbucus simponil
(elderberry)

Sussafras atbidum
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0.0

'10.0
0.0

14.6
0.0

37
0.0

310
0.0

412
1.
0.0

1400

-

45

0.0

124

0.0

0.6

02
0.1

02
0.1

0.1
0.1

0.0
0.0

0.4
0.0

19
0.1

73

LS 2 e We K

> >

> > PP P

>

>

Table 1.2 (Continued)
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16
16

00
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Zimmermann, 1979

Zimmermann, 1979
Zimmermann, 1979

Zimmermann, 1979 -

Zimmermann, 1979

Zimmermann, 1979
Zimmermann, 1979

- Zimmermann, 1979

Zimmermann, 1579

Lambet o, 1984

Lamb ez o/, 1984

Tingey et af,, 1979-

Zimmermann, 1979

Zimmermann, 1979
Tingey et af., 1981
Tingey et al,, 1981

Zimmermann, 1979
Zimmermann, 1979

Zimmermann, 1579
Zimmermann, 1579

Zimmermann, 1579
Zimmermann, 1979

Zimmermann, 1979

Lamb et al,, 1984

night, b

day, a
night, b

day, a

night, b

day, a
night, b
day, a
night, b

day, 20.0°C

day, 28.8°C

day, a
night, b
day
night

day, a
night, b

-day, 2

night, b

day, a
night, ©

day, night

day, 29.4°C, ¢
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Table 1.2 (Continued) 8
(sassafras)
Taxodiwm distichum - 85 A 20 Zimmermann, 1979 day, a
(baldcypress) - 5.9 A 20 Zimmermann, 1579 night, &
Taxodium distichum

var, nuans

(pondcypress)
Tsuga canadensis o 13 A 2 Lamberal, 1984 day, 19.4°C
(eastern hemlock)
Ulnus americana " 0.0 0.0 A 1 Zimmermann, 1979 day, a
{American elm) 0.0 0.0 A 1 Zimmermann, 1979 night, b

Unijts: A = g (g dry weight) 1yl Ba ppb min 'l(g fresh weig,ﬁt) Liter LiCmpgm 2 0t

Comments: a, corrected to 3Q°C; b, con-ected}o 259C; ¢, total hydrocarbons, niosﬂy monoterpenes; -, 0ot measured; -,
significant emission but not quantified; 0, emission was very low; 0.0, emissions were undetectable despite high sensitivity of tke

analysis.
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Bufler and Wegmann (1991) used open top chambers in a Norway spruce forest (Picea

- abies L. Karst) and measured emissions of alpha-pinene, beta-pinene, camphene, sabinene,

- myrcene, A3-carene, limonene, tricyclene, and 1,8-cineole. The emission rates of alpha-

~ pinene and beta-pinene accounted for more than 80% of the total. These authors also reported
that volatilization of oils in bark appeared to be a significant source in addition to the
emissions from needle biomass. This may be a significant finding since most other studies
report emissions in terms of needle or leaf biomass and inventories derived from these
measurements are usually formulated using leaf biomass density factors. Hrutfiord et al.
(1974) had earlier measured the composition of needle and cortex oils for Sitka spruce (Picea
sitchensis) over a growing season. They reported that the needle oil composition was high in
myrcene (30%), camphor (18%), and piperitone (28%), while the cortex oils contained mostly
alpha-pinene (22%), beta-pinene (14%) and beta-phellandrene (38%). Oxygenated
monoterpenes accounted for 45% of the needle oil composition, while hydrocarbon
monoterpenes dominated the cortex oil. The composition of oil was lower in myrcene and
higher in piperitone for older needles compared to younger needles. Hrutfiord et al. reported
that cortex and needle oil becomes essentially identical in composition for older branches near
the bottom of large trees. On a seasonal basis, needle o1l from new growth is initially almost
all myrcene with no detectable oxygenated species, but the myrcene content decreases rapidly
with time.

For isoprene emitting hardwoods, Lamb et al. (1985) found that isoprene accounted for
approximately 80% of the total emissions, and that total VOC emissions from non-isoprene
emitters were a factor of two less than from isoprene emitters over the same range of
temperatures. The emission rate of isoprene from hardwood species increased from 0.3
ug/g/hr at 12 ©C to 50 ug/g/hr at 35 OC. Similar results have been reported in other studies of
deciduous emissions (e.g. Zimmerman, 1979a; Winer et al., 1983). Evans et al. (1982)
identified isoprene emitters from among 54 different species of young seedlings and concluded
that isoprene is emitted from many trees and shrubs, but usually not from herbaceous or crop
species. The emission rates obtained from these studies followed a lognormal distribution after
correction to 28 OC and a light intensity of 1000 uE/m2/s, and Evans et al. thus compiled the
emissions in terms of the geometric means of the measurements.

Arey et al. (1991) measured linalool as the dominate compound emitted from Valencia
orange trees (Citrus sinensis). There was a strong seasonal effect with emissions a factor of
ten higher during the spring blossom period than later in the growing season. The maximum
emission rate was 13 ug/g/hr at 25 ©C.

Ohta (1984) identified cis-1-hexen-1-o} (leaf alcohol) as the major emission from a
temperature zone grass (Miscanthus sinensis) with a maximum emission rate of 15 ug/g/hr at
approximately 24 ©C. This may be a significant underestimate because it appears from the
paper that the samples were collected 5 minutes after enclosure and steady state concentration
levels were probably not achieved within this time. Hexenol has also been reported by a
number of other researchers as a significant emission from grasses and crops (Winer et al.,
1989; Lwande and Bentley, 1987).
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Thompson et al.(1971) earlier reported twelve different compounds emitted from cotton
plants (Gossypium hirsutum L., var. Deltapine Smoothleaf). Two isomers of bisabool
accounted for 20 to 50% of the emissions, and trans-2-hexanol accounted for 5 to 10% of the
total emission. Hatanaka et al. (1978) showed that specific enzyme activity levels in plants
were related to the production of cis-3-hexenal and n-hexanal. Production of these oxygenated
species was relatively high in dicotyledonous plants and low in edible leafy vegetables, fruits,
and monocotyledonous plants. A total of 34 volatile compounds, including a number of sulfur
and nitrogen-containing species were identified by Tollsten and Bergstrom (1988) in the
headspace over whole and macerated rape and mustard plants (Brassica and Sinapis species).
The identified compounds over whole plants included a number of terpenes (8-pinene,
sabinene, myrcene, limonene, and 8-phellandrene), leaf alcohols and aldehydes (cis-1-hex-3-
en-1-ol, trans-hex-2-enal, and cis-hex-3-en-1-yl acetate), benzaldehyde, and low amounts of
nitrogen and sulfur species (indole, phenylacetonitrile, dimethyl disulfide and dimethyl
trisulfide).

As an interesting aside, Gelmont et al. (1981) reported the isoprene was the dominate
endogenous hydrocarbon in human breath. The emission rate was estimated as 2 to 4 mg/day.
This extrapolates to less than .001 Tg/yr in the U.S. which is negligible compared to inventory
estimates of isoprene emissions from vegetation in the U.S.

1.3.2 Emission Patterns and Environmental Effects

It is well documented from the aforementioned field studies and from laboratory studies
by Tingey and co-workers (Tingey et al., 1979, 1980, 1981), among others, that isoprene
emissions increase with increasing temperature and light. Isoprene emissions in the dark can
occur, but at very low levels. In contrast, it is generally believed that monoterpene emissions
increase with temperature, but are not affected by light intensity. However, Yokouchi and
Ambe (1984) reported that monoterpene emissions from red pine (Pinus densiflora) decreased
by a factor of two in darkness compared to full sunlight. These authors noted that increased
leaf temperature in sunlight might explain part of this effect. They argued that temperature
acts through the vapor pressure curve of the monoterpene to increase volatility while light
provides a pool of material through photosynthesis. This claim has not been substantiated in
other studies.

Sanadze (1990) described the hypothesis that isoprene emission to the atmosphere is the
result of two interrelated photosynthetic carboxylation schemes within the leaf chloroplasts.
Monson and Fall (1989) used a leaf cuvette system to investigate the linkage between
photosynthesis, photorespiration, and isoprene emission from aspen leaf. In this study,
isoprene emissions occurred in the presence of either CO» or O9; the presence of both gases
was not a requirement for isoprene emission. The authors interpreted this to imply that
isoprene emissions are not related to photorespiration. The results indicated that elevated COp
levels inhibited isoprene emissions, and that a light generated reductant or ATP is required for
isoprene to be emitted. The yield of isoprene as a percent of the assimilation of CO, increased
from 0.4% at 20 ©C to 8.4% at 42.5 OC. For comparison, in a global emission inventory of
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isoprene, Zimmerman et al. (1978) estimated from a U.S. inventory of emissions that isoprene
emissions were 0.7% of the net primary productivity of vegetation. Also, Gay (1987)
compared the carbon uptake predicted from a simple photosynthesis model to the isoprene
emissions predicted from empirical temperature-emission curves applied in an mventory of
emissions for the U.S. The isoprene emission represented 0.2% of total carbon uptake
predicted in this study. These estimates provide measures of the linkage between the dynamics
of photosynthesis to isoprene emission mechanisms in vegetation.

In earlier work, Tingey et al. (1981) demonstrated in a series of growth chamber tests,
that isoprene emissions were a normal plant product and were not induced due to the effects of
stress upon a plant. Juuti et al. (1990) measured emissions from Monterey pine and observed
no effects due to changes in CO» levels, the presence of elevated ozone, or increased wind
] speed. However, rough handling of the branches increased emissions by factors of 10 to 50
times. Lamb et al. (1985) measured alpha-pinene emissions from wet and dry branches of
Douglas fir (Pseudotsuga menziesii) and found that the emission rate was a factor of two
higher from wet branches than from dry branches over the same temperature range. In both
cases, the emissions were strongly correlated with temperature.

‘ Guenther et al. (1990) have recently reported extensive emission rate measurements of
isoprene and monoterpene emissions from leaves of Eucalyptus globulus using a leaf cuvette

method. Isoprene emissions fluctuated less than 3% on an hourly basis and less than 14%
from day to day. Leaf-to-leaf variations were much higher at 62%. These fluctuations were
also observed for CO7 uptake over time and from leaf-to-leaf. Leaf age was an important
factor in these variations. An empirical model of isoprene emissions which accounted for the
effects of relative humidity, light intensity, CO7 assimilation, and leaf temperature was
developed using the measured data. The fit of the model to the data was reasonably good
(within 10% of observed for 62% of the values). Tests of the model against an independent
data set are needed. It is not clear how general the empirical constants will be for different
species or for real-world conditions.

Seasonal effects in emissions have been reported by Flyckt (1980) for isoprene
emissions from red oak and by Arey et al. (1991) described previously for orange trees in
blossom. Dilts et al. (1990) recently found significant changes in emissions over the course of
a growing season for English oak which were not explained by changes in temperature or light
intensity. Beyond these few studies, however, there are no long term efforts to measure
seasonal effects upon emissions. Similarly, there are no systematic efforts to determine the
effects of stress or disease upon vegetation under real world conditions.

This overview of the literature indicates that emission rate data exists for a wide variety
of species, but for a relatively limited number of compounds: isoprene, a number of the
dominate monoterpenes, and a few oxygenated species. From these data it appears that
isoprene is the single dominant compound emitted from vegetation, the dominate terpene
emissions are distributed among several monoterpenes, and emissions of identified oxygenated
compounds may be significant for some types of vegetation. The available emission rate data
includes data sets with relatively complete measurements of environmental parameters as well
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as other data sets with only limited parameter information. Because of the different species,
different locations, and different methods used in these measurement programs, it is difficult to
envision a single compiled data set describing emission rates and related parameters. The
question of scaling individual branch sampling to small scale flux estimates and from there to
regional flux predictions has been discussed by Hicks (1989), but no attempts to demonstrate
experimentally the scale up of emissions have been reported. This remains a serious question
concerning the utility of emission rate data.

In addition to the compounds for which emission rate data exist, there is a much longer
list of compounds which have been identified as being volatile components in plant biomass,
but for which no quantitative emission rate information is available. There is work in progress
dealing with the biochemical mechanisms for release of volatiles from vegetation. There is the
beginning of a foundation for modeling isoprene emissions in terms of vegetation
biochemistry. Terpene emissions seem to be directly related to oil composition and compound
vapor pressure, but the formation mechanisms of the oil reservoirs has not been addressed in
the context of volatile emissions.

1.4 AMBIENT BIOGENIC VOC CONCENTRATION MEASUREMENTS

Efforts to identify the dominate VOC emissions by investigating diurnal concentration
patterns have been reported in a number of studies. Arey et al. (1991) in the study of linalool
emissions mentioned previously found a good correlation between ambient linalool
concentrations and measured emission rates in an orange grove. Clement et al. (1990)
measured monoterpene concentrations at two heights within a maple forest (Acer saccharum)
in Quebec. Limonene was the dominate monoterpene, but it was emitted from understory
species and not maple. This underscores the potential importance of understory species in
forest emissions. Emissions from secondary vegetation in a forest may be incorrectly assigned
to the dominate tree species if direct emission measurements are not made. The monoterpene
concentrations in the maple forest were at a maximum at night and at a minimum during the
day. This concentration pattern has been reported by others (Bufler and Wegmann, 1991;
Petersson, 1988) and is probably related to the continued emission of terpenes in the dark into
a very stable atmosphere where dilution is minimized compared to daytime conditions. The
terpene concentrations were slightly higher near the ground than in the canopy, and the authors
suggested that this might be due to decomposition of leaf litter on the forest floor.

Martin et al. (1991) found an early evening maximum isoprene concentration associated
with the onset of a stable surface inversion in a deciduous forest clearing followed by a sharp
decline in concentration during the night. The rapid decline may be related to deposition of
isoprene since it appears too rapid to be accounted for by chemical degradation. It appears
from this literature review that the deposition of biogenic VOC's has not been investigated in
any fashion. The general diurnal pattern of isoprene concentrations measured by Martin et al.
followed a rapid increase of isoprene concentration in the early morning, then a slow rise
through midday and a slow decrease in the late afternoon. This was followed by the early
evening maximum described above and then low levels were observed through the night.
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Typical maximum concentrations reached 5 ppbC during midday and 8 ppbC in the early
evening.

Yokouchi and Ambe (1988) measured isoprene and monoterpene concentrations in an
agricultural area of Japan during both rainy and clear midsummer conditions. Maximum
isoprene concentrations during wet and clear days were 4 ppbC and 4.8 ppbC, respectively,
but the average daily concentrations of isoprene were much higher on clear days versus cloudy
days. Monoterpene concentrations were dominated by alpha-pinene with maximum wet and
dry day concentrations of 21 ppbC and 22.8 ppbC, respectively. The average daily
monoterpene concentrations were similar on clear and cloudy days, but clear nights produced
monoterpene concentrations higher by a factor of 10 compared to cloudy nights. The ratio of
alpha-pinene to beta-pinene increased from about 1 on high ozone days to about 4 on low
ozone days.

These measurements of ambient concentrations of biogenic VOC’s present a reasonably
consistent picture of both isoprene and monoterpene diurnal concentration patterns. Isoprene
clearly increases during the morning to maximum values during periods of maximum solar
radiation and temperature and decreases at night. This pattern can be perturbed somewhat by
the formation of a stable surface inversion in the evening. It appears that the rapid decrease in
isoprene concentrations in the evening may be related to deposition. In contrast to isoprene
concentrations, terpene concentrations tend to be lower during the day than at night primarily
because of greater dilution during the day and low mixing at night. This implies that the
daytime terpene sources are not as large as daytime isoprene sources. Changes in the ratios of
terpenes with changes in ozone concentration are indicators of the different reactivity of
terpenes in the atmosphere which may provide a powerful tool for evaluating chemical kinetic
mechanisms proposed for terpene oxidation.

1.5 BIOGENIC EMISSION INVENTORIES

Efforts to compile emission inventories of biogenic emissions have paralieled modeling
studies because of the need for temporal and/or spatial emission descriptions as input to
models. U.S. emission inventories have been reported by Zimmerman (1979b), by Lamb et
al. (1987), Gay (1987), and Lamb et al. (1990). The last three studies developed inventories
on a county spatial scale, while the last two studies provided hourly estimates for typical
diurnal periods for each month. The work by Gay (1987) and Lamb et al. (1990) introduced
the use of a forest canopy model and leaf energy balance as a way to account for canopy
effects upon leaf temperature and photosynthetic radiation. These studies provided the basis
for a gridded inventory system developed for EPA use and described by Pierce et al. (1990).
Regional or urban inventories have been developed by Zimmerman (1979a) for Tampa Bay,
FL, by Winer et al. (1983) for the Los Angeles basin, by Salop et al. (1985) for a portion of
Virginia, and by Flyckt et al. (1980) for Pennsylvania state. Global emission inventories of
biogenic hydrocarbons have recently been developed by a number of groups including Dignon
and Logan (1990), Allwine et al. (1990), and Turner et al. (1991). These global estimates use
gridded land use data with gridded climatological data with various emission rate algorithms to
estimate isoprene emissions. Allwine et al. (1990) also predicted emissions for alpha-pinene,
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:f other identified monoterpenes, and the sum of other paraffins, olefins, and aromatics. The
work by Turner et al. relies upon satellite imagery to determine the distribution of foliar

density.

In these inventories, emission rate measurements from enclosure samples are used to
develop simple emission algorithms which account for the effects of temperature and, for
isoprene, light, upon the emission rate. Data collected in the Tampa Bay study by
Zimmerman (1979a) are the primary source of data in all of the studies except the site specific
work by Flyckt et al. and Winer et al. and in all cases, except for that of Gay and Lamb et al.,
ambient temperature data are used to drive the emission rate algorithms. Land use data in
these inventories were derived from a number of sources, but there has been no rigorous
attempt to intercompare land use areas among different inventories. Similarly, biomass
density factors were derived from the literature in most cases, and intercomparisons of these
data have not been reported.

1.6 ATMOSPHERIC CHEMISTRY OF BIOGENIC VOCS

Westberg and Rasmussen (1972) initially demonstrated the very reactive nature of
isoprene and a number of monoterpenes in the presence of sunlight and nitrogen oxide. Since

" that early work, there has been a considerable number of smog chamber studies to determine

rate constants of the oxidation of biogenic hydrocarbons with photochemical oxidants and to
investigate the products of the oxidation reactions. The rate constants continue to be refined
and information concerning the products and their yields is becoming available. At the same
time, detailed chemical mechanisms have been formed for isoprene, and the initial products
from the oxidation of monoterpenes such as alpha-pinene and beta-pinene have been suggested.
These kinetic mechanisms have been included in a number of computer modeling studies to
determine the relative importance of biogenic versus anthropogenic hydrocarbons for the
formation of ozone downwind of urban areas. More recently, measurements of ambient
concentrations of isoprene and monoterpenes and their expected oxidation products have been
conducted so that the predicted behavior of biogenic VOC's in the atmosphere can be
evaluated against atmospheric measurements. Recent results in each of these areas are
discussed below; abstracts of the compiled literature are given in the appendix.

Atkinson (1990) presented a comprehensive review of the gas phase chemistry of
tropospheric organics. For isoprene, oxidation by hydroxyl radical occurs via addition to the
double bonds to produce either methyl vinyl ketone and formaldehyde or methacrolein and
formaldehyde. The ratio of rates leading to methacrolein versus methyl viny! ketone are
calculated to be 34/66 at room temperature. Atkinson further noted, however, that these
products do not account for the entire reaction process; Gu et al. (1985) measured methy! vinyl
ketone (16%), methacrolein (23%) and 3-methylfuran (5%), and Tuazon and Atkinson (1989)
measured methyl vinyl ketone (29%), methacrolein (21%), 3-methylfuran (4.4%), and
formaldehyde (59%) as reaction products. Rate constants for reaction with OH, NO3 radical,
and ozone were reported for isoprene, alpha-pinene, and beta-pinene.
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Additional reaction rate data for alpha-pinene and beta-pinene with ozone and OH have
been reported by Hatakeyama et al. (1989,1991). These authors found that the major reaction
products of alpha-pinene with ozone were CO(9+1%), CO2(30+2%), HCHO(22+1%), and
the aldehydes(51%): pinonaldehyde and nor-pinonaldehyde. The reaction products of beta-
pinene with ozone were CO2(27+2%), HCHO(76+2%), and 6,6-
dimethylbicyclo[3.1.1Theptan-2-one(40+2%). Aerosol yields in these reactions were
relatively constant over the terpene concentration range 10 to 100 ppb at 18.3+1.1% and
13.84+0.8% for alpha-pinene and beta-pinene, respectively. For OH oxidation, these authors
reported that the major oxidation product for alpha-pinene in the presence of NO was
pinonaldehyde (56+4%) and the major products for beta-pinene in the presence of NO were
6,6-dimethylbicyclo[3.1.1Jheptan-2-one(79+8%) and HCHO (54+5%). The latter yield
evidently suggests that some of the HCHO is a secondary product of the oxidation. In the
absence of NO the yields were decreased and enhanced aerosol formation was observed.

Kotzias et al. (1990) conducted chamber experiments of the oxidation of alpha-pinene,
beta-pinene, and limonene via ozone under dark conditions in the presence of SO2/NO9 and
beta-pinene in the presence of SO) alone. In the latter case, oxidation rates of SO were in
the range 6 to 15% after four hours, and greater oxidation of SO) occurred with low relative
humidity levels. Nopinone was identified as the dominate volatile terpene oxidation product.
Adding NO» to the system cause significant degradation of the terpenes--approaching 95% in
one hour for limonene and 90% in 4 hours for alpha-pinene--and less oxidation of SO than in
the case without NO2. Nopinone and pinonaldehyde were the main volatile products from
alpha-pinene and beta-pinene oxidation, but an unknown compound appeared to the dominate
product of limonene oxidation. The change in oxidation rates was explained through the
effects of nitrate radical and a larger source for Crigee intermediates.

Reaction rate constants for gas phase oxidation of sabinene and camphene due to OH,
NO3, and ozone were measured by Atkinson et al. (1990). The results indicated that NO3 and
ozone oxidation of the terpenes were less than 5% of the rate associated with OH. In
comparison to OH oxidation of isoprene, the rates constants for sabinene and camphene were
factors of 1.16 and 0.525 times the isoprene rate constant.

Nolting et al. (1988) described the development and testing a smog chamber designed
specifically for the study of terpene oxidation and aerosol formation. The chamber was tested
by measuring rate constants for a number of alkanes and alkenes for comparison to the
literature. Initial application of the system involved measurements of alpha-pinene and beta-
pinene oxidation by O3 and OH which compared well with literature results.

Hooker et al. (1985) used a 14 radiotracer method to examine the carbon mass
balance of alpha-pinene oxidation products among gas phase, aerosol phase, and wall losses in
a smog chamber. Mass balance results accounted for between 79% and 97% of the carbon for
realistic ambient starting concentrations for ozonolysis and photochemical mixes.

Reports of ambient measurements of the oxidation products of isoprene and terpene
have only recently appeared in the literature. Pierotti et al. (1990) measured methacrolein
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(MAC) and methy! vinyl ketone (MVK) concentrations at California forests including
California live oak (Quercus agrifolia) and sycamore (Platanus racemosa), eucalytptus groves,
and groves of date palms (Phoenix dactylifera). Maximum concentrations were measured in
midsummer and minimum concentrations were measured in early spring. Significant linear
correlations existed between isoprene and each of the two oxidation products. Enclosure
measurements indicated that neither MAC nor MVK were emitted directly from vegetation.
Comparison of the measured concentrations with photochemical model calculations indicated
that the kinetic mechanisms for moderate NOy concentrations were not consistent with the
observations. The work by Martin et al. (1991) in a mixed hardwood forest, mentioned
previously, included diurnal measurements of isoprene, MAC, MVK, HCHO, and several
organic acids. These data showed a strong correlation between isoprene and each of the
carbonyls, but the slopes of the correlations for MAC and MVK were different than reported
by Pierotti et al. (1990).

Helmig et al. (1990) obtained continuous measurements of peroxyacetyl nitrate (PAN)

. at a forest site over a one year period. Concentrations were lower within a spruce forest than

- above the canopy. Typical concentrations were less than 0.2 ppb, but episodic concentrations

- reached 4.6 ppb. The results indicated that long range transport of PAN was more important

~ that local production within or above the forest. It was concluded that biogenic hydrocarbons
did not contribute to the maximum PAN concentrations. Gunz and Hoffman (1990) measured
carbonyl and carboxylic acid concentrations in snow samples from central and southern
California mountains. Formaldehyde and acetaldehyde were the dominate species, and the
maximum concentrations were measured in areas with widespread deciduous and coniferous
forests, but the possibility of transport from agricultural and urban areas was not eliminated as
a source of the aldehydes. Organic acid contributions to the total free acidity averaged 43%.
Clairac et al. (1988) measured the physical properties and chemical composition of aerosols in
an equatorial region of Africa during a period with minimal biomass burning. The results
show that the forest was a source of fine particles produced by gas-to-particle conversion and
by mechanical processes. Half of the carbon was in the form of submicron particles believed
to be derived from gas phase photochemistry.

The measurements of rate constants and the recent measurements of product
concentrations in the atmosphere provide the basis for developing kinetic mechanisms and
photochemical models in the first case and the basis for testing these models in the second
case. There have been a number of kinetic mechanisms developed and a large number of
photochemical modeling studies related to biogenic hydrocarbons. In the latest version of the
carbon bond mechanism (CB-IV), isoprene is treated explicitly, while a terpene is modeled
using a lumped structure approach where the structure is represented by a combination of OLE
and PAR surrogates for the double and single bonded carbons. The primary products of
isoprene oxidation are modeled to be MAC, MVK, and HCHO. Evaluation of the chemical
mechanisms versus smog chamber studies indicated significant improvement over previous
versions of the model. For isoprene, ozone concentrations were overpredicted by only
6+23%, PAN concentrations were overestimated by 10+22%, and HCHO concentrations
were estimated to within 1+18%.
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Calvert and Madronich (1987) developed a detailed chemical mechanism covering 26
alkanes, two alkenes, five aromatics, isoprene and alpha-pinene. The predicted initial products
of isoprene oxidation in a realistic atmospheric mix were MAC (25%), MVK (25%), and
HCHO (50%). The authors further noted, however, that these products have short lifetimes in
the atmosphere and that these are also products of common aromatics as well so that the
products are not necessarily unique markers of isoprene laden air masses. For the terpenes,
the products of oxidation are unique and should be useful short term markers in the
atmosphere.

Different chemical kinetic mechanisms have been compared by Dodge (1989) and by
Derwent (1990). While Derwent did not explicitly discuss biogenic VOC chemistry, Dodge
included simulations where isoprene emissions varied diurnally. There were some differences
among the different simulations, but Dodge concluded that overall the three mechanisms
showed good agreement in the treatment of rural atmospheric chemistry.

Questions concerning the importance of biogenic hydrocarbons in the formation of
ozone within or downwind of urban areas have been addressed in a number of air quality
modeling studies (e.g. Lurman et al., 1984; Trainer et al., 1987; Chameides et al., 1988).
Methods have ranged from the use of simple box models to Lagrangian chemical reactor
models to fully three dimensional Eulerian grid models. The influence of biogenic
hydrocarbons in the Regional Acid Deposition Model (RADM) (Chang et al., 1988) and the
Regional Oxidant Model (ROM) (Roselle and Schere, 1990) have been of particular interest.
Similar concern for the importance of biogenic VOC's in formation of CO and tropospheric
ozone on a global basis has been addressed through tropospheric chemical models (Lopez et
al., 1989; Jacob and Wofsy, 1988; and Atherton and Penner, 1990).

Lin et al. (1988) employed a photochemical box model to investigate the nonlinear
dependence of ozone formation upon precursor concentrations. The results indicated that the
composition of hydrocarbons, the ratio of VOC/NOy, and the background concentrations of
biogenic VOC's, CO, and CHy4 all are important in determining the nonlinearity of ozone
formation with respect to NOx loss. Atherton and Penner (1990) performed a similar study
using a photochemical box model to investigate the importance of odd nitrogen species beyond
those normally included in models: NO, NO», PAN, HNO3, and NO3~ (particulate nitrate).
The shortfall of odd nitrogen was defined as the ratio of other nitrogen species to the sum of
the above compounds. For cases with biogenic VOC's, the nitrogen shortfall was 0.25 with
background isoprene and pinene emissions and 0.45 with high pinene emissions. In
comparison, the shortfall varied between 0.02 to 0.33 for various urban simulations. The
implications from this work are that incorrect specification of odd nitrogen chemistry may be a
significant source of error in chemical modeling studies of biogenic emissions.

Jacob and Wofsy (1988) compared photochemical model predictions against isoprene
and ozone concentrations measured over the Amazon forest. The results were in good
agreement with observations and showed that biogenic isoprene and NOx can supply most of
the ozone observed in the boundary layer. In agreement with the suggestion made previously
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about the dry deposition of isoprene at night, the model comparison with observations
indicated the importance of dry deposition.

Lopez et al. (1989) modeled the vertical profiles of photochemical species in a

:_ Lagrangian air parcel moving over homogeneous land cover. For cases with terpene emissions
" into an air mass with low NOx, ozone was depleted, while emissions into an air mass with

high NOx caused an enhancement of ozone. The degree of change was larger for alpha-pinene
emissions than for isoprene emissions.

The effects of biogenic emissions upon the urban plume of London was investigated by
MacKenzie et al. (1991) using a detailed photochemical expanding air parcel model. The
results seemed quite similar to the early work by Lurmann et al. (1984) since the predicted
effect of adding biogenic emissions increased the ozone concentrations by about 8 ppb.

The sum of these modeling studies have provided insight into the role of biogenic
VOC's in atmospheric chemistry. However, until a better understanding of the biogenic
emission fluxes is obtained, the identity of important biogenic species is clarified, and more
complete chemical mechanisms are compiled, the modeling results provide an incomplete and
uncertain picture of biogenic VOC's in the atmosphere.

1.7 CURRENT BIOGENIC STUDIES

The NOAA ROSE (Rural Oxidants in a Southeastern Environment) program recently
completed a 2 month field study in an Alabama pine plantation designed to measure precursors
and products related to ozone formation in the southeastern U.S. The programs included
sampling of biogenic emissions, measurements of VOC reactant and product concentrations,
and performance of vertical profile tracer flux studies. Similar work was performed in the
predecessor to ROSE which was conducted in Scotia, Pennsylvania, in 1988 (see Martin et al.,
1991). The unique feature of the ROSE program is the combined measurement of essentially
all carbon and nitrogen species thought to be important in ozone air chemistry along with
detailed boundary layer meteorological measurements and vertical transport tracer studies. In
ROSE 1990, this included diurnal sampling of VOC emissions using a vegetation enclosure
method of all the dominant vegetation types in the area as well as diurnal sampling of the
concentrations of isoprene, the terpenes, and their expected oxidation products in the
atmosphere. More than 200 enclosure samples were collected along with measurements of
pertinent environmental parameters during the study. Compound fingerprints from each
species sampled were obtained using a GC/MS system located on site. A data meeting of all
participants was held in January, 1991. Initial presentation of results occurred in a special
session at the fall 1991 meeting of the American Geophysical Union.

The SOS (Southeast Oxidant Studies) program is a broad plan under development by a
consortium of universities and EPA laboratories. A large aspect of SOS will deal with
biogenic emissions (Southern Oxidants Research Program on Emissions and Effects, SORP-
EE) while other parts of SOS are directed at intensive field studies of ambient reactant and
product gases. The proposed SORP-EE emissions activities are extremely broad at this point.
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As one component of the work, the NCAR Trace Gas Biogeochemical section has proposed to
measure biogenic emission rates and perform biomass surveys at a number of sites.
Measurements of vertical profiles of hydrocarbon concentrations will be made at each site
using the NCAR tethered balloon sampling system.

The OTER (Oregon Transect Ecosystem Research) project is a NASA effort to use
ecosystem models with remotely sensed observations of ecosystem variables as a way to
predict ecosystem response and feedback to global warming. The OTER project covers six
sites along a line from coastal Oregon over the Cascade Mountains to the high central desert of
Oregon. Initial EPA plans to incorporate biogenic emission measurements by Washington
State University (WSU) within the OTER framework have been eliminated. However,
alternate funding were obtained for a scaled back set of measurements during 1991 at one of
the OTER sites. The emphasis in the emissions measurements was to collect diurnal emission
profiles during two field visits through the growing season in conjunction with careful
measurement of key photosynthesis and environmental variables. As a predecessor to the
WSU OTER study, Dilts et al. (1990) have completed a one year study of emissions from
English oak in Pullman, WA where enclosure samples were collected on an hourly basis
through a diurnal period and environmental parameters were measured continuously
(photosynthesis rate, leaf and air temperature, moisture level, and photosynthetic active
radiation). These diurnal sampling profiles were repeated approximately twice weekly during
the growing season beginning in the fall, 1989, and continuing through the fall, 1992.

The BOREAS (Boreal Ecosystem-Atmosphere Study) sponsored by NASA is an
extensive multi-year field measurement and modeling program that is designed to improve our
understanding of carbon cycling in boreal forests and to investigate how the fluxes of
radiatively active trace gases from terrestrial ecosystems will influence future climate
scenarios. The study area will be at two boreal forest sites in central Canada. Preliminary
field measurements will be made during 1993 and several intensive study periods will be
completed during 1994,

The SIVAQS/AUSPEX are two joint projects being conducted in the San Joaquin
valley of California. Like SOS, these are broad field measurement and modeling efforts to
obtain quantitative information about ozone formation and transport. In terms of biogenic
emissions, the unique feature of this work is the importance of emissions from a variety of
agricultural crops. Winer et al. (1989) recently completed a comprehensive survey of
emissions from crops and natural vegetation in the San Joaquin valley. These data and results
from additional measurements will be used as the basis for a gridded emission inventory of
emissions being developed by the Desert Research Institute (DRI) for the project. The
inventory will make use of satellite data to map vegetation cover, and it will include methods
to predict emissions for specific times using emission models with measured meteorological
conditions.

The EPA Air and Energy Engineering Research Laboratory (AREEL) is funding work
to improve biogenic hydrocarbon emission inventories. The NCAR TGB section will be
involved in reviewing the Tampa Bay emissions data to identify compounds lumped into the
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"other hydrocarbon" categories more specifically. Results from the ROSE sampling program
will be used along with the laboratory measurements by Guenther et al. (1990) to test and
improve the physiological emission rate model. In addition, the use of satellite data to
determine biomass distributions over time will also be investigated through this program.

Together, these current programs represent a substantial effort to improve our
understanding of biogenic emissions. Many of the uncertainties associated with estimating
biogenic emission rates and identifying important VOC species should be resolved as these
programs proceed, and new methods for the development of inventories will be available.
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2.0 CRITICAL REVIEW OF THE LITERATURE

2.1  INTRODUCTION

As a result of the Clean Air Act of 1990, development of plans to control ozone
formation in non-attainment regions must account for the emission of reactive hydrocarbons
from vegetation, and models used to test control strategies must address the photochemistry of
these biogenic gases. However, the inventory models used to estimate biogenic emissions
contain large uncertainties and there is still an incomplete understanding of the oxidation
mechanisms of biogenic hydrocarbons in the atmosphere. In this chapter, selected papers from
the literature are critically reviewed. These papers were selected as representative of the state-
of-the-art in each of several areas including biogenic emissions modeling, emission rate
measurements, and atmospheric chemistry related to biogenic hydrocarbons. The purpose of
this critical review is to highlight the major areas of uncertainty in each area and to identify
gaps where additional information or work is needed. This analysis will thus provide a basis
for the development of a detailed research plan to answer the major questions concerning the
role of biogenic hydrocarbons in the formation of photochemical oxidants.

There are several current large-scale studies underway which have a significant
biogenic VOC component. Because reports and papers from these efforts, the Lake Michigan
Oxidant Study and the San Joaquin Valley Air Quality Study, are not yet available, these
studies are not considered at this time. This review includes available papers and reports
selected as being representative of current studies. The review is designed to be critical in the
sense that it identifies key assumptions, lack of data, or incomplete understanding that limits
our confidence in emission estimates, emission measurements, or predictions of atmospheric
fate.

2.2  EMISSION INVENTORY SYSTEMS

The central emission inventory model being used for ozone control purposes in the
U.S. was developed as part of the National Acid Precipitation Assessment Program (NAPAP)
by Washington State University (WSU) (Placet et. al., 1990; Lamb et al., 1991). This model
was subsequently compiled for implementation on a personal computer as PC-BEIS (Biogenic
Emission Inventory System) by Pierce and Waldruff (1991) (see also Pierce et al., 1990, and
the user's guide, Pierce, 1990). This system is being used as the starting point for inventory
systems now being developed as part of the Lake Michigan Oxidant Study (LMOS, Heiler et
al., 1990) and as part of the San Joaquin Valley study (SVJIAQS/AUSPEX, Ranzieri et al.,
1990). In Europe, the NAPAP inventory methods are also being used as a starting point for
the development of European biogenic emission inventories (Veldt, 1991).

The WSU and PC-BEIS inventory models are essentially the same with some
differences in implementation. The key features of both include the use of geometric mean
emission rate factors derived from Zimmerman's Tampa Bay study (Zimmerman, 1979a), the
use of forest biomass density factors from Zimmerman's work (Zimmerman, 1979b), the
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application of modified curves of emission rate-temperature-light from Tingey's chamber work
(Tingey, 1981), and incorporation of county land use data from the Geoecology Data Base
(Olsen, 1980). A simple semi-empirical forest canopy model/leaf energy balance is used in
both systems to account for the attenuation of sunlight by the canopy and to calculate resulting
leaf temperatures (Lamb et al., 1991). PC-BEIS uses hourly ambient temperature, ambient
relative humidity, wind speed, and cloud cover to calculate emissions for a specified county
for a specified day.

Emission fluxes are calculated for isoprene, alpha-pinene, other identified
monoterpenes, and other hydrocarbons. While PC-BEIS calls the latter category
"unidentified’, as Lamb et al. (1991) describe, other hydrocarbons were originally identified
by Zimmerman in terms of paraffins, other olefins (besides isoprene and specific terpenes),
and aromatics. In the original work, Zimmerman reported that 85% of all emissions were
identified in terms of specific compounds, but for purposes of reporting, minor species were
lumped in the three categories given above. Unidentified species were categorized according
to the chromatographic peak retention time. In terms of the classes used in the inventory
system, most of the other hydrocarbons are listed as paraffins and aromatics as shown in Table
2.1 from Lamb et al. (1991).

Table 2.1. Composition of Other VOC emissions (geometric mean emissions at 30 oC)
derived from emission rate measurements in Tampa Bay, FL).

Class Paraffins Other Aromatics Total
Olefins*
(ug/g/hr)
High Isoprene 0.88 0.15 0.79 15.8
Low Isoprene 0.73 0.07 0.64 7.74
Non Isoprene 0.77 0.12 0.65 1.96
Coniferous 0.74 0.25 0.36 4.26

* olefins besides isoprene and selected terpenes

This breakdown does not agree with the assumption by Pierce et al. (1990) that the other
hydrocarbon class is 45% paraffin, 45% olefin, and 10% aromatic.

In spite of the identifications reported by Zimmerman, the fact remains that the exact
identity and the quantity of other VOC emissions are largely uncertain. These constitute a
significant uncertainty in the current inventory system. As indicated in the first chapter,
several workers have identified a wide range of other compounds, including oxygenated VOC,
as volatile emissions from plants. However, there has been no systematic effort to develop

ican Petroleum Institute

Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



API PUBL*309 92 ER 0732290 0529L73 0TI WA

23

usable emission fingerprints for large classes of vegetation suitable for use in an inventory
scheme.

For a particular emission class, emission rates in the inventory system are calculated as
the product of an emission rate factor and an algorithm derived from Tingey's chamber work
to account for the light (for isoprene, only) and temperature conditions. In the development of
the inventory, emission rate factors for trees were calculated from the raw Tampa Bay data in
terms of geometric means for the following classes: deciduous high isoprene emitters,
deciduous low isoprene emitters, deciduous non-isoprene emitters, and coniferous terpene
emitters. The calculation involved correction of the raw data to 30 oC using Tingey's curves
and then calculation of the geometric mean of all emission rates in each class. There are four
aspects to the calculation of the emission rate factors which introduce uncertainties into the
inventory. First and foremost, all of the emissions data are for species measured in only one
location: Tampa Bay, FL. Lamb et al. (1987) compared these data with results from a variety
of other studies across the U.S. and found that there was general agreement between the slope
of emissions versus temperature as well as for the magnitude of the emissions. However,
there was still a factor of two to three scatter among all of the data points from that
comparison.

Second, Lamb et al. (1991) pointed out the difficulty of choosing between the use of
geometric means to represent emissions as opposed to arithmetic means. Geometric means
were initially selected as representative of the central tendency of emission because the
frequency distribution of the raw emission data corrected to 30 0C showed a log-normal
distribution. However, it can be argued that arithmetic means are more appropriate because
an arithmetic mean multiplied by the number of samples returns the total summed emission
rate and thus better represents the presence of outliers. For the U.S., the use of geometric
mean emission rate factors yields a total annual emission of 28 Tg/yr while the use of
arithmetic mean factors yields a total annual emission of 47 Tg/yr. The uncertainty due to the
selection of mean emission rate factors cannot be reduced without a more definitive
comparison of individual enclosure samples with total flux measurements from a forest.

Third, the inventory corrects for temperature and light effects upon emissions using
Tingey's curves derived only from measurements for slash pine and live oak. The
representativeness of these curves for a wide variety of species has not been fully determined.
As indicated above, comparison of data from a variety of U.S. studies showed general
agreement in terms of the slope of the emission rate-temperature relationship and this included
Tingey's results. Guenther et al. (1991) have recently introduced a different model of the
emission rate process which addresses the effects of light and temperature as well as the effects
of humidity and carbon dioxide levels. Further work to determine the representiveness of
either the Tingey model or the Guenther mode] is required.

Fourth, the correction algorithm for temperature and light is given in terms of four
emission rate-temperature curves corresponding to 100, 200, 400 and 800 uE/m?2/s light
intensities. In the WSU inventory the curve for 400 uE/ m?2/s is used as the basis for
normalization of the emission rate data, while in PC-BEIS the 800 uE/m2/s curve is employed.
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Lamb et al. (1991) found in the Tampa Bay emission rate data that the raw data most closely
followed the 400 uE/m2/s curve. During the collection of the data, the observer also recorded
a light index based upon the perceived light level at the sampling location. The average light
conditions from these data represented shaded conditions. As a result, Lamb et al. assumed
that the mean emission rate factors corresponded to the 400 uE/ m2/s curve. Normalizing the
raw emission rate data using either the 400 or 800 uE/m2/s curve has the effect of changing
the calculated emissions for a given light level. For the annual U.S. inventory, Lamb et al.
(1991) calculated a total emission of 28 Tg/yr assuming the mean emission rate factors
corresponded to conditions with 400 uE/m2/s light intensity. Assuming that the emission rate
factors corresponded to conditions with 800 uE/m2/s light intensity yielded a total U.S. annual
emission of 22 Tg/yr.

One missing feature in the current inventory is the lack of consideration for the
emission of isoprene by spruce trees and the corresponding dependence of the emissions upon
light. Evans et al. (1985) reported upon the differences in light effects between two species of
spruce. Field measurements of isoprene emissions from spruce do not appear to be available
in the literature.

In summary, the basis for the current inventory system are the Tampa Bay vegetation
enclosure data and the empirical curves from a set of growth chamber measurements using one
deciduous and one coniferous species. It is clear that this is an insufficient data set and that
more work is required to develop more robust emission rate factors and emission rate models.
Validation of selected factors and models is required for a variety of species in a variety of
locations.

This conclusion applies even more strongly to the methods used to estimate emission
rate factors for agricultural crops. In this case, a relatively small number of measurements
were used to calculate total hydrocarbon mean emission rate factors for different crops. The
composition of these total emissions was then largely assumed following compositions
originally used in the EPA BESS emission procedure (a fore-runner to the current PC-BEIS
system). The result is that the uncertainties in the emission rates and in the composition of
emissions from agricultural crops are extremely large. Winer et al. (1989) and Arey et al.
(1991a and b) have recently reported emission rate measurements for a number of California
crops. This type of data should be used to refine the emission rate and compositions used in
the inventory system. For example, the measurements for California crops exhibited very
little or no isoprene emissions. Yet, it is assumed in the emission inventory system that
emissions from crops include a significant fraction of isoprene. In addition, the emission rate
measurements from California indicate that oxygenated species, such as hexenol, can be a
significant component of the emission fingerprint. These types of findings need to be
incorporated into future inventory estimates.

For forested areas, environmental conditions are affected by the forest canopy so that
leaves in the upper canopy receive direct sunlight while those in the lower canopy are shaded.
Leaf temperatures in the upper canopy can thus be as much as 10 oC above ambient, while leaf
temperatures in the lower canopy can be cooler than ambient. At night the situation may be
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reversed due to radiative cooling of exposed leaves. To account for these effects, Lamb et al.
(1991) developed a simple set of vertical scaling relationships which empirically describe the
vertical profile of ambient temperature, solar radiation, humidity, and wind speed as a function
of the above canopy ambient values. In turn, the local conditions in the canopy are used in a
leaf energy balance to yield leaf temperature in a way that accounts for absorbed solar
radiation, radiative cooling, and sensible and latent heat fluxes from a leaf. The local leaf
temperature and available solar radiation are then used as input to the empirical emission
algorithms, and emission fluxes are calculated for each of 8 different layers from the ground to
the canopy top.

This simple forest canopy model is an empirical description of the canopy dynamics.
While it captures the essence of the canopy effects upon solar radiation and leaf temperature, it
makes no attempt to account for the feedback of vegetative activity upon the canopy
environment, and it represents all forests in terms of either an idealized deciduous or
coniferous canopy with a fixed canopy height and a fixed vertical biomass distribution.

Chueng et al (1991) have calculated the U.S. inventory with and without the forest
canopy model in place. Isoprene emissions were 50% lower using the canopy model, while
terpene emissions were only 6% less using the canopy model. These results suggest that the
attenuation of solar radiation is a much more important effect upon emissions than
modification of leaf temperatures.

Lamb et al. (1991) compared average leaf temperature measurements in a semi-open
deciduous canopy with predictions from the forest canopy model. On an average diurnal
basis, the model duplicated the observed profile to within 1 to 2 OC during the midday and
nighttime periods, but the differences between model and measurements was 3 to 4 OC during
the transition periods from day to night and might to day.

The forest canopy model appears to be an important component of the inventory
process for isoprene emissions, but it has not been evaluated against comprehensive
measurements. In particular, vertical profiles of the environmental parameters and
corresponding emission rates must be measured in order to fully test the model. This type of
program is being planned by EPA for a deciduous forest during the summer 1992 (Geron,
EPA, personal communication, 1991). There is similar work being conducted in Europe;
preliminary results are noted in a later section.

In order to convert emission rates calculated from the emission algorithms to emission
fluxes from a forest and to extrapolate these fluxes to a county spatial scale, biomass density
factors and land use classes must be specified. Land use classes include oak forests, other
deciduous forests, coniferous forests, scrublands, grasslands, urban areas, inland waters, and
agricultural crops. In PC-BEIS, agricultural crops are further classified in terms of
approximately 15 different crops.

In the emission inventory model, biomass density factors are assumed based upon
literature data for each emission class. This assumption includes the specification of the mix
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of tree types within an emission class (or forest) as well as the magnitude of the biomass
density for each tree type within that forest. For example, it is assumed that an oak forest
actually consists of a mix of high, low, and no isoprene emitting trees and coniferous trees.
The relative contributions of each type are given in terms of the biomass density for each type.

Obviously, assuming a distribution of biomass densities for a given forest type and
applying this distribution across the U.S. introduces considerable uncertainty into the final
calculation for any specific location. While the range of biomass densities for a given age and
type of forest appears to be relatively small (+ 30%, see Lamb et al., 1987; and Veldt, 1989),
the distribution of forest ages is not addressed in any way within the inventory. This is an
uncertainty which needs further evaluation. Similarly, the application of a specific distribution
of biomass density factors for a forest type ignores differences associated with different tree
species within that forest type. Veldt (1989) has also suggested that for some species, such as
Picea abies (Norway spruce), biomass density can be correlated with latitude.

Currently land use data from the Geoecology Data Base are used to specify the
fractional county area for each of the eight land use types. The Geoecology Data Base is a
composite of a wide variety of data sources compiled prior to 1980. Chueng et al. (1991)
found agreement to within approximately 10% for major land types (coniferous forests,
scrublands, and agricultural) between the Geoecology Data Base and land use information
derived from a very recent detailed vegetation map for the state of Idaho. For minor land
types, such as deciduous forests and inland waters, differences exceeding a factor of six
existed for Idaho. The accuracy of this land use data needs further evaluation for other
portions of the country. In addition, an effort to update the land use data to account for
changes in land use is also needed.

Beyond further evaluation of the individual components of the inventory model, direct
validation of the overall inventory procedure is also missing. Direct validation of an inventory
requires a method which relates measured ambient concentrations of isoprene and the terpenes
to predicted emission rates for a region. Martin et al. (1992) have compared emission fluxes
obtained using an atmospheric tracer method with emission fluxes estimated using the
inventory emission algorithm. The fluxes derived from the tracer/isoprene measurements were
in relatively good agreement with fluxes derived directly from the isoprene emission algorithm
in the inventory model. However, as Martin et al. indicate, the observed emission fluxes from
the forest actually represent an upper bound to the predictions since the emissions are predicted
in the absence of any canopy effects which have the tendency to reduce isoprene emissions due
to shading of leaves within the canopy. At any rate, this is a test of the model at a relatively
small scale. Similar efforts are needed at a larger scale where the combined effects of
different forest and land types might be observable.

2.3 EMISSION RATE MEASUREMENTS

Arey et al. (1991a) conducted a comprehensive survey of biogenic VOC emissions
from vegetation in the San Joaquin Valley of California. This work is worthwhile to review
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because of the emission data reported for crops and because the methods are representative of
current capabilities for emissions measurements.

Emissions were measured for 17 crops and three natural species which occur in the San
Joaquin Valley. Measurements were made using a dynamic flow through enclosure system
where humidified zero air tagged with ambient levels of carbon dioxide 1s passed through an
enclosure. Gas samples were collected after three chamber residence times (10 minutes) using
either Tenax-GC or Tenax-GC/Carbosieve (for isoprene quantification) adsorbent tubes. It
should be noted that measurement at 3 residence times should yield emission estimates to
within 95% of the steady state value if the chamber is well-mixed. In addition, the effective
velocity of air through the chamber is probably much less than 1 m/s if the chamber is
cylindrical with a diameter of approximately 0.5 m.

This sampling approach is quite reasonable and provides for an atmosphere containing
representative levels of moisture and CO». Close control to maintain specific levels of
moisture or CO» is not used. Guenther et al (1991) found weak dependence of isoprene
emissions upon humidity and CO» levels, but the importance of these parameters upon terpene
emissions is not well established. Arey et al (1991a) did not describe methods used to monitor
leaf or enclosure temperatures nor were light levels or the actual humidity levels reported for
any of the measurements. It is a weakness in many recent papers that this type of information
is not included routinely with reported emission rate measurements.

For each species tested, samples were collected fives times during the daytime (0900,
1030, 1200, 1330, and 1430 PDT) from as many as three different plants while the 0900,
1200, and 1430 samples were collected from the same plant. This is a reasonable survey
approach which attempts to address both diurnal variability as well as plant to plant variability.
However, only the mean emissions were reported and the variability in emissions and any
diurnal effects were not described in the paper. Some of this information is available in the
report by Winer et al. (1989). It is probably a weakness of this type of diurnal sampling
scheme that no samples were collected at night. It is generally believed that terpene emissions
are not light dependent. However, sampling some or all of the species at night would provide
a wider temperature range and also test for any anomalous behavior in agricultural crops. It
should also be noted that Steinbrecher (Fraunhofer-Institut Fur Atmospharische
Umweltforschung, IFU, personal communication, 1991) has recently found a weak light
dependence of terpene emissions from spruce. Further work is needed to corroborate this
finding and to look for similar behavior in other species.

The adsorbent tube samples were analyzed using a combination of GC/MS to determine
compound identities and GC/FID to obtain quantitative emission rate measurements. Details
concerning the analysis of blank tubes and testing for breakthrough were not given, aithough it
was stated that terpene recovery efficiencies were 100%. More than a dozen terpenes were
identified as measurable emissions from agricultural crops, but isoprene was not measured as
an emission from any of the agricultural crops. Sesquiterpenes were identified in the
emissions from approximately one third of the species tested. In some cases, the sesquiterpene
emissions were larger than the terpene emission rates. Oxygenated species, including cis-3-
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hexen-1-ol, 3-hexenylacetate, and others, were also measured and described in a separate
paper (Arey et al., 1991b).

While the species tested are important in terms of acreage planted in the San Joaquin
Valley, only alfalfa, cotton, and sorghum are crops which appear in a list of the top 15 crops
planted in the U.S. For these species, the measured total emission rates are compared to the
emission rates used in PC-BEIS in Table 2.2.

Table 2.2. Comparison of measured VOC emission rates from Arey et al. (1991a) and those
used in PC-BEIS for three agricultural crops.

Crop Measured PC-BEIS Tg/yr**
Emission Rate™® Emission Rate
(ug/g/hr) (ug/g/hr)
Alfalfa 0.26 0.0117 0.155
Cotton 0.74 0.24 0.0528
Sorghum 0.07 A 0.0123 0.0131

* corrected to 30 oC using the Tingey temperature relationship for monoterpenes.
** annual emissions for U.S. based upon measured emission rates at 30 oC.

Obviously, there is a very large difference between the measured values and the emission
factors used in the inventory. In addition, it is assumed in the inventory model that these
crops have an emission composition which includes 20% to 50% isoprene, while no isoprene
emissions were measured from these crops. To keep these errors in perspective, however, the
annual total emissions from these crops are also listed in Table 2.2. The annual values are
very small compared to emissions from other sources. Even so, further emissions data are
needed for all important crops in the U.S.. Surveys using methods like those described by
Arey et al. (1991a) should be conducted in different regions of the country covering the
dominant U.S. crops.

Enders et al. (1991) have recently described the overall approach and preliminary
results from a large cooperative European study of biosphere/atmosphere interactions in a
mature coniferous forest (Picea abies, Norway spruce). This work is briefly described here
because it introduces a significant and ongoing effort. The overall objectives of the
measurement program includes: determination of emission/deposition rates and ambient
concentrations, studies of emission mechanisms, comparison of fluxes and emission rate
measurements (i.e. gradient versus enclosure measurements), studies of photochemistry, and
studies of mesoscale and microscale meteorological processes on local sources and sinks of
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important trace gases. The gases of interest include nitrogen compounds, oxidants, volatile
organic compounds, and reduced sulfur species.

The experimental design involves ambient concentration, meteorological, and emission
measurements along a 51 m tower in a spruce forest located in a German National Park
'Bayerischer Wald'. A significant aspect of the emissions measurements is the
intercomparison of different enclosure systems operated by different groups at the same
location. In preliminary results from one afternoon, two methods gave emission rates of
alpha-pinene which differed by as much as a factor of four. The authors reported gradient
measurements of formic and acetic acid which suggested a surface source of formic acid and a
sink for both gases within the canopy. The authors also pointed out that the NMHC/NOx
ratios can vary from 0.3 to 20 depending upon time and height; this implies that the production
or destruction rates for different compounds can vary considerably depending upon conditions.
A significant aspect of this range of values is the effect of the diurnal stratification pattern
which was observed within the forest canopy where daytime stable and nighttime unstable
temperature gradients occur within the forest canopy.

2.4 ATMOSPHERIC CHEMISTRY
Biogenic hydrocarbons contribute to atmospheric chemistry in the following ways:

1. In the presence of the oxides of nitrogen and sunlight, they can enhance ozone
production.

2. Oxidation of the monoterpenes produces aerosols which affect visibility.

3. Organic acids are undoubtedly produced during the oxidation of biogenic hydrocarbons.
These acids can contribute to acidic deposition in rural areas.

4. Biogenic hydrocarbons can influence atmospheric OH levels directly and/or indirectly.
The direct link occurs through their reaction with OH and the indirect component lies
in their oxidation to CO, which in itself plays an important role in controlling OH
concentrations in the atmosphere.

5. Organic nitrates (PAN, etc.) produced during the oxidation of biogenic hydrocarbons
may provide a temporary reservoir for NOx.

Most of these biogenic effects have been addressed in a modeling study by Jacob and
Wofsy (1988). They simulated the chemistry occuring over an Amazon forest during the dry
season with a photochemical model. Results from the modeling exercise were compared with
field measurements in the Amazon during the NASA sponsored ABLE-2A experiment. The
model indicates that ozone production in the boundary layer is controlled by the availability of
NOx and independent of the isoprene source strength. This is due to the very low levels (730
pptv) of NOx present in the Amazon boundary layer. Jacob and Wofsy further conclude that it
would take isoprene emission fluxes much larger than expected for isoprene to act as a
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significant ozone sink. Their study indicates that 1) high concentrations of NOy species
(primarily PAN-types) are produced, 2) photooxidation of isoprene could account for a large
fraction of the CO enrichment observed in the boundary layer, and 3) the oxidation of isoprene
could be an important source of organic acids in the atmosphere. The ambient concentrations
of 03, CO, NOy and organic acids predicted by the Jacob and Wofsy model agree very well
with levels observed in the Amazon boundary layer. This lends credibility to the
photochemical model employed. However, it is recognized that the atmospheric chemistry of
intermediate species such as carbonyls, alcohols, peroxides, organic acids and organic nitrates
is poorly understood. In most cases, model predicted concentrations of carbonyl intermediates
don't agree very well with measured concentrations.

Hatakeyama, et al. (1991) have studied the oxidation of alpha- and beta-pinene in the
laboratory for purposes of defining the conversion to CO. In addition, their study provides
some information concerning ozone and aerosol production when the two monoterpenes react
with hydroxyl radical. They report a gas-phase product yield of 55% when monoterpenes
react with OH in the presence of NOx. In the absence of NOx the yield of gas-phase products
is significantly lower. Hatakeyama and co-workers hypothesize that under 15% of the
monoterpene emitted into the atmosphere is converted to carbon monoxide. They estimated
that the reaction of monoterpenes with OH produces “52 Tg of CO annually. When this is
combined with the 172 Tg of CO generated in terpene-ozone reactions, 224 Tg of CO are
produced annually from terpene oxidations. The 224 Tg/yr is about 40% of the 560 Tg/yr of
CO that is estimated to be produced in the atmosphere from biogenic hydrocarbon oxidation
(Logan et al. 1981). The other 60% presumably is generated via the oxidation of isoprene.

As is the case with many of the biogenic hydrocarbon issues, the Hatakeyama et al. CO
production estimate is highly uncertain. The primary cause of uncertainty relates to the polar
nature of the highly oxygenated intermediate products of biogenic hydrocarbon oxidation. A
large and varying fraction of these intermediates are undoubtedly deposited by wet and dry
processes, and thus removed from the CO production pathway. This is not to say that the
work of Hatakeyama is futile. It provides a base on which future studies can build.

Kotzias and co-workers (1990) have conducted laboratory studies to help better
understand the mechanism of terpene degradation in the presence of SO, NOj and O3. The
concentrations employed in this laboratory study were somewhat higher than those observed in
the real atmosphere (i.e. hundreds of ppbv vs <10 ppbv) but more realistic than many earlier
studies. Their yield of organic products was very low ( a few percent) so the study provides
little insight into reaction mechanisms. However, some information about the oxidation
mechanism was achieved by manipulating the presence/absence of HyO and NO».
Examination of the reaction kinetics and inorganic product yields appears to confirm that 1)
NO3 is a more reactive oxidant than O3 and 2) water scavenges the initial O3-terpene adduct
(Criegee Intermediate) which presumably leads to organic acid formation. It would have been
helpful if the presence of organic acids could have been confirmed, however, the mode of
sample collection (Tenax/charcoal) precluded analysis for highly oxygenated products.
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The Kotzias et al. work indicates that the nighttime oxidations of terpenes may assist in
the conversion of SO» to sulfate. However, the importance of the terpene contribution is
difficult to judge because of the multitude of competing reactions that may interfere with the
SO»-sulfate oxidation process. Possibly the most interesting information reported in the
Kotzias et al. paper is the tentative identification of a nitrate product of beta-pinene oxidation.
As indicated previously, organic nitrates can serve as sequestering agents for NOx and thus
may play an important role in controlling the oxidizing capacity of the atmosphere. For
example, if the organic nitrate reported by Kotzias and co-workers is formed at night, it will
be transported along the wind trajectory and following sunrise will likely photodecompose,
resulting in the return of NOx to the air mass.

In summary, our present understanding of biogenic hydrocarbon chemistry in the
atmosphere is limited. Oxidation rates with OH, O3 and NO3 are established, but the actual
degradation pathways and ultimate product yields are poorly understood. Ozone formation
from biogenic hydrocarbons is a non-linear process which depends on hydrocarbon structure,
HC/NOx ratio, sunlight intensity, plus other physical parameters. The reaction of ozone with
biogenic hydrocarbons obviously destroys ozone; however, stable intermediate products that
are formed may react with hydroxyl radical to generate ozone. Thus, the net effect on ozone
levels will depend on a multitude of variables. Like the production of ozone, aerosol
generation resulting from biogenic hydrocarbon oxidation is difficult to quantify. It does
appear that a larger fraction of the oxidized hydrocarbon will be transformed to aerosol in
atmospheres deficient in NOx. Photochemical oxidant models predict enhancements in
atmospheric carbon monoxide, organic acids and organic nitrates when biogenic hydrocarbons
are oxidized. Recent field and laboratory studies seem to confirm the presence of elevated
concentrations of these species in forested environments. However, much more work will be
required to quantify the link between biogenic hydrocarbons and their oxygenated products.

2.5 SUMMARY SORP-EE BIOGENIC EMISSIONS WORKSHOP RALEIGH, NC
OCTOBER 24 AND 25, 1991

Approximately 40 scientists attended this two day workshop. The first day consisted of
invited presentations on topics relevant to the biogenic emissions issue. Considerable
discussion accompanied each of the presentations. Near the end of day 1, several working
groups were formed to review specific issues and make recommendations concerning future
research needs. The working groups addressed topics that included emission factors,
atmospheric chemistry, flux studies and mechanisms of biogenic emissions. Most of the
discussion addressed VOC emissions; however, NOx emissions from soils were considered as
well.

Among the biogenic VOC's, isoprene was judged to be by far the most important
precursor of ozone in the eastern United States. In order to quantify its contribution to oxidant
formation, a better understanding in each of the following areas will be required:

1) Emission Mechanism -- The ultimate goal of mechanistic studies should be linking isoprene
emissions to photosynthesis. This should consist of laboratory studies designed to establish the
linkage between the physiology of isoprene production and its release by vegetation. The
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affects attributable to environmental factors (i.e. of water stress, nutrient influences,
temperature effects, etc.) should be clearly defined in laboratory studies as well. Laboratory
results must then be confirmed through field experiments.

2) Emission factors -- Field measurements should be concentrated on vegetation types that
emit the highest levels of isoprene, monoterpenes and oxygenated VOC's. When enclosure
chambers are employed, they should be rigid structures with humidity, temperature and CO»
controlled at levels equivalent to ambient conditions. Whole air-GC/FID methods are
recommended for hydrocarbon collection and analysis. The use of solid adsorbants may be
required for collection and recovery of oxygenated hydrocarbons.

3) Flux Estimates -- Direct methods for determination of regional biogenic fluxes are needed.
This will require vertical profiling above the forest canopy. One or more blimp-type sampling
platforms were suggested for this airborne sampling. It was pointed out that the influence of
the forest canopy on emission fluxes needs to be better defined. The canopy is known to
influence ambient temperature and sunlight intensity, both of which strongly affect isoprene
emissions.

4) Atmospheric chemistry -- Isoprene chemistry is fairly well understood. Its reactivity
toward atmospheric oxidants and the formation of oxygenated products have received
considerable attention recently. At this time, the biggest uncertainties are concerned with the
ultimate fate of the oxygenated products produced in the initial oxidation stage. As the initial
oxygenated products, such as methacrolein and methylvinyl ketone, undergo further oxidation,
even more highly oxygenated species are formed (e.g. methylglyoxyl, hydroxyacetaldehyde,
hydroxyacetone, etc.). How much of these polar intermediate species are removed by wet and
dry depositional processes and what fraction gets further oxidized to CO and CO> is uncertain.
Not much aerosol production is expected from isoprene.

Monoterpene chemistry in the atmosphere is very poorly understood. Analytical
methods are needed that can provide information about gaseous and aerosol products produced
in monoterpene oxidation reactions. '

The initial NOx emissions studies, carried out by TVA in the southeast, indicate that
biogenic NOx emissions may be quite significant. Their studies show that emissions from
forest soils are relatively low, but NOx emissions from cultivated soils can be large.
Additional studies will be required to better define the magnitude and variability of biogenic
NOx emissions in agricultural areas.

Future research needs identified at the workship are summarized below:

¢ Improved emission factors -- Quantification of inter- and intra-species variability;
influence of environmental stress factors on emissions.

¢ Improvements in current land-use data bases.

¢ Assessment of the accuracy of current flux estimates by utilizing a variety of
measurement methods.
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¢ Laboratory studies designed to understand the link between isoprene emissions and
plant physiology.
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3.0 RESEARCH NEEDS AND PLANNING

3.1 INTRODUCTION

The emission and fate of biogenic hydrocarbons remain uncertain terms in our
understanding of the formation of ozone within and downwind of urban areas. In order to
develop effective control strategies to reduce ozone pollution, additional research is needed to
determine the importance of naturally emitted hydrocarbons relative to anthropogenic
emissions. In this chapter, a research plan is outlined to address the uncertainties which
remain in the following areas:

J Emission rate measurements

. Emission rate mechanisms and models

. Emission inventories

. Ambient concentration measurements

. Chemical oxidation mechanisms and models

In this chapter, the uncertainties in each of these areas are listed and steps are suggested
for reducing these uncertainties. This research plan is based upon the literature review
completed previously. However, it must be recognized that several large programs are
currently underway which incorporate efforts to measure and model biogenic emissions and
chemistry. Studies related to the San Joaquin Valley Air Quality Study, to the Lake Michigan
Oxidant Study, to the Southeast Oxidant Study, to the NOAA Rural Oxidants in a Southeast
Environment program, and to recent EPA sponsored biogenic emissions research are all in
progress. These programs include varying aspects of the research plan described.
Consequently, the research plan outlined in this report will need to be revised as results
become available from these different programs.

3.2  UNCERTAINTIES AND RESEARCH PRIORITIES

The overall goal of biogenic hydrocarbon research is to determine quantitatively the
production of ozone due to biogenic emissions under realistic scenarios and, in turn, determine
the implications of biogenic hydrocarbon burdens with respect to ozone control strategies. To
accomplish this goal, the ambient concentrations of biogenic hydrocarbons, the identity of
these gases, and the chemical oxidation mechanisms of these species must be known. To
address the first two requirements, detailed ambient measurements must be made and/or
detailed emission inventories must be compiled for use in air quality models. To address the
third requirement, a combination of smog chamber studies and ambient measurements of
reactants and products related to hydrocarbon photochemistry must be conducted.
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Before the research tasks can be prioritized for the most efficient use of available
resources, the accuracy of ambient measurements, emission inventories, and chemical
oxidation models needed to achieve the overall research goal must be specified. For example,
in an emission inventory, will uncertainties as large as a factor of two or three be acceptable in
determining the relative role of biogenic versus anthropogenic hydrocarbon emissions in ozone
control scenarios? If this level of uncertainty is unacceptable, then what type of measurements
and how many measurements are required to reduce the uncertainty? What target accuracy in
the emission inventory is required to achieve the research goal? In order to reach this level of
accuracy in an emission inventory, how accurate must emission rate measurements, land use
areas, climatological data, and other inventory variables be? What is the current level of
accuracy in each of these variables and what is required to improve the accuracy? These
questions need to be answered at each stage in the research before the research steps outlined
in this document can be prioritized and implemented.

An integral part of addressing the target accuracy and existing uncertainties in each
aspect of the analysis is to evaluate measurement and model uncertainties. The measurement
strategies developed for this work should include the use of independent methods to obtain data
for intercomparison of results and the approach should also include measurements needed to
evaluate model performance. This is true for testing emission models at various scales (leaf,
canopy, landscape, or regional scales) and for testing chemical oxidation models.

3.3 EMISSION MEASUREMENTS

There is a general lack of detailed hydrocarbon emission rate data for the dominant
ecosystems in the U.S. In particular, there is a lack of diurnal and seasonal emission rate
measurements and there is a need for supporting measurements of vegetation and
environmental parameters coupled to emission rate data sets. There is a critical need to
identify all of the compounds (including oxygenated species) emitted from the dominant
vegetation so that the chemical reactivity of biogenic hydrocarbons can be correctly assigned.
The lack of emission rate data from primary U.S. agricultural crops must also be addressed.
These types of measurements are needed in order to develop more accurate emission inventory
models which address a range of vegetation types and a range of environmental conditions.
Finally, the accuracy of all of these types of measurements must be determined so that the
corresponding uncertainty in models developed from these types of measurements can be
defined. This need implies that a strong quality assurance program must be employed for all
vegetation enclosure measurements and that to the extent possible, results from enclosure
sampling should be verified using other independent methods.

The specific tasks recommended in this area include the following:

1. Compile a list of the dominant vegetation in each region of the U.S. including natural and
agricultural species, and classify these vegetation types by ecosystem type and total land
area or biomass.
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2. Rank these vegeiation types according to region, land area, and, probably, by some
measure of regional ozone potential. Identify vegetation types where accurate and
complete emission rate data are already available and those where no or little information
exists.

3. Conduct regional emission rate surveys of the dominant vegetation types with an emphasis
upon accurate emission rate measurements, identification of all of the emitted compounds,
and collection of peripheral vegetation and environmental data. These supporting data
should include leaf temperature, photosynthetically active radiation (PAR), humidity, leaf
area, leaf biomass, some measure of water stress, an indication of plant health or injury,
photosynthesis rate, transpiration rate, and some measure of leaf biochemical levels
(storage of terpenes or isoprene precursors, for example). Descriptions of the ecosystem
should also be included in terms of the general vegetation types, elevation, soil type, etc.
The sampling survey should include some diurnal pattern measurements of the most
important species and it should include re-visiting some locations at different times of the
year to identify seasonal effects.

4. Correlate measured emission rates with respect to measured environmental data within and
across regions and examine the data for diurnal and season effects. Compile the emission
rate and peripheral data for the purpose of testing emission rate models as indicated in the
next section.

These data will form a national data base of emission rate measurements in a consistent
format with sufficient supporting information to make the data very valuable for developing
and testing emission rate models.

3.4 EMISSION MECHANISMS & MODELING

Current emission rate algorithms remain almost purely empirical in nature and do not
reflect any fundamental understanding of the biochemical processes responsible for isoprene
and terpene emissions. Continued fundamental research aimed at addressing the biochemistry
of the leaf (needle) is required. At the same time, additonal laboratory studies of emission rate
versus different environmental variables for a wide range of dominant U.S. vegetation and
crops should be conducted. Both of these types of efforts will complement the field
measurements by providing emission rate data under controlied conditions which can be
compared to field measurements. The following tasks should be addressed:

1. Laboratory studies of isoprene formation and release in leaves of dominant deciduous and
spruce (isoprene emitting) needles. It has been observed that isoprene continues to be
emitted even when photosynthesis stops so that identification of isoprene precursors should
be achieved.

2. Laboratory studies of terpene volatilization from dominant conifer species and those
deciduous species which release terpenes. Terpene storage levels in needles should be
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correlated with emissions and the effects of changes in environmental conditions upon
volatilization should be measured.

3. Laboratory identification of other compounds besides isoprene and terpenes released from
dominant vegetation and crops and relative emission rates during different conditions or
from different aged species.

4. Further measurements of leaf-to-leaf, branch-to-branch, tree-to-tree variablity in emission
rate as a means of assigning achievable uncertainty limits to laboratory and field
measurements.

5. Analysis of these data to develop appropriate models of emission mechanisms which reflect
fundamental leaf activity. These models should be tested versus laboratory data and versus
field data collected from the national survey. The model development efforts and field
survey work must be closely coordinated so that the correct model parameters are
measured in all of the field survey studies.

These laboratory studies are aimed at hydrocarbon emission mechanisms and do not
address the fact that the environment surrounding a leaf must be described with an accuracy
which matches that in the emission mechanism models. Recent results have shown that
including canopy effects upon leaf temperature and PAR have a significant impact upon
predicted isoprene emissions. An additional task to improve canopy and landscape models
must be included as follows:

6. Perform forest canopy measurements to evaluate canopy leaf temperature and solar
radiation models and to evaluate the combined emission mechanism and canopy model.
These model evaluation studies should be completed in dominant deciduous and
coniferous forest types. The measurements should include emission rate and ambient
concentration measurements as a function of height through the canopy as well as other
canopy variables including photosynthesis, transpiration, leaf temperature, solar radiation
(PAR), humidity, wind speed, and leaf area or biomass. It should be noted that this type
of experiment is being planned under EPA sponsorship for a deciduous southeast forest
during 1992.

The laboratory and canopy studies combined with the national survey will provide an
extensive base for the development and testing of emission mechanism and canopy models.
Inherent in this development and testing of models will be the determination of the uncertainty
in emission rate predictions at the leaf scale and at the canopy scale.

3.5 EMISSION INVENTORIES

Current emission inventories for biogenic hydrocarbons employ emission rate
algorithms with biomass density factors to predict emission fluxes for either specific
meteorological conditions or for climatological average conditions. In some cases these fluxes
include canopy effects. Vegetation coverage and land use data derived from historical data
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sets and, more recently, from remotely sensed data are then used to extrapolate the predicted
fluxes to county or gridded spatial scales. These county or gridded emission rates are then
used in regional air quality models to predict grid average ambient biogenic hydrocarbon
concentrations and, in turn, ozone formation for specific scenarios. This general approach is
now being enhanced by incorporating satelletite data as a basis for specifying vegetation
coverage/land use, leaf area or biomass density, surface temperatures, and available solar
radiation. The use of remotely sensed data will allow for continued adjustments to current
vegetation coverage and for describing vegetation and environmental conditions for specific
time periods. Further work is required to determine the accuracy of existing inventory systems
and, with a slightly longer time frame, to develop a complete inventory system based upon
remotely sensed data and validated against ground-truth surveys and measurements. The
following tasks are required:

1.  Evaluate the accuracy of current land use data and compile updated land use and
vegetation coverage data using a combination of current vegetation data bases and
remotely sensed data.

2. Evaluate the accuracy of current biomass density or leaf area index data using literature
biomass density studies and remotely sensed data, and develop improved biomass density
or leaf area factors.

3. Develop algorithms for deriving vegetation coverage, vegetation type, leaf area, surface
temperature, and solar radiation from remotely sensed data and ground-truth
measurements.

:f 4. Combine emission mechanism and canopy models with the satellite algorithms to develop
a complete emission inventory system.

5. Validate existing and new emission inventory systems using ambient hydrocarbon
concentration measurements. This will require use of a diffusion or air quality model
(which must also be evaluated). It should be possible to obtain validation data for
specific locations and conditions from areal flux measurements based upon vertical profile
measurements and/or atmospheric tracer flux studies.

This last task and the field studies required are the most critical elements required to
achieve the overall goal of predicting biogenic hydrocarbon emissions and concentrations with
a specified level of uncertainty. Direct evaluation of the inventory procedure must be
accomp!ished in order to have confidence in the use of the inventory and ultimately in ozone
control strategies.

3.6 AMBIENT MEASUREMENTS

The atmospheric concentrations of biogenic hydrocarbons must be known in order to
predict ozone formation rates in rural areas. In addition, ambient concentration measurements
are needed for the direct validation of emission inventory models and also for chemical
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oxidation models. In the latter case, measurements must include both primary emissions and
secondary reaction products associated with biogenic hydrocarbons. Ambient concentration
measurements also provide a basis for comparison between biogenic and anthropogenic
hydrocarbon burdens in areas within and downwind of urban areas, and on a regional basis.
Measurement of carbon isotope ratios may provide another method of evaluating the relative
importance of anthropogenic and biogenic organic species. These types of ambient
measurements are required in each region of the country and the measurements should be
coordinated with other regional air quality studies. This coordination will provide the type of
detailed data required for validating emission inventory models (both biogenic and
anthropogenic) and chemical oxidation models, as well as general air quality models.

In order to obtain these measurements, further work is required to develop analytical
methods capable of measuring both reactants and products (both gas phase oxygenated species
and aerosols) at low ambient levels with small time resolution. This work should be
coordinated with modeling and smog chamber studies so that products predicted to occur can
be measured in the atmosphere. The following tasks are required:

1. Develop analytical methods to measure oxygenated emissions and photochemical
products.

2. Develop and test methods to measure carbon isotope signatures specific to biogenic
hydrocarbons at ambient levels.

3. Conduct routine and specialized measurements of biogenic and anthropogenic
hydrocarbon concentrations in different regions of the country during different seasons as
a basis for evaluating emission inventory and chemical oxidation models. Measurements
are needed in southern pine and deciduous forests, in northeast deciduous forests, in
midwest agricultural regions, and in northwest conifer forests. These measurements
should include isoprene, identifiable terpenes, oxygenated emitted species, and
oxygenated photochemical products. The latter may be included only in specialized
photochemical studies. Carbon isotope studies should be included where possible.

4. Compile the results from these regional monitoring studies and examine the data in terms
of diurnal and seasonal patterns within and across regions and ecosystem types. Develop
relative atmospheric burdens between biogenic and anthropogenic hydrocarbons.
Examine chemical oxidation products for patterns consistent with the primary biogenic
and anthropogenic hydrocarbon concentrations.

This survey of ambient hydrocarbon concentrations is an essential part of the validation
of emission inventory and chemical oxidation models. Coordination of these ambient
measurements with other emission field study efforts will enhance the overall impact of these
measurements.
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3.7 CHEMICAL MECHANISMS & MODELING

A great deal of uncertainty remains in the chemical mechanisms by which natural
hydrocarbons are oxidized in the atmosphere. Recently, some progress has been made in the
understanding of isoprene oxidation; however, the chemical fate of monoterpenes in the
atmosphere is still poorly defined.

3.7.1 _Atmospheric Isoprene Oxidation

Isoprene is initially oxidized by hydroxyl radical and/or ozone to formaldehyde,
methacrolein and methylvinylketone (see Fig. 3.1). The ratio of these three carbonyls will
vary somewhat depending on which of the oxidants is dominant, but for the most part, the
kinetics and mechanism of this first step in the oxidation of isoprene is understood. The
presence of formaldehyde, methacrolein and methylvinylketone in the ambient atmosphere has
been confirmed in forested regions with deciduous vegetation (Martin et al., 1991; Pierotti et
al., 1990). The pathways by which these first-stage carbonyls undergo further oxidation are
not as well defined. The kinetics of methacrolein and methylvinylketone reactions with
hydroxy! and ozone have been characterized, but the product distribution under atmospheric
conditions is not well understood. Laboratory studies have suggested that species such as
hydroxyacetone, methylglyoxyl, hydroxyacetaldehyde, peroxymethacryl nitrate (MPAN) and
methacrylic acid should be present in forested environments.

The product distribution is expected to be dependant on ambient NOy levels. At higher
NOx concentrations (ppb range) NO will be converted to NO9 via reaction with organoperoxy
radicals. This process contributes to a build up of ozone and 1s expected to lead to the
hydroxycarbonyl and nitrate products mentioned earlier. At relatively low NOy levels (ppt
range) radical-radical reactions will become competitive and the peroxy radical dervative of
methacrolein and methylvinylketone may yield organic acids and organic hydroperoxides.

Ambient measurement campaigns have confirmed the presence of MPAN, and it is
expected that measurement techniques can be developed for determination of the other
oxidation products of methacrolein and methylvinylketone. Hydroxyacetone has a relatively
long atmospheric lifetime (75 days) and should serve as an indicator of isoprene oxidation. As
indicated in Figure 3.1, Stage II oxidation products (i.e. methylglyoxyl, hydroxacetaldehyde,
etc.) can react further to produce more highly oxidized species such as pyruvic acid. Gaseous
pyruvic acid has been measured in rural environments at concentrations that are compatible
with proposed isoprene oxidation mechanisms. :

Recent smog chamber studies at Caltech and UC-Riverside have helped to elucidate the
primary atmospheric oxidation pathways of isoprene. If the smog chamber results adequately
represent the ambient atmosphere, isoprene will react mainly with hydroxyl radical during the
midday period to give formaldehyde, methylvinylketone (36%), methacrolein (25%), other
carbonyls (21%), alkylnitrates (14%), and 3-methylfuran (4%). A smaller fraction of the
isoprene will react with ozone yielding similar products--methylvinylketone (26%),
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methacrolein (67%) and formaldehyde. A small amount of the reacted isoprene probably ends
up in the aerosol phase. The exact amount is rather uncertain, but probably is less that one
percent.

Paulson and Seinfeld (1992) have developed a mechanism that appears to accurately
predict product concentrations when OH is the primary oxidant and NOy levels are relatively
high. Under low NOy conditions, the Paulson and Seinfeld mechanism underpredicts organic
product and ozone yields.

Several uncertainties remain concerning the atmospheric oxidation of isoprene. The
main issues can be summarized as follows:

1. The atmospheric fate of the 2-propenyl radical produced when methacrolein reacts with
hydroxyl radical is unclear. This is especially true under conditions of low NOy. This
intermediate radical species can dissociate through a pathway that produces methylglyoxyl or
one that yields formaldehyde. The amount of CO that is ultimately produced in the isoprene
photooxidation may also depend on the fate of the 2-propenyl radical. Laboratory studies are
needed that can produce this radical independent of the usual isoprene oxidation mix in order
to examine its fate under various simulated atmospheric conditions.

2. The isoprene reaction has been shown to produce significant quantities of hydroxyl radical
and oxygen atoms (O3P). The mechanism by which these species are formed is not
understood. One pathway that has been suggested involves the reaction between the Criegee-
type radicals produced in the ozone-isoprene reaction and water (Rxn. 1).

CH; = C(CH3) - CH-0-0 + HoO0 »  CHy = C(CH3) - CHO + 20H  (l)

Earlier studies had assumed that the reaction between the Criegee biradical and water would
produce an organic acid, which in the case of Reaction 1 would be methacrylic acid.
Laboratory studies that will define the fate of the Criegee radicals under atmospheric
conditions are clearly needed. '

3. Measurements in forested environments have shown a strong correlation between the
ambient concentrations of low molecular weight organic acids (e.g. formic and acetic) and
isoprene. Studies are needed that will confirm whether or not the photooxidation of isoprene
is a source of these acids.

4. The amount of CO that results from the atmospheric oxidation of isoprene is not well
defined. Most mechanisms proposed to date predict between 3 and 4 molecules of CO are
ultimately produced for each isoprene oxidized. Whether or not the portion of this CO that
results from continued oxidation of multi-oxygenated intermediates such as hydroxyl carbonyls
makes it to CO in the atmosphere will be difficult to establish. These highly polar compounds
may well be removed by atmospheric depositional processes before they are oxidized to CO.
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5. The mechanistic pathway by which isoprene is oxidized when it reacts with nitrate radical
is poorly understood. The isoprene-NO3 reaction is fast; however, it may not serve as a major
atmospheric sink for isoprene. NO3 1s a nighttime species, and isoprene is present primarily
in the daytime. Consequently, the only time they may coexist at appreciable concentrations
would be following sundown in the early evening hours. There are insufficient ambient
measurements of NO3 in forested regions to judge whether or not it serves to remove isoprene
from the atmosphere. Simultaneous measurements of isoprene and NO3, as well as a
knowledge of the products formed when these species react, is needed.

3.7.2 Atmospheric Monoterpene Oxidation

The monoterpenes react with atmospheric oxidants in a manner similar to that described
for isoprene. Reaction with hydroxyl radical and ozone produces intermediate carbonyl
species that can react further to give more highly oxidized organics as well as CO and CO».

In general, defining the pathways by which monoterpenes degrade in the atmosphere is much
more difficult than for isoprene. With the 10-carbon monoterpenes, acyclic, monocyclic,
bicyclic and tricyclic structures exist. In many cases, first-stage oxidation products of the
monoterpenes contain more than one oxygenated functional group. These species are polar,
relatively high molecular weight (Cg - Cg) compounds that are difficult to isolate and identify
by conventional means. Consequently, little definitive information exists concerning oxidation
pathways for monoterpenes. Aerosol production during monoterpene oxidation is enhanced
over that encountered with isoprene because of the lower volatility of the oxygenated
intermediates. Thus, for each monoterpene, it is necessary to determine what the branching
ratio is between gaseous and aerosol products.

‘ Alpha and beta-pinene are the dominant monoterpenes emitted into the atmosphere,

- with lesser amounts of limonene and several other Cj() terpenes reported in emission studies.

- Laboratory smog chamber studies have confirmed the highly reactive nature of these

~ monoterpenes toward atmospheric oxidants. In smog chambers, the monoterpenes produce
ozone and aerosols when photooxidized in the presence of NOy. As with isoprene, the
dominant daytime oxidation pathways for monoterpenes are closely coupled--the monoterpene-
OH reaction produces ozone; and the monoterpene-ozone reaction yields radicals including
OH. This adds to the difficulty of defining discrete degradation pathways for the
monoterpenes.

Alpha-pinene oxidation has been studied in smog chambers for many years. Alpha-
pinene reactivity and ozone production have been defined, but the oxidation pathway remains
illusive. Intermediate products of alpha-pinene photooxidation are difficult to isolate, which
results in very poor carbon balances in smog chamber experiments. Without a knowledge of
oxidation products, it is difficult to assign oxidation mechanisms with any degree of certainty.
New analytical techniques must be developed that will allow identification of oxygenated
intermediates before much progress can be made at understanding the mechanism of alpha-
pinene photooxidation.
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Beta-pinene is not quite as complicated as alpha-pinene because the main point of attack
consists of an exo olefinic bond, which when oxidized yields mono-oxygenated products
(nopinone and formaldehyde). Nopinone can be detected using a gas chromatographic
procedure and, indeed, has been shown to be present in smog chamber photooxidations
involving beta-pinene. It has also been reported in ambient forested environments. Nopinone
is relatively inert toward ozone but certainly reacts with hydroxyl radical. Products from the
nopinone-OH reaction have not been characterized and will undoubtedly be polar, oxygenated
species that are difficult to isolate and identify with certainty. Thus, a complete description of
the beta-pinene photooxidation pathway cannot be confirmed until better product information
becomes available. Beta-pinene, like alpha-pinene, produces aerosol during the photooxidation
process. Recent reports have estimated that a significant fraction of the reacted beta-pinene
ends up in the aerosol phase (Pandis et al., 1991). Once again, this complicates an
understanding of the overall beta-pinene oxidation mechanism.
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TI Application of atmospheric tracer techniques for determining
biogenic hydrocarbon fluxes from an oak forest

AU Allwine, G.: Lamb, B.; Westberg, H.
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AB  The results of an SF6 tracer release procedure 10 quant. det. the
isoprene emission flux for an isolated oak forest in Goldendale,
Washington, are presented. The paper presents exptl. design
development to effectively deploy tracer relcasc sites within the
forestcd arca 1o simulate the natural vegeiation release. The
downwind sample collection program was designed 10 evaluaie scveral
math. approaches to calc. isoprene emission flux. The results
presented indicate good comparability between the math. models and a
bag enclosure technique which was also used for isoprene emission
flux measurement.
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AN INITIAL GLOBAL INVENTORY OF BIOGENIC VOC
EMISSIONS FROM TERRESTRIAL SOURCES

E. Allwine, B. Lamb, and H. Westberg
Laboratory for Atmospheric Research

Department of Civil & Environmental Engineering

Washington State University
Pullman, WA 99164-2910

Submitted to

Journal of Global Biogeochemical Cycles

March 14, 1991

Abstract

The elements needed to construct a global emission inventory of
hydrocarbons released from vegetation are available in the form of
gridded climatic temperatures, gridded land use classifications, a range
of biomass density data from various literature sources, emission rate
factors for some broad classes of vegetation, and emission rate
algorithms for the same broad classes of vegetation. In this work, we
are developing procedures for calculating a gridded. monthly emission
inventory of biogenic isoprene and terpenes for global terrestrial
sources.

In the initial inventory estimates, the global total emissions of
isoprene are estimated to be more than 400 Tg/yr. Globél emissions of
alpha-pinene are estimated to be 38 Tg/yr and emissions of other
identified mono-terpenes are estimated to equal 89 Tg/yr. Other organic
emissions are estimated to be 279 Tg/yr. The total emissions of
biogenic hydrocarbons are comparable to previous estimates which do not
account for the gridded differences treated in the present- work.
Approximately 75% of the emissions are predicted to occur in the
tropics; the need for better emission estimates in tropical forests is

clearly important.
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REVIEW: NATURAL VOLATILE ORGANIC SUBSTANCES
AND THEIR EFFECT ON AIR QUALITY IN THE
UNITED STATES

A. P. ALTSHULLER

Environmental Sciences Research Laboratory, Office of Research and Development. U.S. Environmental
Protection Agency, Research Triangle Park, NC 27711, USA.

(First received 18 October 1982; in revised form 6 April 1983 and received for publication 12 May 1983)

Abstract—The literature on sources, emission rates. emission inventories, ambient air concentrations,
lifetimes and reaction products of natural voiatile organic compounds has been reviewed. Relationships
between emission inventories and air quality measurements are considered. The effectiveness of natural
hydrocarbons in contributing to ozone formation and aerosol formation in ambient air are discussed. It is
concluded that natural hydrocarbons do not contribute substantially to the formation of either ozone or
acerosols in ambient air. ’
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Tl Enhanced biogenic emissions of nitric oxide and nitrous oxide
following surface biomass burning
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AB Recent measurements indicate significantly enhanced biogenic soil
emissions of NO and N2O following surface buming. These enhanced
fluxes persisted for at least 6 mo following the bum. Simultaneous
measurements indicate cnhanced levels of exchangeable NH4+ in the
soil following the burn. Biomass buming is known to be an
instantaneous source of NO and N2O resuliing {rom high-temp.
combustion. Biomass buming also rcsults in significantly enhanced
biogenic emissions of these gases, which persist for months
following the bum.

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale




API PUBLx309 92 WM 0732290 0529714 u44p ER'

0004 4981/} $3.00 - 0.00

Ammaspheric Entironment Vol. 24A, No. 0. pp 0000 0000, 1991
€ 199) Pergamon Praus pic

Pnated tn Great Batan

EMISSION OF LINALOOL FROM VALENCIA ORANGE
BLOSSOMS AND ITS OBSERVATION IN AMBIENT AIR

JANET AREY,* STEPHANIE B. CorcHNOY and ROGER ATKINSON
Statewide Air Pollution Rescarch Center, University of California, Riverside, CA 92521, US.A.

(First received 8 August 1990 and in final form 24 September 1950)

Abstract—Emission measurements made over S month period of a Valencia orange tree showed the
significant emission of the terpenoid linalool (C,¢H,,0) from Valencia orange blossoms. The average
annual emission rate of this Olinda Valencia orange derived from emission measurements which include the
blossoming scason is a factor of ~10 higher than the average annual emissions rate derived from
measurements taken outside of the blossom season. Ambicnt monoterpene and linalool concentrations were
measured in Riverside, California, in the spring and supported the chamber plant emissions data, with
tinalool concentrations as high as 17 ugm ™ being observed in an orange grove. These results show that
current biogenic emission inventories which are formulated from limited survey data, generally not
including seasonal variations in the vegetative emissions, can be subject 10 large uncertainties.

Key word index: Linalool, biogenic emissions, terpenes, non-methane hydrocarbons.
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BIOGENIC HYDROCARBON CONTRIBUTION TO THE
AMBIENT AIR OF SELECTED AREAS

RoBerT R. ArRNTS and SARAH A. MEEKS
U.S. Environmental Protection Agency, Research Tnangle Park. N C 27711, US.A.

(Received in final form 28 January 1981)

Abstract—In response to suggestions that biogenic emissions are responsible for high hydrocarbon
concentrations described in several reports, a short-term sampling program was iniuated n the reported
areas 1o test this hypothesis. Limited numbers of whole-air samples were collected in Tedlar bags and
analyzed by gas chromatography (GC) with flame ionizauion detection. Tulsa air was found to contain an
average of 0.2% isoprene of the total nonmethane hydrocarbon (TNMHC) load. Rio Blanco County.
Colorado, and Smoky Mountain air, respectively, averaged about 2" ,and 4~ biogenic hydrocarbon of the
total nonmethane hydrocarbon Joads. Isoprene appears to be a dominant olefin in rural and remote areas.
Although the tests were of short duration, results suggest monolerpenes and 1soprene constitute only minor
components in these areas relative to anthropogenic hydrocarbons.
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ESTIMATES OF «-PINENE EMISSIONS FROM A LOBLOLLY
PINE FOREST USING AN ATMOSPHERIC DIFFUSION
MODEL

RoBERT R. ARNTS, WiLLiIaM B. PETERSEN, ROBERT L. SElLA and BRUCE W. Gay, Jr.

Environmental Sciences Rescarch Laboratory, Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, NC 27711, USA.

(First received 9 July 1981 and in final form 11 November 1981)

Abstract—A field study was conducted to estimate the emissions of z-pinene from a pine forest without
disturbing the vegetation. A tracer, sulfur hexafluoride, was released from the forest and collected downwind
in order to define the dispersive characteristics of the atmosphere. Simultaneously, z-pinene concentrations
were measured both upwind and downwind of the forest. A Gaussian plume dispersion algorithm
incorporating hydrocarbon lose due to O3 and OH reaction was used to estimate a-pinenc emissions.
Emission rates ranged from 11 to 19 ugm~*min~?! at 37°C.

Copyright American Petroleum Institute
Provided by IHS under license with API

No reproduction or networking permitted without license from IHS Not for Resale




API PUBLx309 92 WM 0732290 0529717 155 mW

FOURNAL OF GLOPHY SO N RESEARCH VO 98 NOYV W PAGES T200 10 A G SNy o

Oxides in the Troposphere

CyYNTHIA S. ATHERTON AND JOYCE E. PLNNER

The reactive odd artrogen chemistry 1 examined for environments both typical of the urban
troposphere and in which biogenic hydrocarbon emissions are appreciable. Results are presented in
terms of a mtrogen shortfall. X NO,. the fraction of reactive mitrogen present as species other than
NO. NOa. HNO:. NO7 . and peronyacens] mtrate. In urban environments. the calculated mitrogen
shortfall is 0.02-0.33. Both higher initial hydrocarbon concentrations and higher imtial hydrocarbon-
10-NO, ratios lead to greater shortfalls, with the latter effect being more important. Products of
biogenic hydrocarbon emissions greatly increase the nitrogen shortfall in urban air that has aged for 48
hours. The nitrogen shortfall increases from 0.25 for a simulation with background isoprene and pinene
emissions to 0.45 for a scenario with high pinene emissions. In addition. two sensitivity studies which
examine the stability of nitrate species formed from the biogenic hydrocarbons are also presented.
These show that for our scenarios., the stability of ISON, a species formed during isoprene oxidation
can change the calculated nitrogen shonfall by 0.15. However. the stability of nitrates from the
reactions of isoprene and pinene with NO; changes the calculated nitrogen shortfall by only 0.05.

Lo

The Effects of Biogenic Hydrocarbons on the Transformation of Nitrogen

Atmospherical and Geophysical Sciences Divivon, Lawrence Livermore National Laboratons . Liscrmore. California

Copyright American Petroleum Institute
Provided by IHS under license with API

No reproduction or networking permitted without license from IHS Not for Resale




API PUBLx309 92 EE 0732290 0529718 091 WA

04 608120 SO0 . 07;

Atmnspherie Entteomment Vol 24A, Noo 1. pp ) 41, 1990
T 1990 Pergamon Prew pic

Prnted in Grea® Brtawe

REVIEW ARTICLE

GAS-PHASE TROPOSPHERIC CHEMISTRY OF ORGANIC COMPOUNDS:
A REVIEW

ROGER ATKINSON
Statewidc Air Pollution Rescarch Center. University of California. Riverside. CA 92521, US.A.

(First received 25 January 1989 and in final form 10 April 1989)

Abstract  The current knowledge of the gas-phase reactions occurring in the troposphere for alkanes.
alkenes. alkynes, oxygenates and aromatic hydrocarbons and their photooxidation products is reviewed.
and arcas of unceriainty identified.

Key word index: Tropospheric chemistry, organic compounds, gas-phase reactions.
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RATE CONSTANTS FOR THE GAS-PHASE REACTIONS OF
OH AND NO; RADICALS AND O, WITH SABINENE AND
CAMPHENE AT 296+2 K

ROGER ATKINSON,* SARA M. ASCHMANN and JANET AREY
Statewide Air Pollution Research Center, University of California, Riverside, CA 92521, US A

(First received 31 July 1989 and in final form 17 April 1990)

Abstract—The rate constants for the gas-phase reactions of sabinene and camphene, two monoierpenes
emitted from vegelation, with OH and NO, radicals and O, have been determined at 296 =2 K and one
atmosphere total pressure of air. The OH and NO; radical reaction rate constants were determined using
relative rate techniques. Using rate constants of KOH +isoprene}=1.01 x 107 !° cm® molecule™? s7°,
k(NO, +1rans-2-butene)=3.87x10"'> am® molecule™'s™? and Kk(NO;+ 2-methyl-2-butene)=9.33
x10"**cm?® molecule"*s™?, the following OH and NOj; radical reaction rate constants (in cm?®
molecule™ s~ ! units) were obtained: OH radical reaction; sabinene, 1.17x 107 %%, and camphene, £33

. x 107!}, NO, radical reaction; sabinene, 1.01 x 107 *!, and camphene, 6.54 x 10™*3, The absolute O,
reaction rate constants determined were (in cm® molecule™® s~ units) sabinene, 8.07x107}", and
camphene, 9.0 x 107 *%. These rate constants are compared to literature data for other structurally-related
alkenes and monoterpenes.

Key word index: Camphene, sabinene, hydroxyl radical, nitrate radical, ozone, monoterpenes.
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Isoprene Emissions from Vegetation and
Hydrocarbon Emissions from Bushfires
in Tropical Australia

G P.AYERS* andR. W. GILLETT
evision of Atmospheric Research. CSIRO. Private Bag 1. Mordralloc. Victoria 3195. Australia

(Received: 21 December 1987: revised: 8 June 1988)

Abstract. Information from a variety of sources, including an airborne field expedition in November
1985, is used to produce estimates of the annual emissions of some hydrocarbons from bushfires.
and isoprene from trees. in tropical Australia. For the continent north of 23° S the annual bushfires
(hiomass burning) input was estimated. in units of Tg carbon. to be 2 TgC (uncertainty range 0.8-5
Tg(). emitted predominantly during the May to October dryseason. Isoprene emissions during this
period were estimated also to be 2 TgC (uncertainty range 0.5-8 TgC). but were estimated to be an
order of magnitude higher during the November 10 April wet season. a1 a level of 23 TgC (uncertain-
1y range 6-100 TgC).

The large annual emission of isoprene over the tropical part of the Australian continent vields
ppbe levels of isoprene measured at the surface in summertime. Isoprene reactivity with hyvdroxyl
radical is such that at these concentrations isoprene must be a dominant factor in controlling the con-
centration of OH radical in the convective boundary layer. Simple arguments based on the convec-
uve velocity scale suggest that the shape of the isoprene vertical profile in November 1985 would be
consistent with available data on the OH-isoprene reaction rate if OH concentration in the boundary
layer averaged about 2.5 x 10° cm™ over the middle pan of the day.

Ke) words. Biomass bumning. isoprene. hydroxy! radical.
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- INDIVIDUAL VERSUS AVERAGED ESTIMATES OF
" PARAMETERS USED IN LARGE SCALE EMISSIONS
INVENTORIES

CARMEN M. BEnkOVITZ

Atmospheric Sciences Division, Department of Applied Science, Brookhaven National Laboratory, Upton.
NY 11973, US.A.

and

NeaL L. Open

Biomedical and Environmental Assessment Division, Department of Applied Science, Brookhaven
National Laboratory, Upton, NY 11973, US.A.

(First received 19 October 1987 and in final form 12 September 1988)

Abstract—Development of emissions inventories for large geographic areas is currently based on the use of
*mass balance’ equations 10 estimate the emissions from cach source. The general equation used states that
the emissions from a particular source for a specific pollutant in a specified time frame are equal to the
product of the activity rate of the source in the selected time frame, an emission factor, which cstimates the
amount of pollutant emitted per unit activity, and additional parameters which vary according to the type of
source whose emissions are being estimated. Values of the parameters used to estimate emissions are
estimated in two different ways. ‘Individual’ estimates (an estimate for each source considered) are used for
certain parameters; for other parameters, such as the emission factor, ‘averaged’ estimates (average values
obtained by sampling a subset of the sources in a category) are used. The statistics resulting from the use of
these two different methodologies are quite different. Derivation of the equations needed to caiculate the
mean square error in each case show that when the sources included in a category are homogeneous. then
the averaged cstimatar may be better than individual estimates for estimating emussions from a particular
source, but is worse for estimating sums. A numerical simulation was conducted to demonstrate these
resuits. An example showing how 1o account for the effect of averaged estimators in a simple assessment 1s
also included.

Key word index: Emissions inventovy, uncertainty, averaged parameters.
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Nonmethane Hydrocarbons in an
Oceanic Atmosphere

B. BONSANG and G. LAMBERT™
Centre des Faibles Radioac tivités, Domaine du CNRS, F-91190 Gif sur Yvette, France

(Received: 24 February 1984 in revised form: 6 November 1984)

Abstract. C,~C, Nonmethane hydrocarbons (NMHC) and radioactive continental tracers were meas-
ured during two oceanographic cruises. in June 1982 in the Mediterrancan and Red Sea, and in Novem-
ter 1982 across the North Atlantic and South Pacific oceans. Typical concentrations in marine atmo-
sphere are between 0.05 and 0.2 ppbv. Owing to their similar lifetimes, propane and radon-222 are
found to be well correlated. This relationship establishes that propane is mainly produced over lands
and enables us to estimate its continental source strength at about 60 x 10* tons of carbon per year.

Key words. Nonmethane hydrocarbons, trace gases, tropospheric chemistry., radon.
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THE OXIDATION OF ISOPRENE IN THE TROPOSPHERE:
MECHANISM AND MODEL CALCULATIONS

Dana A. BREWER
Systems and Applied Sciences Corporation, 17 Research Drive, Hampton, VA 23666, US.A.

MicHAEL A. OGLIARUSO
Department of Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, US.A.

Tommy R. AuGusTssON
NRC-NASA Research Associate, NASA Langley Research Center, Hampton, VA 23665, US.A.

JoeL S. LEvINE
NASA Langley Research Center, Hampton, VA 23665, US.A.

Abstract—A chemical mechanism describing the oxidation of isoprene by OH and O, in the troposphere has
been developed and incorporated into a one-dimensional steady-state photochemical model. Calculations
have been performed for continental conditions at two latitudes, 1 5°N and 45°N. At 45°N latitude, the effects
of anthropogenic hydrocarbon emissions on the vertical profiles of NO, (NO+NO;) and HNO,
overshadow the effects of isoprene emissions; at 15°N, the reduced anthropogenic emissions and the
increased isoprene emissions produce increases of 26 and 4% in the column contents of NO, and HNO;,
respectively. The integrated columns of COat 45°Nand 15°N latitude increased by 10and 31 %, respectively,
when isoprene chemistry was included, but these increases are much smaller than those that would have been
obtained if all the carbon in isoprene had been photochemically transformed into CO. It appears that the fate
of a significant quantity of isoprene is in the formation of longer carbon-chain (R > CH,) oxygenated
organic species. The longer carbon-chain alkylhydroperoxides and alkylperoxyacids appear to be important
free radical sinks in the tropics given the lower NO, concentrations generally found in the tropics.
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DIURNAL VARIATION OF MONOTERPENE
CONCENTRATIONS IN OPEN-TOP CHAMBERS AND IN
THE WELZHEIM FOREST AIR, FRG.

ULrike BurLer and KLaus WEGMANN
Insutut fiar Chemische Pflanzenphysiologie, Corrensstr. 41, D-7400 Tibingen, F.R G.

(First received 9 July 1989 and in final form 24 June 1990)

Abstract-- Dwurnal variation of monoterpene concentrations in the Welzheim forest were analyzed
qualitatively and quantitatively by GC/MS. The diurnal dynamics showed maximum concentrations during
the day and dropped to a low level at night. The monoterpenes present in measurable amounts were
tricyclene, 2-pinene, camphene, §-pinene, sabinene, myrcene, A3-carene, limonene and !.8-cincole. Major
components were z-pinene and B-pinene. The experimental setup in an open-1op chamber made 1t possible
to calculate emission rates of monoterpenes released by Picea abies (L) Karst. The consideration of these
data suggest that the measured monoterpene concentrations in the forest air are significantly influenced by
chemical reactions and meteorological parameters.

Key word index: Diurnal vanation, monoterpene emissions, GC/MS, Picea abies, open-1op chamber, forest
air, z-pinene, S-pinene.
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Chemical Sensor Resolution Required for
Measuring Surface Fluxes by Three Common
Micrometeorological Techniques

J.A. BUSINQER and A.C. DELANY
National Ceénter for Atmospheric Research*, P.O. Box 3000, Boulder, CO 8030~ U.S.A.

{Received: 18 April 1989)

Abstract. We define the chemical or compositional resolution required to measure the surface
emission/deposition flux of trace constituents under different meteorological conditions by means of
the eddy correlation, gradient, and conditional sampling techniques. These chemical resolutions are
defined for the full range of different atmospheric conditions and are reported in terms of commonly
measured micrometeorological parameters.

Key words. Dry deposition, emission fluxes, eddy correlation, gradient technique, conditional
sampling.
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NATURAL HYDROCARBONSA URBANIZATION, AND URBAN OZONE

C. A. Carde.no and W. L. Chameides

School of Earth and Atmospheric Siences, Georgia Institute of Technology. Atlanta

pstract. Using the Atlanta metropolitan area as a case st iy,
»2 examine the effects of urbanization and its associated heat
sland on urban ozone concentrations. Air quality data from
stlanta suggest that urban ozone concentrations are enhanced
w increases in ambient temperature. Model calculatiaas
gggest that this enhancement is caused by the effect of
emperature on the atmospheric chemistry of peroxyacewl
.irate (PAN), as well as the temperature dependence of
satural and anthropogenic hydrocarbon emissions. A
omparison of summertime temperatures in Atlanta ané a
searby rural station, suggests that Atlanta’s temperature over
.he past 15 years has increased by about 2°C due 1o
sbanization and its concomitant intensification of the ur~an
neat island.  Numerical simulations using conditions ¢ a
apical summertime day in Atlanta suggest that this rise in
remperature could have, (1.) resulted in a significant incre:se
o the net emissions of natural hydrocarbons in the arez in
spite of the loss of about 20% of the area’s forests over the
same period, and (2.) negated the beneficial effects on
simmertime ozone concentrations that would have been
obtained from a 50% reduction in anthropogenic hydrocarbon
emissions. Because a NO,-based ozone abatement stratagy
ars to be less sensitive to temperature increases than does
a hydrocarbon-based strategy, a NOX strategy may prove tc be
more effective in the future if temperatures continue to rise as
a result of urbanization and the "greenhouse effect”.
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Theoretical Study of the Initial Products of the Atmospheric Oxidation
of Hydrocarbons

JAck G. CALVERT AND SASHA MADRONICH
National Center for Atmospheric Research, Boulder, Colorado

The initial products of the tropospheric oxidation of a representative mixture of hydrocarbons have
been studied theoretically. using a detailed chemical mechanism involving 26 alkanes (C,-C,) alkenes
(ethylene. propylenc). aromatic hydrocarbons (benzene, toluene, o-. m-, and p-xylenes). and two terpenes
{isoprenc, a-pinene). For an NO,-rich atmosphere the oxidation of the alkanes in the mixture leads to
three main classes of initial products: aldehydes (34°%), ketones (45°:). and alky! nitrates (21%). Both the
7-hydroxy-aldehydes (19%«) and the y-hvdroxy-ketones (19% of all alkane initial products) are major
products. For NO,-free conditions the major products of the alkane oxidation are expected to be the
alkyl hydroperoxides. For NO,-rich conditions the aldehydes dominate the alkene oxidation products
(80" ). with smaller amounts of 2-hydroxy-carbonyl compounds (9%.} and organic acids {4°.). The major
products of the aromatic hydrocarbons in the mixture are za-dicarbonyls (24%). unsaturated j-
dicarbonyls (22%:), phenols (< 49°), aromatic aldehydes (37%). and aromatic nitrates (2%). The expected
product distribution and lifetime data suggest that each class of hyvdrocarbon has certain unique prod-
ucts which should serve as useful indicators of the history of an aged air mass. It is concluded that the
alky! nitrates and the y-hydroxy-alky! nitrates may contribute 1o the Jarge. and as yet unidentified.
fraction of the active nitrogen species noted in NO, determinations in the troposphere by Fahey et al.
{19861,
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A Three-Dimensional Eulerian Acid Deposition Model:
Physical Concepts and Formulation

J. S. CHANG, R. A. BrosT, 1. S. A. IsaxkseN,! S. MADRONICH,
P. MiDDLETON, W. R. STOCKWELL, anD C. J. WALCEK

National Center for Atmospheric Research. Boulder, Colorado

We have developed a three-dimensional Eulerian regional acid deposition model to calculate episodic
chemical concentrations and dry and wet deposition of acids in North America. This transport, transfor-
mation, and deposition modeling system subdivides the troposphere over the ecastern United States,
southeastern Canada, and the western Atlantic Ocean into a six-level, 30 by 30 honizontal gnd with a
horizontal grid size of 80 x 80 km?. Transport and vertical diffusion of 24 trace gases and particles are
calculated using temporally and spatially varying metcorology, provided by a mesoscale meteorological
model. A gas phase chemical reaction mechanism is used to simulate concentrations and chemical
conversion rates for 36 species, including 14 stable organics and 11 short-lived radicals. Altitude-,
latitude-, and season-dependent photolysis rates for nine reactions in the chemical mechanism are speci-
fied using a delta-Eddington radiative transfer model which includes O, and O, absorption, scatiering
and absorption by clouds and aerosols, Rayleigh scattering, and ground reflections. Subgrid scale vertical
transport, aqueous chemical conversions, and trace gas and particle scavenging by clouds are parame-
terized using a one-dimensional dynamical and microphysical cloud model and a box aqueous chemistry
and scavenging submodel. The aqueous phase chemistry model includes sulfur oxidation by H,0,, O,,
trace metals, and two organic peroxides, with numerous equilibna between all soluble trace species. Dry
deposition rates for 13 compounds are computed using species-specific deposition velocities that depend
on the local meteorology, season, land type, insolation, and surface wetness conditions. Emissions of
SO,, SO,". NO, NO,, CO, NH,, and 10 classes of volatile organic compounds are included in the
model. Trace gases are emutted into different vertical levels of the model according to a plume rise
submodel. Hourly emissions are adjusted according to season and weekday or weekend activities. This
model provides a framework to examine the relative importance and sensitivity of numerous physical
and chemical processes responsible for the formation and deposition of tropospheric acidity.
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CONCENTRATION OF MONOTERPENES IN A MAPLE
FOREST IN QUEBEC

B. CLEMENT,* M. L. Risa,* R. Lepuc,{ M. Haziza* and L. Torres*$
*INP/ENSCT, 118, Route de Narbonne, Laboratoire de Chimie-Energic et Environnement 31077 Toulouse
cedex (France) and 1 Ministére de I'Environnement, Direction de la Qualité de 'Atmosphére 2360, Chemin

Sainte-Foy, Sainte-Foy (Québec), Canada, G1V 4H2

(First received 16 January 1990 and received for publication 4 April 1990)

Abstract—Measurements of monoterpene concentrations are reported {or a mapie forest in Quebec near the
St Lawrence River. The upper limit of the total biogenic hydrocarbon concentrations obtained is 4.4 ppbV
(24 ugm™3), similar to those found for coniferous forests. The main monoterpenes determined were:
limonene, a-pinene, sabinene, camphene and myrcene.

Key word index: Terpenes, biogenic hydrocarbons, concentrations, atmosphere, maple tree, Quebec.
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HYDROCARBONS INTO THE ATMOSPHERE

C. F.Cuitis and M. M. HirRsCHLER®
The City Unneraty, London, U KN
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annual consumpnon of the vanious source materials and the appropriate emission {actors.

increasing. the rate of increase 1s falling and possible reasons for this are suggested.

(XS #9%} 26 S300 < 000
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MAN'S EMISSIONS OF CARBON MONOXIDE AND

Abstract— Estimates have been made of the amaounts of CO and total hvdrocarbons (HC) released into the
almosphere as a resuit of man’s activties and mfluence Emissions have generally been calculated from the

The combustion of petroleum products remains by far the largest source of CO and the amounts of this
gas generated therefrom dre rising steadily  Refuse mnaineration also mahes a sizeable contribution but coal
combustion 1s decreastng inimporiance Petroleum combustion and solvent use are primanly responsible
for man’s hiberation of HC into the atmosphere and the amounts derived from both sources are increasing
rapidly. Emienc fermeniation in ammals and emissions from sediments of rice paddies (both essenualiy
controlied by man) ale contribute substantially 10 the amounts of methance released in1o the atmoesphere
However. although man-made. and mun-controlled natural, emissions of both CO and total HC are stili

Key word mdex A pollutents. atmosphenic emissions. carbon monoxide. emission factors. enieric
fermentation. fossil fuel combusnon. hydrocarbons. methanc. refuse incineration. solvent evaporation
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A DETAILED MECHANISM FOR THE GAS-PHASE
ATMOSPHERIC REACTIONS OF ORGANIC COMPOUNDS

WiLtiam P. L. Car-er.
Staiew:de Air Pollution Rescarch Center, University of Cilvfornia. Riversde. CA 92521, US.A.

(First received 13 February 1989 and i n-2. form 26 May 19%9)

Abstract A gas-phase reaction mechanism for the atmospiz-ic photoowudations of over 100 alkanes.
alhenes. :-omatic hydrocarbons. alcohols. ethers and other compounds representatine of the range of
reactive orpanics emitted into polluted atmospheres is descibed. Most of these organic species are
representad using generalized reactions with variable rate cons::nts and product yield coefficients for which
individuz. assignments were made or estimated. This mechaiam employs 19 species 10 represent the
reactive ovygenated and organic nitrate products. and includes <=e gas-phase reactions of SO, . but does not
include heizrogencous or liquid-phase reactions. The evaluai:>= of this mechanism. by comparison of its
predictions against the results of over 500 environmental cha=2er experiments, is described 1n a separate
paper. Thus detailed mechanism can be used in assessments o7 relative atmospheric reactivities of organic
compour:cs. and can provide the basis for the derivation of =ore condensed mechanisms for use in air
quality s:mulation models.

Key wor index: Atmospheric chemistry. photochemical srmog. air pollution, computer modeling, air
quality xmulation models, kinetic mechanisms, gas-phase reazuons, organic compounds, alkanes. alkenes,
aromauc hydrocarbons, oxygenated organic compounds, org:zic nitrates, ozone. atmospheric reactivity.

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale




API PUBLx%309 92 EE 0732290 0529733 376 WW

The Role of Biogenic Hydrocarbons in Urban
Photochemical Smog: Atlanta as a Case Study

W. L. CuanMeIDES. R, W, Lixpsay. . RicHarpsox. C. S, KuaNg

The effects of natural hvdrocarbons must be considered in order to develop a reliable
plan for reducing ozone in the urban atmosphere. Trees can emit significant quantities
of hydrocarbons to metropolitan areas such as Atlanta, and model calculations indicate
that these natural emissions can significantly affect urban ozone levels. By neglecting
these compounds, previous investigators may have overestimated the effectiveness of
an ozone abatement strategy based on reducing anthropogenic hydrocarbons.
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TI Terpenes discharged from plant leaves into atmosphere
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AB Volatile matcrials discharged from needles of Japanese red pine.

Japanese cedar, and Himalayan cedar were mainly .alpha.-pinene,
.beta.-pinene, and 1,8-cineole.
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Formation and Chemical Composition of
Atmospheric Aerosols in an Equatorial
Forest Area*

g CLAIRAC, R. DELMAS.B. CROS
Fuoulté des Sciences. B.P 69. Brazzaville. R.P. Congo

H CACHIER,P. BUAT-MENARD
Centre des Faibles Radioacnivités. Laboratowre Mixte CNRS-CEA. 91190 Gif-sur- Yvette. France

and

} SERVANT
1 aberatotre d ' 4érologie. UPS, 118, Rowte de Narbonne. 31062 Toulowse Cedex. France

(Received: 8 July 1986: in revised form: 24 November 1987)

Abstract. The physical properties and the chemical composition of atmospheric aerosols have
neen studied in an equatorial region in the southern Congo {Africa). Field experiments were con-
ducted between 1978 and 1983 in the equatorial forest of the Mavombe during periods where the
wntluence of biomass buming was minimum. The results indicate that the forest is a net source
of both fine particles resulting primarily from gas-to-particle conversion and coarse particles
produced by mechanical processes. Carbonaceous matter is the major component of these biogenic
parucles but the forest is also a significant source of sulfate. nitrate. ammomum and potassium
-Haif of this carbon is attached to submicron particles and likely derives from organmic paseous
precursors naturally emitted by the local tiosphere.

hey words. Equatorial forest. atmosphenc aerosols. size distribution. chemical composition.
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Tropospheric Chemical Composition Measurements
in Brazil During the Dry Season

P.J. CRUTZEN' A.C.DELANY * J. GREENBERG? P. HAAGENSON® L.HEIDT?,

R.LUEB? W. POLLOCK* W.SEILFR', A. WARTBURG?.and P. ZIMMERMAN?

v Max-Planck-Institute for Chemistry (Otto-Hahn-Institut), Saarstr. 23, POB 3060, D-6500 Main:.
F.R. Germany

3 National Center for Atmospheric Research. P.O. Box 3000, Boulder, CO 80307, US.A.

(Received: 21 February 1984: in revised form: 27 August 1984)

Abstract. Field measurement programs in Brazil during the dry seasons in August and September
1979 and 1980 have demonstrated the large importance of the contincntal tropics in global air chem-
istry. Many important trace gases are produced in large amounts over the continents. During the dry
scason. much biomass burning takes place. especially in the cerrado regions, leading 10 2 substantial
emission of air pollutants. such as CO. NOy. N,0. CH, and other hydrocarbons. Ozone concentra-
tions are enhanced due to photochemical reactions. The large biogenic organic emissions from tropical
forests play an important role in the photochemistry of the atmosphere and explain why CO is present
in such ‘high concentrations in the boundary laver of the tropical forest. Carbon monoxide production
may represent more than'3% of the net primary productivity of the tropical forests. Ozone concentra-
tions in the boundary layer of the tropical forests indicate strong removal processes. Due to atmo-
spheric supply of NOy by lightning. there is probably a large production of O, in the free troposphere
over the Amazon tropical forests. This is transported to the marine-free troposphere and to the forest
boundary layer.

Key words. Brazil. tropics, biomass burning. natural emissions. air pollution, global pollution. nitrogen
oxides, hydrocarbons. carbon mononide. ozone.
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CALCULATION OF LONG TERM AVERAGED GROUND
LEVEL OZONE CONCENTRATIONS

Franx A. A. M. De Leeuw, H. Jetske VAN RHEINECK LEYssius and
Peter J. H. BuiLTses*

National Institute of Public Health and Environmental Protection, P.O. Box 1, 3720 BA, Bilthoven, The
Netherlands and *MT-TNO, Department of Fluid Dynamics, P.O. Box 342, 7300 AH Apeldoomn, The
Netherlands

!

(First received 22 December 1988 and received for publication 12 June 1989}

Abstract—Seasonal averaged ground level concentrations for O, have been calculated for The Netherlands
by means of a two-layer Lagrangian long-range transport (LRT) model. The model includes emissions, non-
linear atmospheric chemistry, dry deposition, exchange between boundary layer (BL) and free troposphere
(FT) and fumigation between a mixed layer and an aged smog layer. Concentrations of primary and
secondary pollutants in the FT are obtained from a two-dimensional global model developed by Isaksen.

In the reference calculation the modelled concentrations of Ox (sum of O, and NO,) and O, are in fair
agreement with measurements. The NO, (sum of NO and NO,) and NO, concentrations are under-
estimated by the model but there is a good temporal correlation between calculated and measured
concentrations. Validation of other components involved in the chemical scheme is hardly possible due to
the paucity of measured data. It can only be stated that the results presented in this paper are not in
disagreement with measured or modelled data presented in the literature.

In a number of sensitivity runs the influence of European anthropogenic emissions of NO, and volatile
organic compounds (VOC) has been investigated. The calculations indicate that the influence of European
emissions on the growing season, daytime averaged {May-September, 10-17h) O, concentrations in The
Netherlands is small. For European reductions in the order of tens of per cents a YOC emission reduction 1s
more effective than a NO, emission reduction in lowering the O, concentrations. For strong reductions
(about 70%) VOC and NO, are equally effective. The effects of the modeiled underprediction of NO,
concentrations on the production of O, on a European scale are probably small. On a local scale the effects
are more pronounced due to the NO/O, titration (photostationary equilibrium). Therelore, an empirical
correction is applied on the modelled O, concentrations. Alter this correction, it is shown that daytime O,
levels during the growing season increase when European NO, emissions are reduced (2.0-7.7% increase at
50% NO, emission reduction). A reduction in YOC emission leads to decreasing O, levels (9% reduction for
40% VOC emission reduction, 16% reduction for 70% YOC emission reduction). For a combined reduction
of both YOC and NO, slightly decreasing ground level O, concentrations are expected.

Key word index: Ozone, photochemistry, transport models, emission scenarios, nitrogen oxides.
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. A COMPARISON OF MODEL PHOTOCHEMICAL OZONE
FORMATION POTENTIAL WITH OBSERVED REGIONAL
SCALE OZONE FORMATION DURING A
PHOTOCHEMICAL EPISODE OVER THE UNITED
KINGDOM IN APRIL 1987

R. G. DErRWENT

Modelling and Assessments Group, Environmental and Medical Sciences Division, Harwell Laboratory,
Oxfordshire, U.X.

(First received | June 1988 and received for publication 2 November 1988)

Abstract-- A photochemical trajectory model has been employed to calculate the maximum potential for
ozone generation in air parcels passing over the U.K. during 2 photochemical pollution episode in April
1987. In all, 11 trajectories have been studied and the model resuits compared against an objective analysis
of the integrated ozone gencration bascd on the observations reported from the U.K. Department of the
Environment ground levet O, neiwork. There is apparently good correlation between the observed O,
formation and the model O, formation potenual although the latter overestimates the former by a factor of
about 2.8. The solar illumination conditions employed in the photochemica! trajectory model may have
caused this overestimation, since the model is formulated for O, control strategy assessment and simulates
the ‘worst case’ situation likely to give the maximum potential for secondary pollutant formation. In
addition to the modet results for O, a wide range of primary and sccondary poliutant concentrations from
the model were examined, together with the influence of precursor pollutant emissions.

Key word index: Photochemical ozone, photochemical model, ozone network, ground level ozone
concentrations.
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EVALUATION OF A NUMBER OF CHEMICAL
MECHANISMS FOR THEIR APPLICATION IN MODELS
DESCRIBING THE FORMATION OF PHOTOCHEMICAL

OZONE IN EUROPE

R. G. DERWENT

Mod¢lling and Assessments Group, Environmental and Medical Sciences Division, Harwell Laboratory,
Oxfordshire, UK.

(First received 10 July 1989 and received for publication 8 May 1990)

Abstract—A series of 24 chemical mechanisms from the literature are compared against cach other using
harmonized emissions, photolysis rate cocfficients for simple inorganic chemistry and life cycle data for
ozone, PAN and H,0,. The evaluation sought to understand the impact of parameterizing hydrocarbon
oxidation on the peak concentrations of photochemically-generated secondary pollutants. Only seven of the
24 chemical mechanisms gave peak concentrations of ozone, PAN and H,0, simultaneously in their
respective central ranges. PAN and H,0, were generally calculated with a much lower precision compared
to ozone. Only 11 mechanisms out of 24 gave responses to both 50% hydrocarbons and NO, emissions
controls in their respective central bands. The lack of coordinated ozone. PAN and hydrogen peroxide
measurements across Europe currently limits the adequacy of model comparisons and hence the confidence
which may be placed in assessments of the likely impacts of future control strategies.

Key word index. Photochemical ozone, photochemical model, chemical mechanism, model validation,
ozone network.
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Tl A modeling study of the effect of biogenic hydrocarbons on rural
ozone formation

AU Dodge, Marcia C.

CS Environ. Sci. Res. Lab,, EPA

LO Research Triangle Park, NC 27711, USA

SO J. Environ. Sci. Health, Part A, A15(6), 601-12

SC  59-1 (Air Pollution and Industrial Hygiene)
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AB The model of 03-forming potential of natural hydrocarbon ecmissions
from a forest is described.
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A Comparison of Three Photochemical Oxidant Mechanisms

MArcia C. DODGE

Atmospheric Research and Exposure Assessment Laboratory, US. Environmental Protection Agency
Research Triangle Park, North Carolina

Three chemical mechanisms recently developed for use in urban- and regional-scale oxidant models
have been compared. Approximately 400 simulations were conducted using an atmospheric model 10
determine the degree to which the mechanisms yield comparable predictions of ozone and other
oxidants. The simulations were carried out over a range of initial conditions for a aumber of scenarios
representative of urban and rural environments. Sensitivity studies were conducted o assess the effect
of varying parameters, such as the initial rato of volatile organic compounds (VOC) to oxides of
nitrogen (NO, ), the composition of the VOC mixture, and the temperature.  The mechanisms were
found to yield nearly identical predictions for ozone, peroxyacetylnitrate, and nitric acid under most
conditions. Differences, however, were noted in simulations with (1) high NO, levels, (2) high levels of
aromatic hydrocarbons, and (3) low afternoon temperatures. Predictions of hydrogen peroxide were in
good agreement except at high VOC/NO, ratios where differences of as much as a factor of 3 were
found.

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale




API PUBL*309 92 W 0732290 0529742 300 WN

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 95. NO. D4. PAGES 36353648, MARCH 20, 1990

Formaldehyde Production in Photochemical Smog as Predicted
by Three State-of-the-Science Chemical Oxidant Mechanisms

MARCIA C. DODGE

Atmospheric Research and Exposure Assessment Laboratory, U.S. Environrmental Protection Agency
Research Triangle Park, Nortk Carolina

A moving box model was used to compare formaldehyde (HCHO) predictions obtained with three
photochemical oxidant mechanisms. In simulations using a typical urban mix of organic pollutants, the
mechanisms were found to yield HCHO predictions that agreed to within 10% of each other provided
the same reaction frates were used in all three mechanisms to describe the photolysis of HCHO. The
agreement for simulations vsing pollutant mixtures containing only one organic species showed more
variability. Formaldehyde predictions obtained for ethene, propene, and acetaldehyde were in excelient
agreement under most conditions; significant differences, however, were noted for the 2-alkenes and
aromatic hydrocarbons. Predictions of ozone and hydrogen peroxide obtained with the urban mixture
were very sensitive to the initial concentration of HCHO included in the simulations. Depending on
whether HCHO was assumed to constitute 09 or 2% of the initial mix of organic pollutants, resulting
ozone yields varied by as much as 15-30%; hydrogen peroxide yields differed by factors of 4-10 depending

- on the mechanism used. To estimate the effectiveness of various control measures for limiting HCHO

production, simulations were also conducted where individual organic species within the urban mix were
reduced and the resulting decreases in HCHO yields were noted. The largest decreases in HCHO
occurred for reductions in ethene and the other 1-alkenes; the smaliest decreases were obtained when
the monoalkylbenzenes or the alkanes were reduced.
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OZONE CONCENTRATIONS ABOVE A DOUGLAS-FIR
FOREST CANOPY IN WESTERN WASHINGTON, US.A.

) RoserT L. EDMONDS and F. A. Basase
College of Forest Resources, University of Washington, Seattle, WA 98195, US.A.

(First received 18 July 1988 and in final form 8 September 1988)

Abstract—Ozone concentrations were monitored above a 30 m Douglas-fir canopy at Cedar River,
Washington from | April to 30 September in 1986 and 1987. Maximum average hourly ozone concentra-
tions were similar in both years. Ozone concentrations exceeded 0.12 ppm on 2 days in 1986 and | day in
1987. Fifteen and 14 days had ozone concentrations greater than or equal to 0.08 ppm in 1986 and 1987,
respectively. Ozone concentrations were positively related to daily radiation and maximum daily air
temperature. However, only 46 per cent of the variance in ozone concentration in 1986 could be explained by
solar radiation and even less was explained by maximum temperature (26%). In 1987, 51 and 54 per cent of
the variation in ozone concentration was explained by solar radiation and temperature, respectively.
Maximum average hourly ozone concentrations peaked near 1500 h (Pacific Standard Time) for days
> 0.06 ppm with minimum values near 0600 h. Highest concentrations were observed when the wind was
blowing from the northwest from the Seattle area indicating that photochemical oxidation of NO, was a
major source of elevated ozone. If the data represent current levels of ozone some potential for forest damage
exists in Puget Sound forests.

Key word index: Ozone, forests.
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vcASUREMENTS OF SELECTED C,-Cs HYDROCARBONS IN THE BACKGROUND
ROPOSPHERE: VERTICAL AND LATITUDINAL VARIATIONS

D.H. EHHALT, J. RUDOLPH, F. MEIXNER, and U. SCHMIDT

Institut fiur Chemie 3: Atmosohirische Chemie der
Kernforschungsanlage Jiilich GmbH, Postfach 1913,
D-5170 Julich, West Germany

A8STRACT. Meridional cross sections of the concentration of light hy-
drocarbons are reported. They were obtained from 20. April to 10. May,
1980, during the French research flight STRATOZ II, and cover the lati-
tudes between 60° N and 60° S and the altitudes between 800 mb and 200
rb. The mixing ratios of ethane, ethene, acetylene, propane, propene,
n-butane, i-butane, n-pentane, and i-pentane range between 2.0 and 0.02
ppb. Globally, a decrease in concentration with increasing altitude and
- in most cases - with decreasing latitude is observed. In addition the
2-dimensional concentration fields show structures of different scales.
In particular, isolated maxima of high concentrations are found in the
upper troposphere, They point to fast vertical transport between the
boundary layer and the upper troposphere, In the present case these
naxima seem to be correlated with large scale meteorological systems,
such as low pressure regions or the Inter Tropical Convergence Zone, It
is argued that the NMHC provide a set of tracers well suited to the de-
tection of fast vertical transport.

KEY WORDS. Nonmethane hydrocarbons, trace gases, remote troposphere,
vertical and latitudinal variation, vertical transport, aircraft
observation
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ESTIMATES OF ISOPRENE AND MONOTERPENE EMISSION RATES IN PLANTS

ROSEMARY C. EVANS,* DAVID T. TINGEY,T MARCIA L. GUMPERTZ,* AND WALTER F. BURNS*

*Northrop Services, Inc.,, and tU.S. Environmental Protection Agency, 200 S.W. 35th Street, Corvallis, Oregon 97333

A range of plant species, including crops, shrubs, herbs, and trees, was surveyed to determine the magni-
tude of 1soprene emissions. In studies to determine if plants emitted isoprene, greenhouse-grown plants
were encapsulated in impermeable plastic bags and kept in a growth chamber for 2 h at 30 C and a photo-
synthetic photon flux density of ca. 350 uE m™ 5%, To estimate emission rates, greenhouse-grown plants
were conditioned in a growth chamber and transferred to a controlled-environment gas-exchange chamber.
Gas samples from either the encapsulation bags or gas-exchange chamber were collected, concentrated
cryogenically, and analyzed by gas-liquid chromatography. The occurrence of isoprene and monoterpenes
was confirmed by combined gas chromatography-mass spectrometry. Of the 54 plant species tested, 37
emitted isoprene. Isoprene emission rates (28 C and 1,000 uE m~*5™%) for 16 species ranged from 0 to
38.5 ug carbon g™t h~i. Monoterpenes were detected from six species and emission rates ranged from 0.01
to 3.53 ug carbon g™ h!. The encapsulation technique permitted rapid identification of species that emitted
isoprene. The emission rate data confirmed the preliminary isoprene ranking and demonstrated the differ-
ences between monoterpene and isoprene emissions.
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Vol. 99, No. 4, 1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
April 30, 1981 Pages 1456-145

ISOPRENE - THE MAIN HYDROCARBON IN HUMAN BREATH

David Gelmont, Robert A. Stein and James F. Mead

Laboratory of Muclear Medicine and Radiation Biology

University of California, Los Mngeles, CA 90024, and

‘Department of Biological Chemistry, UCLA School of
Medicine, Los Angeles, CA 90024

Received March 23,1981

SUMMARY

Isoprene was found to be the main endogenous hydrocarbon of human breath.
It was also identified in nursing long-Evans and Sprague Dawley rats, as well
as for a short-time post weaning. Several preliminary data, regarding the
source of isoprene are also available. We have been able to find small amounts
of isoprene production by rat's liver and kidney tissue slices.
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A PHOTOCHEMICAL KINETICS MECHANISM FOR URBAN
AND REGIONAL SCALE COMPUTER MODELING

Michael W, Gery,1 Gary 2. Hhitten.2
James P. Killus,3 and Marcia C. Dodge”

A new chemical kinetics mechanism for simulat-
ing urban and regional photochemistry has been
developed and evaluated. The mechanism, called
the Carbon Bond Mechanism IV (CBM-IV), was
derived by condensing a detailed mechanism that
included the most recent kinetic, mechanistic,
and photolytic information. The CBM-IV contains
extensive improvements to earlier carbon bond
mechanisms in the chemical representations of
aromatics, biogenic hydrocarbens, peroxyacetyl
nitrates, and formaldehyde. The-performance of
the CBM-1V was evaluated against data from 170
experiments conducted in three different smog
chambers, These experiments included NO,-air
irradiations of individual organic compounds as
well as a number of simple and complex organic
mixtures. The results of the evaluation indicate
substantial improvement in the ability of the
CBM-1V to simulate aromatic and isoprene systems
with average overcalculation of ozone concentra-
tions of 1% for the aromatic simulations and 6%
for the isoprene simulations. The m2chanism also
performed well in simulating organic mixture
experiments, Maximum ozone concentrations cal-
culated for 68 of these experiments were approxi-
mately 2% greater than the observed values while
formaldehyde values were low by 9%.
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CA91(26):213854x
Terpenoids in the atmosphere
Graedel. T. E.
Bell Lab.
Murray Hill, NJ 07974, USA
Rev. Geophys. Space Phys., 17(5), 937-47
53-0 (Mineralogical and Geological Chemisiry)
J
RGPSBL
0034-6853
1979
Eng
A review with 63 refs. on the chem. structure, phys. property, and
source information for 45 terpenoids known to be emitied into the
atm.
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TI The kinetic ozone photochemistry of natural and perturbed nonurban

tropospheres
AU Graedel, T. E.; Allara, D. L.
CS Bell Lab.

LO Murray Hill, N. ], USA

SO U. S. Environ. Prot. Agency, Off. Res. Dev., [Rep.] EPA, Volume Date
1976, EPA-600/3-77-001a, Ini. Conf. Photochem. Oxid. Pollut. Control

Proc.: Vol. 1; PB-264 232, 467-73

SC 59-2 (Air Pollution and Industrial Hygiene)

DT T

CO XPARD6

PY 1977

LA Eng

AB  Swudy of the emissions and reactions of terpencs, NH3, H2S, and
other org. and inorg. compds shows thai substantial amts. of O3
(.zpprx. 32 ppb peak} occur naturally in the nonurban troposphere.
Injections of addrl. NO have only minor effecis on the QOF a2,

whose peak decreases to .apprx.29 ppb, but there is increased
formation of org. and inorg. nitrates.
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AN CAI108(8):61591p

Covariations in the concentrations of organic compounds associated
with springtime atmospheric acrosols

Greaves, Randall C.; Barkley, Robcrt M.: Sicivers, Robent E.; Meglen,
Robent P.

Coop. Inst. Res. Environ. Sci., Univ. Colorado
Boulder, CO 80309, USA

Atmos. Environ., 21(12), 2549-61

59-2 (Air Pollution and Industrial Hvgiene)
J
ATENBP
0004-6581

1987

Eng

Airborne particulate samples were collecited at an urban site in

Boulder, Colorado, by drawing .apprx.300 L of air, for 58 min,
through a small glass tube contg. a quartz fiber filter. Particles
were analyzed by direct thermal desorption of volatile org. compds.
into a gas chromatog. column followed by sepn. and detection of
compds. with flame ionization or mass spectrometry. Factor anal. on
the concns. of org. compds. in 1-h samples with time and meteorol.
conditions showed characteristic chromatograms for photochem.
activity, biol. sources, and motor vehicle sources. Org. compds.
desorbed from particles include terpenoids from biogenic sources,
alkanes from vehicular and biol. sources, and aldehydes. ketones,
carboxylic acids, lactones, and furans from photochem.
transformations and other sources. Concns. of oxygenated species
increased on sunny days relative to cloudy days or nighis.
Terpenoid concns. increased when the wind direction was from a
forested rcgion west of the sampling site. Odd C no. n-alkanes
increased as temp. increased with the progression of springtime.
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JOURNAL OF GEOPHYSICAL RESEARCH. VOL. 89. NO. D3. PAGES 4767-4778. JUNE 20, 1984

]

Nonmethane Hydrocarbons in Remote Tropical, Continental,
and Marine Atmospheres

J. P. GREENBERG AND P. R. ZIMMERMAN
National Center for Atmospheric Research

Atmospheric hydrocarbon measurements from remote areas are presented and analyzed to determine
sources of ambient mixing ratios. Biomass burning appears o make major contributions to frec tropo-
spheric hydrocarbon burden over tropical forests and grasstands. Biogenic emissions constitute a large
percentage of atmospheric hydrocarbon volume in continental areas of significant productivity. In
marine areas studied, ambient hydrocarbons may include contributions from evaporation of dissolved
hydrocarbons transporicd by ocean currents from areas of coastal upwellings or marine pollution. In all
cases, hydrocarbons from local sources are major components of the atmospheric hydrocarbon compo-
sition.
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Tropospheric Hydrocarbon and CO Profiles Over the U.S. West Coast and Alaska :'

J. P. GREENBERG, P. R. ZIMMERMAN, AND P. HAAGENSON

National Censer for Atmospheric Research, Boulder, Colorado

: Maegthane, carbon monoxide, and non-methane hydrocarbons were measured in scven profiles from the
boundsry layer up 1o 13 km over the Pacific Ocean off the west coast of the United States and over Alaska
in Aprl 1985. Mid-latitude profiles displayed the altitudinal variability of hydrocarbons and CO in the
marine troposphere. Mixing ratios, in general, decreased with increasing altitude. Over Alaska, mixing
ratios of hydrocarbons and CO were higher than at mid-latitudes. Most profiles showed measurable mixing
ratios of many hydrocarbons up to the tropopause and suggested thal many non-methane hydrocarbons may
be present throughout the troposphere in the northem hemisphere.
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TI Awmnospheric reactivity of monoterpene hydrocarbons, NOx
photooxidation, and ozonolysis

AU Grmsrud, E. P.; Westberg, H. H.; Rasmussen, R. A.

CS Coll. Eng. Res. Div., Washington State Univ.

LO Puliman, Wash., USA

SO Int J. Chem. Kinet, Volume Date 1974, 7(Symp. 1). 183-95

SC  59-2 (Air Pollution and Industrial Hygienc)

SX 74

DT J

CO UCKBO

PY 1975

LA Eng

AB An investigation of the aim. reactivity of selected volatile
monoterpenes by measurements of their removal by the photolysis of
added NOx [11104-93-1] and their rates of reaction with O3
[10028-15-6] in air is reported. Application of these results to
rural atm. conditions indicates that terpencs are very reactive and
their residence times in the atm. are very short. The relative
importance of NOx photooxidn. and ozonolysis in the initial
breakdown of each monoterpenc is scmiquant. described. Unlike most
simpler hydrocarbons generally assocd. with urban pollution,
reaction with O3 is of primary importance in the atm. breakdown of
many terpenic. hydrocarbons. . The Q3-monoterpene reactions generally

exhibit good 2nd-order rates, with stoichiometries dependent on

hydrocarbon type and relative concn. The effect of terpene

structure on reactivity is discussed; terpenes with endocyclic

conjugated diene systems are extraordinarily reactive due 10
reaction with O3,
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Environ. Sci. Technoi 1985, 19, 161-1585
Hydroxyl Radical Oxidation of Isoprene

Chee-liang Gu, Carolyn M. Rynard, Dale G. Hendry,” and Theodore Miil*
Physical Organic Chemistry Department, SRI International, Menic Park, California 94025

# We have used the low total pressure (10 torr) flowing
gas system and the high total pressure (760 torr) CH;ON-
0O-NO photolysis system to study the reaction of OH with
isoprene. Both systems give methyl vinyl ketone, meth-
acrolein, and 3-methylfuran as the major products; 1,2-
addition is favored over 1,4-addition by a factor of 7. From
the proposed mechanism and reaction pathways. we con-
clude that more than 2 mol of NO will be oxidized to NO-
for each mole of isoprene oxidized by OH. Direct reaction
of isoprene with NO, was also measured.
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Atmosphersc Enmironment Vol. 24A, No. 7, pp. 1673-1584, 1990. 0004-6981/90 $3.00 +0.00
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FIELD INVESTIGATIONS ON THE SNOW CHEMISTRY IN
CENTRAL AND SOUTHERN CALIFORNIA—II. CARBONYLS
AND CARBOXYLIC ACIDS

Dierer W. Gunz and MicHAEL R. HOFFMANN®

California Institute of Technology, Environmental Engineering Science. W. M. Keck Laboratories 138-78,
Pasadena, CA 91125, US.A.

(First received 14 December 1988 and in final form 17 July 1989)

Abstract—Snow samples from centril and southern California were collected during the winter of
1987-1988 from three storms and analyzed for carbonyl compounds and carboxylic acids. Approximately
90% of the samples contained total aldehyde concentrations up to 40 uM. Formaldehyde and ucetaldehyde
were the dominant aldehydes observed; secondary aldehydes included glyoxal, methylglyoxal, and
benzaldehyde. The highest aldehyde concentrations were observed in snow collected in areas where
deciduous and coniferous forests are widespread. However, these aldehydes can be attributed also in part to
primary and secondary products of anthropogenic activities. Formic and acetic acid were analyzed in all
measured samples with concentrations ranging from 0.5 10 4.9 uM for HCOOH and from <0.3 to 13.4 uM
for CH,COOH. Maximum contribution of organic acids to precipitation-free acidity, calculated by
assuming that the only sources of the measured formate and acetate were their respective acid forms,
averaged 43.1% for samples with a pH< 5. A consistent correlation between NH; and acetate was found.
[CH,COOH] exceeded [HCOOH] in about 50% of the samples with the highest levels for CH,COOH
measured in cores collected from lower elevated locations adjacent 10 the Los Angeles basin. Results
presented in this paper suggest that dry deposition and/or scavenging of carbonyl compounds and organic
acids to snow-may be important sinks for these compounds.

Key word index: Organic snow chemistry, carbonyls, carboxylic acids and free acidity.
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 94, NO. D10, PAGES 13.013-13.024, SEPTEMBER 20, 1989

REACTIONS OF OZONE WITH q-PINENE AND B-PINENE IN AIR:
YIELDS OF GASEOUS AND PARTICULATE PRODUCTS

' Shiro Hatakeyama, Katsuyuki Izumi, Tsutomu Fukuyama,
and Hajime Akimoto

Division of Atmospheric Environment
Naticnal Institute for Environmental Studies, Tsukuba, Ibaraki, Japan

Abstract, Reactions of ozone with g@-pinene
and R-pinene were studied for the purpose of
obtaining the quantitative yields of gaseous and
particulate products, Major gaseous products
from q-pinene were CO, CO,, HCHO, and aldehydes
mainly composed of pinonaldehyde and nor-pinon-
aldehyde, while those from B-pinene were CO,,
HCHO, and 6,6-dimethylbicycle(3.1.1lheptan-2-cne.
Average molar yields from g-pinene were CO; 9 ¢
18, COy3 30 % 2%, HCHO; 22 t 1y, and aldehydes;
51 &+ 6%, Average molar yields from f-pinene were
COp; 27 t 2%, HCHO; 76 t 28, and 6,6-dimethyl-
bicyclol3.l.1lheptan-2-one; 40 t 2%, Particulate
products were found to include pinonaldehyde,
nor-pinonaldehyde, pinonic acid, and nor-pinonic
acid from g-pinene. The yields of the particu-
late aldehydes decreased with the reaction time,
whereas the yields of the acids increased. This
observation suggests the sequential oxidation of
aldehydes to carboxylic acids. From R-pinene,
only 6,6-dimethylbicyclo(3.l.1}heptan=2-one was
identified as a particulate product. For a-
pinene, most of the products are explainable in
terms of the reaction mechanism similar to that
for the cyclohexene/ozone reaction, whereas for
R-pinene the principal reaction path is that of
the doubly substituted Criegee intermediate. The
total yields of organic aerosols from both a- and
B-pinene were measured with their concentrations
at a lower ppb level., The yields were found
almost constant in a pinene concentration range
from 10 up to 100 ppb, being 18.3 % 1.1 and 13.8
t 0.8 % for o~ and B-pinene, respectively, which
are much lower than the previously reported
values,
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JOURNAL OF GEOPHYSICAL RESEARCH. VOL. 96, NO. DI. PAGES 947-95K. JANUARY 20. 1991

REACTIONS OF OH WITH a -PINENE AND B -PINENE IN AIR: ESTIMATE OF
GLOBAL CO PRODUCTION FROM THE ATMOSPHERIC OXIDATION OF TERPENES

Shiro Hatakeyama, Katsuyuki Izumi,! Tsutomu Fukuyama,!
Bajime Akimoto, and Nobuaki Washida!

Global Environment Research Group, National Institute for Environmental Studies
Tsukuba, Ibaraki, Japan

Abstract. Reactions of OH with a-pinene and
B-pinene were studied for the purpose of
obtaining the basic data to estimate the emission
rate of CO from the photooxidation of terpenes in
the atmosphere. In the presence of NO the main
product was pinonaldehyde and 6,6-dimethyl-
bicyclo[3.1.1)heptan-2-one from a- and B-pi-
nene, respectively, and the yield was 56 : 4 and
79 t 8%, respectively. In the absence of NO the
yield was remarkably lower, -and the yield of
organic aerosols was enhanced. For a-pinene 56
+ 3 X was obtained as a yield of aerosols on the
carbon number basis. Gross annual emission of CO
from the reactions of OH with terpenes was esti-
mated to be 22 Tg C yr-! (50 Tg CO yr-1) by
regarding a -pinene as the representative of
terpenes, on the basis of the annual emission
rate of terpenes, estimated lifetime of pinenes
in the atmosphere, the apparent rate constant for
the intermediate to form CO, and the estimated
yield of CO from the secondary oxidation of
pinonaldehyde. The ultimate yield of CO from the
tropospheric oxidation of terpenes (including
both ozone and OH reactions) was estimated to be
20X on the carbon number basis, and the total
annual emission of CO was evaluated to be 96 Tg C
yr-! (222 Tg CO yr-1), i
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DISTRIBUTION OF AN ENZYME SYSTEM PRODUCING cis-3-HEXENAL
AND n-HEXANAL FROM LINOLENIC AND LINOLEIC ACIDS IN
SOME PLANTS

AXIXAZU HATANAKA, JiRO SEX1YA and TADAHIKO KANWARA
Department of Agricultural Chemistry, Faculty of Agriculture, Yamaguchi University. Yamaguch: 753, Japan

(Recewed 10 Ocrober 1977)

Key Word Index—Distribution in 40 plants; enzyme system producing C-aldehydes . cis-3-hexenal: eis-3-hexenol:
trans-2-hexenal; n-hexanal.

Abstract—The activity of the enzyme system (E,-I) producing C,-aldehydes from C,4-unsaturated fatty acids was
investigated using about 40 plants. Green leaves of dicotyledonous plants belonging to the Sphenopsida. Pieropsida
Theaceae and Leguminosae showed a high enzyme (E,-1) activity but edible leafy vegetables and fuits and mono-
cotyledonous plants showed a low activity. Seasonal changes in the enzyme (E,-1) activities were observed. The
concentrations of cis-3-hexenol (leaf alcohol) and trans-2-hexenal (leaf aldehyde) and the enzyme (E,-1) activities
showed a correlation ; high concentrations were observed in the summer but they were low in the winter.
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Atmospheric Ensronment Vol. 24A, No. 1, pp. 179-184, 1990,
Printed in Great Briwin.

ANALYSIS OF PARTICULATE ORGANICS IN A FOREST
ATMOSPHERE BY THERMODESORPTION GC/MS

DeTLEY HELMIG, ANGELA BAUER, JOSEF MULLER and WERNER KLEIN
Fraunhofer-Iastitut fiir Umweltchemie und Okotoxikologie, D-5948 Schmallenberg, F.R.G.

(First received 7 April 1989 and received for publication 12 July 1989)

Abstract—Acrosol samples (rom a forest site were collected on glass fiber filters, and particulate bound
organics were analyzed by a thermodesorption GC/MS procedure. A conventional GC injector was
modified to enable the insertion of loaded filter samples without disarranging the GC-system. Seven
commercial glass fiber filter types were tested for performance with regard (0 sampling and analysis
requirements. Sixty-six substances were detected in aerosol samples, 40 organics, mainly n-alkanes, phthalic
acid esters, fatty acids, fatty acid esiers, n-alkane nitriles and polycyclic aromatic hydrocarbons (HCs) were
identified. Comparative measurements of samples collected at an urban site and in a flat showed only small
differences for the ratio of the main constituents identified.

Key word index: Particle bound organics, sampling and analysis technique, glass fiber filters, direct GC
injection, thermodesorption, MS identification.
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ANALYSIS OF PEROXYACETYL NITRATE (PAN) IN THE
VERTICAL PROFILE OF A SPRUCE STAND

DetLev HELmiG, JOSEF MOLLER and WERNER KLEIN
Fraunhofer-Institut fiir Umweltchermie und Okotoxikologie, D-5948 Schmallenberg-Grafschaft. F R G

{First received 14 August 1989 and recened for publication 11 December 1989)

Abstract--Continuous analyses of peroxyacetyl nitrate {PAN) were performed at 2 forest site in the
Eggepebirge. F.R.G., where severe forest decline has occurred in the last decade An automatically working
analysis s)stem was installed inside a spruce stand. Air samples from three elevations (I m, 7.5 mand 12.5m
above ground) were simultaneously analyzed. The results obtained show that PAN-concentrations in the
range below 0.2 ppb prevailed. Several episodes with elevated PAN concentrations, up to 4.6 ppb. were
measured. High PAN-levels were more abundant in spring and summer than in winter. PAN concentrations
above the canopy were usually higher than within the canopy. Near ground level the lowest concentrations
were found. This concentration profile and the detailed discussion of episodes with elevated PAN
concentrations, in conjunction with additional meteorological data. showed that PAN formation within or
above the forest canopy is relatively low compared to the nput by long-range transport. Thus 1t was
concluded that biogenic hydrocarbons emitted by the forest trees do not significantly contribute to the
formation of observed PAN peak concentrations. The measured concentrations did not indicate a
phytotoxic burden by PAN and PAN homologous photooxidants at this site.

Key word index: Continuous PAN analysis, forest site, vertical profile, correlation {o meteorological data,
phytotoxic relevance.
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Awmospheric Environment Vol. 23, No. 3, pp. 661-669, 1989. 0004-6981/39 $3.00+0.00
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SIMULATION OF PHOTOCHEMICAL SMOG IN THE
MELBOURNE AIRSHED: WORST CASE STUDIES

G. D. Hess
BMRC, Bureau of Meteorology, Melbourne, Victoria 3001, Austealia

(First received 18 September 1987 and received for publication 21 September 1988)

Abstract—The impact of a large NO, point source on photochemical smog in Melbourne is examined
through the use of a numerical mode! described by Hess. Over most of the Melbourne Airshed the
NMHC/NO, ratio is found to be less than 10, in agreement with the results of Evans et al. For these cases
trajectories passing through the Newport Power Station exhibit a decrease in ozone (compared to
background values) of about 0.02 ppm and an increase in nitrogen dioxide of about the same amount due to
Newport's emissions. This result confirms a preliminary finding by Form and Substance (1982).

However, worst case scenarios have not been previously studied. Measurements indicate that any
trajectory that links the high NO, [rom Newport and the high NMHC from Pt Cook will result in a worst
case. The windfield observations reported here show the existence of a topographically generated mesoscale
eddy in the airshed, as proposed by Spillane (1978, Clean Air 12, 50-56.), and its location tends to link
Newport and Pt Cook. Simulation of two cases indicates that under worst case conditions Newport's
emissions increase the ozone concentration by 0.01-0.04 ppm. These conditions are estimated to oocur on
one day in four to one day in three of high oxidant days in Melbourne.

Key word index: Photochemical smog, Eulerian-Lagrangian transport model, Spillane eddy, large point
source, worst cases, Dodge plot.
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TECHNICAL NOTE

A NOTE ON SUBGRID-SCALE PROCESSES IN
PHOTOCHEMICAL MODELLING

G. D. Hess* and M. E. Copet

*BMRC. Bureau of Meteorology, Melbourne, Victoria 3001, Australia and *Environment Protection
Authority, Melbourne, Victoria 3001, Australia

(First received | June 1988 and received for publication 23 May 1989)

Abstract—The effects of including a parameterization of subgrid-scale dispersion and chemical processes in
the Eulerian-Lagrangian transport model of Hess are investigated. A case chosen to maximize the subgrid-
scale effects is studied, and it is found that the predicted change in maximum O, when subgnd-scale
processes are included is small (~5%) compared with predictions based on direct injection of point
emissions. i1 is also found for this model that the parameterization of subgrid-scale processes is not necessary
to provide numerical stability in calculating the chemical kinetics.

Key word index: Subgrid-scale parametenization, plume chemisiry and diffusion, Eulerian-Lagrangian
transport model, numerical stability.
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Exchange of Trace CGases between Terresinul Ecosystems and the Atmosphere
cds. M.O. Andrcac and D.S. Schimcl. pp. 10-118

John Wilky & Sons Ltd

© S. Bernhard. Dahlem Konferenzen. 19%9

Regional Extrapolation:
Vegetation—-Atmosphere Approach

B.B. Hicks

NOAA/ATDD
456 South Illinois Avenue
Qak Ridge. TN 37831, USA.

Abstract.  Available data on the exchange of trace gases from the surface
into the atmosphere is generated primarily by methods that vield locally
represeatative flux information over short time intervals. On the other hand,
regional-scale and global models require exchange data averaged over grid
cells that are typically 100 km X 100 km. or larger. The extension from local
data to grid-cell averages is far from trivial. Micrometeorological formulations
of atmosphere-surface exchange are potentially well suited for use in such
extrapolation, because they describe area averages at the outset (usually
several hectares) and include descriptions of the terrain and vegetation
properties that influence the exchange. However. these formulations lack the
biological and chemical detail provided by models developed as a consequence

- of laboratory studies of soils and vegetation. and of field studies using cuvettes

and chambers. Methods are required, therefore. to include the detail of these
biological and chemical models in the micrometeorological routines, and then
to use the modified micrometeorological methods to produce area averages.
Here, methods are proposed for both purposes. based on the techniques
developed to describe fundamental characteristics of vegetation in atmospheric
models. This, then, constitutes the “Vegetwation—Atmosphere Approach™ of
the title of this chapter. Micrometeorological relationships are presented in a
format that offers an opportunity to include the results of detailed point-by-
point cmission models in their specification of appropriate zero plane
displaccments, roughness lengths, and average surface-air concentrations.
Extension to larger areas is then proposcd to make use of a replicated
application of the modified micrometeorological relations that are derived.
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TI®  Analysis of monoterpene hydrocarbons in rural atmospheres
AU Holdren, M. W.; Westberg, H. H.; Zimmcrman, P. R.

CS Chem. Eng. Dep., Washington Staic Univ.

LO Pullman, WA 99164, USA

SO JGR, J. Geophys. Res., 84(C8), 5083-8

SC  53-10 (Mineralogical and Gcological Chemistry)

DT 1J

CO JJGRDA

IS 0148-0227

PY 1979

LA Eng

AB Gas chromatog./mass spectrometric anal. of monoierpenes from a rural
forested site in the northwesiern United States is described. Use
of a glass capillary column provided excellent resoin. of the
hydrocarbons. Increased senmsitivity and specificity of the mass
spectrometer detector over the flame ionization detector were
demonstrated for trace (parts per trillion) atm. hydrocarbons. As
little as 10 parts per trillion of compd. was detectable in 100 cm3
air samples. Two anal. methods (cryogenic and solid
adsorbent-Tenax-GC) were used in the collection of ambient air.
Anal. results from the 2 iechniques compared very well. Rural
concns. of the monoterpenes varied considerably depending upon
location within the forest canopy. The concn. of individual species
never exceeded 1 ppb of compd. during a 10-mo sampling period. The
monoterpene total for all samples fell in the range of 0.5- to
16-ppb compd. for C10 terpene.
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Determination of Carbon Balances for Smog
Chamber Terpene Oxidation Experiments
Using a 14C Tracer Technique

C. L. HOOKER and H.H. WESTBERG
Laboratory for Atmospheric Research, Washington State University, Pullman, WA 991 g g%A

! 2“(
and WEee
0‘ E‘\G .“‘AN&‘
J.C. SHEPPARD AR\ A
Department of Chemical Engineering, Washington State University, Pullman, m\%@gﬁh

¥

(Received: 10 July 1984; revised: 8 October 1984)

Abstract. In the last decade, numerous studies of monoterpene hydrocarbons in the presence of
ozone and oxides of nitrogen have been completed. Although insights about the reactivity of terpenes
have been gained, and several products have been identified in the gas and aerosol phases, carbon
balances have been generally poor. This paper describes a radiotracer technique which accounts for
carbon-contzining compounds in a smog chamber at the conclusion of a photooxidation or ozonolysis
reaction. Instead of attempting to identify individual products, gas-phase compounds were separated
from aerosols, and each phase was analyzed by a liquid scintillation counter. A carbon balance of
79 to 97% was obtained with '*C-a-pinene and ozone using this technique. The significance of the
results are discussed in terms of the **C-a-pinene concentrations used in this study, which were lower
than concentrations used previously by one to four orders of magnitude. In spite of the lower con-
centrations, the gaseous and aerosol fractions observed in the present investigation are comparable
to those observed by others. Possible reaction products are discussed with respect to likely mechanisms
for a-pinene oxidation.

Key words. *C, carbon balance, aerosol, gas phase, terpenes, ozonolysis.
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Measurement and modeling of the concentrations of terpenes in
coniferous forest air
Hov, Oeystein; Schjoldager, Jocrgen; Wathne, Bente M.

Norwegian Inst. Air Res.

Lillestroem N-2001, Norway

JGR, 1. Geophys. Res., {Sect.] C, 88(C15), 10679-88
53-10 (Mineralogical and Geological Chemistry)

J

JIGADR

0196-2256

1983

Eng
In a coniferous forest area northeast of Oslo, Norway, air samples
were collected by adsorption on activated C and analyzed by gas
chromatog. with a high-resoln. glass capillary column and flame
ionization detection. In samples collected during June and August,
1980, 7 terpenes were identified and had a total concn. range of
8.8-70.7 ppbC (ppb, as C), with .alpha.-pinene, tcrpinene, and
p-cymene occurring in the highest concns. A one-dimensional
vertical grid model of the aim. boundary layer with a detailed
mechanism for inorg. and org. gas phase chem. turnover was applied
to assess the vertical variability of the terpene concns. as a
function of the O3 concn., the source strength of the terpenes, the
time of the day, the upwind air compn., etc. The calcns. showed
that very little of the terpene emissions remained airborme after
4-8 h, in contrast to the anthropogenic hydrocarbons. The
anthropogenic fraction of the hydrocarbons may dominate in concn.,
even though the natural part of the source is the larger one.
Emission of 2000 .mu.g/m2.h of terpenes was calcd., giving ground
levet concns. of total terpenes of .ltoreq.25 ppbC. comparable to or
less than the measured concns. As a result of chem. degrdn. of the
terpenes their emission at this rate suppresses the OH concn. but
the impact on O3 during daytimc was negligible.

Copyright American Petroleum Institute
Provided by IHS under license with API

No reproduction or networking permitted without license from IHS Not for Resale




API PUBL*EICI‘I 'ié B 0732290 0529768 K17 W

Atmospheric Environment Vol. 23, No. 11, pp. 2471 2482, 1989. 0004-6981,89 $3.00 ~0.00
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LIGHT HYDROCARBONS IN THE NORWEGIAN ARCTIC

Ovstem Hov, NoRBERT ScHMIDBAUER and MicHaeL OEHME
Norwegian Institute for Air Research, Lillestram, Norway

(First received 26 February 1988 and received for publication 20 July 1988)

Abstract—From late February to mid April 1985 pressurized air samples were collected 3 times per week on
weathership M in the North Atlantic and in Ny-Alﬁund on Svalbard. The samples were analyzed for
individual light hydrocarbons C,-C,. and it was found that the average sum of C,~C, hydrocarbons was
about 35 ppbCin Ny-Alesund and 3t ppbC on ship M. with the least reactive species ethane and propane as
the most abundant ones.

Key word index: Volatile organic compounds, Arctic atmosphere, emissions, photochemical oxidants,
annual cycle,
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MONOTERPENES IN SITKA SPRUCE: WITHIN TREE
AND SEASONAL VARIATION

BiorN F. HRUTFIORD,* STEPHEN M. HopLEYF and ROBERT I. GARA*

Institute of Forest Products. College of Forest Resources, University of Washington, Seattle,
Washington 98195, USA.

(Received 14 March 1974)
Key Word Index—Picea sitchensis; Pinaceae: Sitka Spruce: needle oil; seasonal variation, monoterpenes.

Abstract—The composition of oils from needles and cortex of Sitka spruce is unique. Cortex oil is essentially all
monoterpene hydrocarbons. while needie oil may be up 10 50%, oxygenated monoterpenes. Very wide seasonal
yariations in composition occur in needle oil in young tissue. At bud burst, the oil is >95% myrcene: this drops
1o about 40%; at the end of summer. The oxygenated terpenes camphor and piperitone develop to about 20°,
each in concentration during the growing season.
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TI Compilation of a biogenic hydrocarbon emissions inventory for
evaluating ozone control strategies in the San Francisco Bay area

AU  Hunsaker, Donald B., Jr; Moreland, Robena M.

CS  Assoc. Bay Area Gov.

LO Berkeley, CA, USA

SO Proc., Annu. Meet. - Air Pollut. Control Assoc., 75th(3), 82-51.5,

16 pp.
SC  59-2 (Air Pollution and Industrial Hygiene)
SX 74 :
DT J
CO PRAPAP
IS  0099-4081
PY 1982
LA Eng
AB A regional, disaggregaied, and gridded biogenic hydrocarbon
. emissions inventory was prepd. for the San Francisco Bay area
(California) using remote sensing data and biogenic hydrocarbon
emission factors. Nonattainment of the std. is a complex problem
involving chem., meteorol., and topog. Major efforts should be
directed towards detg. the cxtent to which biogenic hydrocarbon
compds. combine with anthropogenic emissions of NOx and hydrocarbons
to form O3 so that effective control programs can be designed and
implemented to protect the public from unhealthy O3 levels in urban
areas.
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TI Gas chromatographic-mass spectrometric determination of volatile
organic compounds in an urban atmosphere

AU loffe, B. V.; Isidorov, V. A.; Zenkevich, . G.

CS  Chem. Dep., Leningrad State Univ.

LO Leningrad, USSR "

SO J. Chromatogr., 142, 787-95

SC  59-1 (Air Pollution and Industrial Hygicne)

SX 80

DT J

CO JOCRAM

PY 1977

LA Eng

AB Polysorbimide and carbochrome, sorbents with high temp. stability,
were used 10 conc. trace amts. of pollutants, and 136 C1-C13 org.
compds., including 126 hydrocarbons, 6 O derivs., and 3 chlorides,
identified in air samples collected in the strcets of Leningrad.
The urban air sample contained CnH2n hydrocarbons (mainly olefins),
CnH2n-2, and CnH2n-4 unsatd. hydrocarbons (including .alpha.-pinene
[80-56-8] and camphene {79-92-5]).
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TI Volatile organic compounds in the atmosphere of forests

AU [sidorov, V. A.; Zenkevich, 1. G.; loffe, B. V.

CS Dep. Chem., Leningrad State Univ.

LO Leningrad 199164, USSR

SO Atmos. Environ., 19(1), 1-8

SC 11-1 (Plant Biochemistry)

SX 39

DT J

CO ATENBP

IS 0004-6981

PY 1985

LA Eng

AB The procedure of sampling and gas chromatog.-mass spectrometric
anal. of air contg. volatile emissions from living plants is
described. The qual. compn. of volatile org. compds. (VOC) produced
by 22 species of plants which are characicristic for Northemn
hemisphere forests was studied. The cmission rates of isoprene and
terpenes for some of them were detd. Terpene concns. in coniferous
forests of different regions of the U.S.S.R were also detd. The
list of compds. identified includes >70 substances of different
classes. Total terpenc concns. in the coniferous forests air
usually vary from 3.5 to 35 .mu.g/m3. Strong influence of meteorol.
conditions on the emission rate and icrpene concns. in the air under
the forest canopy was obsd.
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PHOTOCHEMICAL AEROSOL FORMATION FROM
AROMATIC HYDROCARBONS IN THE PRESENCE OF NO,

Katsuvukl Izumi and Tsutomu FukuyAMa

Division of Atmospheric Environment, The National Institute for Environmental Studies, P.O. Tsukuba-
Gakuen, Ibaraki 3085, Japan

(First received 14 December 1988 and in final form 1 May 1989)

Abstract—By using a 4-m® chamber, photochemical aerosol formation from mixtures of aromatic hydrocar-
bons (AHCs) and nitrogen oxides (NO, ) was studied with the main purpose of determining the aerosol yield.
Altogether, 18 aromatic species were investigated, including toluene, xylenes, ethylbenzene and meth-
oxybenzene. Evolution of the acrosol was monitored through the measurement of the total number ({CN])
and volume (¥) concentrations. Acrosol-forming potential of different aromatics was examined in terms of
the maximum growth rates of [CN] and ¥. By putting dry sheath air into an electrical acrosol analyzer, the
net organic volume concentration {¥,) was obtained; then a relation was established between ¥V, and the C
mass concentration, and was used to determine the aerosol yield as defined by the ratio of the particulate C
mass to the C mass of the reacted HC. It was found that the yields were larger for toluene, cthylbenzene, and
o- and m-cthyltoluene (3.0, 3.1, 3.3 and 3.7%, respectively) but smaller for para-substituted toluene
derivatives (< 1.5%).

Key word index: Photochemical aerosol, aromatic hydrocarbons, aerosol yield.
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JOURNAL OF GEOPHYSICAL RESEARCH. VOL. 94, NO. D6, PAGES 8497-8509. JUNE 20. 1989

Least Independent Variables Method for Simulation of
Tropospheric Ozone

D. J. JACOB, S. SILLMAN,! J. A.LOGAN, AND S. C. WOFsY

Division of Applied Sciences and Department of Earth and Planetary Sciences
Harvard University, Cambridge, Massachusetts

We describe a method for simulating photochemical production of Oy in a continental-scale tropospheric
model with only six independent chemical variables representing tracers transported in the model. The tracers
are two primary hydrocarbon families, CO, NO,, peroxyacyinitrates, and odd oxygen (O,). A chemical
module is developed to compute the production and loss rates of tracers over a model time step of 4 hours, using
oaly iaformation on the tracer concentrations input 10 the module at the beginning of the time step. Test simula-
tions for summertime coaditions at mid-latitudes indicate little loss in accuracy compared to detailed model
simulations of chemistry with high time resolution. Minimization of the number of tracers and use of a long
time step reduces computer time and storage requirements. In addition, parameterization of the chemical com-
putation is facilitated, allowing further savings in computer time.
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Photochemical production of carboxylic acids in a remote continental
atmosphere
Jacob, Daniel J.; Wofsy, Steven C.
Dep. Earth Planet. Sci., Harvard Univ.
Cambridge, MA 02138, USA _ _
NATO ASI Ser., Ser. C, 252(Acid Deposition High Elevation Sites),
73-92
53-10 (Mineralogical and Geological Chemistry)
59, 61
]
NSCSDW
0258-2023
1988
Eng
The prodn. of carboxylic acids from the photochem. decompn. of

isoprene (I) in a remote continental atm. is siudied with a detailed

chem. model. The model was applicd to a simulation of atm. chem. in

the boundary layer of the Amazon basin, and predictions were

compared to field measurements made during the Amazon layer Bounary
Expt. The model reproduces fairly well the obsd. diurmal pauem in

the concns. of I, O3, and NO; thus. it should provide a fairly

realistic representation of the boundary layer chem. According to

the proposed chem. mechanism, the gas-phase photochem. decompn. of I
produces HCO2H, methacrylic acid. and AcCO2H. Concns. of these

acids predicted from the I source in the Amazon basin are .apprx. 1,
0.1, and 0.02 ppb, resp. Prodn. of HCO2H in cloud by ag.-phase

oxidn. of CH20 does not greatly increase the HCO2H concn. predicted
from the gas-phase mechanism; cloud droplets with pH > 4 are

actually expected to constitute net sinks for HCO2H. No significant
prodn. of AcOH is expected from the photochem. decompn. of I, either

in the gas phase or in the aq. phase. Comparison of model

predictions with field data indicates that I could be a major source
of HCO2H and AcCO2H obsd. in the gas phasc and in rainwater:

however, AcOH must originate from another source.
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JOURNAL OF GEOPHYSICAL RESEARCH. YOL. 93, NO. D2, PAGES 1477-14%6. FEBRUARY 20, 1983

Photochemistry of Biogenic Emissions Over the Amazon Forest

DaNIEL J. Jacos aND STeveEN C. WOFsY
Earth und Planerary Sciences. Division of Applied Science. Harvard University. Cambridge, Massachusetrs

The boundary layer chemistry over the Amazon forest during the dry season is simulated with a
photochemical model. Results are in good agreement with measurements of isoprene. NO, ozone, and
organic acids. Photochemical reactions of biogenic isoprene and NO, can supply most of the ozone
observed in the boundary layer. Production of ozone is very sensitive to the availability of NO,. but is
insensitive 10 the isoprene source strength. High concentrations of 101al odd nitrogen (NO,) are predicted
for the planetary boundary layer, about | ppb in the mixed layer and 0.75 ppb in the convective cloud
layer. Most of the odd nitrogen (x70%) is present as PAN-type species, which are removed by dry
deposition to the forest. The observed daytime variations of isoprene are explained by a strong depen-
dence of the isoprene emission flux on sun angle. Nighttime losses of isoprene exceed rates of reaction
with NO; and O, and appear to reflect dry-deposition processes. The 24-hour averaged isoprene emis-
sion flux is calculated 10 be 38 mg m~2 d-!. Photooxidation of isoprene could account for a large
fraction of the CO enrichment observed in the boundary layer under unpoiluted conditions and could
constitute an important atmospheric source of formic acid, methacrylic acid. and pyruvic acid.
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Monoterpene Emission Rate Measurements From a Monterey Pine

SoiLe JuuTi

Depariment of Environmental Sciences, University of Kuopio. Kuopio, Finland

JANET AREY AND ROGER ATKINSON
Stutewide Air Pollution Research Center, University of Culiforma, Riverside

The monoterpenes emitted from a Monterey pine (Pinus rudiuta) were investigated using a dynamic
flow-through enclosure technique. The monoterpenes identified and quantified were a- and B-pinene,
d-limonene + B-phellandrene, myrcene, camphene and A3-carene, with a- and B-pinene accounting for
over 80% of the total monoterpene emissions. The monoterpene emission rate increased with
temperature, in good agreement with previous data for other coniferous species. The absence of added
CO; 10 the synthetic air flow stream, exposure 10 elevated levels (300500 ppb mixing ratio} of O; for
34 hours. and increased air movement within the enclosure had no observable effect on the
monoterpene emission rate al 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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Nonmethane Hydrocarbons in the Troposphere:
Impact on the Odd Hydrogen and Odd Nitrogen Chemistry

JaMmEes F, KASTING AND HANWANT B, SINGH
Space Science Division. NASA Ames Research Cemter, Moffent Field, Califorma

The chemistry of light nonmethane hydrocarbons (NMHCs). including C,H,. C,H,. n-C H,,. C,H,.
and C,H,. was incorporated into a scasonally varying. one-dimensional model of the mid-latitude
troposphere (45 N). Simulations were performed for both marine and continental atmospheres. Where
possible, these simulations have been compared with surface and aircraft measurements of test molecules.
such as C,H,. C,H,. CO, peroxyacetyl nitrate (PAN), and peroxypropionyl nitrate (PPN). Model
calculations predict that NMHC oxidation produces acetaldehyde and acetone in concentrations that
can exceed that of formaldehyde. Organic peroxides were found 1o be present in concentrations that,
considered collectively. are comparable to that of hydrogen peroxide. Peroxyacetyl nitrate is the domi-
nant odd nitrogen (NO,) compound in wintertime and is surpassed only by HNO, during the summer.
The inclusion of NMHC-PAN chemistry has little effect on summertime odd hydrogen/odd nitrogen
photochemistry, but is shown to have a substantial impact in wintertime, particularly over the conii-
nents. where NO_ concentrations are high and temperatures are low. Under these circumstances, oxida-
tion of NMHC compounds can enhance ground-level OH and HO, concentrations by factors of 5-50.
tespectively. Formation of PAN during the wintertime can reduce upper tropospheric NO, con-
centrations by a factor of 2-3 over the oceans and a factor of 20-30 over the continents. Significant
changes also occur in the predicied concentrations of HNO, and HO,NO,. The effects of NMHCs on
wintertime photochemistry might be moderated by seasonal variations in NMHC source strengths or by
horizontal transport of trace gases from the continents to the oceans and from high latitudes toward the
equator. Nonetheless. it seems likely that models of the troposphere must include NMHC-PAN chemis-
try in order to correctly predict the seasonal behavior of trace chemicals.

Copyright American Petroleum Institute
Provided by IHS under license with API

No reproduction or networking permitted without license from IHS Not for Resale




API PUBL*309 92 WM 0732290 0529779 4T2 W

Atmospheric Environment Yol. 23, No. S, pp. 921-927, 1985. 0004-6981 89 $3.00 ~0.00
Printed 1n Great Britawn. Pergamon Press pic

LIGHT HYDROCARBONS VERTICAL PROFILES AND
FLUXES IN A FRENCH RURAL AREA

M. Kanakipou, B. BonsanG and G. LaMBERT
Centre des Faibles Radioactivités, Domaine du CNRS, 91198 Gif-sur-Yvette Cedex, France

(First received 7 May 1988 and received for publication 28 Seprember 1588)

Abstract—By means of manned hot air balloon flights, in July 1986, an experiment was conducted in a rural
area of southwest France in order to determine the production at ground level of non-methane
hydrocarbons in the C,;-C, range. Flux determinations were based on verucal profiles before and after the
development of a temperature inversion layer which allowed the measurement of the NMHC accumulation
close to ground level. The main species produced in the late afiernoon were acetylene, propane, ethene,
propene and ethane with production rates of the order of 0.5102x 10~ * gof Cm ™2 h ™. [soprene was found
to be the main other unsaturated species also produced. The fluxes and the atmosphenc content of the air
column before the inversion are consistent with an average OH radical concentration of 2x 106 cm ™2,

Key word index: Light hydrocarbons, vertical profiles, fluxes, rural area, boundary layer, OH radicals.
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Nonmethane Hydrocarbons in the Troposphere:
Impact on the Odd Hydrogen and Odd Nitrogen Chemistry

JaMes F. KasTinG aND Hanwaxt B. SINGH
Space Science Division. N4S4 Ames Research Center, Maffett Freld. Califormia

The chemistry of light nonmethane hydrocarbons (NMHCs). including C,H,. CH,. n-C H . C,H,.
and C,H,. was incorporated into a scasonally varying. onc-dimensional model of the mid-latitude
troposphere (45 N). Simulations were performed for both marine and continental atmospheres. Where
possible, these simulations have heen compared with surface and aircraft measurements of test molecules.
such as C,H,. C,H,. CO, peroayacetyl nitrate (PAN), and peroaypropiony] nitrate (PPN). Model
calculations predict that NMHC oxidation produces acetaldehyde and acetone in concentrations that
can exceed thal of formaldehyde. Organic peroaides were found 1o be present in concentrations that,
considered collectively. are comparable 10 that of hydrogen peroaide. Peroxyacetyl nitrate is the domi-
nant odd nitrogen (NO,) compound 1n wintertime and is surpassed only by HNO, during the summer.
The inclusion of NMHC-PAN chemistry has little effect on summertime odd hydrogen odd nitrogen
photochemistry, but is shown 1o have a substantial impact in winlertime. particularly over the conti-
nents, where NO, concentrations are high and temperatures are low, Under these circumsiances. oxida-
tion of NMHC compounds can enhance ground-level OH and HO, concentrations by factors of 550,
respectively. Formation of PAN during the wintertime can reduce upper tropospheric NO, con-
centrations by a factor of 2-3 over the occans and a factor of 20-30 over the continents. Significant
changes also occur in the predicted concentrations of HNO, and HONO.. The effects of NMHCs on
wintertime photochemistry might be moderated by seasonal vanations in NMHC source strengths or by
horizontal transport of trace gases from the continents 1o the oceans and from high latitudes 1oward the
equator. Nonetheless. it seems likely that models of the troposphere must include NMHC-PAN chemis-
try in order 10 correctly predict the seasonal behavior of trace chemicals.
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REACTION OF MONOTERPENES WITH OZONE, SULPHUR
DIOXIDE AND NITROGEN DIOXIDE—GAS-PHASE
OXIDATION OF SO, AND FORMATION OF SULPHURIC
ACID

D. Kotzias, K. Fymianos and F. Geiss
Commission of the European Communities, Joint Research Centre, Ispra (VA), Italy

(First received 15 December 1988 and in final form 29 September 1989)

Abstract—Teflon bag experiments were carried out in the dark in order to study the gas-phase reactions of
selected monoterpenes with O, in the presence of SO, (§-pinenc) as well as in the presence of SO,/NO, (a-
pinene, f-pinene, limonene). Emphasis was given in identifying the main reaction products and in
quantifying the H;SO, aerosol formed. Apart from the H,SO, aerosol no other § containing compounds
could be detected.

It was found that the reaction of §-pinene with O,, SQ, and NO, leads mainly to 6,6-dimethyl-bicyclo
[3.1.1] heptan-2-one (nopinone), the a-pinene—0,~SO,-NQ,-reaction produced 2,2'-dimethyl-3-acetyl
cyclobutyl ethanal (pinonaldehyde) The reaction of limonene with 0;-SO,-NO, leads mainly to an
unidentified product with a molecular weight M* 134. In addition to the above-mentioned volatile
products, the formation of organic nitratcs could be established by means of gas chromatography-mass
spectrometry.

The yield of H,SO, in the system B-pinene/Q, /SO, varies between 0.13 and 0.44 depending on the initial
conditions, ¢.g. humidity. In the system terpene/O,/SO,/NO, the yield of H,SO, for a-pinene (after 1 h
reaction time) was 0.01-0.03, for §-pinenc (2 or 4 h reaction time) 0.07-0.13 and for limonene (1 h reaction
time) 0.02-0.09,

Key word index: Monoterpencs, ozone, sulphur dioxide, nitrogen oxides, pinonaldehyde, organic nitrates.
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DEVELOPMENT OF A NATIONAL INVENTORY
FOR NATURAL HYDROCARBON EMISSIONS

Brian Lamb, David Gay, Hal Westberg, and Eugene Allwine
Department of Civil & Environmental Engineering
Washington State University
Pullman, WA 99164-2910

A Contributed Paper for presentation at the NAPAP 1990
International Conference on "Acidic Deposition: State of
Science and Technology" 11-16 February 1990, Hilton Head

Island, USA

This paper has not been subjected to external peer review
SUMMARY AND CONCLUSIONS -

The objective of this research was to develop methods
for estimating the emission fluxes of biogenic hydrocarbons
as a basis for compiling emission inventories for use in the
Regional Acid Deposition Model (RADM) and other air quality
applications. A first generation biogenic emissions
inventory was developed at the outset of the NAPAP program
(Lamb et al., 1987). 1In this initial step, arithmetic mean
emission rates from Zimmerman’s (1979) extensive sampling
program in Tampa Bay, FL were used with temperature-light-
emissions algorithms from Tingey’s (1981) environmental
chamber studies. The emission algorithms were combined with
biomass factors from the literature, and land use and
climatic data from the Geoecology Data Base (Olson, 1980) to
predict isoprene, alpha-pinene, and other volatile organic
emissions with a monthly time scale and a U.S. county
spatial scale.

In a second emission inventory, hydrocarbon emissions
data from a number of field and laboratory studies were used
in a simple temperature-emission regression approach to
develop new emission rate algorithms for isoprene, the sum
of mono-terpenes, and other volatile organic emissions.
Furthermore, a simple forest canopy model was also developed
to provide a better simulation of the forest environment.
These methods were applied by Gay (1987) for the second
inventory using the same land use and biomass factors as in
the initial effort. Mean minimum and maximum monthly
temperatures for state climatic divisions given in the
Geoecology Data Base were used in this step to generate
diurnal temperature profiles. Solar radiation input for use
in the canopy model was calculated on a seasonal basis for
each climatic zone.

For the latest inventory, efforts were made to
determine the fraction of unidentified emissions and to
specify emission algorithms for isoprene, identified
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A NATIONAL INVENTORY OF BIOGENIC HYDROCARBON
EMISSIONS

Brian LaMu,* Avrrx GUENTHER, DavioGay and HaL WesTBERG

Laboratory for Atmospherk Resewrch, College of Engineering, Washington State University, Pullman, WA
99164-2730, US.A.

14

(First recetwed 9 Ociober 1986 und ia finul form 8 Junuary 1987} .

»

Abstract— Emssion rate vs temperature algorithms for different vegetation types, including deciduous,
coniterous and agricuiturdl sources, were used with availabie biomuass and Lind use data tor the US. w0
develop 4 national emission inventory with county spatiai and monthly temporal scales. The estimated total
NMHC emission rate trom the U.S. 15 30.7 Mt anmually, more than half of these emissions vecur in the
summer, and approximately half arise in the SE and SW ULS, Totalemission rates of voprene trom deciduous
forest and z-pinene from deciduous and contterous torests are 49 and 6.6 Mt annuatly. Emissions trom
agricuitural cropscontnbute less than 3¢, of the annual total. The yverage Hux of brogenic NMHCan the L S.
1S estimated 1o be 450 ugm *h ™! winch 1s 20 umes less than reported emissions ot anthropogenic NMHC
averaged over urban land areasinthe U S. Geochemral N MHC emussions from hydrocaroon rich soils in tne
U.S. are esimated to be negligible  ympared to vegetanve sources. The uncertainty sn the inventory i»
esumated 1o be on the order ot a facior ot three. '

Key word index: Biogenic. hydrocarbons. 1soprene. z-pinene, emission inventory, natural sources, vegetation.
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TI Isoprene cmission fluxes determined by an atmospheric tracer
technique

AU Lamb, B.; Westberg, H.; Allwine, G.

CS  Lab. Atmos. Res., Washington State Univ.

LO Pullman, WA 99164, USA

SO  Awmos. Environ., 20(1), 1-8

SC  9-3 (Biochcmical Methods)

SX 11

DT J
CO ATENBP
IS 0004-6981
PY 1986
LA Eng

AB  SF6 tracer was used in a series of expts. 10 simulate isoprene
emissions from an isolated oak grove. The measured tracer release
rate and ambient concns. of isoprene and SFl obsd. along downwind
sample lines were combined to det. the mass flux of isoprene from
the forest. The fluxes dewd. from the tracer data increased
exponentially with temp. and were in close agreement with ests.
detd. from emission rate measured in a series of branch enclosure
samples. The results of this field study demonstrate the
feasibility and usefulness of simulating forest emission as a tool
for investigating turbulent transport in forested areas. Isoprene
emission fluxes that can be applied in regional models are reporied.
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Biogenic Hydrocarbon Emissions From Deciduous and Coniferous Trees in the
. . \‘
United States ?ggg{'-ﬁ\ﬂ 0.

\ BrIAN LAMB, HaL WESTBERG, AND GENE ALLWINE

_ Laboratory for Atmospheric Research, College of Engineering, Washington State University, Puliman

P

TiM QUARLES COLLE or 2T
oo 2 H arr ot

AT LV SHRI

Naval Energy and Environmental Support Activity, Naval Construction Batallion Center, ﬁ*"meneme, Califormia

Measurements of natural hydrocarbon emission fluxes are reported for a northeastern U.S. deciduous
forest, for a northwestern U.S. coniferous forest, and for dominant tree species in the Atlanta, Georgia,
region. The emission data were obtained by using a vegetation enclosure procedure and a micro-
meteorological gradient technique. Isoprene fluxes determined by the gradient method in the deciduous
forest varied from 2500 zg/m2/h at 20°C to 8000 ug/m3/h at 30°C. Corresponding fluxes obtained with
the vegetation enclosure method ranged from 890 to 7300 ug/m3/h. Isoprene fluxes determined by both
methods increased exponentially with increasing temperature. Emission rates from isoprene-emitting
trees in the Atlanta area were similar to those observed in Pennsylvania. Alpha-pinene fluxes measured
in a Douglas fir (Pseudotsuga menziesii) forest ranged from 9 to 1320 ug/m*/h. Relative humidity ap-
peared to directly influence the alpha-pinene emission rate. The reasonable agreement between hydro-
carbon fluxes obtained with two independent techniques is significant evidence of the general validity of
current biogenic hydrocarbon emission rates.
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OZONE, SULFUR DIOXIDE, AND NITROGEN DIOXIDE
TRENDS AT RURAL SITES LOCATED IN THE UNITED
STATES

ALLEN S. LEFOHN
AS.L. & Associates. 111 North Last Chance Gulch. Helena, MT 59601, US.A.

and

DougLas S. SHaDWICK
NSi Technology Services Corporation, Research Triangle Park, NC 27709, US.A.

(First received 11 June 1990 and in final form 13 August 1990)

Abstract—We have investigated the existence of trends for ozone. sulfur dioxide. and nitrogen dioxide at
rural sites in the U.S. For the ozone analysis. at 54 of the 77 sites (70%) for the 10-year analysis (1979-1988)
and at 118 of 147 sites (80%), with at least 4 years of data for the 5-year analysis (1984-1988), there was no
indication of trends, either positive or negative. For the 10-year analysis. ozone sites in the Southern and
Midwest forestry regions showed more positive than negative significant slope estimates. For the S-year
analysis, similar results were obtained, except that the mid-Atlantic region also experienced more positive
than negative significant slope estimates. In most of the agricultural regions. there were not many significant
trends in either the 10- or 5-year analysis. However, for the agricultural Appalachian region, 50% and 34%
of the trends, respectively, were significant and there were more positive than negative significant ozone
trends for both the 10- and 5-year periods. For sulfur dioxide, there was an indication of trends at 37 of 64
sites (58%) for the 10-year analysis (1978-1987). For the 5-year analysis (1983-1987), with at least 4 years of
data, there was no indication of trends at 115 of 137 sites (84%). For sites in some regions of the US,, thereis
an indication that sulfur dioxide concentrations have declined for both the 5- and 10-year periods, but the
rate of decline on an aggregate basis has slowed in the 5-year period. There is a strong indication that the
sulfur dioxide jevel decreased at many sites in the Midwest forestry and the Corn Belt agricultural regions for
the 10-year period. In the Southern forestry and Appalachian agricultural regions, many sites showed a
decrease in the index for the 10-year, but not the S-year. period. The lack of monitoring data for nitrogen
dioxide made any conclusion extremely tenuous.

Key word index: Trends, ozone, sulfur dioxide, nitrogen dioxide, cumulative exposure, agriculture, forestry.
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On the Nonlinearity of the Tropospheric Ozone Production

X. LIN, M. TRAINER,! AND S. C. Lwu
Acronomy Laboratory, Environmental Rescarch Laboratories, National Oceanic and Atmaspheric Administration, Boulder, Colorad,

The relationship of photochemical ozone production versus photochemical loss of an ozone precursor,
that 1s. esther NO, or nonmethane hydrocarbons (NMHCs), 1s studied by using a box model with
particular emphasis on the nonlincanty problem of the relationship with respect to the concentration of
the precursor. Model calculations indicate that the composition of NMHCs, the ratio of NMHCs to
NO,. and the background concentrations of natural hydrocarbons. CO, and CH, all play important
roles 1n determining the nonhinearity of O, production with respect to the loss of NO,. In addition,
influences on the nonlineanty due to radical loss via reactions of HO, with RO,, exchanges between
PAN and NO.,. and inclusion of nighttime NO, loss processes are also investigated Mechanisms that
contribute 10 the nonhnearity are discussed. The nonlinear property of O, production versus loss of
hydrocarbons and CO is different from that of NO,. When the sum of CO and all hydrocarbons,
including CH,. natural NMHCs, and anthropogenic NMHCs, is used as the reference O, precursor, the
nonlinearity is much less pronounced for ambient conditions usualty found in rural air.
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A Mode! for Assessing the Impact of Atmospheric Deposition on
Regional Forest Inventories

C. M. Liu, W. A. Leuschner, H. E. Burkhart

Department of Forestry, Virginia Polytechnic Institute and State University.
Blacksburg, Virginia, 24061, U.S.A.

and J. E. de Steiguer

Southeastern Forest Experiment Station, USDA-Forest Service, P.O. Box 12254,
Research Triangle Park, North Carolina, 27709. U.S.A.

Received 31 August 1988

A model for estimating the impact of atmospbenc deposmon on reglon:l forest
inventory was developed, and combines a regi model,
a modified yiel function which includes crown lenglhaslptedrctorvambk
and exogenously determined timber harvests. The effect of atmospheric
deposition on forest growth is simulated by varying crown length, and the
inventory impect is the difference between inventory without and with varied
crown length. The model is demonstrated by projecting the Commonwealth of
Virginiz's softwood forest inventory in S-year intervals to the year 2035. A
one-foot reduction in crown length causes a 0-7 to §-7% reduction in inventory,
depending on ownership. Inventory reductions of 1:7 1o 3-7 and 4-5 to 178%
mmnnaledl‘ors-mdlo-footam ducti However, models which
for mark halve the reducti

Keywords: softwood, timber supply, simulation, ozone, atmospheric deposition.
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Ozone Production in the Rural Troposphere and the Implications
for Regional and Global Ozone Distributions

S. C. Ltu, M. TRAINER.! F. C. FensenreLD, D. D. Parrisy, ' 2 E. J. WiLLiams,!
D. W. Fahey, G. HUBLER.} AND P. C. MURPHY!

Aeronomy Laboratory, Environmental Research Laboratories. NOAA, Boulder, Colorado

The refananship between O, and NG, {NO + NO,) which was measured during summer and winter
periods at Niwot Ridge, Colorado, has been analyzed and compared to model calculations. Both model
calculauons and observations show that the daily O, production per unit of NO, is greater for lower
NO,. Model calculations without nonmethane hydrocarbons (NMHC) tend to underesumate the O,
production rate at NO_ higher than 1.5 parts per billion by volume and show the opposite dependence
on NO_. The model caiculations with NMHC are consistent with the observed data in this reggme and
demonstrate the importance of NMHC chemistry 1n the O, production. In addition, at eight other rural
stations with concurrent O, and NO, measurements in the central and eastern United States the daily
O, increase in summer also agrees with the Oy and NO, relationship predicied by the model. The
conastency of the oheerved and model<alculated daily summer O, increase implies that the average O,
production in rural areas can be predicied if NO_ 1s known. The dependence of O, production rate on
NO, deduced 1n this study provides the basis for a crude esumate of the total O, produciion For the
Unuted Staies an average summer column O, production of about 1 x 10'2 em ™2 s~ from anthropoge-
nically emitted NQ, and NMHC 1s esumated. This photochemical production is roughly 20 umes the
average cross-tropopause O, flux. Producuon of O, from NO, that 15 emitted from natural sources in
the United States 1s esumated to range from 1.9 x 10*? 10 12 x 10*! cm™? 57!, which 15 somewhat
smaller than ozone production from anthropogenic NO, sources. Extrapolation to the enure northern
iicttusphere shows that 1n the summer, 3 umes as much O, 1s generated from natural precursors as those
of anthropogenic nnigin The winter daily O, production rate was found 10 be about 10% of the summer
value at the same NQ, level. However, because of longer NO, lifeume 1n the winter, the integrated O,
production over the lifeume of NO, may be comparable to the summer value. Morecover. because the
natural NO_ sources are substanually smalier in the winter, the winterume O, budget in the northern
hemusphere should be domunated by ozone production from anthropogenic ozone precursors The
photochemical flicume of O, in the winter 1n the muid-fautude 15 approximately 200 days. We propose
that this long lifetime allows anthropogemcally produced O, to accumulate and contnbute substanually
1o the observed spring maximum that s usually attnbutea 10 stratosphenc intrusion Furthermore, the
anthropogenic O, may be transported not only zonally but also to lower lautudes. Thus the long-term
mnterznneal inorease in O, observed in the winter ana spning seasons at Mauna Loa. may be due 10 the
same anthropogenic influences as the similar winter trend observed at Hohenpeissenberg, Germany
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Ozone in Rural Areas of the United States

JENNIFER A. LOGAN

Department of Earth and Planetary Sciences und Division of Applicd Sciences, Harvard University
Cambridee, Massachusers

[ present the resubts of an analvsis of ozone data frons vuel locanions m the Uinted States. Ozone
concentrtions above 80 ppb are connon in the cast m spring sund summer, bat thes e unasoal m the
west, and ozone shows considerabiy more dan do-day vanatsdity m the cast N anationom oo one les el
are highly correlated over distances of several handied hlometais an the vast, owdicatig that lugh
values are associiated with episodes of farge spatsa scaie. ~6EO00 ke, There were i0ad seven such
episodes in 1978 and 1979 respectively. between the months of April and September: they persisted tor
3—4 days. on average. with a range of 2-8 days. and were most common in June. Daily maximum vzone
values exceeded 90 ppb at over half the sites during these episodes and were often greater than 120 ppb
at one or more sites. An analysis of the meteorology for each episode shows that they vccurred
preferentially in the presence of weuk. slow-moving, and persisient high-pressure systems. Two
epirodes that occurred outside the summer half of the year were associated with unseasonably warm
weather: only vne episode, in March 1978, appeared to reflect @ major stratospheric intrusion.
Concentrations of NO, at rural locations in the ¢ast are frequently high enough (>1 ppb) to permit
significant photochemical formation of ozone. It is clear that rural ozone in the east in spring and
summer is severely impacted by anthropogenic emissions of NO, and hydrocarbons, and that ozone

. episodes occur when the weather is particularly conducive to photochemical formation of ozone.
Ozone episodes were present on 23% of days in May=-August in the east in 1978-1979. The effect of
these poilution episodes on vegetation cannot be assessed with current information on dose-response
characteristics, which is based primarily on exposure of crops to a given level of ozone for 7 hours a
day. The results presented here may be used to denign studies that account for the periodic exposure
of vegetation 10 high values of ozone for several consecutive days.
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Atmospheric Environmen: Vol. 23, No. 7, pp. 1465-1478, 1989,
Printed in Great Britain.

/ SIMULATION OF CHEMICAL PROCESSES OCCURRING IN

AN ATMOSPHERIC BOUNDARY LAYER. INFLUENCE OF
LIGHT AND BIOGENIC HYDROCARBONS ON THE
FORMATION OF OXIDANTS

A. Lorez, M. O. BartHOMEUF and M. L. HUERTAS

Laboratoire d'Aérologie, L.A. 354, Université Paul Sabauer, 118, Route de Narbonne, 31062 Toulouse
Cedex, France

{First received 6 May 1988 and received for publication 13 December 1988)

Abstract—A photochemical model has been developed to determine the impact of the emission of light and
terpenic hydrocarbons (HCs) on the evolution of ozone, HNO, and PAN concentrations in the troposphere.

The present model, of Lagrangian type, describes the evolution of trace gases in an air mass moving over a
large and homogeneous source arca. The respective cycles of O, NO,, methane and CO are considered. The
vertical exchange is treated by introduction of a vertical diffusivity tensor K, varying as a function of time
and altitude.

The results of this study indicate that both the intensity of vertical exchanges of airborne elements and the
ground deposition play an important role on the evolution of vertical concentration profiles. The influence
of diffusivity on the integrated concentralions in the boundary layer remains low.

The introduction of light HCs (alkanes, alkenes) results in an increase in the O, concentration, correlated
with the intensily of NO, and HC emissions. For a given level of NO, . both a decrease of the concentration
in HNQ, and an increase in the PAN concentration are observable when the production of hght HCs
increases. The sensitivity increases with the NO, source.

The introduction of terpenic HCs causes a depletion of O, in the air masses charactenzed by low NO,
emission rates, and an ennichment in those with higher emission raies. In both cases. the amplitude of the
vanation increases with the importance of the source of terpenic HCs, and is found higher for z-pinene than
for isoprene.

For a given NO, emission rate, the HNOQ, concentrations are seen to decrease when the source of natural
HCs increase, whereas the concentration in PAN increases. As observed for light HCs, the sensitivity shows
a dependence on the magnitude of the NO, source.

Key word index: Tropospheric chemistry, boundary layer, terpenic hydrocarbons, modelization.
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PRESENTATION DE L'EXPERIENCE ATILA (ACTION DES
TERPENES ET ISOPRENE DANS L'ATMOSPHERE)
EFFECTUEE EN FORET TEMPERE AU SUD OUEST DE LA
FRANCE (FORET DES LANDES)

A. Lorez. J. Fontan, M. O. BARTHOMEUF et A. MiNGa

Laboratoire d’Aérologie. Laboratoire assocré au CNRS ne 354, Universué Paul Sabauer. 11§ Route de
Nuarbonne. 31062 Toutouse Cedes. France

(First received 1V} June 1987 and in final form § Fehruarv 1988)

Résumé--Nous préscntons dans le cadre de ce travail. les objectifs. le disposif expénimental mis en place et
les premiers résultats obtenus lors d’une campagne de mesure cffectuée en zone de forét tempérée du Sud-
Ouest de la France: forét des Landes (Expérience ATILA)

L'action des hydrocarbures biogéniques sur 1a chime de atmosphére est étudiée 4 paruir de la mesure de
concentrations de constituants traces effectuées sous le couvert végeétal. a l'interfuce counvert atmosphere et
dans la couche limite (ozone. CO. aérosols. hydrocarbures biogéniquesl. Les premuers resultats font
apparaitre un bilan d'ozone legérement négattfl au dessus de la forét qui confirme les résultats obtenus par
simulation lors d’une émission de NO, faible. La formation de particules ¢t de monoovyde de carbone par
réactions physicochimiques sur les hydrocarbures naturels est resiée faible durant la pénode de I'expérience.

Abstract— We present. with this work. the aims. the experimental set-up and the first results obtained during
a campaign in atmospheric chenusiry underiahen in a temperate forest area in southwesiern France. the
forest of Landes (experiment ATILA) !

To study the action of biogenic hidrocarbons in atmospheric chemistry. measurements of trace
constituent concentrations were made under plant cover. at the interface between the cover and the
atmosphere and in the boundary layer (ozone. CO. parucles. biogenic hydrocarbons). The first results show
a slightly negative ozone balance over the forest. which supports the results obtained by simulations with a
low NO, source. Particles and CO formation through photochemical reaction on natural hydrocarbons
remained low during the period of the experiment

Key word index: Tropospheric chenustry. ozone. aerosols. CO. biogenic hydrocarbons.
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TI Modeling of the chemistry of an unpolluted atmospheric boundary
layer. Effect of natural hydrocarbons emiticd by vegetation
AU  Lopez, A,; Prieur, S.; Fontan, J.. Barthomeuf, M. O.
CS  Lab. Aerol., Univ. Paul Sabatier
LO Toulouse 31062, Fr.
SO  Atmos. Environ., 21(3), 671-85
SC 53-10 (Mineralogical and Geological Chemistry)
DT J
CO ATENBP
IS 0004-6981
PY 1987
LA Fr
AB A phys.-chem. model of an unpolluted planetary boundary layer
accounts for reactive mechanisms and the intensity of vertical
exchange of matter. This is a box model which allows study of the
evolution of trace constituent concns. in an air mass over a large
homogeneous source. Cycles of O3, N oxides, CH4, CO, and CSHS, a
biogenic hydrocarbon, are considered. Dynamic considerations are
modeled by a time-variable cquiv. mixing height. Expts. on
photochem. formation of O3 in the lower layer of the atm. are
conducted with this model with various initial and boundary
conditions. These expts. show the influcnce of ground sinks and of
vertical exchanges on the variations of O3 concns. at ground level.
They suggest the existence of phoiochem. O3 synthesis whose
intensity varies nonlinearly with the intensity of NOx and CSH$
sources.
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TI Modeling potential ozone impacts for natural hydrocarbons. II.
Hypothetical biogenic hydrocarbon emission scenario modeling

AU  Lurmann, Frederick W.; Lloyd, Alan C.: Nitta, Bonnie

CS  Environ. Res. Technol., Inc.

LO Westlake Village, CA 91361, USA

SO  Awmos. Environ., 17(10), 1951-63

SC 59-2 (Air Pollution and Industrial Hygiene)

SX 53

DT J

CO ATENBP

IS 0004-6981

PY 1983

LA Eng

AB A photochem. mechanism describing the photooxidn. of biogenic and

anthropogenic hydrocarbons in the presence of NOx was incorporated
into a photochem. box model to study potential atm. O3 formation

from natural hydrocarbon emissions. O3 predictions under worst-case
meteorol. conditions are reported for various combinations of

natural and anthropogenic emissions in rural and urban environments.
O3 prodn. by natural emissions in rural environments is small or
neg. due to the scarcity of NOx. However, downwind of isolated NOx
sources, O3 prodn. is substantially enhanced by natural emissions.
Similarly, O3 prodn. in urban areas is slightly enhanced by upwind
biogenic hydrocarbon emissions. Natural org. emission rates of 100
.mu.g/m2-min produced isoprene [78-79-5] concns. which were greater
than ambient observations by a factor of .gtoreq.2, whereas emission
rates of 20 .mu.g/m2-min agreed with predicted and obsd. ambient
isoprene levels.
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TI Modeling potential ozone impacts from natural sources. 111
Ozone modeling in Tampa/St. Petersburg, Florida

AU Lurmann, Frederick W.; Nitta, Bonnie: Ganesan, Kumaraswamy; Lloyd,

Alan C.

CS  Environ. Res. Technol.,nc.

LO Newbury Park, CA 91320, USA

SO  Awmos. Environ., 18(6). 1133-43

SC  59-2 (Air Pollution and industrial Hygicne)

SX 53

DT J

CO ATENBP

IS 0004-6981

PY 1984

LA Eng

AB Photochem. trajectory modeling of high O3 occurrences in Tampa/St.
Petersburg, Florida, was performed to assess the role of biogenic
hydrocarbon emissions on urban O3 formation. A photochem. mechanism
that distinguishes the oxidn. of isoprene and terpenes from

anthropogenic hydrocarbons and spatially and temporally resolved
inventories of biogenic and anthropogenic hydrocarbon emissions were

used. The natural emissions contributed little 1o max. 03. Only
2-11 ppb or 2-9% of the predicted max. O3 was due to natural
emissions. This small contribution is autributable to fast O3
biogenic hydrocarbon reactions which scavenge almost as much O3 as
is produced by the biogenic hydrocarbon in the urban environment.
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VOLATILES OF SORGHUM BICOLOR SEEDLINGS

W. LwANDE

The International Centre of Insect Physiology and Ecology (ICIPE), P.O. Box 30772, Nairobi, Kenya

and M.D. BENTLEY

Department of Chemisiry, University of Maine, Orono. Maine 04469

Sorghum bicolor (L.) Moench, grain sor-
ghum, is one of the world's most impor-
tanc cereal crops, ranking fifth in world
acreage and production after wheat, rice,
corn, and barley (1). In Africa and Asia
where about % of the world’s acreage
produces only %3 of the sorghum grain
crop, insect pests take an immense toll.
Nearly 150 insect species are known to
be pests of S. bicolor, the most important
being the sorghum shootfly (Atherigona
Joccata) and the spotted stalk borer, Chilo
partellus, which attack 3- to 5-week-old
sorghum seedlings (1-3).

Odors emanating from §. bicolor
plants may play a role in the orientation
of its insect pests towards the plant and
in ultimate recognition of the host plant
for feeding and oviposition (4). Thus,
knowledge of the volatile compounds of
§. bicolor may be useful in the study of in-
sect pest-sorghum plant relationships.
No report in the literature on the vol-
atiles of §. bicolor has been found by the
authors. .

In the present study, air-borne vol-
atiles of 4-week-old S. bicolor (Serena cul-
tivar) seedlings were trapped on Tenax
TA adsorbent. The trapped volatiles
were released directly into a capillary gas
chromatograph mass spectrometer (gc/
ms) by heating the Tenax trap. Identifi-
cation of the volatiles by ms was con-
firmed by comparison of their mass
spectra and retention times with those of
authentic samples. A list of the iden-
tified volariles is shown in Table 1.

Traditional techniques such as solvent

extraction, steam distillation, and dis-

“tillation under reduced pressure lead to
destruction of the plant tissue. This may

TABLE 1. Air-borne Volatiles Trapped from
4-Week-Old Seedlings of Sorghum bicolor
(Serena cultivar)

Compound Relative %*

Toluene . . ... ... .. 3.9
Hexanal . . . ... .. .. 5.2
(Z)-3-Hexen-1-0l . . . . .. 14.0
m-Xylene . . . . . ... .. 4.7
o-Xyleae . . . . . . .. .. 2.0
(Z)-3-Hexen-1-ol

acetate . . . . . . . ... 65.0
Nonanal . .. .. ... .. 3.8
Decanal . . ... ... .. 1.4

*Based on integration of peaks in the gc-ms
toral ion current chromarogram withourt use of 1n-
ternal standards.

products that are normally not present in
the intact plant and that may mask the
original volatiles (5,6). Enzyme action
may also degrade some of the plant vol-
atile compounds. The collection tech-
nique for volatiles used in this study may
yield a better understanding of what in-
sects perceive in the environment around
the sorghum plant. In the present study,
the sorghum seedlings were cut near the
base of their stems to eliminate soil that
would otherwise introduce other vol-
ariles into the system. Alchough cutting
the plant like chis may also lead to for-
mation of some metabolic artifacts, the
damage is much less severe as compared
to steam and reduced-pressure distilla-
tion, where the whole plant is macerated
and subjected to high temperatures.
(Z)-3-Hexen-1-0l acetate was the
major volatile trapped from the seed-
lings of S. bicolor (Table 1). It has also
been found ro be the major volatile com-
pound in the leaves of the cereal grain
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THE ROLE OF BIOGENIC HYDROCARBONS IN THE
PRODUCTION OF OZONE IN URBAN PLUMES IN
SOUTHEAST ENGLAND

A. Rosert MacKenzie,* Roy M. Harrison,3* ' 1IaN Corseck® and C. NicHoLas
Hewirrt

® Institute of Aerosol Science, University of Essex, Wivenhoe Park, Colchester, Essex CO4 35Q, UK. and
1 Institute of Environmental and Biological Sciences, University of Lancaster, Lancaster LA 4YQ, U.K.

(First received 18 February 1990 and in final form 22 July 1990)

Abstract—First-order approximations of the rates of emission of isoprene and 2-pinene are made for the
region around London. Isoprene is found to be the dominant biogenic non-methane hydrocarbon species by
mass in the region. Chemical degradation schemes for isoprene and a-pinene are added to an existing urban
plume model which has previously been applied to London. The influence of each bydrocarbon is
investigated by comparing model runs which include biogenic chemistry to a base case scenario. Overall, the
effect is small: ozone levels in the plume are increased by the addition of the new schemes by up to 8 ppb. A
model run with biogenic hydrocarbon and NOQ, emissions only, demonstrates the VOC-limited behaviour of
the urban plume. Conversely, removal of anthropogenic VOC emissions from the rural/suburban model
results in a decrease of only S ppb in ozone production over one day. The reason for this difference in
behaviour is the different NMHC/NO, ratios within and outside the urban plume. The inclusic.n of biogenic
NMHC chemistry in the model results in a negligible change to the calculated “urban ozone eflect™ defined
as the difference between o2one concentrations within and outside of the plume. Subsiantial cnhancement 10
present biogenic NMHC databases are required if our understanding of urban plume chemistry is to be
made more accurate.

Key word index: Urban plume model, biogenic hydrocarbons, emissions, ozone.
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Measurement of Isoprene and its Atmospheric
Oxidation Products in a Central Pennsylvania
Deciduous Forest

RANDAL S. MARTIN, HAL WESTBERG. EUGENE ALLWINE,
LYNNE ASHMAN, J. CARL FARMER. and BRIAN LAMB
Laboratory for Aimospheric Research, Washingion Siate University, Pullman, WA 99164 <2910, US.A.

(Received: 22 June 1989; revised: 25 January 1991)

Abstract. Ambient concentrations of isoprene and several of its atmospheric oxidation products —
methacrolein, methyivinyl ketone, formaldehyvde, formic acid, acetic acid, and pyruvic acid - were
measured in a central Pennsylvania deciduous forest during the summer of 1988. Isoprene concentra-
tions ranged from near zero at night to levels in excess of 30 ppbv during daylight hours. During fair
weather periods. midday isoprene levels normally fell in the 5-10 ppbv range. Methacrolein and
methylvinyl ketone levels ranged from less than 0.5 ppbv 10 greater than 3 ppby with average midday
concentrations in the 1 10 2 ppbv range. The diumnal behavior of formaldehyde paralieled that of iso-
prene with ambient concentrations lowest (=] ppbv) in the predawn hours and highest (>9.0 ppbv)
during the afiernoon. The organic acids peaked during the midday period with average ambient con-
centration of 2.5, 2.0, and 0.05 ppbv for formic, acetic, and pyruvic acid, respectively. These data indi-
cate that oxygenated organics comprise a large fraction of the total volatile crganic carbon containing
species present in rural, forested regions of the eastern United States. Consequently, these compounds
need 1o be included in photochemical models that atiempt to simulate oxidant behavior and/or aimos-
pheric acidity in these forested regions.

Key words: Isoprene, methacrolein, methyhvinyl ketone, formaldehyde, formic acid, acetic acid,

pyruvic acid. "
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ESTIMATION OF VOLATILE ORGANIC COMPOUNDS
(VOC) EMISSIONS FOR HUNGARY

AGNEs MOLNAR
Institute for Atmospheric Physics, H-1675 Budapest, P.O. Box 39, Hungary

{First received 14 January 1990 and in final form 20 May 1950)

Abstract—In this survey we try to estimate the emission of VOC on the basis of statistical data of fuel
consumption and emission factors taken from the literature. In Hungary, the total YOC emissions for 1986
were estimated to be 438.6 million kg. It is shown that solvent evaporation and traffic are the most significant
anthropogenic sources, while forests are the greatest natural contributors to YOC emissions.

Key word index: Volatile organic compounds, anthropogenic and natural sources, total emissions, Hungary.
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On the Indirect Determination of Atmospheric OH Radical

“Concentrations From Reactive Hydrocarbon Measurements

S. A. McKEeeN,! M. TRAINER,! E. Y. Hsig,' R. K. TarLamraiu,! AND S. C. Liu

Measurements of nonmethane hydrocarbons (NMHCs) from urban plumes have previously been
used to deduce average OH concentrations by monitoring the decay of the NMHCs from initial values
and comparing their time rates of decay to the decay rate of a relatively tnert tracer emitted from the
same source. Under the assumplion of no interaction between photochemistry and trunsport. these
observationally derived indirect OH concentrations are lower for NMHCs with successively higher
reactivities toward OH. In this study, analytical solutions to simple flow situations and a three-
dimensional mesoscale model are used to test this assumption. When turbulent transport is parame-
terized in terms of diffusion coefficients. the models yield results that are consistent with the
observations and suggest that the assumption is not generally valid. Daytlime vertical mixing within the
planetary boundary layer (PBL) and horizontal diffusion are two transport processes that cannot be
assumed to be separable from species reactivity. The net effect 1s thet under most daytime conditions
the OH concentrations can be underpredicted by more than a factor of 2 when highly reactive NMHCs
are used to derive OH concentrations in the usual manner. However, these results only apply when the
species used to derive OH concentrations are emitted from a continuous source. The assumption of
separability between photochemistry and transport is valid when only instantaneous or puff emissions
are considered. An explanation of these effects is presented within the context of the analytical results
to some simple flow systems. Results from the three-dimensional model are used to illustrate the
interaction of species reactivity and transport for more realistic parameterizations of atmospheric
transport. The results of this study have important implications for experiments designed to indirectly
determine OH concentrations and also for the treatment of turbulent transport in Lagrangian and
Eulerian photochemical models.

Aeronomy Laboratory, Environmental Research Laboratories, National Oceanic und Atmospheric Administration, Bowlder, Colorado
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/ AGGREGATION AND ANALYSIS OF VOLATILE ORGANIC
COMPOUND EMISSIONS FOR REGIONAL MODELING

PauLerTe MiDDLETON* and WiLLiaM R. STOCKWELL
Atmospheric Sciences Research Center, State University of New York at Albany, Albany, New York, US.A.

and

WiLLiaM P. L. CarTER
Statewide Air Pollution Research Center, University of California, Riverside, California, U.S.A.

(First received 18 May 1989 and in final form 18 October 1989)

Abstract—A general two-step procedure for aggregating the hundreds of reported volatile organic
compounds (VOCs) into a2 much smaller set of lumped classes appropniate {or regional airshed modeling s
described. In the first step, the compounds are condensed into a manageable number of emission categories
which could be adapted to a vanety of molecularly-based lumped chemical mechanisms. In the second step,
the emissions are further aggregated into a smaller set of VOC classes which directly correspond to those ina
particular model's mechanism. The application of this procedure 1s illustrated by aggregating the National
Acid Precipitation Assessment Program (NAPAP) anthropogenic YOC emissions inventory the U.S. first
into the 32-class system, and then into the groups of model species used in the latest version of the Regional
Acid Deposition Model (RADM2.0). The importance of different VOC categones and source types on
regional pollution production is explored by comparing the contributions of each of the emissions
groupings, RADM model species, and major emissions sources, to total moles carbon VOC reacted in model
simulations. For this particular anthropogenic inventory and chemical mechanism, it is found that over 50%
of the moles carbon reacted is associated with mobile sources. Such analysis can help indicate which
uncertainties in anthropogenic emissions inventories may have the greatest impact on results of regional
simulations.

Key word index: Volatile organic compounds, emissions, emissions aggregation, regional airshed models,
acid deposition, RADM, atmospheric reactivity, emissions source analysis.
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ATMOSPHERIC DEPOSITION OF POLYCYCLIC AROMATIC
HYDROCARBONS TO WATER SURFACES: A MASS
BALANCE APPROACH

Bruce D. McVEeTY* and Ronalp A, Hitest

school of Public and Environmental Affairs and Department of Chemistry, Indiana University.
Bloomington, IN 47405, U.S.A

{First received 16 April 1987 and in final form 31 Augusr 1987)

Absiract—A mass balance modcl was developed to explain the movement of polycyclic aromatc
hydrocarbons (PAH)into and out of Siskiwit Lake, which is located on a wilderness island in northern Lake
Superior. Because of its location. the PAR found in this lake must have originated exclusively from
atmospheric sources. Using gas chromatographic mass spectrometry. 11 PAH were quantified in rain, snow.
arr. lake water, sediment core and sediment trap samples. From the dry deposition fluxes, an aerosol
deposition velocity of 0.99 + 0.15 cm s~ * was calculated for indeno[ 1.2.3-cd Jpyrenc and benzo[ghi]perylenc,
1wo high molecular weight PAH which are not found in the gas phase. The dry acrosol deposition was found
to dominate the wet removal mechanism by an average ratio of 9: 1. The dry gas flux was negative. indicating
that surface volatilization was taking place; it accounted for 10-80°, of the total output flux depending on the
volatility of the PAH. The remaining PAH were lost to sedimentation From the dry gas flux. an overall mass
transfer coeflicient for PAH was calculated 1o be 0.18 + 0.06 md ' In this case. the overall mass transfer is
dominated by the liquid phase resistance.

Key word index: Deposition to water, PAH, mass balance.
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Isoprene Emission from Aspen Leaves’

Influence of Environment and Relation to Photosynthesis and Photorespiration

Russell K. Monson® and Ray Fall

Departmgnt of Environmental, Population and Organismic Biology (R.K.M.) and Department of Chemistry and
Biochemistry, and Cooperative Institute for Research in Environmental Sciences (R.F.), University of Colorado,
. Boulder, Colorado 80309

ABSTRACT

tsoprene smission rates from quaking sspen (Popuius tremu-
loides Michx.) lsaves were measured simultaneously with photo-
synthasis rate, stomstal conductance, end interceliutar CO, par-
Sal pressure. {soprene emission required the presence of CO, or
Oy, but not both. The light response of isoprens emission
rate paralisied that of photosynthesis. Isoprane emission was
inhibited by decreasing amblent 0, from 21% to 2%, only when
there was oxygen insensitive photosynthesis. Mannose (10 milli-
molar) fed through cut stems resufted in strong inhibiton of
fsoprene smission rate and is interpreted as evidence that iso-
prene biosynthesis requires etther the sxport of trioss phosphates
from the chioroplast, or the continued synthesis of ATP. Light
response experiments suggest that photosynthetically generated
reductant or ATP is required for isoprene biosynthesis. isoprene
bicsynthesis and emission are not directly linked to glycoiate
production through photorespiration, contrary to previous reports.
tsoprene smission rste was inhibited by sbove-smbient CO, par-
tial pressures (640 microbar outside and 425 microbar inside the
jeaf). The inhibition was not dus to stomatsi closure. This wss
established by varying ambient humidity st normal and sievaiad
CO, partal pressures 10 measure [3oprens smission rates overa
range of stormnatal conductances. Isoprene emission rates were
inhibited at slevated CO, despite no change in stomatal conduct-
ance. Addition of abscisic scid to the trsnspiration stream dra-
matically inhibited stomatal conductance and photosynthesis
rate, with s slight increase in isoprene emission rate. Thus,
isoprene emission is independent of stomatsl conductance, and
may occur through the cuticle. Tempersture had an influence on
Isoprene emission rate, with the O being 1.8 to 2.4 between 15
ond 45°C. At these high temperatures the smount of carbon lost
through isoprene emission was between 2.5 and §% of that
assimilated through photosynthesis. This represents a significant

carbon cost that should be taken into sccount in determining
midsummer carbon budgets for plants that are isoprens smitters.
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RATE CONSTANTS OF THE REACTIONS OF OZONE WITH
NITRILES, ACRYLATES AND TERPENES IN GAS PHASE

HusHiDeErR B. MunsHL* K. V. S. RAMA RAO and R. MAHADEVA IYER
Chemistry Division, Bhabha Atomic Research Centre, Trombay, Bombay-400085, India

(First received |7 August 1988 and received for publication 14 March 1989)

Abstract——Rate constants for the reactions of acrylonitrile, methacrylonitrile, methyl and ethyl acrylaie with
O, have been determined with the help of 2 flow system coupled to an u.v. spectrophotometer. The rate
constants obtained have enabled an estimation of the tropospheric lifetimes with respect to O, and have also
offered a clue 10 the nature of the initial ozone attack on the unsaturates. Non-stoichiometry observed 1n the
case of acrylonitrile and ethyl acrylaie has been rationalized by secondary (ree radical reactions.
Absorplivities of the four unsaturates in vapour as well as in the solution phase have been reported. A bnef
attempt (o study ozone-terpene reactions is also described.

Key word index: Rate constants, ozone, nitriles, acrylates, terpenes, tropospheric lifetimes, stoichiometry, gas
and solution absorptivities.
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{ THE CAUSES OF ELEVATED CONCENTRATIONS OF
OZONE IN SAPPORO

NaoTo MURAO,* SACHIO OHTA,* NoriTakA FUruHAsHIT and Isao MizoGucHi*

* Department of Sanitary and Environmental Engineering, Hokkaido University, Sapporo 060, Japan and
t Fujitsu FACOM Information Processing Corporation, Shinbashi 6-1-11, Minato-ku, Tokyo 151, Japan

{First received 23 Junuary 1989 and received for publication 26 Sepiember 1989)

Abstract—In order to investigate the causes of elevated concentrations of O, in Sapporo which are observed
under anticyclonic conditions in spring, we made measurements of O, concentration at Teine mountain
{43°04'N, 141°11'E, 1000m high) in the suburbs of Sapporo simultancously with measurements of
concentrations of HNO,, SO,, SO} -, NO; and "Be at ground level in the center of Sapporo in spring 1987.
Ozone concentration at Teine mountain showed little diurnal variation. We found remarkably high positive
correlation between O, concentration and temperature at 850 mb, and positive correlation between
concentrations of O, and "Be. No relationships were found between concentrations of O, and PAN and
between O, concentration and f, (gas-particle distribution factor for S species). Backward trajectory on
1sentropic surface showed that the air parcel, which originally had existed in the western edge of the upper
tropospheric cyclone, descended to the lower troposphere. The results indicate that elevated O, concentra-
tions in Sapporo in spring were mainly caused by downward transport of O, from the middle troposphere
rather than photochemical formation of O, in the boundary layer (BL).

Key word index. Surface ozone, Sapporo, spring maximum ozone concentration, isentropic trajectory
analysis, transport of ozone.
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THE DECAY OF BENZO(@)PYRENE AND
CYCLOPENTENO(cd)PYRENE IN THE ATMOSPHERE

TorBEN NIELSEN
Chemustry Depariment. Riso National Laboratory. DK-4000 Roshilde. Denmark

(First received S August 1986 and recenved for publication 7 April 1988)

Abstract—The dominant source for PAH air pollution at Rise was Roskilde with 40.000 inhabuants
situated 6 km south of the sampling site. Far distant sources of PAH were estimated to be insigmficant.
Benzofajpyrene and cyclopenteno{cd)pyrene were shown to decay in the atmosphere by means of the
dependencies of the ratios of benzota)pyrene to benzole)pyrene and of cvclopentenofcd)-prrene to chrysene
+ tnphenylene on the wind direction and on the PAH pollution level. The decay appears to be relativels fast.

Key word index: BaP. cyclopentenoicd)pyrene, polyevelic aromatic hydrocarbons. atmospheric decay.
atmospheric pollution.
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A Smog Chamber for Studies of the Reactions
of Terpenes and Alkanes with Ozone and OH

Ol TING. W. BEHNKE. andC. ZETZSCH
i e gunthoter-Insitul fur Toxihologie und Acrosolforschung, Nikolar- Fuchy-Sir |
7 wkn flannover 61. F.R Germany

Recenved 9 June 1986: in revised form: 22 September 1986)

wbutract. The design and performance of a smog chamber for the study of photochemical reactions
.ader simulated environmental conditions 1s described. The chamber is thermostated for aerosol
caperiments. and it comprises a gas chromatographic sample enrichment systemn suitable for
monitoring hydrocarbons at the ppby level. By irradiating NO, -alkane-mistures rate constants for the
~ca.tton of OH radicals with n-alkanes are determined from n-pentane to n-hexadecane to be
W 2@ 10 em' s = 429=0.16. 6.2+ 0.6. 7.52 (reference value). 8.8 =0.3. 10203, 11.7=0.4.
T .03181=05. 1 7.5‘: 0.6. 193=07. 223+ 1.0, and 250 = 1.3. respectively at 312 K. Rate
omtants, (A = 20) 107" em’ &' for the reaction of ozone with rrans-2-butene 21.2 = 1.O). en-3-methvl-
pentene-(2) (47.2 = 1.7). cxclopentene (62.4 = 3.5). cyclohexene (7.8 = 0.5). cvcloheptene (28.3 = 1.5).
5 minenc (8 6 = 1.3). and S-pinene (1.4 = 0.2) are determined in the dark at 297 K using ¢in-2-butene (13.0)
a- relerence standard.

hey words. Smog chamber. terpenes, alkanes. alkenes. reaction rate constants. ozone. OH radical,
photodegradation. transformation.
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A Comparison of Natural and Man-made Hydrocarbon Emission Inventories

Necessary for Regional Acid Deposition and Oxidant Modeling

by
Joan H. Novak™ and James A. Reagan

Environmental Protection Agency
Atmospheric Sciences Research Laboratory
Meteorology Division (MD-80)

Research Triangle Park, NC 27711 -~

For Oral Presentation at:

The 79th Air Pollution Control Association Annual Meeting
' June 22-27, 1986

Minneapolis, Minnesota

*On assignment from the National Oceanic and Atmospheric Administration,
U. S. Departmenf of Commerce
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A Comparison of Natural and Man-made Hydrocarbon Emission Inventories
Necessary for Regional Acid Deposition and Oxidant Modeling '

Abstract

The effect of natural hydrocarbon emissions on ozone formation has
been a topic of interest for several years and is now receiving additional
attention because of the potential influence of ozone in the production
of acid species. Because the atmospheric chemistry of sulfur dioxide
nitrogen oxides, and reactive organics is so intricately coupled, natural
hydrocarbon emissions have become an important input requirement for both
regional acid deposition and oxidant models. A greater emphasis has been
placed on treating key chemical components individually in the chemical
mechanisms of the models. Applying this concept to emission requirements,
there is a greater need for more resolved natural and man-made hydrocarbon
emissions estimates.

This paper focuses on natural sources by presenting a method of esti-
mating natural hydrocarbon emissions which is detailed enough to provide
quantitive estimates of isoprene and monoterpene emissions from individual
vegetation species. This finely gridded natural hydrocarbon emissions
inventory was prepared for the northeastern United States and is compared
with man-made hydrocarbon emissions over the same area. Natural hydrocar-
bon emissions represent 60% of the regional hydrocarbon emissions, com-
pletely dominating in the non-industrial states. The influence of these
natural emissions on the spatial variation of NOx to HC ratios is pre-
sented. The initial concentration ratios of these two species have a
significant impact on model predictions of sulfuric and nitric acids,
ozone, and hydrogen peroxide. A thorough understanding of the magnitude
and distribution of natural hydrocarbon emissions is essential for proper
interpretation of regional model predictions.
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STATISTICAL IMPLICATIONS OF THE DEPENDENCE
BETWEEN THE PARAMETERS USED FOR CALCULATIONS
OF LARGE SCALE EMISSIONS INVENTORIES

NEAL L. OpeN

Biomedical and Environmental Assessment Division®
and

CARMEN M. BENKOVITZ

Atmospheric Sciences Division, Department of Applied Science, Brookhaven National Laboratory, Upton,
NY 11973, US.A.

(First received 19 October 1987 and in final form 7 September 1989)

Abstract—Development of emissions inventories for large geographic areas is currently based on the use of
“mass balance™ equations to estimale the emissions from each source. The general equation used states that
the instantaneous emissions from a particular source are the product of certain emission parameters, U,
such as activity rate, emission factor, control efficiency, etc. The emission total over a time period 7 is thus
E=TTIU,, but is approximated as E= TI'IU, This gives rise to an error of approxnmauon distinct from and
Iogxcally prior to the usual errors of estimation found in statistical apphcauons. The time series aspect of the
emission parameters has very little effect on the bias of £, but the covariance between contemporaneous
values of the emission parameters has a large eflect. With two emission parameters X and Y, the bias is
bounded by (0, ~ 7o xy) for a wide varicty of time series in X and Y. To date, studies have been unable to
detect any dependence between currently used emission parameters; thus values of £ are approximately
unbiased. However, for a roughly realistic time series model, the mean squared error of E depends on the
correlation between emission parameters onc day apart. A conservalive approach involves using

\/MSEa: 1000 o, .

Key word index: Emissions inventory, uncertainty, averaged parameters.
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Emission of hexenol from higher plants

KEncH: OHTA

Water Research Institute
Nagoya University, Chikusa-ku, Nagoya 464, Japan

(Received March 12, 1984: Accepted April 5, 1984)

Organic volatiles emitted by a grass Miscanthus sinensis were collected using a Tedlar film bag and
Tenax GC adsorbent. Analyses were performed on a gas chromatograph and a GC/MS system. The
«csult indicates that this plant emits cis-3-hexen-1-01 (leaf alcohol) as a2 major volatile component. The
¢nission rate of this alcohol determined in May and September showed a marked diurnal variation, in-
-reasing in the morning with a maximum at noontime followed by a rapid decrease. This alcohol was also
mitted by certain herbaceous and woody plants.
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TI Seasonal variation of monoterpenes in the aimosphere of a pine
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AU  Okouchi, Y.; Okaniwa, M.; Ambe, Y.; Fuwa, K.
CS Div. Chem. Phys., Nau. Inst. Environ. Stud.
LO  Ibaraki 305. Japan
SO Aimos. Environ.. 17(4), 743-50
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PY 1983

LA Eng

AB Seasonal variation of monoterpene concn. in the atm. of a pine
forest was measured and is discussed in relation 1o various
environmental factors. The concn. of monoterpenes was low in
winter, and higher and more variable in summer and autumn. Rough
seasonal variation is explained by temp. differences, but changes
from day to day are anticorrelated with O3 concn. The emission rate
of monoterpenes from a pine forest was estd. on the basis of atm.
concn., assuming that the disappearance of monoterpenes in the
forest is governcd by aim. reactions.
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BACKGROUND OZONE AND ANTHROPOGENIC OZONE ENHANCEMENT AT NIWOT RIDGE,
COLORADO

0. D. Parrish, D. W. Fahey, E. J. Williams, S. C. Liu, M.
Trainer, P. C. Murphy, D. L. Albritton and F. C. Fehsenfeld
Aeronomy Laboratory, NOAA/Environmental Research Laboratories
325 Broadway, Boulder, CO 80303 USA

43STRACT. The mixing ratios for ozone and NOx (NO @ NOp) have been
~cgsured at a rural site in the United States. From the seasonal and
-iurnal trends in the ozone mixing ratio over a wide range of NOy
-svels, we have drawn certain conclusions concerning the ozone level
expected at this site in the absence of local photochemical production
~¢ ozone associated with NOx from anthropogenic sources. In the summer
(June 1 to September 1), the daily photochemical production of ozone is
found to increase in a linear fashion with increasing NOy mixing ratie.
For NOx mixing ratios less than 1 part per billion by volume (ppbv),
*ne daily increase is found to be (17 % 3)[NOx . In contrast, the
»inter data (December 1 to March 1) indicate no significant increase in
+ne afternoon ozone level, suggesting that the photochemical production
-¢ ozone during the day in winter approximately balances the chemical
<itration of ozone by NO and other pollutants in the air. The extrapo-
.ated intercept corresponding to INOyxl = O taken from the summer after-
noon data is 13% less than that observed from the summer morning data,
suggesting a daytime removal mechanism.for 03z in summer that is attri-
n.ted to the effects of both chemistry and surface deposition. No
significant difference is observed in the intercepts inferred from the
morning and afternoon data taken during the winter.

The results contained herein are used to geduce the background
ozone level at the measurement site as a function of season. This
background is equated with the natural ozone background during winter.
nowever, the summer data suggest that the background ozone level at our
site is elevated relative to expected natural ozone levels during the
sumner even at low NOy levels. Finally, the monthly daytime ozane
mixing ratios are reported. for O < INOyJ < 0.2 ppbv, 0.3 ppbv < TNOx $
0.7 ppbv and 1 ppbv < NOX]. These monthly ozone averages reflect the
seasonal ozone dependence on the NOy level.

Key words. Tropospheric ozone, photochemistry, nitrogen oxides.
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AN ESTIMATE OF THE POSSIBLE CONTRIBUTION
OF BIOGENIC SOURCES TO AIRBORNE
HYDROCARBON CONCENTRATIONS

ErNesT W. PETERSON®* and DaviD T. TINGEY

Corvallis Environmental Research Laboratory, Office of Research and Development,
U.S. Environmental Protection Agency, 200 S.W. 35th Street,
Corvallis, OR 97330, US.A.

(First received 21 December 1978 and in final form 17 July 1979)

The importance of plants as sources of photoreactive
hydrocarbons, oxidant precursors, is widely discussed
(Cofley and Westberg, 1977). The two main questions
appear to be: (1) are natural hydrocarbons emissions
large enough to result in significant atmospheric
concentrations and (2) do naturally emitted hydrocar-
bons contribute significantly to ozone formation ? This
note addresses the first question.

Emission rates for specific hydrocarbon species and
total nonmethane hydrocarbons have been measured
for several vegetation types (e.g. Table 1). Also, the
influence of environmental factors such as light in-
tensity and temperature on emission rates has been
studied (Kamiyama et al, 1978; Tingey et al.,
1978a, b).

Ordinarily the movement of air in the atmosphere
dilutes pollutants emitted into it to concentrations
below levels considered dangerous, however let us
consider those occasions when weather is dominated

* On assignment from the National Oceanic and Atmos-
pheric Administration.

by a slowly moving anticyclone, when wind speeds are
small and when vertical mixing is inhibited by the
stability of the overlying air. Under these conditions, in
order to make a rough estimate of concentrations of
biogenically-produced hydrocarbons which could oc-
cur we can use a simple box model (e.g., Peterson
1978):

where

x is the spatial average concentration,

Q is the spatial average source strength,

h is the mixing height,

k is the rate constant for the transformation or
decay (ozonolysis or photoxidation) of the ma-
terial under consideration, and

t is time.

This model is appropriate for sources distributed over
a large area or when the wind speed is small.

Copyright American Petroleum Institute
Provided by IHS under license with API

No reproduction or networking permitted without license from IHS Not for Resale



API PUBLx309 92 ER 0732290 0529815 263 MW

Atmospheric Environment Vol. 22, No. L1, pp. 2617-2619, 1988, 0004-6981/88 $3.00 - 0.00
Printed in Great Britain. 1988 Pergamon Press pic

HIGH AMBIENT CONCENTRATIONS OF MONOTERPENES IN A
SCANDINAVIAN PINE FOREST

GORAN PETERSSON

Department of Chemical Environmental Science, Chalmers University of Technology, S-412 96 Géteborg,
Sweden

{First received 25 November 1987 and received for publication 26 May 1988)

Abstract—Total monoterpene levels of the order of 100 ug m~* were assessed 1n the summer night air of 2
typical young planted forest of Scots pine { Pinus silvestris) in Sweden. These concentrations are much higher
than those reported in previous studies of ambient monoterpenes. Predominant species were z-pinene and 3-
carene. Camphene, f-pinene, myrcene, S-phellandrene and limonene were other prominent components
determined. The monoterpenes were shown to originate almost exclusively {rom Scots pine and the
proportions between them to be characteristic of this conifer species.

Key word index: Terpenes, a-pinene, 3-carene, biogenic hydrocarbons, ozone, Scots pine, Pinus silvestris,
forest canopy, summer night, Sweden,
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Analysis of Trace Oxygenated Hydrocarbons
in the Environment

DAVID PIEROTTI*
Department of Earth and Plan::ary Sciences, Harvard University, Cambridge. MA 02138, U.S.A.

(Received: 12 February 1988: revised: 12 January 1990)

Abstract. A technique has been developed which can measure low-molecular-weight (C,—Cs)
oxygenated hydrocarbons down to concentrations of less than 10 parts per trillion (10712) in the
atmosphere. The method uses cryogenic trapping of trace gases from the air, and two-dimensional
gas chromatography (2DGC) with flame ionization and photo-ionization detectors to analyze the
samples. The method has been used to make extensive measurements in the field, and it is capable
of measuring all of the C,—C: carbonyl compounds in clean tropospheric air. The 2DGC analytical
system also makes it possible to prepare accurate, reproducible standards of the low-molecular-
weight oxygenated hydrocarbozs at trace levels.

Key words. Oxygenated hydrocarbons, sampling, analysis.
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Model Calculations of Tropospheric Ozone Production Potential
Following Observed Convective Events

KeNNETH E. PICKERING.! ANNE M. THOMPSON,2 RUSSELL R. Dickerson, WinsToN T. LUKE,*
DonNA P. MCNAMARA,*f JaMES P. GREENBERG.® AND PATRICK R. ZIMMERMAN®

Photochemical modeling and analysis of field data-have been used to evaluate the effects of
convective clouds on troposphenic trace gas chemistry. Observations were made during a 1985 field
campaign over the rural south-central United States. Meteorological data and measurements of CO.
NO, NO,. 0;. and hydrocarbons were collected in air surrounding and inside clouds during and
immediately following cloud convection. A one-dimensional photochemical model has been used to
calculate O; production potential before and after cloud redistribution of O; precursor gases. Four
distinct types of convective events have been analyzed. Fair weather cumulus clouds increase O,
production in a layer immediately above the boundary layer (10 4 km in the case studied). Outflow from
deeper convection can cause enhanced O, production in the upper troposphere hundreds of kilometers
downstream from the clouds. A comparison of trace gas profiles measured in and around a large
cumulonimbus during dissipation shows O; production in the upper troposphere may be increased
fourfold by convection relative to undisturbed air. Convective enhancement of O; production for the
entire tropospheric column is about 50%. Compared to nonurban continental regions with no
convection. the rate of O3 production potential in air processed by convection is up to 34 times
greater. Catalysis of O; production becomes more efficient when NO becomes more dilute after being
transported from the boundary laver to the free troposphere. Free tropospheric NO may also be
enhanced by lightning. adding to O; production. particularly when sufficient hydrocarbons are
transported to such locations.
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A Physical Model of the Bidirectional Reflectance of Vegetation Canopies
2. Inversion and Validation

BERNARD PINTY!

Nanona Center for Atmospheric Research. Bowlder, Colos.:»

MICHEL M. VERSTRAETE?

Office for Imerdisciplinary Earti; Stadies, Universuy Corporation for Atmospheric R.scarch, Boulder. Colorado

RoBerT E. DickiNsoON
Nationa! Conter for Atmospheric Research, Boulder. Color.zo

A physically based. anahy ical model of the bidirectional reflectance of porous —edia was denved in
a companion paper {Versirzete et al.. this issuel. This model is validated zz::nst laboratory and
ground-based measuremen:s tzhen over two vegetation covers. both in the vis.~ie and near-infrared
spectral regions. An invervon procedure, based on a nonlinear optimization tec™=:que. 15 used to infer
the intrinsic optical properties of the leaves., as well as information on the morph>'ogy of the canopies.
that is. on the geometrical arrungements of these scatterers in space. The model is then used to
generate theoretical bidirectional reflectances. using the svalues of the relevan: perameters retrieved
from the inversion procedure. and these values compare favorably with the aci.al obsenations over
the entire range of illumination and observation angles. The values of the para=eters retrieved from
the inversion procedure are discussed. validated against actual independen: measurements. and
interpreted in terms of the physical and morphological properties of the vegetzion covers.
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Isoprene and Its Oxidation Products: Methacrolein
and Methyl Vinyl Ketone

DAVID PIEROTT, S.C. WOFSY, AND D. JACOB

Department of Earth and Planctary Sciences, Han ard Unisersity, Cambndge, Mussachuscits

R.A. RASMUSSEN

Oregon Greduate Cenier. Beaveron, Orcgon

The first measurements of methacrolein (MACR) and methy! vinyl ketone (MVK) in the atmosphere
are reported. The compounds both show a strong scasonal vanation, with a maximum in the summer. The
concentrations of MACR and MVK are highly correlated with each other and with the concentration of
isoprene, in accord with the expectation that they are the major initial products of isoprene oxidation.
However, the observed MACR/MVK ratio does not agree with the model predictions over the range of
conditions normally observed in the nonurban continental boudary layer. We suggest that this indicates
a major gap in our understanding of the photochemistry of hydrocarbons in the nonurban troposphere.
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CONCENTRATIONS OF C,-Cs HYDROCARBONS IN
ATMOSPHERIC AIR AT DEONAR, BOMBAY, IN RELATION
TO POSSIBLE SOURCES

A. M. MoHaN Ra0 and Gaurl G. PanDIT
Air Monitoring Section, Bhabha Atomic Research Centre, Trombay, Bombay 400085, India

(First received 29 October 1986 and received fJor publication 6 August 1987}

Abstract—Atmospheric C,-Cs hydrocarbons were determined at Deonar. an industrial suburb north ot
Bombay. India. during 1985. Samples were preconcentrated on silica gel a1 - 78 C. and subscquently
desorbed on 10 a gaschromatographic column for separation and flame ionization detection. The sciasonal
pattern of the monthly geometnic mean hydrocarbon concentrations are used to show that refinery enussions
in addition 10 auto exhaust are a major source of hydrocarbons at Deonar.

Kev word index: Hydrocarbons, atmosphere sources, gas chromatography.
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CAT73(21):106284t

Isoprene: identified as a forest-iype cmission to the atmosphere
Rasmussen, Reinhold A.

Coll. of Eng. Res. Div., Washington State Univ.

Pullman, Wash., USA

Environ. Sci. Technol., 4(8), 669-73

7 (Plant Biochemistry)

ESTHAG

1970
Eng
Isoprene until recently has not been considered to be present in
natural plant products. Direct gas chromatographic. ir. and mass
spectrometric analyses of the air in contact with the plant foliage
for 5 common tree species confirm previous observations (Rasmussen,
1964) of the existence of isoprenc as a plant product. Preliminary
data from surveying the dominant forcst trec species of North
America indicate that the frequency of occurrcnce of isoprene 1is
similar to that of .alpha.-pinene although spccies differ. [soprene
has been resolved direclly from the out-of-doors air over mango

foliages in Panama at concns. of 0.5 to 24 ppb in 5 ml of air. The
biol. and air chemistry fates of isoprene arc discussed.
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AN CA108(22):19025%

TI  Isoprene over the Amazon Basin

AU Rasmussen, R. A.; Khalil, M. A. K.

CS Oreg. Grad. Cent., Inst. Atmos. Sci.

LO Beaverton, OR, USA

SO J. Geophys. Res., D: Atmos., 93(D2), 1417-21

SC  53-10 (Mineralogical and Geological Chemistry)

DT J

CO JGRDE3

PY 1988

LA Eng

AB  Data obtained during the 1985 Aim. Boundary Layer Expt. in the
Amazon are uscd to describe the diumal and vertical variations of
isoprene. Isoprcne is a natural hydrocarbon emitted by many spccies
of trees, particularly those in tropical forests. The concns. of
isoprene at lower levels in the aim. undergo large diumal

variations, with the highest concns. during midday and the lowest
during the night. At ground level, outsidc the forest, peak concns.
of .apprx.3 ppb of isoprene were obsd. around midday. Concns. were
.apprx.0 before sunrisc, incrcased to their max. values during the
day, and declined after sunsct. Concns. of 1-2 ppb of isoprene were
obsd. at .ltoreq.300 m. Near the canopy level, isoprenc levels of
Jioreq.8 ppb were obsd. In thc forcst, concns. are generally quiic
low below the canopy and arc highest at the level of the canopy.
Since the rcaction of isoprene with OH radicals is extremely fast.
its concns. fall off rapidly with altitude, so that practically none
of it was seen above the boundary layer. During nighttime. however.
concns. comparable to daytime valucs were obsd. at altitudes of 300
m and above.
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AN CA104(2):9893s

TI Preconcentration of atmospheric tcrpenes on solid sorbents
AU  Riba, M. L.; Randrianalimanana, E.; Mathicu," J.; Torres. L..
Namiesnik, J.

CS  Inst. Natl. Polytech., Ec. Natl. Super. Chim. Toulouse
LO Toulouse 31077, Fr.
SO Int. J. Environ. Anal. Chem., 19(2), 133-43
SC  59-1 (Air Pollution and Industrial Hygiene)
SX 80
DT J
CO [EAA3
IS 0306-7319
PY 1985
LA Eng
AB Hydrocarbons emitted by vegetation. such as isoprene [78-79-3] and
monoterpenes, seem to play an important role in atm. chem. A beuer
estn. of their biogeochem. cycle requires that the lcvels be
testable at any time. The extremely low concn. of these chems. in
the atm. necessitates a preconcn. step at the time of sampling.
This enrichment was done on 13 solid adsorbents. This study allowed
us to det. the breakthrough vols. of isoprenc and the principal
monoterpenes on these adsorbents. Of the adsorbents tested. Tenax
GC [24938-68-9] and Tenax TA [24938-68-9] wcre those the best
adapted to the desorption of compds. as reactive as the terpenes.
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AN CA110(18):159578f

Tl Preconcentration and analysis of atmospheric isoprene and
monoterpenes:  system automation

AU  Riba, Mariel Louise; Tsiropoulos, Nicolas; Clement, Bruno; Golfier,
Andre; Torres, Liberto \

CS  Ec. Nail. Super. Chim., Inst. Natl. Polytech.

LO Toulouse 31077, Fr.

SO I. Chromatogr., 456(1), 165-73

SC  59-1 (Air Pollution and Industrial Hygienc)

SX 80

DT J

CO JOCRAM

IS 0021-9673

PY 1988

LA Eng

AB As part of a study on terpene hydrocarbons in the biosphere-atm.
exchange processes, an entirely automatic decvice was elaborated for
sampling, preconcn., and anal. of isoprene and the principal aim.
monolerpenes. This device comprises mainly a gas chromatograph for
anal. and a programmable controller for the management of the
operations. [t permits measurement of the concn. and flux rate of
terpenes. Automatic and continuous cycles (sampling-anal.) were
carried out over several days. They were characterized by a
reproducibility better than 1%.
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TI An estimate of the possible contribution of biogenic sources 10
airborne hydrocarbon concentrations

AU  Peterson, Emest W.; Tingey, David T.

CS  Corvailis Environ. Res. Lab., US Environ. Prot. Agency

LO Corvallis, OR 97330, USA

SO  Aimos. Environ., 14(1), 79-81

SC  59-5 (Air Pollution and Industrial Hygiene)

SX 11

DT J

CO ATENBP

IS 0004-6981

PY 1980

LA Eng

AB Using a simple box model and previously reported hydrocarbon
emission rates from various vegetation types, possible diumal
variations of concns. of monoterpenes and isoprene [78-79-5] were
estd. under conditions simulating meteorol. situations where weather
is dominated by a slowmoving anticyclone. Calcns. indicated that,
under certain conditions of atm. stagnation in warm environments.
such as during the summer in south eastern United States, biogenic
emissions of hydrocarbons may contribute to total airborne
hydrocarbon concn.
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CA103(16):128224p
A simple, efficient device for determining lerpenes present as
traces in the atmosphere

Riba, M. L.; Tathy, J. P.; Mathieu, J.; Torres, L.

Ec. Natl. Super. Chim., Inst. Nail. Polytech.

Toulouse 31077, Fr.

Int. J. Environ. Anal. Chem., 20(3-4), 255-63
59-1 (Air Pollution and Industrial Hygiene)

80

J

HEAA3

0306-7319

1985

Eng
Natural hydrocarbons, such as isoprene [78-79-5] and the
monoterpenes, play an important role in the phys. chem. of the atm.
because of their high reactivity; however, their true contribution
to the natural chem. system has not yet been clearly defined as the
seasonal variations in their concns. are not sufficiently accurately
known due to their low content in the atm. (a few hundredths of a
ppb to a few ppb). An anal. procedure which enables quant. trapping
to be carried out together with excellent chromatog. sepn. consists
of enrichment on adsorbents followed by very rapid thermal
desorption and instantaneous chromatog. injection without further
cryogenic trapping. The adsorption-desorption cycle does not reduce
the efficiency of the chfomatog. sepn. and does not bring about any
decompn. of these highly reactive plant oils.
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AN CA102(4):31056b

TI Sampling and analysis of monoterpene hydrocarbons in the atmosphere
with Tenax gas chromatographic porous polymer

AU Robers, J. M.; Fehsenfeld, F. C.; Albritton. D. L.; Sievers, R. E.

CS Dep. Chem., Univ. Colorado

LO Boulder, CO 80303, USA

SO  Identif. Anal. Org. Pollut. Air, 371-87. Edited by: Kecith, Lawrence

H. Buuerworth: Boston, Mass.

SC 59-1 (Air Pollution and Industrial Hygicne)
SX 80

DT C

CO 52MKAX
PY 1984
LA Eng

AB  The sampling of monoterpenes (A) with Tenax GC porous polymer in air
anal. is discussed. Destruction of A by O3 during sampling was
Jtoreq.6% (as worst case, for d-limonene [5989-27-5]) for sample
vol. <1.5 L and O3 concn. 40 ppb. The siorage of ambient air
samples for .ltoreq.]1 mo showed no loss of A with time. Anal. of
the std. contg. 1-2 ng of each of the A species yielded relative
std. deviations of 1.3-3.2%. Replicate samples collected within 20
min of one another at the same locations under the same meteorol.
conditions yielded an overall precision for A anal. of .+-.10% at
.gtoreq.30 parts per trillion for the individual compds.
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CA100(14):107018x !
Measurement of monoterpene hydrocarbons at Niwot Ridge, Colorado
Roberts, J. M.; Fehsenfeld, F. C.; Albrition, D. L.; Sievers, R. E.
Aeron. Lab., NOAA
Boulder, CO 80303, USA
JGR, J. Geophys. Res., {Sect.] C, 88(C13), 10667-78
53-10 (Mineralogical and Geological Chemistry)
J
JIGADR
0196-2256
1983
Eng
Measurements of atm. monoterpenc hydrocarbons were made at a site in
the Colorado mountains. The research was undertaken to examine the
influence of the compds. on the photochem. of the troposphere. A
sampling technique was developed using Tenax GC porous polymer traps
with anal. by capillary gas chromatog. and dcicction by flame
ionization and mass spectrometry. Pos. identification of 6
monoterpene hydrocarbons (.alpha.-pincne. camphene, .beta.-pinene,
myrcene, .DELTA.-3-carene, and d-limonene) was obtained, as well as
tentative identification of .alpha.-thujenc and .beta.-phellandrene.
A definite seasonal trend was evident in the av. monotcrpene mixing
ratios. The summertime av. was 0.30 ppb by vol. for the sum of the
5 major identified monoterpenes (.bcta.-pinene, .alpha.-pinene,
.DELTA.-3-carene, camphene, and d-limonenc), with a high degree of
constancy in relative ratios of each throughout the summer months.
Wintcrtime mcasurcments gave mixing ratios below the detection
limits (0.001 ppb by vol. of an individual compd.). Simultancous
measurements of 03, NO, NO2, and monoterpcnc hydrocarbons allowed
cxamn. of the contribution of monoterpene photooxidn. to O3 prodn.
Based on reported modeling studies, monoterpenes were estd. 10 be a
small source of O3, insufficient 10 account for the relatively high

03 mixing ratios (>80 ppb by vol) sometimes obsd. at this sampling
site.
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AN CA102(14):118673z
Tl Monoterpene hydrocarbons in the nighttime troposphere
AU  Robents, James M.; Hahn, Carole J.; Fehsenfeld, Fredrick C.;
Warmnock, James M.; Albrition, Daniel L.; Sievers, Robert E.
CS  Aecron. Lab., Natl. Ocean. Atmos. Adm.
LO Boulder, CO 80303, USA
SO  Environ. Sci. Technol., 19(4), 364-9
SC 59-2 (Air Pollution and Industrial Hygiene)
SX 53
DT J
CO ESTHAG
IS 0013-936X
PY 1985
LA Eng
0OS CJACS
AB Monoterpene hydrocarbons were measured during the night at a rural
site in the Rocky Mountains. The compds. pos. identified and
quantified were .alpha.-pinene [80-56-8), camphene [79-92-5],
.beta.-pinene  [127-91-3], .DELTA.3-carene [13466-78-91, and
d-limonene [5989-27-5]. The av. sum of the mixing ratios of the 5
compds. measured during the nighttime betwcen July and Oct. 1982,
was 0.63 ppb (vol.), which was about twice the corresponding daytime
av. sum. No significant difference was obsd. between day and night
in the relative concns. of the individual monoterpenes. Increascd
aitm. stability, with attendant reduccd mixing and diln. during the
night, was found to contribute 1o the larger nighttime vs. dayume
monoterpene mixing ratios. Nighttime aim. stability was also
responsible for the observation of O3 diminution and a corrcsponding
inverse relationship between monotcrpcne and O3 mixing ratios. The
results indicate that, at this site, transport rather than chem.
dets. the concns. of the monoterpenes. The ultimate fate of the
monoterpenes is chem. reaction with O3, OH, or NO3. Because of the
differences in rate consts. of reactions between the various
monoterp<nes and the above specics, chem. reactions should cause
systematic changes in the relative concns. of monoterpenes, which
are characteristic of the reactant species involved.
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JOURNAL OF GEOPHYSICAL RESFARCH. VOL. 93, NO. D7, PAGES 8367-8377, JULY 20, 1988

Two-Dimensional Distribution of Light Hydrocarbons:
Results From the STRATOZ 111 Experiment

J. RupoLPH
Institut fiir Atmosphdrische Chemie. K ernforschungsantage Jiilich Gmbll, Jilich. Federal Republic of Germany

During the STRATOZ 11 flights in June 1984, about 120 whole-air samples were collected and
analyzed later on in the laboratory for several atmospheric trace components. including light hydro-
carbons. The STRATOZ 111 mission consisted of 21 flight segments and covered a latitude range from
70 N to 60 S and altitudes up to 12 km. The results of these measurements were used 10 construct
latitude-altitude profiles in the form of isolines for ethane. ethenc. acetylene. propane. propene. n-butane,
isobutlane. n-pentane. and isopentane. These results are compared with the latitudinal cross sections
obtained during a previous, very similar flight mission (STRATOZ 11) in May-June 1980. Also. the few
published latitudinal or vertical profiles for thesc nonmethane hydrocarbons (NMHCs) are used for a
comparison. The two-dimensional distributions for the longer-lived NMHCs, especially ethane and 10
some extent also propane and acetylene, are reasonably representative. even on a global scale. The high
variability of the short-lived NMHCs, the C, and C, alkanes, and the light alkenes, prevents the
determination of representative two-dimensional distributions for these species. The distributions of these
short-lived compounds give at best an extremely rough idea on 1he disiributions and should in general be
considered as descriptions of a given momentary situation. These latitude-altitude profiles indicate the
existence of fast mechanisms for vertical mixing in the troposphere. The observation of high mixing ratios
of short-lived hydrocarbons in the middle and upper troposphere proves the existence of vertical mixing
processes with a time scale comparable to. or even shorter than. the atmospheric lifetime of these reactive
NMHCs. As 2 consequence. there exist several regions, even above thé boundary layer. with NMHC
mixing ratios high enough to make them important participants in the atmospheric photochemical
reaction cycles.
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The Seasonal Variation of Light Nonmethane
Hydrocarbons in the Antarctic Troposphere

J. RupoLpH, A. KHEDIM, AND D. WAGENBACH!
Institut fiir Atmosphérische Chemie Kernforschungsanluge Jilich, Federal Republic of Germany

About 80 samples of antarctic air were collected between 1982 and 1985 at the **Georg von
Neumayer"' station (70°36'S and 8°22'W) and analyzed for ethane, ethene, acelylene. propane. and
propene. Yearly average mixing ratios were (1.37. 0.36. 0.011, 0.07, and 0.21 ppb. respectively. The
seasonal cycles for ethane und acelylene showed munimu around the late southern hemisphernic
summer and maxima in late winter. The phase of the seasonal cycle in ethune and acelylene can be
explained by seasonal variation of atmospheric removal rates. Seasonal variation of one of the major
southern hemispheric ethune and acetylene sources, biomass burning, would cause u similar seasonul
change. Propane exhibits a much higher variability and shows no clear seasonal cycle. The
atmospheric mixing ratios of ethene and propene peak around early austral fall and are most probably
mainly determined by seasonal variation in emissions from the oceans surrounding Antarctica.
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AN CA109(4):26900n
Tl Biosphere-Atmosphere Exchange of Pollutants (BIATEX): intcgrated
European study of air poilution

AU  Slanina, J.
LO Neth
SO  Energiespectrum, 12(4), 78-82
SC  59-2 (Air Pollution and Industrial Hygiene)
SX 4,11 '
DT J
CO NRGSDB
IS 0165-2117
PY 1988
LA Neth
AB  The BIATEX program is described, including study of the dry
deposition of N compds. (NO, NO2, HNO3, amines) and oxidants (O3,
peroxyacetyl nitrate, H202); study of the biogenic emission of
reduced S compds. (H2S, MeSH, Me2S, COS, CS2), and N compds.; the
development of anal. methods; characterization of parameters that
affect deposition or emission processes; and development of models
that describe the behavior of aim. pollutants and the relationship
between the exposure of vegetation to pollutants and the effects.
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Organic matter of the troposphere - V: Application of molecular
marker analysis 1o biogenic emissions into the troposphere for
source reconciliations

Simoneit, Bernd R. T.

Coll. Oceanogr., Oregon Statc Univ.

Corvallis, OR 97331, USA

J. Atmos. Chem., 8(3), 251-75
59-2 (Air Pollution and Industrial Hygienc)

53

J

JATCE2

0167-7764

1989

Eng
Org. matter in tropospheric aerosols is derived from 2 major sources
and is admixed depending on the geog. area. Thesc sources are
biogenic detritus and anthropogenic emissions. The biogenic
materials in the solvent-extractable org. matter consist
predominantly of higher plant waxes. with lesser amts. of resin, and
microbial detritus, and the anthropogenic components are primarily
vehicular emissions (e.g.. oils. soot, etc.) and input from
combustion (c.g., charcoal, thermally-altered biogenic matier,
etc.). Both biogenic detritus and anthropogenic cmissions c¢ontain
org. compds. (C12-40+), which can be identified with unique and

distinguishable distribution patterns.  Mol. compn. anal. were
applied to such exts. after suitable chem. sepn. into subfractions
(i.e., hydrocarbons, ketones, aldehydes. carboxylic acids, alcs..

and wax esters). Both homologous compd. series and specific natural
products (e.g., phytosterols, terpenes, etc.) are identified as mol.
markers. Aerosols from rural and remote arcas in the western US.
South America, Nigeria, and Australia were analyzed and all
contained predominantly plant waxes. The loadings of hydrocarbons
were .apprx.10-1400 nm/m3 of air, of fatty acids from 10-450 ng/m3
and of fatty ales. from 10-1650 ng/m3. These higher mol. wt. lipids
primarily from flora comprise a major component of the org. C in
rural and remote aerosols. They are thus important indicators for
regional biogenic sources in the global cycling of org. C.
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Armospheric Entuonment Vol 22. No 5. pp 983- 1004, 198K XN —69n ] KK §3.00 « Q.00
proted in Great Briamn ¢ J9MK Pergamon Press plc

ORGANIC MATTER OF THE TROPOSPHERE—IV. LIPIDS IN
HARMATTAN AEROSOLS OF NIGERIA*

Bernp R. T. SimoneiTt, R. E. Cox¥fi and L. ). STANDLEYTES

tEnvironmental Geochemistry Group, College of Oceanography, Oregon State University, Corvallis. OR
97331, U.S.A. {School of Natural Resources, The University of the South Pacific, P.O. Box 1168, Suva, Fiji
and §M. O. Hatfield Marine Science Center, Oregon State University, Newport, OR 97365, US.A.

(First received 16 March 1987 and received in final form 16 September 1987)

Abstract—Harmattan acrosols were sampled during the 1979 and 1980 seasons in urban, rural and remote
areas of Nigeria, in order 1o characterize sources of the continental carbonaceous particulate matter. High
volume air samples (400-3600 m>) were obtained. The sample filters were extracted and the soluble lipids
were separated into functional group fractions for molecular analyses. Thesc lipids were composed primarily
of vascular plant wax and minor amounts of microbial detritus, with a significant anthropogenic component
from petroleum products and burning superimposed in samples under urban influence.

Plant wax was characterized by the homologous series of mainly a-alkanes and n-alkanols, with minor
amounts of n-alkanoic acids, n-alkan-2-ones and biomarkers, all in the higher molecular weight range
(> C;q). Alcohol fractions contained characteristic phytosterols (C,--C,,) and triterpenols (Cyo > Cu)
which are the biomarkers for vegetation sources. The plant wax signatures of the acrosols in northern Nigeria
could be correlated with two dominant geographic source regions {e.g. northern Nigeria and Sahara). A
microbial lipid component was evident primarily in the hydrocarbon (as unresolved complex mixture, UCM)
and fatty acid fractions (< C,). Its origin was inferred 10 be from erosion of lacustrine detritus and from
viable microbiota in the ambient particles.

Petroleum residues and traces of pyrogenic polynuclear aromatic hydrocarbons (PAH) were present in HC
fractions of Harmatian aerosols under some urban influence. These anthropogenic components were
comprised of n-alkanes (< C,,, no C number preference), unresolved compiex mixture of naphthenic HC
(C maz = Cas), minor biomarkers specific for petroleum and traces of PAH.

These compositional data were used for very approximate mass balancing and organic matter source
determinations. This permitted the assignment of Harmatian aerosol source regions and the conclusion that
the urban components are rapidly diluted downwind from their sources by the overwhelming natural organic
matter.

Key word index:Harmattan, carbonaceous aerosol particles. Nigenia. hydrocarbons. ketones. organic acids.
fatty alcohols, plant wax esters, phytosterols, terpenes, petroleum products. polynuclear aromatic
hydrocarbons, biogeochemical cycling. long-range transport.
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Measurements of Selected C,-C, Hydrocarbons in the Troposphere:
Latitudinal, Vertical, and Temporal Variations

HanwaNnT B. SinGgH

Spuce Sowncy hesion, N 485 1 Ames Research Center, Motjenr Facld, Caltfornia

WiLLiAM VIEZFE AND Lowis J. Salas
Geoscience and Enqineering Center, SR Internanional, Menlo Park. Califormia

Results are presented on the tropospheric distribution of C.-C, hydrocarbons based on (1) shipboard
measurements over the eastern Pacific Ocean from latitude 47 N 10 47 5. (2) ground-based measure-
ments at a remote coastal site n northern California (39 N). and (3) mirborne studies of the troposphere
over Colorado and over the eastern Pacific Ocean (38 N) duning the summer and winter scasons. A total
of 1077 hydrocarbon samples were processed during these comprehensive field programs. In agreement
with previous studies. the shipbouard measurements show large north-to-south gradients for virtually all
nonmethane hydrocarbons (NMHCs) and clearly indicate therr northern hemisphernic sources. Ethane,
the most abundant NMHC, 1 present al a concentration of 2 ppb in the northern henusphere (NH)
mid-latitudes. with southern hemisphere (SH) concentrations of about 03 ppb. All other NMHC con.
centrations are n the sub-ppb range The measurements at the remote coastal site of Point Arena.
Cahforma. show that NMHC concentrations can decrease by & factor of 2 or more during the passage of
cold fronts in winter and spring During these events the behavior of NMHCs as strongly correlated with
primary anthropogenic species te.g . CH,Cl.. CH,CICH .CL and CH ,CCl,) as well as secondary ovygen-
ates {e.g.. peroxyacety! mtrate (PAN) and ozone) Aircraft measurements of NMHC concentrations made
over Colorado and near the coastal zone of northern California were higher over land than over the
ocean 1n the lower troposphere (< § km) Upper troposphernic concentrations were found 10 be lower and.
in general. much less spatially vanable than those present in the lower troposphere Because of the
dsfierences tin NMHC concentrations between ocean and land and between lower and upper troposphere
evident in the measurements. 11 is possible that weather systems associated with significant horizontal
and verucal transpori can cavse large temporal and spatial vanations in NMHC concentrations on locat
and regronal scales
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CA104(5):31748v
Secretion of volatile substances by coniferous plants and their
flammability hazards
Stepen, R.; Sukhinin, A.
Inst. Lesa Drevesiny
Krasnoyarsk, USSR
Izv. Sib. Otd. Akad. Nauk SSSR, Ser. Biol. Nauk, (2), 47-52
11-1 (Plant Biochemisiry)
J
ISBNBN
0568-6547
1985
Russ
Amts. of volatile substances relcascd by conifers were higher in
young than old plantings, and they were low in May, increased to a

max. at the end of June to the beginning of July, and decreascd
gradually 10 the end of Sept. when they reached a min. Temp. was
the main abiotic factor affecting the content of the volatile
substances. The order of volatile substance release by vegetative
organs of conifer trees was cedar > pine > fir .apprxeq. larch >
spruce. Increasing the temp. by 10.degrce. (the Q10 factor)
resulted in an .apprx.2-fold increase in relcase of terpene
volatiles. A large increase in the concn. of the org. products in
the aim. (1-4 g/m3) may greatly increase the flammability hazard.
The peak assocd. with compds. released at 58-60.degree. resulted
from the large amt. of monoterpene hydrocarbons among the released
volatiles, the release of a mixt. of volatiles rich in O-contg.
terpenes was assocd. with a max. at 70.degree.. and a release of
volatiles rich in other terpenes. including sesquiterpenes, was
assocd. with a max. at 80.degree.. When the needle moisture
decreased, the max. sesquiterpene releasc was obsd. at
66-68.degrec.. Terpenes constituted .gtoreq.90% of the volatiles
released, and monoterpenes constituted 65-85% of all terpenes. Of
the monoterpenes released 15 compds. were identified, with
.alpha.-pinene being the main one; of the 28 substances of cedar
volatiles 23 were identified. The volatile substances released are
not self-combustible but may be ignited easily. Their accumulation
in young plantings may greatly increase fire hazards in forests.
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Plant Physiol. (1971) 48, 50 52

Identification and Quantitative Analysis of the Volatile
Substances Emitted by Maturing Cotton in the Field

Received for publication December 3

A. C. THompPsoN,! D. N. Baker,* R. C. GUELDNER," AND P. A, Hepix'
Agricultural Research Service, Stare College, Mississippi 39762

ABSTRACT

When atmosphere from cotton plants (Gossypinm hirsutum
L., var. Deltapine Smoothleaf) was condensed by passing it
over the expansion coil of an air conditioner and three l-hour
collections per day (early morning, noon, and latc afternoon)
were made, the total essential oils were found to consist of 50
to 609 pg-bisabolol (I 1660) and ~-bisabolene (I 1550) and
30 10 409 geraniol (1. 1250), myrienal (1. 1328), nerolidol
(Ix 1520), and 3-caryophyllene oxide (Ix 1590). As the plant
matured, trans-2-hexanol was produced in concentrations of
7 to 27%. Before fruiting, g-bisabolel made up as much as
609% of the total essential oil transpired by the plants, and as
the concentration of S-bisabolol increased, that of 4-bisabolene
decreased,.
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Planta (1981) 152:565 -570

David T. Tingey', Rosemary Evans?, and Marcia Gumpertz?2

' U.S. Environmental Protection Agency and
* Northrop Services. Inc.. 200 S.W. 35th Street, Corvallis. OR 97330, USA

Abstract. Live-oak plants (Quercus virginiana Mill.)
were subjected to various levels of CQ,, water stress
or photosynthetic photon flux density to test the hy-
pothesis that isoprene biosynthesis occurred only
under conditions of restricted CO, availability.
Isoprene emission increases as the ambient CO; con-
centration decreased. independent of the amount of
time that plants had photosynthesized at ambient
CO;, levels. When plants were water-stressed over a
4-d period photosynthesis and leaf conductance de-
creased 98 and 94%. respectively, while isoprene emis-
sions remained constant. Significant isoprene emis-
sions occurred when plants were saturated with CO,,
i.e., below the light compensation level for net photo-
synthesis (100 pmol m~2s™!). Isoprene emission rates
increased with photosynthetic photon flux density and
at 25 and 50 ymol m~2? s~! were 7 and 18 times
greater than emissions in the dark. These data indicate
that isoprene is a normal plant metabolite and not
- as has been suggested — formed exclusively in re-
sponse to restricted CO, or various stresses.

Key words: Carbon dioxide and isoprene emission
- Isoprene - Light and isoprene emission — Quercus
- Water stress.

Planta

¢ Springer-Verlug 1981

Effects of environmental conditions on isoprene emission from live oak
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112 DAVID T. TINGEY ET AL. Physiol. Plant. 47: 112-118. 197

The Influence of Light and Temperature on Isoprene Emission Rates from Live Oak

By
DAVID T. TINGEY, MARYBETH MANNING, LOUIS C. GROTHAUS and WALTER F. BURNS
U.S. Environmental Protection Agency and Northrop Services, Inc., 200 S.W. 35th Street, Corvallis, Oregon 97330
{Received 12 March, 1979; revised 5 June, 1979) )

Abstract

There is a growing awareness of the role of vegetation as a source
of reactive hydrocarbons that may serve as photochemical oxidant
precursors. A study was designed to assess independently the
influence of variable light and temperature on isoprene emissions
from live oak (Quercus virginiana Mill.). Plants were conditioned in
a growth chamber and then transferred to an environmentally
controlled gas-exchange chamber. Samples of the chamber at-
mosphere were collected; isoprene was concentrated cryogenically
and measured by gas chromatography. A logistic function was used
to model isoprene emission rates. Under regimes of low tem-
perawre (20°C) or darkness, isoprene emissions were lowest. With
increasing temperature or light intensity, the rate of isoprene
emission increased, reaching maxima at 800 4E m™3 s~! and 40~
44°C, respectively. Higher temperatures caused a large decrease in
emissions. Since the emissions of isoprene were light-saturated at
moderate intensities, temperature appeared to be the main factor
controlling emissions during most of the day. Carbon lost through
isoprene emissions accounted for 0.1 1o 2% of the carbon fixed
during photosynthesis depending on light intensity and tem-
perature. -

Key words: Quercus virginiana — isoprene — hydrocarbon
emission.
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Influence of Light and Temperature on Monoterpene Emission
Rates from Slash Pine

Received for publication September 17, 1979 and in revised form December 26, 1979

Davip T. TINGEY. MARYBETH MANNING, Louis C. GROTHAUS, AND WALTER F. BURNS
United States Environmental Protection Agency and Northrop Services Incorporated. 200 S. W. 35th Streer,
Corvallis, Oregon 97330

ABSTRACT

There is a growing awareness of vegetation's role as a source of
| patentally reactive hydrocarbons that may serve as photochemicsl oxidant
\ precursors This study assessed the influence of light and temperature,
i ndependently, on monoterpene emissions {rom slash pine (Pinas elliotii

Fugelm.). Plants were preconditioned in 2 growth chamber, then trans-
‘ ferred to an environmentally controlled gas exchange chamber. Samples of

ihe chamber aimosphere were collected: the movnoterpenes were concen-
‘ wated cryogenically and measured by gas chromatography. Five monoter-

pencs (a-pinene. S-pinene, myrcene, limonene, and S-phellandrene) were
‘ pre<ent in the vapor phase surrounding the plants in sufficient quantity for

reliable measurement. Light did not directly influence monoterpene emis-
sion rates since the emissions were similar in both the dark and at various
tight imensities. Monoterpene emission rates increased exponentially with
| temperature {i.e. emissions depend on temperature in a log-linear manner).
the cummed emissions of the five monoterpenes ranged from 3 to 21
micragrams C per gram dry weight per hour as temperature was increased
from 20 to 46 C. Initially, emission rates from heat-stresced needles were
similar to healthy needles, but rates decreased 11% per day. Daily carbon
foss through monoterpene emissions accounted for approximately 0.4% of
the carbon fixed during photosynthesis.
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HEADSPACE VOLATILES OF WHOLE PLANTS AND MACERATED
PLANT PARTS OF BRASSICA AND SINAPIS

LARS TOLLSTEN and GUNNAR BERGSTROM

Department of Chemical Ecology, University of Géteborg, Box 33031.'S-400 33 Géteborg. Sweden
{Received in revised form January 1988)

Key Word Index—Brassica napus. B. campestris, B, cerinata, B. juncea. B. mgra, Sinapis alba; Cruciferac.
adsorption; GC/MS; plant volatiles; macerated buds; macerated leaves.

ct—Headspace volatiles collected from six Crucifer species of the two genera Brassica and Sinapis were
grestigated by GC/MS. A total of 34 compounds were identified from both whole plants and macerated plant parts.
rpical cell-degradation compounds including alcohols, aldehydes and glucosinolate breakdown products were
~marily found in macerate samples, while terpenes were detected almost exclusively in whole plants. Macerated buds
rally contained higher amounts of nitriles and isothiocyanates than did macerated leaves. Several compounds
were identified have, to our knowledge, not been previously reported in Brassica and Sinapis.
RS
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Impact of Natural Hydrocarbons on Hydroxyl and Peroxy Radicais

at a Remote Site

M. TRAINER,! E. Y. HSiE! S. A. MCKEEN,! R. TaLLAMRAIU, ! D. D. ParrisH,}? F. C. FEHSENFELD, AND S. C.

Aeronomy Laborarory, National Oceanic and Atmospheric Admunistration, Environmental Research Laboratories, Bouider, Coiorado

The impact of non-methane hydrocarbons of natural and anthropogenic origin on the photochemisiry
of the nonurban lower atmosphere has been studied using a photochemicai model with detaiied piane-
tary boundary layer transport. The research was undertaken to evaluate the increase in peroxy radicai
concentrations due to hydrocarbon oxidation and their contribution to observed imbalances in the NO,,
O, photostationary state (Parrish et al., 1986a). The results show that these hydrocarbons, ai con-
centrations observed in the aimosphere, reduce the hydroxyl radical concentration in clean air and
increase the peroxy radical concentration to levels that are necaed to explain the observed imbalance in
the photostationary state. For the conditions simulaied here, natural hydrocarbons are the prninaipal
coatributors (o the increase in the peroxy radical concentration at jow NO, mixing rauvos. Al higher
NO, levels the anthropogenic hydrocarbons thal scale with NO, gain in imponance. Modet ssmulauons
that include the hydrocarbons reproduce the observed dependence of ilic ORENLTAIION Of OZORS OF
vanous NO, concentrations.
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0,. CO. HYDROCARBONS AND DIMETHYL SULFIDE OVER
THE WESTERN ATLANTIC OCEAN

CHarLES C. Van Vaun and MesacHeM Luria®

Air Quality Group, GMCC. Air Resources Laboratory Natenal Oceanic and Atmosphernic
Adminisiration. Boulder. CO RO303 U'S A

(First recenned 2 Ociober 1986 and in fing! jorm 13 Juh 1987)

Abstract - The concentrations of O, CO. dimethy] sulfide (DS and hight hadrocarbons (C.-C,) were
measured from an instrumented aircraft during February-Apni 1985, near the U.S East Coast and 1n the
vicimty of Bermuda as part of the Western Atlanuic Ocean Experniment t(WATOX) Samphing fhights were
performed within the boundary layertBLyand n the frec troposphere tF T at both locations Photochemical
generation of O, 1n polluted air parcels transported from the continent within the BL was identified as the
probable source of excess O, tup to 30 ppbv above background! Comvectine hfung of boundary layer air
carned pollutants into the free troposphere The concentrations of HC compounds in air sampled near
Bermuda had a sigmificant inverse relation 10 air mass transport ume from the conunent. The BL
concentrations of the more reacive HCs tethvlene. propane. propylene. normal- and isobutane) dechned
faster than the less reactine HCs {acetylene and cthane) and were found to be proporuional to ar mass
transport time over the ocean DMS was detected. with few exceptions. only within the BL at both sampling
locauons The average concentrations in the BL samples collected near the US East Coast and in the
vicimty of Bermuda were 27 and 53 pptyv In all samples taken in the BL the DMS concentration decreased
sharply as a funcuon of altitude

Kev word mdev: Non-methane hydrocarbons, ozone. carbon monoude. dimethy | sulfide. boundary layer
transport
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A Physical Model of the Bidirectional Reflectance of Vegetation Canopies
1. Theory

MICHEL M. VERSTRAETE!

Office for tnterdisciplinans Earth Studics, Univeran Corporation for Atmaospheric Research. Boulder, Colorado

BtRNARD PINTY® AxD RoBERT E. DickINSON
National Center for Atmospheric Research. Boulder, Colorado

An analytical expression for the bidirectional reflectance field of a vegetation canopy is derived from
phisical and geometrical considerations of the transfer of radiation through a porous medium. The
reflectance pattern is shown to depend exphcitly on the optical properties of the scatterers (for
example. leaves). and on the structural parameters of the canopy. such as the statistical distribution
of the orientation of these scatterers. the leaf area density, the size of the scatterers and their
interspacing. This theory provides a simple and accurate way to understand the anisotropy of the
radiation field over a vegetated surface. It can be useful for modeling applications (for example. the
albedo is a by-product which can be numencally estimated). as well as for extracting some of the
structural and physical properties of the surfsce. These apphcations are discussed in the accompany-
tng paper (Pinty et al.. this issue).
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The Application of Forest Classification from Landsat
asis for Natural Hydrocarbon Emission

DataasaB

Estimation and Photochemical Oxidant Model

Simulations in Southeastern Virginia

John Salop Gerald F. Levy

Virginia State Air Pollution Controf Board Old Dominion University

N. T. Wakelyn Elizabeth M. Middleton, Janette C. Gervin
Langley Research Center Eastern Regional Remote Sensing Applications Center

National Aeronautics and

Space Administration National Aeronautics and Space Administration

The possidble coniribution by natural hydrocarbon emissions ta tha
total ozone budgat recorded in the Tidewater region of southeastem

Virginla during the height of the summer period was examined. Natural

sources investigated were limited to the primary HC emitters and most

prevaient naturai vegetation, the forests. Three (orest types and thelr

areal coversge were determined for Region Vi of the Virginla State

Air Pollution Control Board using remotety sensed data from Landsat,

a NASA experimental earth resources satelite. Emission factors

appropriate 1o the specific types {conlferous 0.24 X 10'3, mixed 0.83

¥ 10%3, deciduous 1.92 X 103 ug/h), derived from contemporary

procedures, were applied 10 produce an overall regional emission rate

of 2.79 X 103 ug/h for natural non-methans hydeocarbons (NMHC).

This rate was usad with astimates of tha anthropogenic NO, and.
NMHMC lnading, as Input into a photochemical box model-Additional

HC ioading on the order of that estimated to be produced by the

natural forest communities was required In order 10 reach certain

measured RETIMEr peak 020ne levels as the compuler simulation was

unabie to account for these measured episodic levels on the basis

of the anthropogenic inventory slone.
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THE PRINCIPAL SCHEME OF PHOTOSYNTHETIC CARBON CONVERSION IN CELLS OF
ISOPRENERELEASING PLANTS
University of Stockholm, Sweden, August 5-11, 1889

G. A. Sanadze
Problem Research laboratory of Photosynthesis, Tbilisi State
University, Tbilisi, USSR

The interest to the study of biochemical mechanisms of the free isoprene
formation in the photosynthetic conversion of carbon srose immedistely after
the discovery of the photobiological phenomenon named “isoprene effect® IE
(1-6). The first reports on the essential difference between the biochemical
pathways of carbohydrates end isoprene formation at photosynthesis were
obtained at the initial stages of the investigation of this phenomenon (7).
The evidence of this difference gradually increased and by the end of
sixties a hypothesis has been formulated that in isoprenereleasing plents
beside the known ribulosebisphosphatecarboxylase ~ oxygenase RUBP-C/0
another system of primary cerboxilation must work, which somehow leads to
the formation of acetyl CoA (3, 4). This hypothesis has been further
ascertained by the study of the discribution of carbon atoms in an isoprene
molecule assimilated at photosynthesis (8, 9), the action of protein
synthesis inhibitors upon the photochemical activity, photosynthesis and
isoprene effect in protoplasts and isolated chloroplasts (10), the degree of
localisation of isoprene biosynthesis in chloroplasts (i1), the dependence

of isoprene formation rate on the partial pressure of O, snd CO, in the sir
(12, 13), the extent of the dependence of IE upon temperature (5, 14, 15}

etc.

On the other hand, the evidence havs gradually been accumulated indicating
that IE like photosynthetic carbon reduction is closely connected with
chloroplast functioning (I, 4-6, 14-16), and in 1982 it was shown that
isolated poplar chloroplasts are capable of isoprene photobiosynthesis (17).

Thus, the available information points to the capacity of chloroplests to
synthesize free isoprene and on the other hand to the essential difference
between the pathways conversion of carbon assimilated from CO, in
Benson-Canvin reaction cycles (BC) and IE.

In the present work an attempt has been made to find out the differencs
between the pathways of carbon conversion in the chain of the above
mentioned reactions by means of D,L-glyceraldehyde(GA), recommended by
Stocks and Walker (18, 19) as a specific inhibitor of dark reactions of
photosynthesis, particularly in BC reaction cycle. The authors have shown

M. Balischeffsky (ed.), Current Research in Photosynthesis, Vol. IV, 231-237.
© 1990 Kluwer Academic Publishers. Printed in the Netherlands.
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Journal of Atmosphenic Chemustry 2 (1985), 377-385. (116777648 15
o 1SS by DL Rewdel Publishing Company.,

Surface Ozone Measurements in the
Venezuelan Tropical Savannah

FUGENIO SANHUEZA
IVIC. Apto 1827, Caraces 10104, Venezuela

KATHLEEIN H. OCTAVIO and ALFONSO ARROCHA
INTEVEP, SA Aptdo. 76343, Caracas 1070A. Venezuela

(Received: 4 October 1984 in revised form® 6 March 1985)

Abstract. A one-year set of surface ozone measurements in a four-station network located in the
Venczuelan savannah is reported. The diurnal ozone vanation 1s typical of continental stations with
a mavimum n the afternoon. when vertical turbulent mixing is strongest. The annual O, average
concentration, based on the monthly averages of daily maxima. was 17 : 2 ppb. which is in good
agreement with values reported for similar latitudes. The boundarv-laver ozone levels did not fall
below 8 ppb. in contrast with previous sporadic measurements made in tropical latitudes. No evidence
was found that mesoscale O, downdrafts in the ITCZ in the South American continent are an impor-
tant source of surface ozone. Finally, it is suggested that the relatively high ozone levels observed at
the end of the dry scason are probably of photochemical origin.

Key words. Tropospheric ozone, ozone in the tropical savannah. background ozone in Venezuela.
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AN CAl113(6):45504k

TI Terpenes in the atmosphere

AU Sasai, Haruo; Satsumabayashi, Hikaru: Ueda, Hiromasa

CS  Naganoken Eisei Kogai Kenkyusho

LO Nagano, Japan

SO  Nagano-ken Eisei Kogai Kenkyusho Kenkyu Hokoku, 11, 12-15

SC 59-2 (Air Pollution and Industrial Hygiene)

SX 11

DT J

CO NKEHDL

IS 0387-9070

PY 1988

LA Japan

AB The atm. concas. of terpenes mcasured in the residential areas of
Nagano City, Japan, in the summer of 1984 showed that the isoprenc
concn. was higher during the day and the monoterpene concn. was
higher at night. From the relations between the terpene concn.
ratios and atm. oxidant concn., the prodn. rate of .alpha.-pinene at
night was detd. to be of the same order of magnitude as that of
isoprene. but 6-fold that of .beta.-pinene. Based on the terpene-O3

reactions, the prodn. rate of terpenes was higher during the day
than at night, with isoprene and .alpha.-pinene daytime prodn. rates
of 2.39 and 0.56 .mu.g/m3-h, resp.

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



API PUBL*309 92 EE 0732290 D529849 LUt IN

United States

Environmental Sciences Research
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Research Triangle Park NC 27711

Research and Development

EPA-600/583-82-010 June 1982

Project Summary

Measurement of Loblolly Pine
Terpene Emissions

R. L. Seila, R. R. Arnts, R. L. Kuntz, F. L. Mowry, K. R. Knoerr, and A. C.

Dudgeon
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A new method for quantifying bio-
genic hydrocarbon emission rates
without disturbing the vegetation is
presented. An energy balance/Bow-
en ratio approach was used to esti-
mate fluxes of a-pinene from meas-
urements of net radiation and vertical
gradients of a-pinene, temperature,
and water vapor above a loblolly pine
forest canopy. The mean flux for 20
determinations ranging from 19 to 84
ug/m2/min was 41 ug/m2/min. This
method was compared to an enclo-
sure method, in which foliage is en-
closed with a Teflon bag for emission
rate determinations. For this compari-
son, the energy balance/Bowen ratio
flux values were converted to emis-
sion rate units of ug a-pinene/g dry
needle mass/hr using site-specific
biomass factors. Seventeen enclosure
method determinations from mature
loblolly pine trees yielded a median
value of 4.7 ug/g/hr over a range of
1.2 to 32 ug/g/hr. While both methods
displayed relatively high variances,
the variance of the enclosure method
was considerably higher than that of
the energy balance/Bowen ratio

method. There was no statistically sig-
nificant difference between the re-
sults of the two methods.

This Project Summary was devel-
oped by EPA’s Environmental Sci-
ences Research Laboratory, Research
Triangle Park, NC. to announce key
findings of the research profect that is
fully documented in a separate report
of the same title (see Project Report
o’defing informainot for Resale ack)-
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AN  CA99(6):42697g
TI Ambient concentrations of hydrocarbons from conifers in atmospheric
gases and aerosol particles measured in Soviet Georgia
AU  Shaw, Robert W., Jr.; Crittenden, Alden L.; Stevens, Robert K.;
Cronn, Dagmar Rais; Titov, Vitali S.
CS  Environ. Sci. Res. Lab., US Environ. Protec. Agency
LO Rescarch Triangle Park, NC 27711, USA
SO  Environ. Sci. Technol., 17(7), 389-95
SC 59-2 (Air Pollution and Industrial Hygiene)
DT J
CO ESTHAG
IS 0013-936X
PY 1983
LA Eng
OS CJACS
AB A l-mo field siudy was performed in the mouniains of the Georgian
USSR in July, 1979, to study the properties of aerosols in a
relatively clean environment contg. naturally emitted hydrocarbons,
in this case, terpenes from evergreen forests. Gas chromatog. anal.
of gaseous hydrocarbons and mass spectrometric anal. of aerosol
particles were performed. Terpenes were present in the gas phase at
an estd. av. concn. of 40 ppb C. The estd. upper limits of terpenes
and their reaction products found in aerosol particles were of the
order of 1% of the corresponding gas-phase terpene concns. The
amts. of natural org. materials were much smaller than amts. of
sulfate in the aerosol particles and were relatively insignificant
with respect to visibility.
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A COMPUTER SYSTEM TO CALCULATE BIOGENIC EMISSIONS
VOLUME I: TECHNICAL ASPECTS

by -
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Computer Sciences Corporation
P.0. Box 12767 .
Research Triangle Park, NC 27709

Project Officer
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ABSTRACT

To assess the contribution of anthropogenic (man-made) hydrocarbons
to air pollution, the contribution of biogenic (naturally occurring)
hydrocarbons must be known. The Biogenic Emissions Software System (BESS)
was developed to generate biogenic emissions inventories for important
plant species and emission species throughout large-scale gridded regions.
A need exists for such a comprehensive system, because discrepancies have

— 7 occurred between measured ambient levels of biogenic hydrocarbons and
levels predicted by earlier models (Zimmerman, 1979a).

BESS was designed with two goals in mind: (a) produce a biogenic
emissions inventory compatible with the anthropogenic hydrocarbon emissions
inventory for the Regional Oxidant Model (ROM), thus providing a means
for determining whether biogenic emissions are significantly contributing
to ozone formation, and (b) provide a generalized framework for building
gridded biogenic inventories of other types for a variety of applications.

The system performs the following functions.

e Generates hourly gridded emissions compatible with the ROM
(a) for a variable number of hydrocarbon emission species;
(b) from a variable number of plant species, leaf litter,
and surface waters;
(c) for any latitude/longitude-based grid system.
e Applies temporal variations to emission factors on a diurnal
and/or seasonal basis.
e Incorporates variations in temperature and solar radiation into
emission factors.
e Provides spatial resolution compatible with the ROM
e Allows for future modification of emission factors to incorporate
submodel calculations, including leaf temperature, foliar
density, soil types, moisture availability, and disease
prevalence.
Provides summary reports of emissions by grid cell, county,
U.S. Forest Service region, and state.

BESS is designed as a series of processor modules; each processor
performs a separate calculation. - The system's modular design will
facilitate future changes in the software.

Vo]ume I of this report describes the calculations on which the
system is based and the preparation of data sources. Volume Il contains
the functional requirements of each software processor module.

This report was submitted in partial fulfillment of contract number
GSA-IAG DW930026-01-01 (Task B64A) by Computer Sciences Corporation, under
the sponsorship of the U.S. Environmental Protection Agency. This report
describes work completed as of June, 1986.
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CA108(22):190258;
Measurements of atmospheric hydrocarbons and biogenic emission
fluxes in the Amazon boundary layer

Zimmemman, P. R.; Greenberg, J. P.; Westberg, C. E.

Natl. Cent. Atmos. Res.

Boulder, CO, USA

J. Geophys. Res., D:  Awmos., 93(D2), 1407-16
53-10 (Mineralogical and Geological Chemistry)

J

JGRDE3

1988

Eng
Tropospheric mixing ratios of CH<, C2-10 hydrocarbons, and CO were
measured over the Amazon tropical forest ncar Manaus, Amasonas,
Brazil. in July and August 1985. The mcasurcments, consisting

mostly of altitude profiles of these gases, were all made within the
atm. boundary layer .lioreq.1000 m above ground ievel. Dala
characterize the diumal hydrocarbon compn. of the boundany layer in
this tropical forest arca. Biogenic cmissions of isoprenc control
hydroxvl radical concns. over the forest.  Biogenic cmisston fluxes
of isoprene and terpenes are cstd. to be 25.000 .mu.g/m2/day and
5600 .mu.m/m2/day, resp. This isoprene cmission is equiv. 0 2% of
thc net primary productivity of the tropical forest. Atm. oxidn. of
biogenic 1soprenc and terpene cmissions from the Amazon forest may
account for daily increases of 8-13 ppb for CO in the planetary
boundary layer.
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AN CA96(2):14807n

TI Quantitation of biogenic hydrocarbon emissions
AU  Zimmerman, Patrick; Moore, Barry

CS Nail. Cent. Atmos. Res.

LO Boulder, CO, USA

SO CHON Photochem. Troposphere, Notes Collog.. Issue NCAR/CQ-7+1980-ASP
. 88-90. Natl. Cent. Atmos. Res.: Boulder. Colo.

SC  80-6 (Organic Analytical Chemistry)

SX 9,53

DT C

CO 46RKA7

PY 1980

LA Eng

AB A sampling method is described for gas chromatog. quantitation of
volatile hydrocarbon emission rate from all biol. sources. The area
of soil, water, or vegetation of intercst is enclosed in a small bag
and samples are taken immediately (as background) and after a short
interval (perhaps 5 min). Diln. of a known vol. of an appropriate
std. gives the sampling vol. Samples are pumped into 4-L stainless
steel vessels to approx. 15 psig, and are analyzed by gas chromatog.
with flame ionization detection. Resulis are expressed as .mu.g m-2
h-1 or as .mu.g (leaf biomass)-1 h-1, as appropriate.
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ATMOSPHERIC PHOTOCHEMICAL REACTIVITY OF MONOTERPENE HYDROCARBONS
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In recent years numerous studies have been conducted to define hydrocarbon reactivity

under conditions of atmospheric photochemical oxidation]'4.

Generally, these studies

have concentrated on the lower molecular weight hydrocarbons (<C10) which arise primarily
from ‘sources associated with the internal combustion engine. In contrast to this area

which has been extensively researched, a second, but little investigated group of hydrocarbons
in the atmosphere are the volatile terpene emissions from plants. Several monoterpene
hydrocarbons have been shown to exist in the atmosphere and published estimates of these
emissions on a global basis indicate that this source is responsible for millions of

tons annua]]ys’s.

The fate of these natural hydrocarbons remains essentially undetermined
and, except for a few individual compounds, the atmospheric photochemical reactivity
of volatile terpenes has not been studied.

In conjunction with dn overall program of identification and quantification of volatile
organic compounds in non-urban environments we have examined the reactivity of a number
of monoterpene hydrocarbons that are known or expected to be present in ambient forest
air. The hemiterpene isoprene was also included since it has recently been shown to be
emitted by several species of plants 7. Qur study has focused on the reactivity of terpenes
in the presence of nitrogen oxides and light consisting of wavelengths characteristic of
natural sunlight. In terms of techniques and apparatus, the experimental procedure has
been patterned after that employed for the determination of hydrocarbon reactivity in urban
areas. A major experimental difference, of course, is the necessity of employing much
Tower concentrations of terpenic hydrocarbons and nitrogen oxides in order to simulate
the atmospheric photochemical reactions in unpolluted non-urban air. Studies in this laboratory
indicate that on an individual basis, monoterpene hydrocarbon concentrations are at most

in the low ppb ranges. Nitrogen oxides are believed to be present in concentrations of
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AN CA89(6):46733g .
Tl Measurement of terpenes and other organics in an Adirondack Mountain
pine forest
AU  Whitby, Robert A.; Coffey, Peter E.
CS New York State Dep. Environ. Conserv.
LO Albany, N. Y., USA
SO J. Geophys. Res., 82(37), 5928-34
SC  53-10 (Mineralogical and Geological Chemistry)
DT J
CO JGREA2
IS  0022-1406
PY 1977
LA Eng
AB The total terpene concn. beneath the canopy of an eastern US
coniferous forest was of the order of 50 .mu.g/m3. Similar
mecasurements within the forest but outside the canopy was 3-32
.mu.g/m3. Two samples collected at a mountain summit above the tree
line contained 7 and 27 .mu.g/m3 total terpenes. Downwind from the
coniferous forest in an area of deciduous vegetation, the mean
morming total terpene level was 4 and increased to 11 .mu.g/m3
during the afternoon. Unidentified species, primarily in the C5-C9
range, were obsd. in total concns. which averaged approx. twice the
sample total terpene value. A concn. range of §8-130 .mu.g/m3 for
C5-C10 ors. was found in rural atm. in the Adirondack Mountain
region of New York State. The majority of obsd. orgs. are of
natural origin.
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AN  CA92(2):9278d

TI Infrared absorption bands of .alpha.- and .beia.-pinenes in the 8-14
.mu.m atmospheric window region

AU  Wilson, H. William

CS  Chem. Dep., West. Washington Univ.

LO Bellingham, WA 98225, USA

SO Appl. Opt, 18(20), 3434-7

SC 53-10 (Mineralogical and Geological Chemistry)

DT ]

CO APOPAI

IS 0003-6935

PY 1979

LA Eng

AB  There are bands in the 8-14 .mu. atm. window region of the gas phase
IR spectra of .alpha.- and .beta.-pinencs that are intense enough 10
allow theor. the naturally occurring terpenes to be detd. in the 100
ppb/vol. level at 1 km path lengths. Because of the broadness of
the bands, and the relatively inicnse aim. background ai their
frequencies of 786.5 and 880 cm-1, practical concn. limits for the
use of the bands are probably not better than .apprx.1-10 ppm/vol.
Both type C bands have 4 cm-1 Q branches which fall a1 frequencies
that are essentially free of any major aim. fine-structure bands.
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ABSTRACT

A aajor uscertainty iz presant emiesica iaveateries for Califorzia’s
urban airsheds is the lack of dasts coacerning reactive organics (R0G) from
vegecatioa; the contribution of such salssions to formation of photochesical
air pollazicn has been tha subject of counsiderable contzoversy. In patticu:
lac, an experimentally decersined, “airshed-specific” estiasce of such ealse
sions has 00C been svallable for the California South Coast Alr Basic (CSCAB)
3s an loput to the Basin‘s Aiz Quality Manageaeut Plan.

Ia order to acquire the oecessary data for the CSCAB, we desigaed ané
{aplapanted 3 three-tiered, scratified, random sampling approach, which could
e applied to other airsheds as well. This approach involved: (a) quantiza~
tive assessments of the ares coverage of vegecation in racdomly selected
sasple aress vichia the CSCAB utdas arfes, using & coablnscion of high alcitude
(NASA 0~2) snd low alticude, high resolutios, color iafrared flasgery; (b)
field dezarainstions of the dlstridbution and green leaf aass of the trees,
shrudbs and ground covers found {a the selected sample areas; and (c) expari-

. santal measursmants of emlssion rates of isoprens and momotearpenss froa the

most sbundant aatutal and orasasatal species found in the CSCAB. Frow these
coordiuated studiss ssveral sigaificast data bases were geaerated which were
aot pnvzoully nuhuo. These include:
toad rates of emission of isoprene and 3on0-

urnn: iet wts ;hn 60 plaat apecies indigencus to Southern California.

e The first detailed sutvey of vegetation species composition and dize
tridbuslion 1n the urban portice of ths Los Angeles Basin.

« Developwent of lesf aass constants for ~50 of the species idenczified

‘ia the sgudy aresa.

s Acquisition of lov altitude, high resolutionm color iafrared ilzagesy
for 20 randomly selected aress of che B:sin,

¢ Escimactes of toral gTeen lesf wmass and total percent cover by vegeza-
tice in che study azes.

Using cthese data, estiaazes of !-.huon stTengths of Lsoprene and 2030~
terpenes ware derived for a 2600 ka‘ urban stea, These wete coabiaed with
cesulcs for the native ¢oastal sage and chaparral communicties iz che foozhills
surrounding Los Angeles. The total fven:ory for isoprens sad monoterpenmes
amiteed from vegetation (o the 4300 im* study area during s suamer day raaged
fzom ~25 to ~§0 toas day 2 depending upon the specific daca 2aalysis Iap.oy-
ed. The higher walue, #ad & “worst csse” uppar liait of 93 toas day =, were
obtained by assming thst all plants were anitters of both {sopreane and the
a0B0terpenss at levels correspondisg o the detection liaic of our chroma-
tographic rtechaiques. Siuce tha atudy area mo-pn!ed 63.4% of the tozal
anthropogenic ROC enisted {a the Basfa {1693 tons day ' for an average sumser
veekday) these 'lllltl for hydrocarboas eaftted by vegetatioo aay bde compared
S0 ~1200 ctons dsy™ of ROC emitrad from anchropogenic soufces in the sade
avea.

S0 cthat detalled computer modeling of the lapacts of ROC enissions I3
vegecaticn can be made, our emissions inveatory Is asvailasble L2 3 format
consisteat with the grid systea employed for the ealssion iavestory asseadled
for amthropogenic soutces fa the 1982 AQP for the CSCAE. While detailed
airshed oodeliog was bayond cthe scope of this progras, we have carried out
“ERMA"-type calculations. The ctesults suggest that isoprese and monotespene
erisslons in the CSCAB will contribute uo more than, sad probably auch less
thag, 4 fev tens of a part per billion {ppb) of 0., under condictions vhich
corraspond to the of seversl hundred ppb from anthropogeaic ROG.
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ABSTRACT

An essential database for woodeling photochesical alr pollution ia
California‘s Central Valley i3 a reliable gridded emission inventory for
reactive organic gases (ROG), To date, however, there has been a lack of
quantitative information concerning the amounty of organic gases esitted
froa natural sources, particularly vegetation, in the Sacramento Valley
and San Joaguin Valley Air Basins. To address this need, we have peasured
the rates of eaission of speciated Bydrocarbens fros more than thirty of
the 3ot important (bassd on acreage) agricultural and matural plant types
relevant to California‘y Central Valley.

Thess measuresents esployed flow~through Teflon chamders, 3olid
adsorbent/thernal desorption sample collectlon, and the close coupling of
gas chromatography (GC) and GC-mass apectirometry (GC/WS) for compound
identification and quantitation. Ewmlssion rate protocols wers conducted
in the summers of 1988 and 1589 on plant 3specimens grown at UC Riverside
sccording to standard agricultursl practices. Some four dozen individual
conpounds wers {dentified as emissions from the agricultural and natural
plant spaciss atudied. In addition to isoprene and the monoterpenes,
sesquiterpenes, alcohols, tes, ald y , ethers, esters,
slisnes, alkenes and arcmatics were all cbverved. Daty obtaings in this
study demonstrated agaln that there can ¢ large variations in ezission
rates from & single apecimen of a given plant apecies, as well as froa
sultipls specimens of » cultivar.

Mean esission rates for total monoterpenes ranged from none detacted
1o the case of beans, grapes, rloe and wheat, to a3 high as 25-67 ¢ ne=!
p" for pistachio and tomato. Other agricultural species exhibiting
subatantial rates of emission of womoterpenes included carrot, cottom,
lemon, orange and walnut. All of the agricultursl crops and natural plant
species for which full zaspling protocols were conducted showed total
assigned plant emission (TAPE) rates above the detection limits {n this
study, «ith a range batween 0.1 and 7O g et a". Based on the
measured TAPE rates and avallable acreage data, it appears that ealssions
from tomato, rice, grape, cotton, alfalfa, and irr{gated pasture are
likely to be important components ©f a Central Valley agricultural
emissions {nventory, and that aggregated emissions Ifrom mut and fruit
trees xay also be important.
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CA100(23):188758p

Terpenes emitted from trees
Yatagai. Mitsuyoshi

Forest. For. Prod. Res. Inst.
Ibaraki 305, Japan

Mokuzai Gakkaishi, 30(2), 190-4

11-1 (Plant Biochemistry)

J
MKZGA7

0021-4795
1984
Eng
Monoterpenes in the aum., emitted from 7 Eucalyptus species, were
collected, and the followings were identified: .alpha.-pinene,
.beta.-pinene, sabinene, myrcene, .alpha.-tcrpinenc, limonene,
1,8-cineol, .gamma.-terpinene, ocimene, p-cymeme, and terpinolene.
The concn. of each was in the low ppb range. The relative content
of Eucalyptus monoterpenes obtained by 3 different methods. i.e.,
water distillate, headspace volatiles, and atm. collected near the
trees, were compared. The relations between the concns. of
monoterpenes in the atm. and the hcight above the ground were also
studied. The air of a Pinus thumbergii forest near a well-traveled
road was analyzed for volatiles from exhaust gas from automobiles
and pine terpenes.
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CA108(23):201970p
Terpenes emitted from trees. II. Terpenes in the aitmospheres of
forests
Yatagai, Mitsuyoshi; Ohira, Tatsuro; Unrinin, Genji; Kadir, Azizol
bin Abdul; Hayashi, Yoshicki; Ohara. Seiji
For. For. Prod. Res. Inst.
305, Japan
Mokuzai Gakkaishi, 34(1), 42-7
11-8 (Plant Biochemistry)
33
J
MKZGA7
0021-4795
1988
Eng
Distribution of terpenes in the aimospheres of sugi (Cryptomeria
japonica) and hinoki (Chamaecyparis obtusa) forests were studied.
The largest concn. of .alpha.-pinenc was obsd. on a hillside in the
moming. The 2nd largest was obsd. at the top of a hill, and the
lowest was at the foot of a hill. The concns. of terpenes in sugi
forest covered with snow were 1/3 to 2/3 of those in the fall
season. The terpene concn. in a sugr forest as well as that in a
Japanese red pine (Pinus densiflora) forest were greater than that
in a broadleaved forest. There were small differences in the
terpene concns. between heavilv-thinned and lightly-thinned forests.
The distribution pattern of terpenes in the aim. of a hiba
{Thujopsis dolabrata hondai) forest was very similar 1o those of
sugi and hinoki forests. The concn. of terpecnes in a mill sawing
hiba logs was more than sixty times the greatest concn. in the hiba
forest. There were large differences in the relative concns. of
each component between samples from hiba forest and the mill sawing
hiba logs. Terpenes in the aim. of Picca glehni, Abies
sachalinensis, Picea jezoensis. and Betula platyphyla japonica
forests were studied. The terpencs in the forest air were diffused
by increasing temp. and wind, even a light breeze. The amts. of
terpenes in the atm. of a Larix leptolepis forest were small in the
early morning, and there was little difference in concns. among the
components. In the late moming. the concns. of terpenes increased
and the differences in the concms. of individual components were
marked.
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AN  CA97(20):168094k

TI Volatile organic material of plant origin in the atmosphere

AU  Yokouchi, Yoko; Ambe, Yoshinari

CS  Chem. Phys. Div., Natl. Inst. Environ. Stud.

LO Tsukuba 305, Japan

SO  Kokuritsu Kogai Kenkyusho Kenkyu Hokoku, 36, 89-94

SC  59-2 (Air Pollution and Industrial Hygiene)

DT J

CO KKOKDD

PY 1982

LA Japan

AB The monoterpene concns. in the atm. were measured at Lake Mashu.
Yaku Island and Kurobe. The biogenic hydrocarbon contribution to
the ambient nonmethane hydrocarbon concn. was discussed.
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pactors Affecting the Emission of Monoterpenes from Red Pine
(Pinus densiflora)

Received for publication September 22, 1983 and in revised form March 28, 1984

YOKO YOKOUCHI* AND YOSHINAR! AMBE

The Division of Chemistry and Physics, National Institute for Environmental Studies,
Yatabe, Ibaraki 305, Japan

ABSTRACT

The mechanism of monoterpene emission from Pinus densiflora was
ied using an environmentally controlled gas cabinet. It was found

{ monoterpene emission rate increases exponentially with temperature

s also influenced by light. These observations were explained res-
pasbly by 2 mechanism whereby monoterpene emission rate depends on
@ monoterpene amount in the leaf oil and its saturated vapor pressure.
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 93, NO. D4, PAGES 3751-3759. APRIL 20. 1983

in an Agricultural Area in Summertime

YOKO YOKOUCHI AND YOSHINARI AMBE
Division of Chemistry and Physics, National Institute for Environmental Studies, Tsukuba, Ibaraki, Japan

Diurnal variations of isoprene and monoterpenes in the atmosphere were precisely measured at an
interval of 1-2 hours in the rainy season and in fine midsummer in an agricultural area in Japan. It was
observed that the mixing ratio of isoprene was much larger in fine daytime than in nighttime or in cloudy
daytime; in contrast, a higher mixing ratio of monoterpenes was usually observed in nighttime. In fine
midsummer the concentration of atmospheric isoprene increased gradually after midnight, reaching its
maximum late in the afternoon, and decreased rapidly after sunset. The significant difference between
atmospheric isoprene and monoterpenes was explained by suggesting that isoprene emission is more
strongly affected by temperature and/or solar radiation.

Diurnal Variations of Atmospheric Isoprene and Monoterpene Hydrocarbons
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TI The relationship of the monoterpene composition in the atmosphere,
the foliar emission gas and the leaf oil of Pinus densiflora

AU Yokouchi, Yoko; Ambe, Yoshinari; Fuwa, Keiichiro

CS  Div. Chem. Phys., Natl. Inst. Environ. Stud.

LO  Ibaraki 305, Japan

SO  Chemosphere, 10(2), 209-13

SC 11-13 (Plant Biochemistry)

DT J

CO CMSHAF

IS 0045-6535

PY 1981

LA Eng

AB The emission rate of individual monoterpenes from pine needles was
proportional to the product of the amt. in the leaf oil and the
approx. vapor pressure. The compn. of monoterpenes in the atm. was
consistent with the foliar emission rates with the supposition that

the terpenes emitted into the atm. react with O3 and photochem. with
N oxides.
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CA95(10):85428¢
Determination of monoterpene hydrocarbons in the atmosphere
Yokouchi, Yoko; Fujii, Toshihiro; Ambe, Yoshinari; Fuwa, Keiichiro
Div. Chem. Phys.,, Natl. Inst. Environ. Stud.
Ibaraki 305, Japan
J. Chromatogr., 209(2), 293-8
59-2 (Air Pollution and Industrial Hygiene)
80
J
JOCRAM
0021-9673
1981
Eng
A gas chromatog.-mass spectrometric technique for the anal. of trace

concns. (sub-ppb) of monoterpenes in the air is described. Samples
were collected on Tenax GC adsorbent and thermally desorbed onto the
anal. column for sepn. and detection by seclected ion monitoring.
Expul. results are given for different kinds of forests in the

Tsukuba district of Japan. The diurnal variation of the monoterpene
concn. in the atm. was also measured in a pine forest.
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SHORT COMMUNICATION

SEMI-VOLATILE ALDEHYDES AS PREDOMINANT ORGANIC GASES IN
REMOTE AREAS

Yoko YokoucH:, HitosH Mukal, Kazu Nakansa® and YosHINART AMBE

Division of Chemistry and Physics, National Institute for Environmental Studies. 16-2. Onogawa, Tsukuba.
Ibaraki 305. Japan and *Iriomote Nauonal Park Office, 55, Tonoshiro. Ishigaki, Okinawa 907, Japan

(First receivred 7 4pril 1989 und 1n final form 13 Sepiember 1989)

Abstract—The atmospheric organics in two remote islands and 1n an inland local city in Japan were
measured. and it was found that semi-volaule aldehydes (Cs—C,,) are present ubiquitously The mixing
ratios of these aldehydes often amounted to a ppb(10~°) level, and nonanal {CyH, {O) was always the most
abundant of them. These aldehydes were considered to be naturally-denived.

Key word index: Aldehydes, nonanal, atmosphere, analysis.
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AN CA98(7):50291q
TI The atmospheric chemistry of volatile terpenoids of plant origin
: AU  Yokouchi, Yoko; Ambe. Yoshinari
} : CS Div. Chem. Phys., Natl. Inst. Environ. Stud.

. LO Yatabe 306, Japan

SO  Chikyu Kagaku (Nippon Chikyu Kagakkai), 16(1), 30-41

, SC  11-0 (Plant Biochemistry)
l SX 59
DT J

CO CKNKDM
IS 0386-4073
PY 1982

LA Japan ‘ ‘
AB A review with 42 refs. discussing the emission rate, concn. in the

atm.. reactivities, and impact on air quality of volatile terpenoids
of plant origin.
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AN CA104(6):38927m

TI Plant-origin organic matter in atmosphere

AU Yokouchi, Yoko: Yasube, Yoshiya: Fujii, Toshihiro; Mukai, Hitoshi

CS  Natil. Inst. Environ. Stud.

LO  Yatabe, Japan

SO  Kokuritsu Kogai Kenkyusho Kenkyu Hokoku, 58, 30-8

SC 59-2 (Air Pollution and Industrial Hygiene)

DT J

CO KKOKDD

PY 1984

LA Japan

AB The background levels of monoterpene hydrocarbons (e.g..
.alpha.-pinene  [80-56-8]) and pinonic aldehyde [2704-78-1] in air
in Japan were detd. by gas chromatog.-mass spectrometry.
Sesquiterpenes, n-alkanes, and other common org. componenis of plant
origin were also found.
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levels? US controversy on possible role of vegctation in
photochemical smog formation

AU  Zanneui, Paolo

CS  Aecro Vironment Inc.

LO Pasadena, CA, USA

SO  Inquinamento, 22(10), 91-2

SC  59-0 (Air Pollution and Industrial Hygienc)

DT J
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IS 0001-4982

PY 1980

LA Thal

AB A review with 5 refs,

TI Can biogenic emissions of natural hydrocarbons affect urban ozone
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NATURAL SOURCES OF OZONE IN HOUSTON:
NATURAL ORGANICS

Patrick Zimmerman

National Center for Atmospheric Research
P. 0. Box 3000

Boulder, Colorado

As part of the 1978 Houston study & concurrent experimental program was
conducted in order to provide data which would allow estimates of the
enission rates of biogenic hydrocarbons into the Houston air mass. The
program included direct measurements of the emission rates of hydrocarbons
from selected vegetation, soil and leaflitter and from fresh and saltwater
surfaces. Ambient air grab samples were collected in the vicinity of
many of the biogenic emission sources.

Emission rates from the vegetation sampled were similar to those made
previously in Tampa, Florida and in North Carolina. Although the emission
rates measured indicate that vegetation in the Houston area emits a
substantial amount of reactive hydrocarbons, the grab samples of ambient
air indicate that ambient concentrations of biogenic ozone precursers

are present at very low concentrations. Reasons for the.low concentrations
of biogenic hydrocarbons in ambient air and the oxidant potential of

these biogenic hydrocarbons are discussed.
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AN CA98(18):148807n

TI Testing of hydrocarbon emissions from vegctaiion and methodology for
compiling biogenic emission inventories

AU  Zimmemman, Patrick R.

CS Natl. Cent. Atmos. Res.

LO Boulder, CO 80303, USA

SO  Awmos. Biog. Hydrocarbons, Volume 1, 15-33. Edited by: Bufalini,

Joseph J.; Arnts, Robert R. Ann Arbor Sci.: Ann Arbor, Mich.

SC 59-1 (Air Pollution and Industrial Hygiene)

SX 80

DT C

CO 49LLAZ

PY 1981

LA Eng

AB  The results of several studies conducted to test a new sampling
methodol. for biogenic hydrocarbons are discussed. Results obtained
from the new sampling were similar 1o thosc obtained from enclosure
and other type studies. Computer models werc used to store the daia
obtained and develop biogenic hydrocarbon emission inventories for
large areas. In addn., a characterization of future biogenic
hydrocarbon research is presented.
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ESTIMATES ON THE PRODUCTION OF CO AND H, FROM THE
OXIDATION OF HYDROCARBON EMISSIONS FROM VEGETATION
Pairick R. Zimmerman®, Robert B. Chatfield?. Jack Fishman?, Paul ). Cruzen®, and Phillip L. Hanst*
‘Engineering Research., Washingion State University, Pullman, WA 99163
2 Atmospheric Science, Colorade State University, Ft. Collins, CO 80523
3National Center for Atmospheric Research, Boulder, CO 80307
‘Environmental Protection Agency, Research Triangle Park, NC 27711

s{ract

Extrapolating from extensive field measurements on foliar emissions in
the U.S. we arrive at approximate global inputs of isoprenc and terpenes of
3.5 x 10" and 4.8 X 10' g(C)yr respectively. The oxidation of these
hydrocarbons could contnbute in an imponant way to the atmospheric
sources of CO (4.2 = 13.3 x 10* g/yr) and H, (10 — 35 % 10" gfyr), and
10 organic species soluble 1n rainwater.
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