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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 U " G  TO MEET THE DUTIES OFEMPLOm, MANUFAC- 
TURERS, OR SUPPLIERS To WARN AND PROPERLY TRAIN AND EQUIP THEIR 
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY 
RISKS AND PRECAUTIONS, NOR UNDERTmG THEIR OBLIGATIONS UNDER 
LOCAL, STATE, OR FEDERAL LAWS. 
NOTHING CONTAINED IN ANY API PUBLICATION IS To BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATZON OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PAmNT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINSTLIABIL- 
lTY FOR INFRINGEMEN" OF LETTERS P A m .  
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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 weil 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 methad 
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 determineù 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 also 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 îhe 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 fiom current studies must provide the basis for the details of the design of a 
comprehensive biogenic hydmcarbon research program. 
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1.0 LITERATURE COMPILATION 

1 .O 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 remaioder of th is  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: LITERA"UR€i 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 j o d s  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; Amts 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 nonenclosure 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 uncerîainties involved in making emission rate 
and emission flux measurements. 

1.3.1 Vegetation Species. Identified Compounds. an dEmi ss ion Rates 

The enclosure method of sampling is quite useful for surveying a large number of 
species and i d e n m g  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-ne. Table 1.1 fiom 
a review by Singh and Zimmerman (1990) gives a long list of VOC's emitted from Merent 
species of vegetation. Emissions of isoprene and terpenes from specific forest species in the 
southeastern U.S. compiled in preparation for îhe Southeast oxidant Study are listed in Table 
1.2. These two lists demonstrate the complexity of natural VûC 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 Tamp 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 Joaqujn 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. 
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Table 1.1. Organics in Volatile Emissions of Arboreous Plants 

3 

Ampound 

3opylene 
3utylene 
Soprene 
3ydrocarbon Cg10 
!-Methylbutane 
!,3-Deiiethyl 
iutadiene 
3ydrocarbon CgH12 
Fiydrocarbon CgHlo 
Methanol 
Ethanol 
3-Hexene-1-01 
Ropanal 
[sobutanal 
crotonal 
Isobutenal 
AUtUllC 

Butanone-2 
Methyl vinyl. ketone 
Pentanone-2 
Pentanone-3 
Furan 
2-Methyl furan 
%Methyl furan 
Ethyl furan 
Vinyl furan 
Ethyl acetate 
3-Hexene-1-01 acetati 
Methyl (a-methyl) 
b u m  
Methyl (a-methyl) 
capmnoiate 
Methvl chioride 

'lant species# 

I ,9 
.-12,15,16 
,l -4)* * ,5- 17 
I ,2,5-9,13-15' 
1-8,12 

!,13,14 
3 $9 
1,6,11,16 
15 

1,2,5*,7,8 
3-5,10,12-15 

1 

5 
16 
17 
1-4,9,7 
1-17 
8,13- 15 
294 
6,8,15 
5,7-10,15,16 
6 
1-5,12,13 
1-5,12,13 
1,2,4,8 

1,4-8 
i?2,4*8 
14** 

14 
14-16 

bmpund 

5hloroform 
h e t h y l  sulphide 
tantene 
3yclofenchene 
$ordene 
:ficyclene 
i-Thujene 
i-Pinene 

i -Fenchene 
: -Fenchene 
L -Fenchene 
3 -Fenchene 
kmphene 

Sabinene 
>Pinene 
M p n e  
3-Carene 
~1 -Pheilandrene 
B -Phellandrene 
CI -Terpinene 
ß -Terpinene 
y -Tapinene 
Limonene 
Terpinolene 

knchone 
ïñujone . 
Camphor 

1,8-Cineol 

PCymene 
Menthane 

.6 

.5 
I,11 
b10,15 
I- 17 
r,8*,9-10 ?,lo, 13-17 
3,(7,8,11,12,14)* 
'9,10,13,15,17) * * , 16 

2,12 
7-17 
7-10,12 

j,10,12 

3,(7,9,10,12)*,*(8,11)** 

12,13,15,17 ,( 14,16) * 
13-17 

3,7-11,15 
7-13,14*,15-17 
7*,8-10,12-15,16*, 17 
3,8-11 
8-1 1,14 
8-10,17 
3,8-10,13- 15 
9.1 3-1 5,17 
3,7- 17 
9-17 
3,8,14 
16* 
16** 
8 

7-17 

#1. Bay-ieavedwillow; 2. Aspen; 3. Balsam poplar; 4. European oak; 5. European birch; 
6. Sorb; 7. Eutopean larch; 8. European e, 9. Scots pine; 10. Siberian pine; 11. Silver fx; 
12. Common juniper, 13. Zeravshan juniF, 14. Pend &, 15, Evergreen cypress; 16. 
Nwthern white &, 17. Chinese arbor vitae (one asterisk refers to an important V K  
component and two asterisks nfcr to the dominant VOC component). 

Source: Isidom et ai. (1985) 
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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 &id ti!:F?z:j I'cr 
those that have beeastudued. Most rates of emission are expressed as micrograms of carbon emitted per gam dry *geipkr Q I  led 
rissue per hour (set Uniu). Thus isoprene emissioninpg/h meampg of carbon, not isoprene (for isoprene a!d tcr?enes. 
carbon accounts for about 88% of the molecular weight). 

Specìes Isoptme Terpene Units Sample Reference C o m e n  rs 
.Misnon cmitnan size 

Ab& 
(Fae t  fir) 

. + . Ramussen, i972 

0.0 35 ' A 
0.0 24 A 
o 21 A .  

9 Timmermanq1979 
9 Zimmennann,1979 
1 LambetaL1984 

Acer t u b m  
(red maple) 

E& deghentenRS 
(yellow birch) 

3 Eransetaì,1982 - . + 
I 

Benda aiyu 
(river birch) 

cqyius cml t r fmro 
(American hoxnbeam) 

o 9.4 A 
433 A - 

0.0 -0.4 A 
04 42 A 

C q a  giabm 
(pignut hickory) 

Caya Ufttoensìs 
ípefan) 

O 3.6 A 2 Lambetaf9i984 day, 25.0°c, c 

Caya o v a  
(shagbark hickory) 

Caryatonnentas4 * 

hockernur hickory) 

emu canadensis 
(eastern redbud) 

comtu /zu& 
(flowering dogwood) 

O 7.a A 1 Lambetaî., 1984 day, 77.S3C, c 

Diospyros vtgtriOna 
(common persimmon) 

0.0 0.0 A 17 Zimmermann.1979 
0.0 0.0 A 17 Zimmennam.1979 

day, a 
night, b 
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Table 1.2 (Continued) 

w A 1 Lamb ec uf., 1984 Fagus grmdifofia 
(.-encan beech) 

O 

Frainus americana 
(amencan ash) 

0.0 0.0 . A 1 Zimmermann,1979 
0.0 0.0 A ’  1 Zimmexmann,W9 

Frminrrr c a r o m a  
(Carolina ash) 

Ftutinuspennsy(vcvrica 
(green ash) 

0.0 . .o.o A 3 ’ Zimmermann, 1979 
0.0 0.0 A 3 Zimmermann-1979 

Ilex crusine 
(dahoon holly) 

Ilex coriacea 
(sweet gallberry) 

J m  sìücicola 
(southern redcedar) 

h @ e m  WginiMa 
(eastern redcedar) 

85 46.4 

L4 , c. 
,o.u - . ’ 318 

day, a 
nighr, b 
6 reps, 28’C 

day, 23.9’C, c O 27 A 2 Lambet<J,l984 

Magnolia p à i f i r a  
(southern magnoiia) 

MagnoUavtginimta 
(wee tbay) 

A 9 Zirn anI&l979. d a y  
A 9 zimi --,ann,1979 mghr 

O . 63 
0 4.4 

/$sa @a 
(water tupelo) 

day, 23.9Oc, c 1vyJsa syfvat&a 
(blackgum) 

Oxydendnun dorerun 
(sourwood) 

‘o 5.8 

0.0 l.2 
0.0 O8 

Persea borbonio 
(redbay) 

A 2 Zimmennann.1979 . day, a 
A 2 Zimmermann, 1979 night. b 

Picea rubens 
(red spruce) 

Rasmussen, ì 9 Z  c + 
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Polur ciauta 
(sand pine) 

Pvius edrha& 
(Sliortteaf pine) 

pinuseuiotil 
(siash pine) 

pinuspClh&S 
(longieaf pine) 

PUluJrigida 
(pitch pine) 

fi lu JtrobtK 
(eastern white pine) 

pinus aedo 
(loblolly pine) 9 

~ V i r g v r M S o  (m pine) 

Q~ernu atba 
(white oak) 

. Quernucocctiea 
(scarier oak) 

Quernu /&a& 
(southem red o&) 

Quorcut gerntrau 
(saub  Live oak) 

Qiternu ¿nema 
( b i u e j d  oak) 

Q u e m  h v ¿ s  

P U B L X 3 0 9  92 W 0732290 0529b5b T L 4  m 

o 

o 

o 

- 
o 

O 

O 
O 

o - . . 
O 

45s 

+++ 

416 

1 2 4  

43.9 . 
0.0 

23.4 

6 
Table 1.2 (Continued) 

U6 A 4 Z i m m e n n q  1979 
8.1 A 4 ZimmermaM.1979 

+ .  

6 4  A 
3 3  A 16 
22 A 16 

5.9 A 2 8 .  
4.l A 28: 

10.7 K 1 

88 A 6 
20 B 1 

3.7 . A 
.L2 A 5 
35 B 1 

2580 C 18 

72. A 1 

Rasmussen, l972 

Lamb et al., U84 day, 23.9"C 

Lamb ef d- i984 &y, 24.4OC 
Rasmussen, i97î 7 reps, XOC 

\ 

Amts et d., i978 
Knoppe1 et d., i982 
RarmussM, ia 7 reps, ~ I O C  
Arntsetd.,wa met me&od 

reps on 1 [ r e  

o A 1 . Lambetd.,l984 day, 3U0C 

A 1 Lambetd.,i984 day, 26.9,C 

A 1 Lambefd.,1984 day, 25.0°C o 

O3 A 7 Zimmermann. 1979 day, a 
O3 A 7 Zimmermann,1979 nigh, b 
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(rurkey oak) 

Q u e m  Imuifoüa 
I (laurel o&) 

Quercus nigra 
(water oak) 

@enUr pheuos 
(wiuow oak) 

QUercujpWniia 
(runner oak) 

API PUBLX309 92 0732290 0.529657 950 

Table 1.2 (Continued) 

Qu-- 
(liveoak) . 

Rhpophwcr magie 
(red mangrove) 

Sabaipuinzef& 
(cabbage palmetto) 

S&camuniana 
(Carolina wiiiow) 

Sconbuclu simponil 
(elderberry) 

susufia ctlbidum 

0.0 

10.0 
0.0 

0.6 A 7 Zimmermann,i979 

0.2 A 10 Zimmermann, 1979 
0.1 A 12 Zimmermann, 1979 

14.6 o3 A 1 . Zimmermann, 1979. 
0.0 0.1 A 1 h e n n a n n , l 9 7 9  

23.7 0.1 A 3 Z i m m e n n q i 9 7 9  
0.0 0.1 A 3 Zimmermam.1979 

310 0.0 A 1 Zimmermann, 1979 
0.0 0.0 A 1 Zimmemann,i979 

253. 
c 

4u 
9J 
0.0, 

1400 
4 

.. - .. 
4 5 .  
0.0 

K4 
0.0 

O 

' O  

. 
03 
o5 . 

.o06 

.o04 

0.4 
0.0 

19 
0.1 

O 

73 

.. . 

A 

A 
A 
A 
C 
C 

A 
A 

A 
A 

A 
A 

A 

A 

1 

la 
21 

16 
16 

u 
13 

7 
8 

5 

1 

Lamb et aiy 1984 

T i e y  et cil, 1979 
ZimmermaM,l979 ' 

Zimmermann, 1979 
T i e y  et d ,  1981 
Tingey et d, 1981 

Zimmermaan, 1979 
Zimmermann, 1979 

Zimmermann, 1979 

Lamb et d., 1984 
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Table 1.2 (Continued) 

85 A 20 Zimmermann 1979 
5.9 A 20 Zimmermann, 1979 

8 

Tmga ccm4doxtit O u A 2 . Lambetd.,.l984 day, 19.4OC 
( w e m  hemlack) 

utnurmeiicana 0.0 0.0 A 1 Zimmermann,i979 Qy, a 
(American elm) 0.0 0.0 A 1 Zimmermanqi979 ni&[. b 

y&: A 1 g (g dry weight) 'lh: O'; B - ppb min -'(g fresh weight) -'liter O'; C - p g m -2 h -1 

Comments a, corrected to 30°C; b, conected to VC; c, total hydrocarbons, mostly monoterpenes; -, not measured; 7 ~ 

signilicant &on but not quantified; O, emidon was very 10% 0.0, emisions were undereaabie despite high sensi tiviry o i  !5: - 
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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 pipentone 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 oil from new growth is initially almost 
all myrcene with no detectable oxygenated species, but the myrcene content decreases rapidly 
with time. 

For isoprene emitting hardwds, 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 OC 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 kom 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 loo0 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 domínate 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 OC. 

Ohta (1984) identified cis-1-hexen-1-01 (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 OC. 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. Hexend has also been reported by a 
number of other researchers as a significant emission from grasses and craps (Winer et al., 
1989; Lwande and Bemtley, 1987). 
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Thompson et d.(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, fnuts, 
and monocotyledonous plants. A total of 34 volatile compounds, including a number of sulfur 
and nitmgen-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-1-01, trans-hex-2-enal, and cis-hex-3-en-1-y1 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 hydroarbon in human breath. The emission rate was estimated as 2 to 4 mg/day. 
This extrapolates to less than .o01 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 E l  

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 cornpared 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 materiai through photosynthesis. This claim has not been substantiated in 
other studies. 

Sanahe (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 Fali (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 02; 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 Co;! 
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 C e  increased 
from 0.4% at 20 OC to 8.4% at 42.5 OC. For comparison, in a global emission inventory of 
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isoprene, Zimmern& 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 inventory 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 prduct 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 CO2 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 C@ 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, Co2 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 h e y  et al. (1991) described previously for orange trees in 
blossom. Dilts et al. (1990) recently found significant changes in emissions over the mwse 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 &ta 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 patameters. 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 d e  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 dab 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 cumposition 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 VûC CONCENTRATION MEASUREMENTS 

Efforts to identi@ the dominate VOC emissions by investigating d i d  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 emitteâ 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 patteni 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 áaytime 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 aná 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 maximurn 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 paralleled 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 inventones have been developed by Zimmerman (1979a) for Tampa Bay, 
FL, by Winer et al. (1983) for the Los Angeles basin, by Mop 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. (WO), and Turner et al. (1991). These global estimates use 
griddeù 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, 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



A P I  PUBL*309 92 0732290 0529664 O90 

14 

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 ali of the studies except the site specific 
work by Flyclct 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 dxive 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 reporteci. 

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 hydrocahons with photochemicai oxidants and to 
investigate the products of the oxidation reactions. The rate constants continue to be refined 
and infomation 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 hydmcarbons 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 appenáix. 

‘ 

Atkinson (1990) presented a comprehensive review of the gas phase chemistry of 
tropospheric organics. For isoprene, oxidation by hydroxyl radid 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 vinyl ketone are 
calculateá 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 methyl 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%), C02(30*2%), HCH0(22kl%), and 
the aldehydes(51%): pinonaldehyde and nor-pinonaldehyde. The reaction products of beta- 
pinene with ozone were C02(2722%), HCH0(76&2%), and 6,ó- 
dimethylbicyclo[3.1.1]heptan-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 
13.8fi0.8% 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.l]heptan-2-one(79~8%) and HCHO (54L5%). 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/NQ and 
beta-pinene in the presence of SO2 alone. In the latter case, oxidation rates of SO2 were in 
the range 6 to 15% after four hours, and greater oxidation of SO2 occurred with low relative 
humidity levels. Nopinone was identified as the dominate volatile terpene oxidation product. 
Adding N@ 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 S R  than in 
the case without NOZ. 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 14C 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 ai. (1990) measured methacrolein 
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(MAC) and methyl k y l  ketone (MVK) concentrations at California forests including 
California live oak (Quercus agrifolia) and sycamore (Platanus racemosa), eucalytptus groves, 
and groves of ‘&te paims (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 NO, 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 priod. 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 hycírochons 
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 buniulg. The results 
show that the forest was a source of fine particles produced by gas-to-particle conversion and 
by mechanical processes. HaZf 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 m&hg studies related to biogenic hydrocart>ons. In the latest version of the 
carbon bond mechanism (CB-N), 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 aikenes, 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 ais0 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 nual 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 ab 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 parbcular 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 ai. (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/NO,, and the background concentrations of 
biogenic VOC's, CO, and CHq 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, Ne, PAN, "03, and NO3- (particulate nitrate). 
The shortfall of odd nitrogen was defmed 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 Lunnann 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 proñle 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 vertid 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 GUMS 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 SOW-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 pend 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, 1W2. 

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 
datively 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 SJVAQS/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 craps. Winer et al. (1 989) recently completed a comprehensive survey of 
emissions from crops and natural vegetation in the San Joaquin valley. These data and results 
from additional measurements wil l  be used as the basis for a gridded emission inventory of 
emissions being developed by the Desert Research Institute @RI) 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 meteorologicai 
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 hydmcarbon" categories more specifically. Results from the ROSE sampling program 
will be used along with the laboratory measurements by Guenther et ai. (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 LITEIUTURE 

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 stil l  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 severaí 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 centrai emission inventory model being used for owne 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 óeiig developed as part of the Lake Michigan Oxidant Study (LMOS, Heiler et 
ai., 1990) and as part of the San Joaquin Valley study (SVJAQS/AUSPEX, Ranzieri et al., 
1990). In Europe, the NAPAP inventory methods are also being used as a starting poht 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 Tamp 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 modeYleaf 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 ai. (1991) describe, other hydnxarbons 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 ail 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 parafñns 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 /W 
High Isoprene O. 88 O. 15 O. 79 15.8 

Low Isoprene O. 73 0.07 O. 64 7.74 

Non Isoprene O. 77 o. 12 O. 65 1 .% 

Coniferous O. 74 O. 25 O. 36 4.26 

* olefins besides isoprene and se1ect.d terpenes 

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

In spite of the identifications reported by Zimmernan, 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 ñrst chapter, 
severai 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 
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usable emission fingerprints for íarge 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) com'pred 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 OC 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 Tgíyr 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 ushg 
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 model 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/m2/s light 
intensities. In the WSU inventory the curve for 400 uE/m2/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 fiom these data represented shaded conditions. As a result, Lamb et al. assumed 
that the mean emission rate factors corresponded to the 400 uE/mZ/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. 
Vaiidation 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 smali number of measurements 
were used to calculate total hydmcarbon 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 procedm (a fore-runner to the current PC-BEIS 
system). The result is that the uncerîainties in the emission rates and in the composition of 
emissions from agriculturai crops are extremely iarge. 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 compsitions 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 craps include a significant fraction of isoprene. In addition, the emission rate 
measurements from Gaiifornia 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 canqy 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 baiance 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, îhe model duplicated the observed profile to within 1 to 2 OC during the midday and 
nighttime perioós, but the differences between model and measurements was 3 to 4 OC during 
the transition periods from day to night and night 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 
actuaíly 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 th is  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 inventov. 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 specifj 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 sou~ces 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 
deriveù 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 
vaìidation of the o v e d  inventory procedure is also missing. Direct validation of an inventory 
requires a method which relates measured ambient concentrations of isoprene and the terjmes 
to predicted emission rates for a region. Martin et ai. (1992) have compared emission fluxes 
obîained using an atmospheric tracer method with emission fluxes estimated ushg îhe 
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 tenàency 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 scaie. 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 

k e y  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 is 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 COZ. Close control to maintain specific levels of 
moisture or C e  is not u d .  Guenther et al (1991) found weak dependence of isoprene 
emissions upon humidity and CO2 levels, but the importance of these parameters upon terpene 
emissions is not well esîablished. k e y  et al (1991a) did not describe methods used to monitor 
leaf or enclosure temperaîures 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 (O900, 
1030, 1200, 1330, and 1430 PDT) from as many as three different plants while the O900, 
1200, and 1430 samples were collected from the same plant. This is a reasonable survey 
approach which attempts to address both dimal 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 descriM 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 al l  of the Species at night would provide 
a wider temperature range and dso test for any anomalous behavior in agnculturat crops. It 
should also be noted that Steinbrecher (Fraunhofer-Institut Fur Atmospharische 
Umweltforschung, IF'U, personal communication, 1991) has recently found a weak light 
dependence of terpene emissions from spruce. Further work is needed to c~rroborate this 
finding and to look for similar behavior in other species. 

The adsorbent tube samples were analyzed using a combination of W/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, although 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-1-01, 3-hexenylacetate, and others, were also measured and described in a seprate 
p p e ~  (key  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/W (ug/g/W 

Alfalfa 0.26 0.01 17 O. 155 

Cotton O. 74 O. 24 0.0528 

Sorghum O. 07 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 describeù by 
Arey et al. (1991a) should be conducted in different regions of the country covering the 
domhant U.S. crops. 

Enders et al. (1991) have recently described the overall approach and preliminary 
results from a iarge 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 emissioddeposition rates and ambient 
concentrations, studies of emission mechanisms, comp+son 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 dependkg upon conditions. 
A significant aspect of this range of values is the effect of the d i d  stratification pattern 
which was observed within the forest canopy where daytime stable and nighttime unstable 
temperature gradients occur within the forest canopy. 

2.4 

1. 

2. 

3. 

4. 

5. 

ATMOSPHERIC CHEMISTRY 

Biogenic hydrocarbons contribute to atmospheric chemistry in the following ways: 

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

Oxidation of the monoterpenes produces aerosols which affect visibility. 

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

Biogenic hydrocarbons can influence atmospheric OH levels directly andor 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. 

Organic nittates (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 lacob 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 (30 
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 s o m  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 ai. (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 annualiy 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 Hatakyama et al. CO 
production estimate is highly uncertain. The primary cause of uncertainty relates to the polar 
nature of the highly oxygenated intermediite 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 Hatibyama is futile. It provides a base on which future studies can build. 

KO& and Co-workers (1 990) have conducted laboratory studies to help better 
understand the mechanism of terpene degradation in the presence of Se, NO;! and 03. The 
concentrations employed in this ìaboratory 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 
iittle insight into reaction mechanisms. However, some information about the oxidation 
mechanism was achieved by manipulating the presence/absence of H20 and NCQ. 
Examination of the reaction kinetics and inorganic product yields appears to confirm that I) 
NO3 is a more reactive oxidant than O3 and 2) water scavenges the initial O3-terpne 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/chard) precluded analysis for highly oxygenated products. 
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The Kotzias et ai. work indicates that the nighttime oxidations of terpenes may assist in 
the conversion of SO2 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 
SO2-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-hear process which depends on hydrocarbon structure, 
HC/NOx ratio, sunlight intensity, plus other physical parameters. The reaction of ozone with 
biogenic hydrccarbons 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 quanti@. It does 
appear that a larger fraction of the oxidized hydracarbon 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 quanti@ 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) -- 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 C@ 
controlled at levels equivalent to ambient conditions. Whole air-GC/FìD methods are 
recommended for hydroarbon 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 blimptype sampling 
platforms were suggested for this airbme 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) AtmosDheric chemistrv -- 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 C e  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, d e d  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 soas 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: 

O Emission rate measurements 

O Emission rate mechanisms and models 

8 Emission inventones 

O Ambient concentration measurements 

8 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 Josquin Valley Air Quaiity 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 pian described. 
Consequently, the research plan outlined in this report wiil 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 quantiîatively 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 hydmcarbons, 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 andor 
detailed emission inventories must be compiled for use in air quality models. To address the 
third requirement, a combination of smog chamber stuáies 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 genera2 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 
identie 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 vegetation types according to region, land area, and, probably, by some 
measure of regional ozone potential. Identi@ vegetation types where accurate and 
complete emission rate data are already available and those where no or littie information 
exists. 

3. Conduct regional emission rate surveys of the dominant vegetation types with an emphasis 
upon accurate emission rate measurements, identification of aU of the emitted compounds, 
and collection of peripheral vegetation and environmental data. These supporting data 
should include leaf temperature, photosynthetidly 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 identifj seasonal effects. 

4. Correlate measured emission rates with respect to measured environmental data within and 
across regions and examine the data for diunial 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 controlled 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 îhat 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. 

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. 

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

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 maiel 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 hcluding 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 specisling 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: 

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. 

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. 

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

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

Validate existing and new emission inventory systems using ambient hydrocarbon 
concentration measurements. This will require use of a difision 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 andor atmospheric tracer flux studies. 

This last task and îhe 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 
accompfished in order to have confidence in the use of the inventory and ultimately in ozone 
control strategies. 

3.6 AMBIENT MEASUREMEWS 

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 
detaiíeú 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. Tis 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, identif&le 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 hydracarbon 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 andor 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 dehed. The kinetics of methacrolein and methylvinylketone reactions with 
hydroxyl and ozone have been characterized, but the product &*stxibution 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 NO, levels. At higher 
NOx concentrations (ppb range) NO will be converted to NO;! Ma reaction with organoperoxy 
radicals. This process contributes to a build up of ozone and is expected to lead to the 
hydroxycarbonyl and nitrate products mentioned earlier. At relatively low NOx levels (ppt 
range) radical-radicai reactions will become competitive and the peroxy radical derivative of 
methacrolein and methylvinylketone may yield organic acids and organic hydroperoxides. 

Ambient measurement campaigns have confirmed the presence of WAN, 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 ( 5  days) and should serve as an indicator of isoprene oxidation. As 
indicated in Figure 3.1, Stage II oxidation products (Le. methylglyoxyl, hydroxacetaidehyde, 
etc.) can react further to produce more highly oxidized species such as pyruvic acid. Gaseous 
pyruvic acid has been measured in nual 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 (25961, 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 NOx levels are relatively 
high. Under low NOx 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 radid produced when methacrolein reacts with 
hydroxyl radicai is unclear. This is especially true under conditions of low NO,. 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 radicai 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 (03P). 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). 

CH2 = C(CH3) - CH-O-O + H20 CH2 = C(CH3) - CHO + 20H (1) 

Earlier studies had assumed that the reaction between the Criegee biradial and water would 
produce an organic acid, which in the case of Reaction 1 would be methacrylic acid. 
Laboratory studies that will d e h e  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 jxmrly understd. The isoprene-NO3 reaction is fast; however, it may not serve as a major 
atmospheric sink for isoprene. NO3 is 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 Monotemene 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 Ce. 
In general, defining the pathways by which monoterpenes degrade in the atmosphere is much 
more difficult than for isoprene. With the lo-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 identi5 
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 Cio 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 NO,. 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 o v e d  beta-pinene oxidation mechanism. 
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CA I O1 (15): 126902t 
Application of atmospheric tracer techniques for determining 

biogenic hydrocarbon fluxes from an oak forest 
Allwine, G.: Lamb, B.; Westberg. H. 
Coil. Eng., Washington State Univ. 

From: Gov. Rep. Announce. Index (U. S.) 1984, 84(11), 12 
1 1- I (Plant Biochemistry) 

The results of an SF6 tracer release procedure to quant. det. the 
isoprene emission flux for an isolated oak forest in Goidendale. 
Washington, are presented. 
development to effectively deploy tracer relcasc sites within the 
forested area IO simulate the natural vegeiation release. 
downwind sample coilection program was dcsigned io evaluate several 

math. approaches to calc. isoprene emission flux. 
presented indicate good comparability between the math. models and a 
bag enclosure technique which was also used for isoprene emission 

flux measurement. 

The papcr presents exptl. design 

The 

The results 
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AN INITIAL GLOBAL INVENTORY OF BIOGENIC VOC 

EMISSIONS FROH TERRESTRIAL SOURCES 

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

Department o f  Civil il Environmental Engineering 
Uashington State University 

Pullman, UA 99164-2910 

Submitted to 

Journal of Global Biogeochemical Cycles 

March 14, 1991 

Abstract 

lhe elements needed to construct a global emission inventory of 

hydrocarbons released from vegetation are available in the form o f  

gridded climatic temperatures, gridded land use classifications, a range 

o f  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 o f  biogenic isoprene and terpenes for global terrestrial 

sources. 

In the initial inventory estimates, the global total emissions o f  

isoprene are estimated to be more than 400 Tg/yr. Global emissions o f  

alpha-pinene are estimated to be 38 Tglyr 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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A f m p k r i c  t i c i r o n m n f  Vol. 17. So, II. pp. 2131-2165. 1983 
Printed In Great Bncun. 

ooo5-6081 83 LJ.00 t 0.00 
Pergamon P m  Lid. 

REVIEW NATURAL VOLATILE ORGANIC SUBSTANCES 
AND THEIR EFFECT ON AIR QUALITY IN THE 

UNITED STATES 
A. P. ALTSHULLER 

Environmental Sciences Rtwrch Laboratory, Off ia  of Research and Development. C.S. Environmental 
Protection Agency, Research Triangle Park, NC 277 Il, U.S.A. 

(First receiced 18 October 1982; in revisedform 6 April 1983 and received for publuarion 12 .May 1983) 

Abstract-The literature on sources, emission rates. emission inventories, ambient air concentrations. 
lifetimes and reaction products of natural volatile organic compounds has been reviewed. Rektionships 
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 
aerosols in ambient air. 
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CA109(4):26891k 
Enhanced biogenic emissions of nitric oxide and nitrous oxide 
following surface biomass burning 
Anderson, Iris C.; Levine. Joel S.;  Poth. Mark A.; Riggan, Philip J .  

Langley Res. Cent., NASA 
Hampton. VA, üSA 
J. Geophys. Res., D: Atmos., 93(D4), 3893-8 

59-2 (Air Pollution and Industrial Hygiene) 
J 
JGRDW 

1988 
Eng 

Recent measurements indicate significantly enhanced biogenic soil 
emissions of NO and N 2 0  following surface burning. These enhanced 
fluxes persisted for at least 6 mo following the bum. Simultaneous 
measurements indicate enhanced levels of exchangeable YH4+ in the 

soil following the burn. 
instantaneous source of NO and N20 resulting horn high-remp. 
combusrion. Biomass burning also results in significantly enhanced 
biogenic emissions of these gases, which persisr for months 

Biomass burning is known to be an 

following he bum. 
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Rioted rn Glu1 Bnmn 

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

JANET AREY,* STEPHANIE B. CORCHNOY and ROGER ATKINSON 
Statewide Air Pollution Rcsearch Center. University of California. Riverside, CA 92521. U.SA 

(First recei+ 8 August 1990 and in fiml form 24 Septewber 1990) 

Absrnet-Emission measurements made over 5 month period of a Valencia orange tree showed ihe 
significant emission of the terpenoid linalool (C,oH,aO) from Valencia orange blossoms. Thc average 
annual emission rate of thisolinda Valencia orange derived from emission measurements which include the 
blossoming season is a factor of -10 higher than the average annual emissions rate derived from 
measurements taken outside of the blossom ScISon. Ambient monoterpene and linalool conantrations were 
masumi in Rimside. California. in the spring and supported the chamber plant emissions data, with 
linalool conantrations as high as i7  pgm” king observed in an orange grove. These results show that 
ament biogenic emission inventoria which arc formulated from limited survey data, generally not 
including seasonal variations in the vegetative emissions, can be subject to large unartainties. 

Key word index: Linalool. biogenic cmissionz. tcrpcnes. non-methane bydrocarbons. 
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0001-6'981 U1 0 9 I b i 3 4 9  $02.000 
Pergamon Prcrr Lid 

BIOGENIC HYDROCARBON CONTRIBUTION TO THE 
AMBIENT AIR OF SELECTED AREAS 

ROBERT R. Amrs and SARAH A. MEEKS 
U.S. Environmental Protection Agency. Research Tnangle Park. .i C 27711. U.S.A. 

(Received in final form 28 Januar! 198 i )  

Abstract-In response to suggestions that biogenic emissions are responsible for high hydrocarbon 
concentrations described in several reports, a short-term sampling program *as initiated in the reported 
areas 10 1st  this hypothesis. Limited numbers of whole-air samples were collected in Tedlar bags and 
analyzed by gas chromatography (GC) with Rame ionkation detection. Tulsa air was found to contain an 
average of 0.2"/.oprene of the total nonmethane hydrocarbon (TNMHC) load. Rio Blanco County. 
Colorado. and Smoky Mountain air. respectively, averaged about I ",and3 ",biogenic hydrocarbon of the 
toial nonmethane hydrocarbon loads. Isoprene appears to be a dominant olefin in rural and remote arcas. 
Although the tests were of short duration, rcsulis suggest monoierpcna and isoprene constitute only minor 
components in these arcas relative to anthropogenic hydrocarbonr 
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ESTIMATES OF a-PINENE EMISSIONS FROM A LOBLOLLY 
PINE FOREST USING AN ATMOSPHERIC DIFFUSION 

MODEL 

ROBERT R. ARNTS WILLIAM B. PETERSEN, ROBERT L. SEIU and BRUCE W. GAY, JR. 
Environmental Sciences Research Laboratory, Office of Research and Development, U.S. Environmental 

Protection Agency, Research Triangle Park, NC 27711. U.SA. 

(Firsf received 9 Jury 1981 and infinolform 11 Moceder 1981) 

Abstr8ct-A field study was conducted to estimate the emissions of z-pinene from a pine forest without 
disturbing the vegetation A tracer, sulfur huafluoride, was released from the forest and collcctcd downwind 
in order to define the dispersive characteristics of the atmosphere. Simuitaneousiy. a-pinene concentrations 
were measured both upwind and downwind of the forest. A Gaussian plume dispersion algorithm 
incorporating hydrocarbon lose duc to O3 and OH reaction was used to estimate =-pinene emissions. 
Emission rats ranged from 11 to 19pgm-’min-’ at 37°C. 
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The Effects of Biogenic Hydrocai-bons on the Transformation of N 
Oxides in the Troposphere 

CYNlHIA  s. AlHtKTON A N D  JOYCE E. PENNER 

The reactive odd nitrogen chcmi\ir! i \  euminrd for en\ironment5 both tkpical of the urban 
tropo5pherc and in which biogenic h!drociirbon ernis4on\ are ;íppreciabic. Re\ult\ are prewntrd in 
terms of  a nitrogen shortfall. X NO,. the fraction of  reactive nitrogen present a\  species other than 
NO. SO:. HNO?. NO;. and pero\>acet!l nitrate. In urhrin environments. the calculated nitrk3gr.n 
shortfall i s  0.02-0.33. Both higher initial h'drocarbon concentration5 and higher initial hrdrocarhon- 
to-NO, ratios lead to greater chonfalls. uith ihr latter effect being more imponant. Product3 of 
biogenic hydrocarbon emissions greatl) increase the nilrogen shortfall in urhan air that has aged for 48 
hours. The nitrogen shortfall increaces from 0.25 for a simulation uith background isoprene and pinene 
emissions to 0.45 for a scenario uith high pinene emissions. In addition. two sensitivit) studies uhich 
eumine  the 5tability of nitrate \pecies formed from the biogenic hpdrocarboni are also presented. 
Theie show that for our ccenarios. the .itribilit) of ISON. a species formed during isoprene owda!ion 
siin change ihe calculated nitrogen 5hortfail h) 0.15. However. the stahiiir) of nitrates from the 
reactions of isoprene and pinene uith SO; changes rhe calculated nitrogen shortfall b) only 0.05. 
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REVIEW ARTICLE 

GAS-PHASE TROPOSPHERIC CHEMISTRY OF ORGANIC COMPOUNDS: 
A REVIEW 

ROGER ATKINSON 
Statcwidc Air Pollution Rescarch Center. University of California. Riverside. CA 92521. U.S.A. 

(First receiceti 25 January 1989 and infinoljorm 10 April 1989) 

Aktrott The current knowledge of the pas-phase reactions occurring in ihc troposphcrc lor alkanes. 
alkcnei. alkynca oxypcnatcs and aromatic hydrocarbons and their photooxidation products is revicwcd. 
and a t e a  of unccrtainiy identified. 

Ke? *or¿ index: Tropospheric chemistry. or@nic compounds. gas-phase rcaciions. 
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RATE CONSTANTS FOR THE GAS-PHASE REACTIONS OF 
OH AND NO, RADICALS AND O, WITH SABINENE AXD 

CAMPHENE AT 296 f 2 K 
ROGER ATKINSON,* SARA M. ASCHMANN and JANET AREY 

Statewide Air Pollution Research Center. University of California, Riverside. CA 92521. L' S A 

(First r e t e i d  3 1 July 1989 and in final jorm 17 April 1990) 

Abstract-The rate constants for the p p h a x  reactions of sabinene and camphene. two monoierpcnes 
emitid from vegeiation, with OH and NO, radicals and O, have betn determined at 2 9 6 ~ 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 k(OH+isoprenc)= 1.01 x 10-'ocm3 molecule-' s-]. 
k(NO,+rranr-2-butene)=3.87 x IO-" an' molecule-' I- '  and k(NO3+2-meihyl-2-burene)=9.33 
x lO-"cm' rn~lccule- 's-~.  the following OH and NO, radical reaction raie constants (In an' 
rnolecule-'s-' units) were obtained: OH radical reaction; sabinene, 1 . 1 7 ~  and camphene. 5.33 
x lo-''; NO, radical reaction; sabinene. 1.01 x io-", and camphene. 6.54 x 10-I'. The absolute O, 
reaction rate constants determined were (in cm' molecule-' s-' units): sabinene, 8.07 x IO-'-. and 
camphene. 9.0 x 10- I'. Thex rate constants are compared to literature data for other structural!!-r:lared 
alkenes and monotcrpcnes. 

K e y  word index Camphene, sabinen+ hydroxyl radiai, nitrate radical, ozone. monoterpenes. 
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Isoprene Emissions . .. -. from Vegetation and 
--_. . 

Hydrocarbon Emissions from Bush fires 
in Tropical Australia 

p. AYERS' and R.  W. G I L L E T T  
pjr;s;ori ~~fdtmosphcric Rc>Jearch. CSIRO. Priwre Bag I. .ìfordialk>c: I ïcrorio 31 9.5. .did.sirolid 

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

~ ~ t f t t t .  Information from a variety of sources, including an airborne field expedition in Sowmber 
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 nonh of 23. S the annual bushfires 
Riornas burning) input was estimated. in units of Tg carbon. to be 2 TgC (uncertainty range 0.8-5 
TOC). emitted predominantly during the May to October dryseason. Isoprene emissions during this 
p n o d  were estimated aiso to be 2 TgC (uncertainty range 0.5-8 T'ggC). but were estimated to be an 
order of magnitude higher during the Sovember to April wet season. at a level of 33 TgC (uncertain- 
I) range 6-100 TgC). 

The large annual emission of isoprene over the tropical pan of the Australian continent yields 
p p b ~  levels of isoprene measured at the surface in summenime. Isoprene reactivity with hydroxyl 
radical is such that at these concentrations isoprene must be a dominant factor in controlling the con- 
ccntration of OH radical in the convectire boundary layer. Simple arguments based on the convec- 
tive velocity scale suggest that the shape of the isoprene venical profile in November 1985 would be 
consistent with available data on the OH-isoprene reaction rate if OH concentration in the boundaq 
layer averaged about 2.5 x IO6 cm-? over the middle pan of ihe day. 

l ie)  rods .  Biomass burning. isoprene. hydroxyl radical. 
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A i . ~ , < p k n ~  Ennvmmru V d .  23. No. 5. pp, 903.909. 1999. 
Pnnied in ürui Entria 

, INDIVIDUAL VERSUS AVERAGED ESTIMATES OF 
PARAMETERS USED IN LARGE SCALE EMISSIONS 

INVENTORI ES 

CARMEN M. BENKOVITZ 
Atmospheric Sciences Division, Department of Applied Science. Brookhaven National Laboratory. Upion. 

NY 11973. U.S.A. 

and 

NEAL L. ODEN 
Biomedical and Environmental Assesment Division, Department of Applied Science, Brookhaven 

National Laboratory. Upton. NY 11973, U.S.A. 

(First received 19 October 1987 and injinaljorm 12 Seprember 1988) 

Abstract-Development of emissions inventories lor large geographic areas is currently based on the use of 
'mass balance' equations to estimate the emissions from each source. The general equation used states thai 
the emissions from a particular source Tor a specific pollutant in a specified time frame are equal to ihe 
product oí the activity rate of the soura in the selected time frame. an emission factor. which estimam the 
amount oípoilutant emitted per unit activity, and additional parameters which vary according to the t)pc of 
source whose emissions are being estimated. Values oí the parameters used to estimate emissions are 
estimated in îwo different ways. 'Individual' estimates (an estimate for each source considered) are used for 
certain parameters; for other parameters. such as the emission factor. 'averagd estimates (average values 
obtained by sampling a subset of the sources in a category) are used. The statistiu resulting from the usc of 
these two different mcthodologies a n  quite different. Derivation oí the equations needed to calculate the 
mean square error in each case show that when the sources included in a category are homogcneous. then 
the averaged estimaior may be better than individual estimates for estimaring emissions from a particular 
source. but is worse for estimating sums. A numerical simulation was conducted to demonstrate [hex  
results. An example showing how to account for the cñect oí averaged estimators in a simple assesmeni IS 
also included. 

Key word index: Emissions invcnto;y. uncertainty, averaged parameters. 
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Nonmethane Hydrocarbons in an 
Oceanic Atmosphere 
B. BONSANC and G. L A M B I R T ’  
cc*nnc des Faibles Radioactivités. Dotnaine du CVRS. F-91190 Cif 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- 
ur,d during two oceanographic cruises. in June 1982 in thc Mcditcrranean and Rcd Sea. and in Novem- 
k r  1982 across the North Atlantic and South Pacific oceans. Typical conccntrations in marine auno. 
sphere are between 0.05 and 0.2 ppbv. Owing to their similar lifetimes. propane and radon-’?’ ..-_ are 
found to be well correlated. This relalionship establishes that propane is mainly produced over lands 
3nd enables us to estimate its coniinental source strength at aboui 60 x 1 O ”  tons of carbon p t r  year. 

Key words. Nonmethane hydrocarbons. trace gascs. tropospheric chemistry. radon. 
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Almospherrc Envwonmcnr Vol. 18, No. 12. pp. 2723-2744. 19W 
h n i c d  in Grut Bnuin. 

0 0 0 1 4 9 8 1 . ~  13 M + 0.M) 
Pergrmon P r e s  Ltd. 

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, U.S.A. 

MICHAEL A. OGLIARUSO 
Department of Chemistry, Virginia Polytcchnic Institute and State University, Blacksburg, VA 24061, U.S.A. 

TOMMY R. AUGUSTSSON 
NRC-NASA Research Associate, NASA Langley Research Center, Hampton. VA 23665, U.S.A. 

JOEL S. LEVINE 
NASA Langley Research Center, Hampton, VA 23665, U.S.A. 

Abstract-Achemical mechanism describing theoxidation of isoprene by OH and O, in the troposphere has 
been developcd and incorporated into a onedimensional steady-state photochemical model. Calculations 
have been performed for continental conditionsat two latitudes, 15"N and 45"N. At 4S"N latitude, the effccts 
of anthropogenic hydrocarbon emissions on the vertical profiles of NO, (NOiNO, )  and HN03 
overshadow the effets of isoprene emissions; at ISON, the reduced anthropogenic emissions and the 
increased isoprene emissions produce increases of 26 and 4 %  in the column contents of NO, and "O,, 
respectively. The integrated columns ofCO at 45"N and 1S"N latitude increased by 10 and 31 yw respectively, 
when isoprene chemistry was included, but thesc increases are much smaller than those that would have k n  
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 carbonihain (R > CH,) oxygenated 
organic species. The longer carbonihain alkylhydroperoxides and aikylpcroxyacids appear to be important 
Fra radical sinks in the tropics given the lower NO, concentrations generally found in the tropics. 
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TI Atmospheric Biogenic Hydrocarbons, Vol. 1 : Emissions 
AU 
LO USA 
SO 
SC 59-2 (Air Pollution and Industrial Hygiene) 
sx 53 
DT B 
PY 1981 
LA Eng 
AB Unavailable 

Bufalini, Joseph J.; Amts, Roben R.: Editors 

(Ann Arbor Sci. Publ.: Ann Arbor, Mich.), 181 pp. 

AN CA98( 18): i489771 
TI Atmospheric Biogenic Hydrocarbons, Vol. 2: Ambient Concentraiions 

AU 
LO USA 
SO 
SC 
sx 53 
D T B  
PY 1981 
LA Eng 
AB Unavailable 

and Atmospheric Chem-stry 
Bufalini, Joseph J.; Amts, Roben R.; Editors 

(Ann Arbor Sci. Pubì.: Ann Arbor. Mich.), 230 pp. 
59-2 (Air Pollution and industrial Hygiene) 
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DIURNAL VARIATION OF MONOTERPENE 

THE WELZHEIM FOREST A I R ,  F.R.G. 
CONCENTRATIONS IN OPEN-TOP CHAMBERS AND I N  

ULRIKE BUFLER and KLAUS WEGMANN 
Institut f u r  Chcmischc Pflanzenphysiologie, Corrcnsstr. 41. D-7400 Tübinpcn. F.R (3. 

(First received 9 Jury 1989 and in finalform 24 June 1990) 

Abstrrcl-. Diurnal variation of monoterpene conantrations in the Welzheim forest were analyzcd 
qualitativelj and quantitatively by GC/MS. Thediurnai dynamics showed maximum concentrations during 
the day and droppcd to a low icvcl at night. The monoterpenes present in measurable amounts were 
tricyckne. z-pinene, camphene. 8-pinene. sabinene. myrccne, A3-carenc. limonene and I .84neolc. Major 
components were %-pinene and fi-pinene. The experimental setup in an open-top chamber made i t  possible 
to calculate emission raies of monoterpenes released by P i r a  uhies (1.) Karst. The consideration of Ihesc 
data suggest that the measured monoterpene concentrations in the forest air are significantl) inRuenceci b) 
chemical reactions and rne~corological parameters. 

Key word index: Diurnal vanation, monoterpene emissions, GC/MS. Piceu abies. open-top chamber. forest 
air, z-pinene. fi-pinene. 
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J o u r n a l o f A t m o s p h ~ C h e ~ l ~  10 399-410.1990. 
0 1990 Kluwr Academic Publishers. Printed in the 'Netherlands. 

Chemical Sensor Resolutipn Required for 
Measuring Surface Fluxes by Three Common 
Micrometeorological Techniques 
J .  A. BUSINCjER and A. C. D E L A N Y  
National Center for .4rmospheric Research*, P.O. Box 3 W .  Boder ,  CO 8030: L!S..4. 

' 

(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 arc 
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, p l i e n t  technique, conditional 
sampling. 
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NATURAL HYDROCARBOSK L'RBAN1ZAïlON. AND URBAN OZOSE 

C. A. C a r d i m  and W. L. Chameides 

School of Earth and Atmospheric L<ences, Georgia Institute of Technology. Atlanta 

*a Vsing the Atlanta metropolitan area as a case sr+. 
,e examine the effects of urbanization and its associated h t  
&nd on urban ozone concentrations. Air quaiity data fr.w 
Adanta suggest that urban ozone concentrations are enharcyd 

Model calculatixis 
&est that this enhancement is caused by the e f f m  of 
.cmprrature on the atmospheric chemistry of peroxya&y?i 
:itrate (PAN), as  well as  the temperature dependena of 
9tural and anthropogenic hydrocarbon emissions. A 
dmparison of summertime temperatures in Atlanta an2 a 
jarby rural station, suggests that Atlanta's temperature cvI<r 
$e p.ast 15 years has increased by about 2OC due 13 
& m a t i o n  and its concomitant intensification of the U~LII ! wcat island. Sumericd simulations using conditions oi a 

I qica l  summertime day in Atlanta suggest that this rise in 
&perature could have, (i.) resulted in a significant incrtw 

the net emissions of natural hydrocarbons in the a r e  in 
pite of the loss of about 2 0 4  of the a r a ' s  forests over e e  
me period, and (2.) negated the beneficial effects J n  
a m m e r t h e  ozone concentrations that would have t e n  
jbtained from a 50% reduction in anthropogenic hydrocarh-n 
&sionS. k u s e  a NO,-based ozone abatement s t r a r q  
w a r s  to be less sensitive to temperature increases than &,us 

a hydrocarbon-based strategy, a NO, strategy may prove tc! k 
w>re effective in the future if temperatures continue to rise as 
1 result of urbanization and the "greenhouse effect'. 

increases in ambient temperature. 

i 
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Theoretical Study of the Initial Products of the Atmospheric Oxidation 
of Hydrocarbons 

JACK G. CALVERT AND SASHA MADRONICH 

Nurionul Ct*nrvr l o r  á rmosphcrir Rrsrurch. Bouldrr. Colorudo 

The initiai products oí the tropospheric oxidation of a representative mixture of hydrocarbons have 
been studied theoretically. using a detailed chemical mechanism involving 26 alkanes (C,C,L alkenes 
(ethylene. proplenc). aromatic hydrocarbons (knxne .  toluene. o-. m-, and pxylenesì. and two terpenes 
(isoprene. a-pinene). For an NO,-rich atmosphere the oxidation of the alkanes in the mixture leads to 
three main classes of initial producis: aldehydes (.Un&). ketones (4S”kL and alkyl nitrates (?1”,.). Both the 
7-hydroxy-aldehydes ( 1 9 ‘ 3  and the phydrory-ketones (19% of all alkane initial products) are major 
products. For NO,-free conditions the major produas oí the alkane oxidation are expected to be the 
alkyl hydroperoxides. For NO,-rich conditions the aldehydes dominate the alkene oxidation products 
(RO”..). with smaller amounts oí 1-hydroxyarbonyl compounds (9%) and organic acids (4%). The major 
products of the aromatic hydrocarbons in the mixture are zdicarbonyls (24%). unsaturated y- 
dicarbonyls (ZT’!E), phenols ( <49”0L aromatic aldehydes (3%). and aromatic nitrates (2%). The expected 
product distribution and lifetime data suggest that each class oí hydrocarbon has certain unique prod- 
ucts which should serve as usdul indicators of ihe history of an aped air mass. It is concluded that the 
alkyl nitrates and the ;chydroxy-alkyl nitraies may contribute io the large. and as yet unidentified. 
fraction of the active nitrogen species noted in NO, determinations in the troposphere b‘ F a h q  et al. 
í 198bl. 
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 92, NO. DIZ, PAGES 14.681-14.700, DECEMBER 20. 1987 

A Three-Dimensional Eulerian Acid Deposition Model : 
Physical Concepts and Formulation 

J. S. CHANG, R. A. BROST, I. S. A. ISAKSEN,' S. MADRONICH. 
P. MIDDLETON, W. R. STOCKWELL, ASD c. J. WALCEK 

Nutlooaf 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 transpon. transfor- 
mation, and deposition modeling system subdivida the troposphere over the eastern United States, 
southeastern Canada, and the western Atlantic Ocean into a six-level. 30 by 30 horizontal grid with a 
horizontal grid size of 80 x 80 kmz. Transport and vertical diffusion of 24 t r a a  gases and particles are 
calculated using temporally and spatially varying meteorology, 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-livai 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. scattering 
and absorption by clouds and aerosols, Rayleigh scattering. and ground reflections. Subgrid scale v e n i d  
transport, aqueous chemical convenions. and t r a a  gas and panicle scavenging by clouds are parame- 
terized using a one-dimensional dynamid and microphysical doud model and a box aqueous chemistry 
and scavenging submodel. The aqueous phax chemistry model includes sulfur oxidation by H,O,. O,, 
tract metals, and two organic peroxides. with numerous equilibria between all soluble t r a e  species. Dry 
deposition rates for 13 compounds are computed using species-swfic deposition velocities that depend 
on the local meteorology, season. land rypc. insolation. and' surface wetness conditions. Emissions of 
SO,. SO,'. NO. NO,. CO, NH,, and 10 classes oí volatile organic compounds are included in the 
model. Trae gases are emitted into difícrcnt vertical levels of the model according to a plume Ne 
submodel. Hourly emissions are adjusted according to season and weekday or weckend activities. This 
model provides a framework to examine the relative importana and sensitivity of numerous physical 
and chemical promses 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. Ri&* R. LEDUC,t M. HAPU* and L. TORRES*$ 
*INP/ENSCf. 118. Route de Narbonm. Laboratoire de Chimie-Encrgic et Environnement 31077 Toulouse 
ccdex (Frana) and tMinbt&c de I'Environnwnt, Dimtion dt la QualitC de I'AtmosphCre 2360. Chemin 

SPinsFoy, Sainle-Foy (QuCbec), Canada, GIV 4H2 

(Firsf receùd 16 Jonucvy 1990 and rrceìwdfor publication 4 Aptil1990) 

Aharct-Measunmmts olmonoterpene concentrations arc reported tor a maple forest in Quebec near the 
St Lawrence River. The uppcr limit dthc total biogenic hydrocarbon concentrations obtained is 4.4 ppbV 
(24pgUI"), similar lo those found for coniferous forests The main monoterpcms dctennined wcrc 
lbnonenc. a-pinme, opbinene. camphene and myrocnc 

Key d in&= Terpenes, biopnk hydrocarbons, conantrationr. atmosphere, maple trr+ Quebec 
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MAN’S EAíISSIONS OF C.4RBOX MONOXIDE A N D  
HYDROCARBONS IKTO THE ATMOSPHERE 

Abstract- Estim3rer h3t i‘ bcen mddc of ihc arnounic of CO and rorai h‘drocarbons tHC) released inio the 
aimosphere as a re-ui; ~4 ni:ln’\ :iL.tititic- .ind influcnic E m i s w n c  hate generail! hern calculated from ihe 
annual consumpiion <\{ :nr \.iriouI wurcc n1;iicridh dnd the apprnpriatc cmission taciors. 

The comhustion oí pctriilruiii produsi?. remain‘ tr! far the largest source o l C 0  and ihe amounts of this 
gas generated ihcrcirm .ire r i m g  ~tr.idil! Refue incineraiion also makes a sizcahlc contribution but coal 
combustion IS dccruwiC in iniptvianx Pctrolccm comhusiion snd solteni use are primanly responsible 
for man‘s liberaiion of HC inin ihr atmosphere and the amounts deri\ed from both sources arc increasing 
rapidl!. Enierii fcrmcn:.iiitin in animals and emiwons from Eedirnents of rice paddies (both essenliail! 
controlled ti! mani al-.c ioniribuie whstantiall! i o  the amounts aí meihsnc releriscd inio ihe atmosphere 
However. although mdn-mddc. and mm-ion:ro!led natural. emissions of boih CO and total HC are still 
increasing. the raie of increitst is hlling and possblc reasons for this are suggested. 

K q  word itidcy 41: pollutmi~. nimocpheric emissions. carhon monoxide. emission facrsrs. enieric 
fermentation. fossil fuel crmburiion. h!c‘rccarhns. met hanc. refuse incineraiion. solvent evaporation 
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.4 DETAILED MECHANISM FOR THE GAS-PHASE 
AT5íOSPHERIC REACTIONS OF ORGANIC COMPOUNDS 

N’ILLIAM P. L. C4k’tR. 

Sti;t*:& Air Pollution Research Center. University of t-iXm¡a. Riwrside. CA Y2521. L.S.A. 

(F i rh i  rrcuiimf 13 Fehruory 1989 opid I I I  :-L. Iorm 26 .Voy 19891 

Abstract 4 gas-phase reaction mechanism for the atmosp:i:x photooxidations of over 100 alkanes. 
alkenes. i-omatic hydrocarbons. alcohols. ethers and other xnpounds reprcsentatiw of the range of 
reactiic q a n i c s  emitted into polluted atmospheres is d e c i k d .  Most oí these organic ~pecics are 
represmd using generalized reactions with variable rate conr:;zts and product yield coefficients for u hich 
individu:: wipnmcnts were made or estimated. This mcchl-:sm employs 19 species to reprekni ihe 
reactite .*\!_urinated and organic nitrate producis.pnd include :?e gas-phase reactions of SO:. but does not 
includc kerogeneous or liquid-phax reactions- The evalua:::: of this mcchanism. by comparison oí its 
predictitw against the resulis of over 500 environmental c h s z x r  experiments. is described in a separate 
paper. I!:$ detailed mechanism can k used in assessments of ::lative atmospheric reactivities of organic 
c o m p u w .  and can provide the basis for the derivation oi :ore condensed mechanisms for use in air 
qualit? s:aulation models. 

Key w r i  index: Atmospheric chemistq. photochemical sir..’- air pollution, computer modeling. air 
qualit) rmlation models. kinetic mechanisms. gas-phase rca,’;ms. organic compound& alkanes alkenes, 
aromatic D>drocarbons. oxygenated organic compounds. o r g i x  nitrates. ozone. atmospheric reactivity. 
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The Role of Biogenic Hydrocarbons in Urban 
Photochemical Smog: Atlanta as a Case Study 

\Y. L. CH-NEIDES. R. IV. LISDS.~~ .  T .  RICH.~-DSOX. C. S. K L ~ S G  

The effects of natural hydrocarbons must  be considered in order CO 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  c a i d a t i o n s  indicate 
that these natural  emissions car, significantly affect urban ozone levels. By neglecting 
these compounds, previous investigators may haw overestimated the  effectiveness of 
an ozone abatement  strategy based on reducing anthropogenic hydrocarbons.  
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AN CA90(7):5 1392~ 
TI Terpenes discharged from plant leaves into atmosphere 
AU Chikamoto. Takeji: Yamakawa. Kazuhiko; Sakoda, Kichinosuke 
CS Eisei Kogai Kenkyusho 
LO Kyoto, Japan 
SO 
SC 1 1-1 (Plant Biochemistry) 
sx 4,59 
DT J 
Co KEKNDS 
PY 1978 
LA Japan 
AB 

Kyoto-fu Eisei Kogai Kenkyusho Ncmpo, Volume Date 1977. 2?, I 11-13 

Volatile matcriais discharged from needles of Japanese red pine. 

.beta.-pinene, and 1 ,%cineoie. 
Japanese cedar, and Himalayan cedar were mainly .alpha.-pinene, 
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Formation and Chemical Composition of 
Atmospheric Aerosols in an Equatorial 
Forest Area* 
p C L A I R A C .  R. D E L M A S .  B. CROS 
t J ,  i 4 1 r i  dcs Scicnccs. 3 .P 69. 3ra:zawllc. R.P. ï o q o  

H C A C H I E R .  P. B U A T - M É N A R D  
',.tlrn* des Faibler Radinai.rwirks. Lahorarorre 51i.w CVRS-CE.4. 91190 Gifisitr- )'veir<.. Fratl<.c 

4krrad. The physical propenles and the chemical composition of atmospheric aerosols haie 
k c n  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 Mayombe during periods where the 
rnlluence of biomass burning was minimum. The results indicate that the forest is a net source 
of both fine panicles resulting primarill from gas-to-particle conversion and coarse panicles 
produced by mechanical processes. Carbonaceous matter is the major component of these biogenic 
vnicles but the forest is also a significant source of sulfate. nitraie. ammonium and potassium 
- H J  of this carbon is attached to submicron particles and like]) derives from organic gaseous 

prriursors naturally emitted b) the local tiosphere. 

he? 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 .  DELAKY 2 .  I .  G R E k N B E R G ’ .  P. HAACENSON’.  L.HEIDT:.  
R .  L U E B ’ .  W .  POLLOCK * . W .  SEILER I ,  A .  WARTBURG I .  and  P. ZIMMERMAN * 
I .~ ía .x-Pìa~ick . i~ is t i tc  for Chemistv (Otto-Hahn-institut). Saarstr. 23, POB 3060. 0-6500 Main:. 
F.R. Germany 
.vational Center for Atmospheric Research. P.O. Box 3000. Bouiùer. CO 80307, ¡:.S.A. 

(Received: 21 February 1984: in revised form: 17 .Aupst  1984) 

Abstract. Field measurement programs in Bruil during the dry seasons in August and September 
i979 and 1980 have demonstrated the large importance of the continental tropics in global air chem- 
istry. Many important trace gases are produced in large amounts over the continents. During the dry 
season, much biomass burning takes place. especially in the cerrado regions. leading to a substanthi 
emission of air pollutants. such as CO. NO,. K 2 0 ,  CH, and other hydrocarbons. Ozone cpncentra- 
tions arc enhanced due to photochemical reactions. The laqc biqcnic organic emissions from tropical 
forests play an important role in the photochemistry of the atmosphere and esplain P hy CO is present 
in such ,high concentrations in the boundary layer of the tropical forest. Carbon monoside 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 NO, 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 
mides, hydrocarbons. carbon monoxide. ozone. 
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, CALCULATION OF LONG TERM AVERAGED GROUND 
LEVEL OZONE CONCENTRATIONS 

FRANK A. A. M. DE LEEUW, H. JETSKE VAN RHEINECK LEYSS~US and 
PETER J. H. BUILTJES* 

National Institute of Public Health and Environmental Protection, P.O. Box I, 3720 BA, Bilthoven, The 
Netherlands and *MT-TNO, Department of Fluid Dynamics, P.O. Box 345 7300 AH Apeldoorn, The 

Netherlands 

(First received 22 December 1988 ad received for publication 12 June 1989) 

Abetract-Seasonal averaged ground levei concentrations for O, have been calculated for The Netherlands 
by means d a  two-layer Lagrangian long-range transport (LRT) model. n i e  model includesemissions, non- 
linear atmospheric chemistry, dry deposition, exchange between boundary layer (BL) and free troposphere 
(Fi) and fumigation between a mixed layer and an aged smog layer. Concentrations of primary and 
secondary pollutants in the Fï 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 NO2) and NO2 concentrations are undcr- 
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 10 
the paucity of measured data. It can only be stated that the results presented in this p a p r  are not in 
disagreement with measured or modelled data presented in the literature. 

I n  a number of sensitivity runs the influence of European anthropogenic emissions of NO, and volatile 
organic compounds (VOC) has bcen investigated. 'The calculations indicate that the influence of European 
emissions on the growing season. daytime averaged (May-September, 10-17 h) O, concentrations in The 
Netherlands is small. For European reductions in the order of tens of per cents a VOC emission reduction is 
more eñective than a NO, emission reduction in lowering the O, concentrations. For strong reductions 
(aboui 70%) VOC and NO, arc equally effective. The eñects of the modelled underprediction of NO, 
concentrations on the production of O, on a European scale are probably small. On a local scale the effccr~ 
are m o n  p ronound  due to the NO/O, titration (photostationary equilibrium). Therefore. an empirical 
correction is applied on the modelled O, concentrations. After this correction. it is shown that daytime O, 
levels during [he growing season increase when European NO, emissions are reduced (2.&7.7% increase at 
50% NO, emission reduction). X reduction in VOCemiwion icads to decreasing O, levels (9% reduction for 
40% VOC emission reduction. 16% reduction for 70% VOC emission reduction). For a combined reduction 
of both VOC and NO, slightly decreasing ground level O, concentrations are expected. 

Key word index Ozone, photochemistry, transport models, emission sanarios, nitrogen oxides. 
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4 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. DERWENT 
Modelling and Assessments Group. Environmental and Medical Sciences Division. Harwell Laboratory. 

Oxfordshire. U.K. 

(Firsi receiivd I June 1988 and receiwdjnr puhlicaiian 2 Nnwmher 1988) 

Absfnct--A photochemical trajcctory model has becn employed to calculate the maximum potential for 
ozone generation in air plirccls passing over the U.K. during a photochemical pollution episode in Apnl 
1987. In all. 1 I trajecrories have k e n  studied and the model results compared against an objective analysis 
of the integrated ozone generation bascd on the observations reported from the U.K. Department of the 
Environment ground lwcl O, network. There is apparently good correlation between the observed O, 
formation and the model O, formation potential although the latter overestimates the former by a factor of 
about 2.8. The solar illuminaiion conditions employed in the photochemical trajectory model may haw 
caused this overestimation. since the model is formulated for O, control strategy assessrneni and simulates 
the ‘worst casc’ situation likely to give the maximum potential for secondary pollutant formniion. In 
addition to thc rnodcl results for O,. a wide range of primary and sccondary pollutant conccntrations from 
the model were examined. together with the influence of precursor pollutant emissions. 

Key w r d  i d e x :  Photochunid ozone. photochemical modei, ozone network. ground level ozone 
conantrations 
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A ~ m o ~ p h m c  bvlroiiiiunr Vd. 2 4 4  No. IO. pp 2615-2624 1990. 
Printed ia Gmt WUin 

EVALUATION OF A NUMBER OF CHEMICAL 
MECHANISMS FOR THEIR APPLICATION IN MODELS 
DESCRIBING THE FORMATION OF PHOTOCHEMICAL 

OZONE IN EUROPE 

R. G. DERWENT 
Modelling and Assessments Group, Environmental and Medical Sciences Division, Harwell Laboratory, 

Oxfordshire, U.K. 

(Fus1 receiwd 10 July 1989 and receiwdfor publication 8 May 1990) 

Abstract-A series of 24 chemical mechanisms from the literature are compared against each other wing 
harmonized emissions. photolysis rete coeffiacnts for simple inorganic chemistry and life cycle data for 
ozone, PAN and H2Op 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,O, simultaneously in their 
respective central r anga  PAN and H 2 0 2  were generally calculated with a much lower precision compared 
to ozone. Only 1 I 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 hcna the confidence 
which may be p i a d  in assessments of the likely impacts of future control strategies. 

Key word index: Photochemical ozone. photodiemicat model, chernical mechanism. model validation. 
ozone network. 
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A N  CA94(18):144519q 
TI 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 2771 1, USA 
SO J. Environ. Sci. Health, Pan A, A15(6). 601-12 
SC 59-1 (Air Pollution and Industrial Hygiene) 
DT J 
Co JESEDU 
IS 0360-1226 
PY 1980 
LA Eng 
AB The model of 03-forming potential of natural hydrocarbon emissions 

from a forest is described. 
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JOL'RNAL OF GEOPHYSICAL RESEARCH. VOL. 94. NO. D4, PAGES 5121-5136. APRIL 20, I989 

I;; .'i : ,4 
_.---------- 

A Comparison of Three Photochemical Oxidant Mechanisms 
MARCIA c. DODGE 

W p k r i c  Ruearch ad Exparwe Arrrssmcni Labaiory, US. Environmcn&l Prottction Agency 
Research Triongle Park, North CarolìM 

?hne chrmiul mechnum i m t l y  dcvtlaptd for use in urban- and rcgimd-~caie oxidant models 
have bœn canpred Appmximateiy 400 simdatimr werc cmducred using m rtmoqheric model to 
daammc the degrec to which thc mechuiinns yieid canparabk prediaimi of opaie and ocher 
oxidsnu. ?be simdatiair wem wried out oyer i range of initiai conditionr for I number of icaurios 
rcptucntrtivc of u x h  d  NI.^ mvirauncnu. Sensitivity nudica were umduucd to usus he &eu 
of w y i n g  prmietcn, such as the initial ntio of voktik organic cunpmdi (VûC) to oxida of 
nitmg- (NOz). the annpositian d the VOC mixarc. and the tcmpcnnirr. The mechanisms we= 
found to yicld n d y  i denh l  pndidau for oune. pcmxyacayinitntc, and nitnc Kid under most 
amditirni. Diffmcu. however. w m  noted in simularias with (i) high NO, levcis. (2) high levels of 
MIIytic h y d m u h n i ,  and (3) low afternoon ttmpenturcs. Predictions of hydrogen proride werz in 
good qmau excep U high Voc/No, ratios what differcnccr of II much II I fiaor of 3 were 
fornid. 
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JOURNAL OF GEOPHYSICAL RESEARCH. VOL. 92. NO. W. PAGES ?nZCWX. MARCH 20.1990 

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

obtained with three A moving box model was used to rompare fonnaiaehyde @CHO) prcdkths 
photochemical oxidant mechanisms. In simuiations using a typcai urban miir d organic poilutang the 
mechanisms were Fouad to yield HCHO predictions uiat agreed to Within lDCk, of escb other provided 
the same wtction ntcs were used in all three mechannms to describe the paotdysis of HMO. 'Ibe 
agreement for simulations using pollutant mixtuns containing only one organic species showed mon 
variability. FormaNchyde predictions obtained for ethene, propene, and .cctaiaehyk were m ucellent 
agreement under most conditions; significant diíferrnccs, however, welt noted for tbe Zalkenes and 
aromatic hydrocarboas. Predictions of (>zone and bydiogen pcmride obmïacd with the urban mixture 
were vtry sensitive to the initial concentnition of H a 0  indudod ia tbc simulatioas. Depending on 
whether HCHO  as assumed to constitute WO or 2% of the initiai mix d organic poilutants, resulting 
ouwt yields vaned by as much as fi-=, hydrogen peroxide yiekls differed by factos of 4-10 depenäing 

- on the mechanism used. To estimate the effectiveness of miaus control mcosum for limiting HCHO 
production, simulations were also conducted where individual organic rpclics within the urban mix wen 
reduced and tbe itsuiting dehcascs in HCHO yields wen aoted. 'Ibe krgert decrreFes ia HCHO 
occurred for rcduciiws in ethene and the other l-aikeaes; the rmalk9 =re obtained when 
the monoallrylbcmaus or the alkanes wuc reduced. 
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OZONE CONCENTRATIONS ABOVE A DOUGLAS-FIR 
FOREST CANOPY IN WESTERN WASHINGTON, U.S.A. 

ROBERT L. EDMONDS and F. A. BASABE 
College of Forest Resouras, University of Washington, Seattle, WA 98195, U.S.A. 

(First received I8 July 1988 a d  infinal form 8 September 1988) 

Abstract-Ozone conantrations were monitored above a 30 m Douglas-fir canopy at Cedar River. 
Washington from I April to 30 September in 1986 and 1987. Maximum average hourly ozone conantra- 
tions were similar in both years. Ozone concentrations exceeded 0.12 ppm on 2 days in 1986 and 1 day in 
1987. Fifteen and 14 days had ozone concentrations greater than or equal to 0.08 ppm in 1986 and 1987. 
respectively. Ozone conantrations were positively related to dai ly  radiation and maximum daily air 
temperature. However,only46perant orthevarianain ozoneconantration in 1986could beexplained by 
solar radiation and even less was explained by maximum temperature (26%). In 1987,51 and 54 per a n t  of 
the variation in ozone conantration was explained by solar radiation and temperature, respectively. 
Maximum average hourly ozone conantrations peaked near 1500 h (Pacific Standard Time) for days 
> 0.06 ppm with minimum valuer near o600 h. Highest concentrations were observed when the wind was 
blowing from the northwest from the Seattle arca indicating that photochemical oxidation of NO, was a 
major source of elevated ozone. If the data represent cumnt  levels of ozone some potential for forest damage 
exists in Puget Sound forests. 

Key word inder ozone, rorrstr. 
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,,rGUREMENTS OF SELECTED Cz-Cs HYDROCARBONS IN THE BACKGROUND 
GopOSPHERE: VERTICAL AND LATITUDINAL VARIATIONS 

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

Institut für Chemie 3: Atmosphärische Chemie der 
Kernforschungsanlage Jülich GmbH, Postfach 1913, 
0-5170 Jülich, West Germany 

ASSTRACT. Meridional cross sections of the concentration o f  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 
C ~ J .  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 
,?-dimensional concentration fields show structures of different scales. 
l n  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 
zaxima 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 o f  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 
observati on 
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Bor. GAZ. 143(3):304-310. 1982. 
@ 1982 by The University of Chicago. All rights reserved. 
-07 1/82/43û3MX8SO2.00 

ESTIMATES OF ISOPRENE AXD MOXOTERPENE EMISSIOX R.ATES I?¡ PLASTS 

ROCEXARY c. EVANS,* DAVID T. T X N G E Y , ~  URCIA L. CUMPERTZ,* AND WALTER E .  BURNS* 

*Northrop Services, Inc., and tUS .  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 isoprene emissions. In studies LO 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 PE rn* se*. 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 con6rmed by combined gas chromatography-mass spectrometry. Of the 54 plant species tested, 37 
emitted isoprene. Isoprene emission rates (28 C and 1,ooO PE r n l  s-l) for 16 species ranged from O to 
38.5 pg carbon h-1. Monoterpenes were detected from sir species and emission rates ranged from 0.01 
to 3.53 pg carb6n g-1 h’l. 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  COMMUNICATION^ 
April 30. 1981 Pages 1456-1460 

ISOPRENE - THE MAIN HYDROCARBON IN HUMAN BREATH 

David Gelmont, bbert A. S t e i n  and James F. Mead 

L a b o r a t o r y  o f  Nuclear  Medicine and Rad ia t ion  Bio logy  
U n i v e r s i t y  o f  C a l i f o r n i a ,  Los R i g e l e s ,  CA 90024, and 
'Department o f  B i o l o g i c a l  Chemistry,  U C L A  School o f  

Medic ine ,  Los Angeles ,  CA 90024 

Received March 23,1981 

SUMMARY 

I soprene  w'as found t o  be t h e  main endogenous hydrocarbon o f  human b r e a t h .  
I t  was a l s o  i d e n t i f i e d  i n  nursing Long-Evans and  Sprague Dawley r a t s ,  as well  
a s  f o r  a s h o r t - t i m e  p o s t  weaning. 
s o u r c e  of i s o p r e n e  a r e  a l s o  a v a i l a b l e .  
o f  i s o p r e n e  p r o d u c t i o n  by r a t ' s  l iver and kidney t i s s u e  s l i c e s .  

Seve ra l  p r e l i m i n a r y  d a t a ,  r e g a r d i n g  t h e  
We have been a b l e  t o  f i n d  smal l  amounts 
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 94. NO. DIU. PAGES IZ.YZS-12.YS6. SEPTEMBER 20. I9ö9 

A PHOTOCHEHICAL KINETICS MECHANISM FOR URBAN 
AND REGIONAL SCAU COHWTER MODELING 

Michael W. Gery,’ Cary 2. Whitten,* 
James P. K i l l u ~ , ~  and Harcia C. Dodge4 

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. 
extensive ímprovemenk to earlier carbon bond 
mechanisau in the chemical representations of 
aromatics, biogenic hydrocarbons, peroxyacetyl 
nitrates, and formaldehyde. The.performance of 
the CBH-IV was evaluated against data from 170 
experíments conducted in three different smog 
chambers. These experiments included NO,-air 
irradiations of individual organic compounds as 
well as a number of simple and coiplex organic 
mixtures. The results of the evaluation indicate 
substantial improvement in the ability of the 
CBH-IV to simulate aromatic and isoprene systems 
w i t h  average overcalculation of ozone concentra- 
tions of 1% for the aramatic simulations and 62 
for the isoprene simulations. The mxhanism also 
performed well in símulating organic mixture 
experiments. Haximum ozone concentrations cal- 
culated for 68 of these experiments were approxi- 
mately 2s greater than the observed values while 
formaldehyde values uere low by 9%. 

The CBM-IV contains 
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AN CA91 (26):2 13854~ 
TI Terpenoids in the arrnosphere 
AU Graedel. T. E. 
CS Bell Lab. 
LO 
SO 
SC 
DT J 
CO RGPSBL 
IS 0034-6853 
PY 1979 
LA Eng 
AB 

Murray Hili ,  NJ 07974, USA 
Rev. Geophys. Space Phys.. 17(5), 937-47 
53-0 (Mineralogical and Geological Chemistry! 

A review with 63 refs. on the chem. structure. phys. property, and 
source information for 45 terpenoids known to be emitted into the 

arm. 
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AN CA88(18):125612z 
TI The kinetic ozone photochemistry of natural and perturbed nonurban 

tropospheres 
AU Graedel, T. E.; A h a ,  D. L. 
CS Bell Lab. 
LO Murray Hili, N. J., USA 
SO U. S. Environ. Prot. Agency, Off. Res. Dev., [Rep.] €PA, Volume Date 

1976, EPA-600/3-77-001a, Int. Conf. Photochem. Oxid. Poilut. Control 
Proc.: Vol. 1; PB-264 232, 467-73 

SC 59-2 (Air Pollution and Industrial Hygiene) 
D T T  
Co WARD6 
PY 1977 
LA Eng 
AB Study of thc emissions and reactions of tcrpencs, "3, HZS, and 

other org. and inorg. compds shows thai substantial amts. of 0 3  
Capprx. 32 pyb peak) occur naturally in the nonurban troposphere. 

injcctiax Uf addrl. NO have o d y  mirior cffcc:s an the 01 C;T;ZL, 

whose peak decreases to ,apprx.29 ppb. but there is increased 
formation of org. and inorg. nitrates. 
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A N  CA 108(8):6 1 5 9 1 ~  
TT Covariations in the concentrations of organic compounds associated 

with springrimc atmospheric acrosols 
A C  Greavcs, Randall C.; Barkiey, Robcn M.: Sic:t:s. Robcn E.; 3icglen. 

Roben P. 
cs 
LO 

so 
sc 
DT 
CO 
IS 
PY 
LA 
AB 

Coop. lnst. Res. Environ. Sci., Gniv. Colorado 
Boulder. CO 80309. USA 

Atmos. Environ., 2 1 (13). 2549-61 
59-2 (Air Pollution and Industrial Hygiene 

J 
ATENBP 
0004-698 1 

Eng 
1987 

Airborne particulate samples were collected at an urban site in 
Boulder, Colorado, by drawing .apprx.300 L of air. for 58 min. 
through a small glass tube contg. a q u a m  fiber filter. Panicles 
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. 
the concns. of org. compds. in 1-h samples with time and meteorol. 

conditions showed characteristic chromatograms for photochem. 
activity, bioi. sources, and motor vehicle sources. 
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. 
increased on sunny days relative to cloudy days or nights. 
Terpenoid concns. increased whcn thc wind direction was from a 

forested rcgion wcst of the sampling site. 
increased as temp. increased with the progression of springtime. 

Factor anal. on 

Org. compds. 

Concns. of oxygenated species 

Odd C no. n-aikanes 
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JOURNAL OF GEOPHYSICAL RESEARCH. VOL. W .  NO. U3. PAGES 4767-4778. JUNE ZU. 1.W 

Nonmethane Hydrocarbons in Remote Tropical, Continental, 
and Marine Atmospheres 

J. P. GREENBERG AND P. R. ZIMMERMAN 

Norional Cenier for Atmospheric Restarch 

Atmospheric hydrocarbon measurements from remote arcas are presented and analyzed to determine 
sources of ambient mixing ratios. Biomass burning appears IO make major contributions to free tropo- 
spheric hydrocarbon burden over tropia1 forests and grasslands. Biogenic emissions constitute a large 
percentage of atmospheric hydrocarbon volume in coniincntal a r a s  of s i g n i h n l  productivity. In 
marine a r a s  studied. ambient hydrocarbons may include contributions from evaporation of dissolved 
hydrocarbons transpond by ocean currents from areas of coastal upwellings or marine pollution. In all 
cases. hydrocarbons from local sour= an 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. GREENERG, P. R. ZLMMFAMA!!. A!!¡ P. HAAGENSON 

N d w n a l  Center for Atmospkric Raswch.  BouLicr, Colorodo 

MCLLyie, carbon monoxide. and ron-methane hydrocarkms were measured in seven profiles from the 
bound%? layer up lo 13 km over ihe Pacific Ocean off the west coast of lhe United Staics and over Alaska 
in Apt-¡¡ 1985. híid-latituck profiles displayed the altitudinal variabiliry of hydroarbom and CO in lhe 
marine mposphere. Mixing ratios. in general. decreased with incresa’ng airitude. Over Alaska, mixing 
ratios of hydrwadxms and CO were higher than al mid-laritudes. Host profiles showed meanimble mLUng 
ratios d many hydmcahms up LO the t m p o p s c  and wggested ihat many non-meihane hydrocarbns may 
be preseit throughout thc troposphere in the norIhem hemisphere. 
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AN CA83(26):209153k 
TI Atmospheric reactivity of monoterpene hydrocarbons, NOx 

AU 
CS 
LO Pullman, Wash., USA 
SO 
SC 59-2 (Air Pollution and Industrial Hygiene) 
sx 74 
DT J 
Co IJm 
PY 1975 
LA Eng 
AB 

photooxidation, and ozonolysis 
Grimstud, E. P.; Westberg, H. H.; Rasmussen, R. A. 
Coil. Eng. Res. Div., Washington State Unh.  

In t  J. Chem. Kinet., Volume Date 1974, 7(Symp. I). 183-95 

An investigation of the atm. 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 0 3  
[10028-15-6] in air is reported. 
rural atm. conditions indicates that terpenes are very reactive and 

rheir residence times in the atm. are very short. 
imponance of NOx photooxidn. and ozonolysis in the initial 
breakdown of each monoterpcnc is scmiquant. described. 
simpler hydrocarbons generally sssocd. with urban pollution, 

reaction with 0 3  is of primary importancc in  the atm. breakdown of 
many terpenic. hydrocarbons. . . The 03-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 exiraordinari ly reactive due to 

Application of these results to 

The relative 

Unlike most 

reaction with 03. 
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Env+cn. sd. Technd 1965, 19. 151-155 

Hydroxyl Radical Oxidation of Isoprene 

Chee-lang Gu, Carolyn M. Rynard, Dale G. H e n d q , '  and Theodore M I '  

Physical Organk Chemistry Department, SRI IntemathW Menb Park, California 94025 

rn We have used t h e  low total pressure  (10 ton) fioa-ing 
gas system a n d  the  high total pressure (760 torr) CHBON- 
O-NO photolysis system to s tudy  t h e  reaction of OH mith 
isoprene. Bo th  sys tems give methyl  vinyl ketone, meth- 
acrolein,  and 3-methyl furan  as t h e  major  products ;  1.2- 
addition is favored over 1 ,4addi t ion by  a  factor of 7. h m  
t he  proposed mechanism a n d  reaction pa thways .  we con- 
clude t h a t  more than  2 mol of NO will be oxidized t3 SO: 
for each mole of isoprene oxidized by OH. DUect reaction 
of isoprene with NO2 was also measured .  
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FIELD INVESTIGATIONS ON THE SNOW CHEMISTRY IN 
CENTRAL AND SOUTHERN CALIFORNIA-II. CARBONYLS 

AND CARBOXYLIC ACIDS 

DIETER W. GUNZ and MICHAEL R. HOFFMANN* 
Calilornia Institute oiTechnoloay. Environmental Engineering Science. W. M. Keck Laboratories 138-78. 

Pasadena, CA 91 125. U.S.A. 

(First received 14 December 1988 and infinaljorm 17 July 1989) 

Abstract-Snow samples from antti1 and southern California were collected during the winter of 
1987-1988 from three storms and analyzed lor carbonyl compounds and carboxylic acids. Approximaieiy 
90% of lhe samples contained total aldehyde concentraiions up io 40 pM. Formaldehyde and acetaldehyde 
were the dominant aldehydes observed; secondary aldehydes included glyoxal, meihylplycixal, and 
benzaldehyde. The highest aldehyde conantrations were observed in snow collected in arcas where 
deciduous and coniferous forests are widespread. However, thesc aldehydes can k attributed also in pan to 
primary and secondary products of anthropogenic activities. Formic and acetic acid wen analyzed in all 
measured samples with conantrations ranging from 0.5 to 4.9 pM for HCOOH and from <0.3 to 13.4 pM 
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% lor samples with a pHCS. A consistent correlation k t w a n  NH; and acetate was found. 
[CH,COOH] exmded [HCOOH] in about 50% of the samples with ihe highest levels for CH,COOH 
measured in co ra  collected from lower elevated locations adjacent io 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 thesc compounds. 

Key word index: Organic snow chunistry, arbonyis carboxylic acids and free acidity. 
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JOURNAL OF GEOPHYSKAL RESEARCH. VOL. 94. NO. DID, PAGES 13.013-13.024, SEPTEMBER 20, 1989 

REACTIONS OF OZONE WITH c i -PINENE AND $-PINENE IN A I R :  
Y I E L D S  OF CASEOUS AND PARTICULATE PRODUCTS 

Shiro Hatakeyama, Katsuyuki Izumi, Tsutomu pukuyama, 
and Hajime Akimoto 

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

Abstract. Reactions of ozone with u-pinene 
and 0-pinene were studied for the purpose of 
obtaining the quantitative yields of gaseous and 
particulate products. Major gaseous products 
from a-pinene were CO, CO,, HCHO, and aldehydes 
mainly composed of pinonaldehyde and nor-pinon- 
aldehyde, while those from 5-pinene were COI, 
HCHO, and 6,6-dimethylbicyclo[3.l.llheptan-2-one. 
Average molar yields from a-pinene were CO; 9 f 
l%, CO,? 30 f 2\, HCHOj 22 i 1%, and aldehydes8 
51 I6%. Average molar yields from 5-pinene were 
CO,} 27 f 2%, HCHO; 76 i 2%, and 6,6-dimethyl- 
bicyclo[3.1.1]heptan-2-onet 40 i 2%. Particulate 
products were found to include pinonaldehyde, 
nor-pinonaldehyde, pinonic acid, and nor-pinonic 
acid from a-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 @pinene, 
only 6,6-dimethylbicyclo[3.l.llheptan-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 
6-pinene the principal reaction path is that of 
the doubly substituted Criegee ii'termediate. ?he 
total yields of organic aerosols from both a- and 
5-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 ;t 1.1 and 13.8 
f 0.8 % for a- and $-pinene, respectively, which 
are much lower than the previously reported 
values. 
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JOURNAL 01' GEOI'HI'SJC'AL RESEARCH. VOI*.  y(>. NO. DI. 1'.4<;ES %7-Y%. JANUAKY 1). IWI 

REACTIONS OF OH WITH a-PINENE AND ß-PINENE IN AIR: BSTIHATE OF 
GLOBAL CO PRODUCTION FROH THE ATMOSPHERIC OXIDATION OF TERPENES 

Shiro Hatakeyama, Katsuyuki IzUmi,l Tsutomu Fukuyama,l 
Hajime Akimoto, and Nobuaki Washidal 

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

Abstract. Reactions of OH with a-pinene and 
ß-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-dimethpl- 
bicyclo[3.l.lJheptan-2-one from a -  and ß-pi- 
nene, respectively, and the yield was 56 2 4 and 
79 i ax, respectively. In the absence of NO the 
yield was remarkably lower, sand 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 O 
from the reactions of OH with terpenes was esti- 
mated to be 22 Tg C yr-1 (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 tbe 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 
20% on the carbon number basis, and the total 
annual emission of Co was evaluated to be 96 Tg C 
yr-1 i222 Tg Co yr-1). 
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Phii iuhrmisrn 1978. Vol I ? .  pp 869.872 0 Pcrprnon heu Lid Piinlcd ln England W l i - V C  71 iIWl-r?hbP MIMI)  

DISTRIBUTION OF AN ENZYME SYSTEM PRODUCING cis-3-HEXENAL 
AND PHEXANAL FROM LINOLENIC AND LINOLEIC ACIDS IN 

SOME PLANTS 

AKIKAZU HATAXAKA, JIRO SEKIYA and TADAHIKO KAJIWARA 
Department of Agricultural Chernisin, Faculty of Agriculture, Yamaguchi University. Yamaguchi 753. Japan 

( R e c e i d  10 Ocrober 1977) 

Keg Word Index-Distribution in JOplants; enzymesystem producingC,-aldehydes. rir-?-hexeaal 1 cir-3-hexenol: 
irons-2-hexenat: n-hcxanal. 

~ ~~ ~ 

Abstract-The activity of the enzyme system (E2-I) producing C,-aldehydes from C, ,-unsaturated fatry acids was 
investigated using about  4@ plants. Green leaves of dicotyledonous plants belonging to the Sphenopsida. Pteropsida 
Theaceae a n d  Leguminosae showed a high enzyme (&-I) activity but edible leafy vegetables and fuits and mono- 
cotyledonous plants  showed a low activity. Seasonal changes in the enzyme (E2-1) activities were observed. The 
concentrations of cis-3-hexen01 Oeaf alcohol) and frons-Zhexenal (leaf aldehyde) and the enzyme (E2-I activities 
showed a correlat ion;  high concentrations were observed in the summer but they were low in the winter. 
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ANALYSIS OF PARTICULATE ORGANICS IN A FOREST 
ATMOSPHERE BY THERMODESORPTION GC/MS 

DETLEV HELMIG, ANGELA BAUER, JOSEF MULLER and WERNER KLEIN 
Fraunhofer-Institut f i r  UmweltchunK und okotoxikologie. D-5948 Schmalknberg F.R.G. 

(F i r s  receid 7 April 1989 and nceiur¿/or publuaion 12 Jdy 1989) 

Abomct-Aerosol samples from a forest site were colkcted on dass fiber filters, and particulate bound 
organis mm analyzed by a themodesorption GC/MS procedure. A conventional GC injector was 
modified to enable the insertion of loaded filter samples without disarranging the GC-system. Seven 
commercial piass fiber biter t y p a  were tested for performance with regard to sampling and analysis 
requirements. Sixty-six substances were detected in aerosol samples, 40 organics, mainly n-alkanes. phthalic 
acid esters, fatty acids, htty acid e~icrs, n-alkane nitriks and polycyclic aromatic hydrocarbons (Ha) were 
identined Comparative measurements ofsampkr colkcted at an urban site and in a fiat showed only small 
di8crenca for the ratio of h e  main constituents identified. 

Key word i d e x  Partick bound organics. sampling and analysis technique, giass fikr filters, direct GC 
injection, tâermodcsorption, MS identiñcation 
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ANALYSIS OF P E R O X Y A C E T Y L  NITRATE (PAN) I N  T H E  
VERTICAL PROFILE OF A SPRUCE S T A N D  

DETLEV HELMI(;, JOSEF MULLER and WERNER K L E I N  
Fraunhofcr-Institui für Umweltchemie und Okotoxikologie. D-5948 SchmaIlenber~-Grahchafi. F R G 

(Firs? receked 14 .4ugus1 1989 and receutdJ>r puhlirliiion 1 1 December 1989) 

Alniracï--Continuous analyses of peroxyacetyl nitrate (PAS) uere performed at a forest site in the 
Eggegcbirgc. F.R.G.. where severe forest decline has occurred in the last decade An autornaticall~ working 
analysis sjstem was installed inside a spruce stand. Air samples from three elevations í I  rn. 7.5 rn and 11.5 rn 
abme ground) were simultaneously anal)rcd. The results obtained shou that PAN-concentrations in the 
range below 0.2 ppb prevailed. Several episodes with elevated PAN concentrations, up to 4.6 ppb. Bere 
measured. High PAN-levels were more abundant in spring and summer than in winter. PAN concentrations 
abotc 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 
abow the forest canopy is relatively IOU compared to the input by long-range transport. Thus i t  was 
concluded that biogenic hydrocarbons emitted by the forest trees do not significantly contribute to the 
lormation of observed PAN peak concentrations. The measured concentrations did not indicate a 
phytotoxic burden by PAN and PAN homologous photooxidants at this site. 

K e j  word index: Continuous PAN analysis. forest site. vertical profile. correlation l o  meteorological data. 
phytotoxic relevance. 
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SIMULATION OF PHOTOCHEMICAL SMOG IN THE 
MELBOURNE AIRSHED: WORST CASE STUDIES 

G. D. HESS 
BMRC Bumu of Meteorology, Melbourne, Victoria Moi. Australia 

(First received I8 Septentbcr 1987 and receivedfor publication 21 Seprember 1988) 

Abstriri-The impact of a large NO, point source on photochemical smog in Melbourne is examined 
through the use of a numerical model described by Hess. Over most of the Melbourne Airshed the 
NMHC/NO, ratio is found to be lesf than IO, in agreeinent with the results of Evans et ai. For thesc ases 
tnjcctorics passing through the Newport Powr Station exhibit a d e r &  in ozone (compand to 
background values) oraboui a02 ppm and an increase in nitrogen dioxide of about the same amount due to 
Newport's emissions. This muit confinnt a preliminary finding by Form and Substance (1982). 

Howmr. worst case scenarios haw not k e n  pnviousiy studied. Measurements indicate that any 
trajccîory that links the high NO, from Newport and ihc high NMHC from PI Cook will result in a worst 
cast The windfield observations reported here show the existence ola  topographically generated mesoscale 
eddy in the airshed, as proposcd by Spillanc (1978, Clean Air i f  Ur%.). and its location tends to link 
Newport and pt Cook. Simulation of IWO QLS~S indicates that under worst case conditions Newport's 
emissions increase the ozone concmlntion by ûOî404 ppm. These conditions a n  estimated to occur on 
one day in four to one day in three of high oxidant days in Melbourne. 

Key word i d e x  Photochemical smog, Eulerian-Lagrangian transport model Spiliane eddy, large point 
r o w  worst cases Dodge plot. 
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A I R W S ~ ~ ~ ~ I C  Lnrironmnr V d .  ZJ. No. Il pp 1851-2860. 1989 
Pnnicd in Grui Bniua. 

ooot-6JSI 89 13.00+0.00 
5 1989 Pcrpunon Pres pic 

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 tEnvironmcnt Protection 

Authority. Melbourne, Victoria 3001, Australia 

(First rcviiied 1 June 1988 and receivedjor publicaiion 23 May 1989) 

Abstract-The eñects 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 ¡i 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. I t  is also found Tor this model that the parameterization orsubgrid-scale processes is not necessary 
to provide numerical stability in calculating the chemical kinetics. 

Key word index: Subgrid-scale parameierization, plume chemistry and difiusion, Eulerian-Lagrangian 
transpon model. numerical stability. 
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Regional Extrapolation: 
Vegetation-A tmosphere Approach 

6.6. Hicks 

NOMATDD 
456 South Illinois Avenue 
Oak Ridge. TN 37831, U.S.A 

Ahsfrucr. Available data on the exchange of trace gases from the surface 
into the atmosphere is generated primarily by methods that yield locally 
representative flux information over short tiine intervals. On the other  hand, 
regional-scale and global models require exchanse data  averased over grid 
cells that are typically 100 km x 100 km. or larger. The extension from local 
data to grid-cell averages is fw  from trivial. Micrometeorological formulations 
of atmosphere-surfacc 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 c h a m k r s .  Methods are required. therefore. to include the detail of these 
biological and chemical models in the micrometeorological routines, and then 
t o  use the  modified micrometeorological methods to  produce area averages. 
ffere, methods are proposed for both purposes. based on the techniques 
developed to  describe fundamental characteristics of vegetation in atmospheric 
models. This. then, constitutes the "Vegetation-Atmosphere Approach" of 
the title of this chapter. Micrometeorological reiationships are presented in a 
format that offers an opportunity to  include the results of detailed p i n t - b y -  
point cmission models in their specificatioii of appropriate zero plane 
displacements. roughness lengths. and average surface-air concentrations. 
Extension to larger areas is then proposcd to make use of a replicated 
application of the modified m i c r o m t e o r o l o ~ g i l  relations that are derived. 
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CA92(2):9267z 
Analysis of monoterpene hydrocarbons in rural atmospheres 

Hoidren, M. W.; Wcstberg, H. H.; Zimmcnnan. P. R. 
Chem. Eng. Dep., Washington Staic Univ. 

Pullman, WA 99164, USA 
JGR, J. Geophys. Res., 84(C8), 5083-8 

53- 10 (Mineralogical and Geological Chemisiry) 
J 
JJGRDA 
O 148-0227 
1979 
Eng 

Gas chromatog./mass spectrometric anal. of monoterpenes from a rural 
forested site in the northwcsiem United States is described. Use 
of a glass capillary column provided excellent resoln. of the 
hydrocarbons. Increased sensitivity and specificity of the mass 
spectrometer detector over the flame ionization deiector were 
demonstrated for trace (parts per trillion) atm. hydrocarbons. .4s 

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 techniques compared very well. Rural 

location within the forest canopy. 
never exceeded 1 ppb of compd. during a 10-mo sampling period. 
monoterpene total for all samples fell in the range of 0.5- to 
16-ppb compd. for Ci0 terpene. 

concns. of the monoterpenes varied considerably depending upon 
The concn. of individual species 

The 
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0 1985 by D. Reidel Publishing Company. 
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Determination of Carbon Balances for Smog 
Chamber Terpene Oxidation Experiments 

307 

Using a 14C Tracer Technique 
C. L. HO0KE.R and H. H. WESTBERG 
Laboratory for Atmospheric Research, Washington State University, AtUtnan, WA 991 

and 

J. C. SHEPPARD 
Department of Chemkal Engineering, Washington State University, AtUman, 

(Received: IO 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 identifed in the gas and aerosol phases, carbon 
balances have been generally poor. ïñis paper describes a radiotraœr technique which accounts for 
carboncontaining compounds in a smog chamber at the conciusion of a photooxidation or ozonolysis 
reaction. Instead of attempting to identify individual products, gaiphase 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-~-pinene and ozone using t h i s  technique. The significance of the 
nsults are discussed in terms of the l'C.U-pinene concentrations used in thii 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 obsemd by others. Possible reaction products are discussed with respect to likely mechanisms 
for a-pinene oxidation. 

Key words. "C, carbon balance, aerosol, gas phare, terpenes, ozonolysis. 
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CA 100( 10):7 17022 
Measurement and modeling of the concentrations of terpenes in 

coniferous forest air 
Hov, Oeystein; Schjoldager. Jocrgen; Wathnc, Bente M. 

Norwegian Inst. Air Res. 
Lillestroem N-2001, Noway 
JGR, J. Geophys. Res., [Sect.] C, SS(Ci5). 10679-88 

53-10 (Mineralogical and Geological Chemistry) 
J 
JJGADR 
O 196-2256 
1983 
Eng 
In a coniferous forest area northeast of Oslo, Norway, air samples 

wen collected by adsorption on activated C and analyzed by gas 
chromatog. with a high-resoln. glass capillary column and flame 
ionization detection. 
1980.’7 terpenes were identified and had a total concn. range of 
8.8-70.7 ppbC (ppb, as C), with .alpha.-pinene, terpinene, and 
p-cymene occurring in the highest concns. A onc-dimensional 

vertical grid model of the atm. 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 0 3  concn.. the source strength of the terpenes, the 

time of the day, the upwind air compn.. etc. 
that very little of the terpene emissions remained airborne after 

4-8 h, in contrasr to the anthropogenic hydrocarbons. 
anthropogenic fraction of the hydrocarbons may dominate in concn.. 

even though the natural pan of the source is the larger one. 
Emission of 2000 .mu.glm2.h of terpenes was calcd.. giving ground 
level concns. of total terpenes of .ltoreq.25 ppbC. comparable to or 
less than the measured concns. A s  a rcsuit of chem. desrdn. of the 
terpenes their emission at this rate suppresses the OH concn. but 
the impact on 03 during daytimc was negligible. 

In samples collected during June and .4ugust, 

The calcns. showed 

The 
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Alnixrhrrir bnmncni Vol. 23. No. I I .  w. 2471 24112 1919. o o o < ~ 9 s i l w  s3.w-aw 
P n n i d  in Gmi  Briiwin. i' 1989 Perpmon P r e s  pk  

LIGHT HYDROCARBONS IN THE NORWEGIAN ARCTIC 
@YSTEIN HOv, NORBERT SCHMIDBAUER and MICHAEL OEHME 

Norwegian Institute for Air Research. Lillesiram. Norway 

(Firsf received 26 February 1988 and receiiwd for publication 20 July 1988) 

Abstract-From late February to mid April 1985 pressurized air samples were collected 3 times per week on 
wcathership M in the North Atlantic and in Ny-Aiesund on Svalbard. The samples were analyzed for 
individual light hydrocarbons C&. and it was found that the average sum of C& hydrocarbons was 
s h u t  3S ppbc in Ny-Alesund and 31 ppbC on ship M. with the least reactive species ethane and propane as 
the most abundani ones. 

Key word index: Voiatik organic compounds. Arctic atmosphere. emkions. photochemical oxidants. 
annual cy&. 
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MONOTERPENES IN SITKA SPRUCE: WIïHIN TREE 
AND SEASONAL VARIATION 

BJORN F. HRL;TFIORD,* STEPHES M. HOPLEYt and ROBERT I. GARA* 
Institute of Forest Products College of Forest Resources. University of Washington, Seattle. 

Washington 98195. U.S.A. 

(Rreriwd 14 Mmch 1971) 

y ~ "  word lndex-Pireo sirchensis; Pinaceae: Sitka Spruce: netdle oit; seasonal variation. monoterpenes. 

Akmct-The composition of oils from needles and cortex of Sitka spruce is unique. Cortex oil is essentially ail 
mnoierpene hydrocarbons. while needle oil may be up to 5 q ó  oxygenated monoterpenes. Very wide seasonal 
wbti~ns in composition occur in needle oil in young tissue. At bud b u m  the oil is >95% myrcene; this drops 
1o . b u t  400: at the end of summer. The oxygenated terpenes camphor and piperitone develop to about 20"- 
ach conantration during the growing stason. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBL*309 92 0732270 0529770 .~ 275 

AN CA 101( 16): 13607% 
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, Roberta M. 
CS Assoc. Bay Area Gov. 
LO Berkeley. CA, USA 
SO 

SC 59-2 (Air Pollution and Industrial Hygiene) 
sx 74 
DT J 
CO PRAPAP 
IS 0099-4081 
PY 1982 
LA Eng 
AB A regional, disaggregated, and gridded biogenic hydrocarbon 

emissions inventory was prepd. for the San Francisco Bay area 

emission factors. Nonattainmenr of the std. is a complex problem 
involving chem., ' meteoml., and topog. Major efforts should be 
directed towards detg. the extent to which biogenic hydrocarbon 
compds. combine with anthropogenic emissions of NOx and hydrocarbons 

to form 03  so that effective control programs can be designed and 
implemented to protect the public from unhealthy 0 3  levels in urban 

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

(California) using remote sensing data and biogenic hydrocarbon 

areas. 
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CA88(6):40944j 
Gas chromatographic-mass spectrometric determination of volatile 
organic compounds in an urban atmosphere 

Ioffe, B. V.; Isidorov, V. A.; Zenkevich, I. G. 
Chern. Dep.. Leningrad State Univ. 
Leningrad, USSR 
J. Chromatogr., 142, 787-95 
59-1 (Air Pollution and Industrial Hygiene) 

80 
J 
JoCRAM 
1977 
Eng 

Polysorbimide and carbochrome, sorbents with high temp. stability, 
were used to conc. trace amts. of pollutants, and I36 Cl-Cl3 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 

[80-56-81 and camphene 179-92-51). 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBLr309 72 0732270 . ..I . - 0529772 . . - . -. 048 W .. ._ 

A N  CA 102(23):20 1123  
TI 
AU 
CS 
LO Leningrad 199164, USSR 
SO Atmos. Environ., 19(1), 1-8 
SC 1 1- I (Plant Biochemistry) 
sx 59 
DT J 
CO ATENBP 

PY 1985 
LA Eng 
A 0  The procedure of sampling and gas chromatog.-mass spectrometric 

Volatile organic compounds in the atmosphere of forests 
Isidorov, V. A.; Zenkevich, i. G.; Ioffe. B. V. 
Dep. Chem., Leningrad State Univ. 

IS 0004-6981 

anal. of air contg. volatile emissions from living plants is 
described. 
by 22 species of plants which are charactcristic for Northern 
hemisphere forests was studied. 
terpenes for some of them were detd. 

forests of different regions of the U.S.S.R were also detd. The 
list of compds. identificd includes >70 subsrances of different 
classes. Total terpene concns. in the coniferous forests air 
usually vary from 3.5 to 35 .mu.g/m3. 
conditions on the emission rate and terpene concns. in the air under 

the forest canopy was obsà. 

Thc qual. compn. of volatile org. compds. (VOC) produced 

The emission rates of isoprene and 
Tcrpene concns. in coniferous 

Strong influence of meteorol. 
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Atmspluric bnuiranuu V d .  24h  No. 6, pD. 1433-lut. 1m 
Priatcd in Grui  Brich. 

PHOTOCHEMICAL AEROSOL FORMATION FROM 
AROMATIC HYDROCARBONS IN THE PRESENCE OF NO, 

KATSUYUKI IZUMI and TSUTOMU FUKUYAMA 
Division of Atmospheric Environment, ï h e  National Institute for Environmental Studics, P.O. Tsukuba- 

Gakuen, Ibaraki 305. Japan 

(First receìwd 14 December 1988 and h f i d  form 1 May 1989) 

Abstract-By using a 4-m’ chamber. photochemical aerosol formation from mixtures ofaromatic hydrocar- 
bons (AHCs) and nitrogen oxides (NO,) was studied with the main purpose ofdetemining the aerosol yield. 
Altogether, 18 aromatic species were investigated, including toluene, xylenes, ethylbenzene and meth- 
oxybenzene. Evolution of the aerosol was monitored through the measurement of the total number ([CN]) 
and volume (V) conantrations. Aerosol-forming potential of different aromatics was examined in terms of 
the maximum growth rates of[CNJ and Y. By puttingdry sheath air into an electrical aerosol analyzer. the 
net organic volume conantration (V,) was o b t a i n 4  then a relation was established between V, and the C 
mass concentration, and was used to determine the aerosol ykld 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, ethylbenzcne, and 
o- and m-eihyltoluene (3.0. 3.1. 3.3 and 3.7%, respectively) but smaller for para-substituted toluene 
derivatives (< l.S%L 

Key word index: Photochemical aerosol aromatic hydrocarbons, aerosol yield 
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JOUKNAL OF GEOPHYSICAL KESEARCH. VOL. y4. NO. uó. PAGES ö4974.W. J U N E  20. IYöY 

Least Independent Variables Method for Simulation of 
Tropospheric Ozone 

D. J. JACOB, S. SïLLtviAN,' J. A. ZXxiAN, AND S. C. WOFSY 

Division qf Applìeà Sciencesand Depnrttncnt qiEorth and Pìanciory Sciences 
Hamord Uuivtrsity, conbtidgc. Massachiuetts 

We descri¡  a method far rimuiaüng photocheoiial produaion of 4 in a antioenl-rale t'opospheric 
model with only six idependent chemical variables representing t r a e s  uansponed in thc model. nie tncen 
are two primary hyârocarbon funiuu, Cu. No,,, pmuyacylnitntes, and odd oxygen (o,). A chemical 
module is developed to compute Uie pxiucti00 and lm ratCs of tracers over a model rime step of4 houn. using 
aaly information on the w r  c a a c e ~ i o n s  input to the module at the beginning of the time srcp. Test simula- 
tions for wmmerlim conditions at mid-iatitiiuder indicate IiUlc loss in accuracy compared to detailed model 
cimulaiionr of chemistry with high time resolution. Minimization of h e  number of LRCCIS and use of a long 
lime step reduces computer tima and aorage requiremu. in addition, pmmetcrization of lhe chemical com- 
pitrrion ir faciiiutsd. allowing furihcr =viagr in computer time. 
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CS 
LO Cambridge, MA 02138, USA 
SO 

SC 53- i0 (Mineralogical and Geological Chemists) 
SX 59.61 
DT J 
Co NSCSDW 

PY 1988 
LA Eng 
AB 

CA 1 1 l(22): 198843d 
Photochemical production of carboxylic acids in a r ~ m o l e  continental 

atmosphere 
Jacob, Daniel J.; Wofsy, Steven C. 
Dep. Earth Planet. Sci.. Harvard Univ. 

NATO AS1 Ser., Ser. C. 252(Acid Deposition High Elevation Sites), 
73 -92 

IS 0258-2023 

The prodn. of carboxylic acids from the photochem. decompn. of 
isoprene (I) in a remote continental atm. is studied wirh a detailed 

chem. model. 
the boundary layer of the -4mazon basin. and predictions were 
compared to field measurements made during the Amazon layer Bounary 

Expt. The model reproduces fairly well the obsd. diurnal pattern in 

realistic representation of the boundary layer chem. According to 
the proposed chem. mechanism, the gas-phase photochem. decompn. of I 

The model was appiicd to a simulation of am. chcrn. in 

the concns. of I, 03, and NO; rhus. i t  should provide a fairly 

produces HC02H, methacrylic acid. and AcC02H. 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 HC02H in cloud by 4.-phase 
oxida of CH20 does not greatly increase the HC02H concn. predicted 
from the gas-phase mechanism; cloud droplets with pH > 4 are 
actually expected to constitute net sinks for HC02H. Xo significant 
prodn. of AcOH is expected from the photochem. decompn. of I, either 
in the gas phase or  in the aq. phase. 
predictions with field data indicates that I could be a major source 

of HC02H and AcC02H obsd. in ihe gas phase and in rainwater: 
however, AcOH must originate from another source. 

Comparison of model 
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JOURNAL OF GEOPHYSICAL RESEARCH. VOL. 93. NO. D1. PAGES 1477-1586. FEBRC'..\RI' 10. 1388 

Photochemistry of Biogenic Emissions Over the Amazon Forest 

DASIEL J. JACOB AFD STE\X+N C. WOFSY 

Earth i~nd Plunerory Sciencrs. Division o í  .ipplied Science. Harrard L'nirersir!. Cumbridge. Mrlssuchuserrs 

The boundary layer chemistry over the Amazon forest during the dry season is simulated with a 
photocfiemicil model. Results are in good agreement with measurements of isoprene. NO. ozone. and 
organic acids. Photochemical reactions of biogenic isoprene and XO, can supply most of the azone 
observed in the boundary layer. Produaion of ozone is very sensitive to the availability of NO, but is 
insensitive IO the isoprene source strength. High conomrations oí total odd nitrogen (NO,) arc predicted 
for t%e planetary boundary layer. about 1 ppb in the mixed layer and 0.75 ppb in the convective cloud 
layer. Most of the odd nitrogen (5'70%) 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- 
dencc of the isoprene emission flux on sun angle. Nighttime lossa of isoprene exceed r a t a  of reaction 
with NO, and O, and appear to reflect drydeposition processes. The 24hour averaged isoprene emis- 
sion flux is calculated to be 38 mg m-* d-'. Photooxidation of isoprene could account for a large 
fraction of the CO enrichment observed in the boundary layer under unpoilutcd conditions and could 
constitute an important atmospheric source of formic aad, mnhacrylic acid. and pyruvic acid. 
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 95, NO. Dó. PAGES 7515-7519, MAY 20. 1990 

Monoterpene Emission Rate Measurements From a Monterey Pine 

SOILE J U U T I  

Deparrrnent of Environmenrd Sciences. Uniwrsiry of Kitopio. Kiiopio. Finlond 

JANET AREY AND ROGER ATKINSON 

The monoterpenes emitted from a Monterey pine (Pinus rudiriru) were investigated using a dynamic 
flow-through enclosure technique. The monoterpenes identified and quantified were a- and &pinene. 
d-limonene + Bphellandrene, myrcene. camphene and A3-carene. with a- and &pinene accounting for 
over 80% of the total monoterpene emissions. The monoterpene emission rate increased with 
temperature. in good agreement with previous data for other coniferous species. The absence of added 
coz 10 the synthetic air flow stream, exposure to elevated levels (300-500 ppb mixing ratio) of 0, for 
3 4  hours. and increased air movement within the enclosure had no observable effect on !he 
monoterpene emission rate at a given temperdture. I n  contrast. "rough handling" oí' the pine during 
the sampling protocol resulted in  incream in the monoterpene emib'iion rate by facior> of Iü-FU. 
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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JOURNAL OF GEOPHYSICAL RESEARCH. VOL. 91. NO. D12. PAGES 13.239-13356. NOVEMBER x). 1986 

Nonmethane Hydrocarbons in the Troposphere : 
Impact on the Odd Hydrogen and Odd Nitrogen Chemistry 

JAMES F. KASTING AND HANWANT B. SINGH 

The chemisiry oí light nonmethane hydrocarbons (NMHCsì. including C2H,. C,H,. n-C,H ,o. C,H,. 
and C,H,, was incorporated into a  aso on ally varying. ondimensional model of the mid-latitude 
troposphere (45 N). Simulations were performed for both marine and continental atmospheres. Where 
possible. these simulaiions haw been compared with surface and aircraft measurements of test molecules. 
such as C,H,. C,H,. CO, pcroxyacetyl nitrate (PANI. and pcroxypropionyl nitrate (PPN). Model 
calculations predia that NMHC oxidation produces acetaldehyde and acetone in concentrations that 
can exceed that of formaldehyde. Organic peroxides were found to k 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. 
n ie  inclusion of NMHC-PAN chemistry has little eñect on summertime odd hydropn!odd nitrogen 
photochemistry. but is shown to have a substantial impact in wintertime. particularly over the conti- 
nents. where NO, concentrations are high and temperatures are low. Under thex circumstances, oxida- 
tion of NMHC compounds can enhance ground-level OH and HO, concentrations by factors of 550. 
rapoctiwly. 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 -2û-30 over thc continents. Significant 
changes also occur in the predicted concentrations of HNO, and HOZNO,. The effects of NMHCs on 
wintertime photochemistry might be moderatcd by seasonal variations in NMHC source strengths or by 
horizontal transport of trace p x s  from the continents to the oceans and from high latitudes toward the 
equator. Nonetheless. it seems I l d y  that models of the troposphere must include NMHC-PAN chemis- 
try in order to  correctly predict the seasonal behavior of trace chemicair 
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A f m r p h r r u  tiuironmrnr V d .  23. No. 5. pp 921-927. 1989. 
Printed in U r u t  Bniain. 

LIGHT HYDROCARBONS VERTICAL PROFILES AND 
FLUXES IN A FRENCH RURAL AREA 

M. KANAKIDOU, B. BONSAKG and G. LAMBERT 
Centre des Faiblcs Radioactivitk. Domaine du CNRS, 91 198 Gif-sur-Yvette Cedex, France 

(first receiueà 7 May 1988 and received jor publicaiion 28 Seprember 1988) 

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 al ground level of non-methane 
hydrocarbons in the C 2 C ,  range. Flux determinations were baxd on vertical profiles before and after the 
development ora temperature inversion layer which allowed the measurement of the NMHC accumulation 
close to ground ievel. The main species produced in the late afternoon ucre acetylene. propane. cthcne. 
propencandeihanc wtth production ratesoítheordcrof0.5 t o 2  x IO-' gofCm-'h- ' .  Isoprene wasíound 
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 concenrraiion of 2 x IO6 an-'. 

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 

The chemistry oí light nunmethane hydrocarbons (NMHCs). including C2H,. C,H,. n-C,H ,o, C2H,. 
and C,H,. was incorporated into a scascinally varying. onc-dimcnsional modcl of thc mid-latiiude 
troposphere (4s N). Simulations uerc pcrfimnrd fur both marine and continmal atmospheres. Where 
possible. these simulations have k e n  compared uiih surface and aircraft mcawrements of tesi molecules. 
such as C,H,. C,H,. CO. peroxyacetyl nitrate (PAN). and pcrox)propion~l nitrate tPPN,. Model 
calculations predict that KMHC oxidation produces ace1aldch)de and accione in concentraiions that 
can excced that of formaldch-de. Organic peroxides were found to be present in concentrations thai. 
considered collectively. are comprrahle io thai oí hydrogen p r o i d e .  Peroxyacetyl nitrate is the domi- 
nant odd nitrogen (NO,) compound in uinieriime and is surpassed on]) b> HSO, during the summer. 
The inclusion of NMHC-PAN chemisiry has little cñcct on summertime odd hydrogen odd nitrogen 
photochemistry. bui is shown to hate a substantial impact in wintertime. particularly over the conii- 
nents. where NO, concentrations are high and temprntures are low. Under these circumsiances. oxida- 
tion of NMHC compounds can  enhance pound-level OH and HO, concenirations b> factors of 4-50. 
respectirely. Formaiion of PAN during the riniertirne can reduce u p p r  troposphcric NO, con- 
centrations by a facior of 1 3  over [he oceans and a Ficior oí 2û-30 o w  the contincntr. Significant 
changes also occur in the predicted concentrations oí HNO, and H0,NO:. The effects of KMHCs on 
winicrtime photochemistry might be moderated by seasonal variations in S N H C  source strengths or by 
horizontal transport oftrice gases from the continents io the oceans and from high latitudes toward the 
equator. Nonetheless. i t  seems likely that models oí the troposphere must include PC’MHC-PAS chemis- 
try in order IO correctly predict the seasonal behavior of irace chemicals. 
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I 

REACTION OF MONOTERPENES WITH OZONE, SULPHUR 

OXIDATION OF SO, AND FORMATION OF SULPHURIC 
ACID 

D. KOTZIAS, K. FYTIANOS and F. GEISS 
Commission of the European Communities. Joint Research Centre, Ispra (VA), Italy 

DIOXIDE AND NITROGEN DIOXIDE-GAS-PHASE 

(First receiued IS December 1988 and in finalform 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 pnsencc of SO2 @-pinene) as well as in the prescncc of S 0 2 / N 0 2  (3- 
pinene. fl-pinene. limonene). Emphasis was given in identifying the main reaction products and in 
quantifying the H2S04 aerosol formed. Apar! from the H,SO, aerosol no other S containing compounds 
couid be detected. 

It was found that the reaction of /?-pinene with O,. SO, and NO, leads mainly to 6,ódimethyl-bicyclo 
[3.i.i] heptan-2-one (nopinone), the a-pincnc-û,SO,-NO,-rcaction produced 2’,2’dimethyl-3-accryl 
cyclobutyl ethanal (pinonaldehyde1 î h e  reaction of limonene with O3-SO2-N0, leads mainly to an 
unidentified product with a molecular weight M’ 134. In addition to the above-mentioned volatile 
products, the formation of organic nilraces could be established by means of gas chromatography-mass 
spectrometry. 

The yield of H2S04 in the system fi-pinene/O,/SO, varies between 0.13 and 0.44 depending on the initial 
conditions. c.& 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 fl-pinene (2 or 4 h reaction time) 0.07-0.13 and for limonene (I h reaction 
timC) 0.02-0.w. 

Key word index Monoterpenes, ozone, sulphur dioxide. nitrogen oxida. 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 

Island, USA 

International Conference on IIAcidic Deposition: State of 
Science and Technologya1 11-16 February 1990, Hilton Head 

This paper has not been subjected to external peer review 

SUMMARY AND CONCLUSIONS ' 

The objective of this research was to develop methods 
fo r  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, 
inventory was developed at the outset of the NAPAP program 
(Lamb et al., 1987). In 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'c (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, 

A first generation biogenic emissions 

. -- 
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. 
temperatures for state climatic divisions given in the 
Geoecology Data Base were used in this step to generate 
diurnal temperature profiles. 
in the canopy model was calculated on a seasonal basis for 
each climatic'zone. 

Mean minimum and maximum monthly 

Solar radiation input f o r  use 

For the latest inventory, efforts were made to 
determine the fraction of unidentified emissions and to 
specify emission algorithms for isoprene, identified 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



API PUBLt309 92 0732290 0529783 923 

A NATIONAL INVENTORY OF BIOGENIC HYDROCARBON 
EM 1 S S I O N S 

BWIAN L A M B . *  ALFX GUENTHER, DAVIDGAY and H A L  WESTBERG 
hbordlory for Aimospherr Hcuz.:ch. College o1 Engtnœfing. WashingIon Siair University. Pullman. WA 

YYIb)-2730. U.S.A. 
I 

(Fir&[ rrrriorú Y üirober IYd6 und rnßnd Jcirm ä JUIUUF 1987) 

Abstract-Emision raie YS tcmperature algoriihms for dilTcrcni vegetation iyprs. including da-iduous. 
conilerous and agrruiiuröl sources. were UA uiih avriídblc bionps and knd usc &[a tor the us. 10 
dcvelopa miional emiuion invcniory with county spaid and monihly tempordl swlcs. Thc citim;itd total 
NMHC emiuion rate Irom the U.S. IS 30.7 Mi anrwlly; morc than haIl o¡ ihcw cmisbions wcur in the 
summer,andapprotima~eiy halfartwin iheSEanJ SW U.S. ToidIemission rates oiiioprcne iromdaiduous 
forai and 1-pinene l'rom da-iduous and coniterous torests are JY and 6.6 Mi annuaily. Emissions Irom 
a(lricuiiuralcropsconirtbule1cisthrn 3 '.,ol'ihernnultoul. Thea~erqedur  oibiogcnic NhlHCin ~ h c  L s. 
i s  ht imiu i  IO bc 4W pgm ' h - ' wiirch 15 20 times leu i h n  reported emi>wns o1 anthropogenic hM tic 
averaged overurban landarmsin ihi. U5;.whemuI NMHCemirsionslrorn hydrcrïirwn richsoil, intnc 
US. are catimaid io k negligible c mparcú io  w g e u t i v t  ,wurccs. The uwria in t j  in the inmior )  1s 
aiimtcd to bc on the order o1 a pdcior o1 thrcc. 

Key word rnúrx: Biogenic h y d r w , b n r  isoprene. x-pinene, emission invcniory. natural sources. begetation. . 
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AN CAï04(1 i):84646s 
TI Isoprene cmission fluxes determined by an atmospheric tracer 

AU 
CS 
LO Pullman, WA 99164. USA 
SO Atmos. Environ., 20(1), 1-8 
SC 9-3 (Biochcmical Methods) 
sx 11 
DT J 

technique 
Lamb, B.; Westberg. H.; .4llwine. G. 
Lab. Atmos. Res.. Washington State Univ. 

CO ATENBP 
IS 0004-6981 
PY 1986 
LA Eng 
AB SF6 tracer was used in a series of expts. to simulate is'oprene 

emissions from an isolated oak grove. The measured tracer release 
rate and ambient concns. of isoprene and SFI obsd. along downwind 
sample lines were combined to det. the mass flux of isoprene from 
the forest. The fluxes detd. 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. 

emission fluxes that can be applied ia regional models are reponed. 
Isoprene 

. -  
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JOURNAL OF GEOPHYSICAL RESEARCH. VOL. YO. NO. Di. PAGES 2350-2390. F E B R U A R Y  10. i985 

Biogenic Hydrocarbon Emissions From Deciduous and Coniferous Trees in the 
q . y $ T  NO. United States Eh: i.. 

\ BRIAN LAMB, HAL WESTBERG, AND GENE ALLWISE . r. .-~ 
-> . . 
I( - ' A  

Laboratory for Atmospheric Research. College o j  Engineerrng, Washington Srare University. Pullman 
. -  

T ' J  _ .  CO CI^:‘^ yr i'- - '  ' - TIM QUARLES ;;h'S , . . i;  ... !y>;:' 
\{&I&l - 

Naval Energy and Environmental Support Activity. Navd Construction Batallion Cenrer, &-! M e n e m ,  Calgornia 

Measurements of natural hydrocarbon emission fluxes are reported for a northcastem U.S. deciduous 
forest. for a northwestern U.S. coniferous forest. and for dominant tree species in the Ailania, Georgia 
region. The emission data were obtained by using a vegetation enclosure procedure and a micro- 
meteorological gradient technique. Isoprene Ruxes determined by the gradient method in the deciduous 
forest vaned from 2soO pg/m'/h at 20°C to 8000 pglm'/h at 3O'C. Corresponding fluxes obtained with 
the vegetation enclosure method ranged from 890 to 7300 pdm2/h. Isoprene fluxes detemincd 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 10 1320 pg/m'/h. Relative humidity a p  
pearcd 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 bydrocarbon emission rates. 
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OZONE, SULFUR DIOXIDE, AND NITROGEN DIOXIDE 
TRENDS A T  RURAL SITES LOCATED IN THE UNITED 

STATES 

ALLEY S. LEFOHN 
A.S.L. 8 Associates. 1 I1 North Last Chance Gulch. Hclrna. SIT 59601. U.S.A. 

and 

DOUGLAS S. SHADWICK 
NSI Tcchnology Services Corporation. Research Triangle Park. SC 27709. U.S.A. 

[First receice¿ I I June 1990 and in finalform 13 Auqui 19%) 

Abstnct-We have investigated the existence of trends for ozone. sulfur dimide. and nitrogen dioxide ai 
rural sites in the U.S. For the ozone analysis. at 54 of the 77 Utes (70%) for the 10-year analysis (1979-19881 
and at i 18 of 147 sites (80%). with at least 4 y e a ~  of data for the 5-year analpis (3984-1988). there was no 
indication of trends. either positive or negative. For the 10-year analysis. ozone rites in [he Southern and 
Midwest forestry regions showed more positive than negative significant slop estimates. For the 5-year 
analysis. similar r e s u i ~  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. respactively. were significant and there were more positive than negative significant ozone 
trends for both the 10- and Syear periods. For suifur dioxide. there was an indication of trends at 37 of 64 
sites(58%)for the 1û-year analysis(1978-1987). For the 5-year analysis (1983-1987). with at least 4 years of 
data, there wasno indmlion of trends ai I 15 of 137 sites (84%). For sites in some regions of the US.. there is 
an indication that sulfur dioxide concentrations have declined for both the 5- and Iû-year periods. but the 
rate of decline on an aggregate basis has slou.cd in the $year period. There is a strong indication that the 
sulfurdioxide kwl dccrcascd at many sites in the Midwest forestry and ihe Com Belt agricultural regions for 
the Ibyear period. In the Southern forestry and Appalachian agricultural regions. many sites showed a 
decrease in the index for the Iû-year. but not the Lyear. period. The lack of monitoring data for nitrogen 
dioxide made any condusion extremely tenuous. 

Key wo?¿ index: Trends, ozone, sulfur dioxide, nitrogen dioxide, cumulative exposure, agriculture, forestry. 
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JOURNAL OF GEOPHYSICAL RESEARCH. VOL. 93. NO. D12. PAGES 15,879-15.888. DECEMBER 20. 1988 

On the Nonlinearity of the Tropospheric Ozone Production 

X. LIN. M. TRAINER.' AND S. C. LIU 

Thr rdationship of phn~nchcm~cal ozone production versus photochem~cal loss of an ozone precursor, 
thai IS. either NO, or nonmethane hydrocarbons (NMHCs), IS siudied by using a box modei with 
particular emphasis on ihc nonlincariiy problem of the relationship with respcct to the conantraiion oí 
thc precursor. Model calculations indicate thai the composition of NMHCs. the ratio of NMHCs to 
NO,. and the background conantrations of natural hydrocarbons. CO. and CH, all play i m p n a n t  
roles in determining the nonlinearity of O, production with respect to the loss of NO,. In addition, 
influences on the nonlinearity due to radical loss via reactions of HO, with RO,. exchanges between 
PAN and NO,. and inclusion of nighttime NO, loss processes are also inmtigatcd Mechanisms that 
coniribuie io the nonlincariiy are discussed. The nonlinear property of O, production versus loss of 
hydrocarbons and CO is different from thai of NO,. When the sum of CO and all hydrocarbons, 
including CH,. natural NMHCs. and anthropogenic NMHCs. is uscd as the derencc O, precursor. the 
nonlinearity is much kss pronound  for ambimt conditions usually found in rural air. 
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A Model for Assessiag the Impact of Atmospheric Deposition OD 
Regional Forest inventories 

C. M. Liu, W. A. Lcaschou, H. E Barkbut 

üeparttnent of Forestry. Virginia Pdyfechnic Instimte mid Stair University. 
Blacksburg. Vùgum. 21061. U.S.A. 

dJ.EdeStugiiu 

Southmtwn F W ~ I  Experiment Station. USDA-Foressi Service. P.O. ùox 12254, 
Research Tria& Park. North cordino. 27709. U.S.A. 
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Ozone Prodiict ion in !he ?m~! Tropesphere and the Implications 
for Regioriai and Gobai Ozone Distributions 

S. C. Lw. M. TRAINER' F. C. FEH.-LD. D, D. P.ms?i.'* ' E. J. WILLIAM$' 
"u. W. FAHEY. G. HUBER.: AND P. C.  MURPHY' 

Affonomy Laboratory. Ennronmrnfd ResPmch LiboratoricJ, NOAA. Boulder. Colorado 

The relatinnchip h w e c z  C! , zed NO, :NO + NOJ which was measured during summer and winter 
pcrids at Niwot Ridge. Colorado, has k n  analyzed and compared to model calculations Both model 
calculations and observations show that the daily O, production pcr unit of NO, is greater for lower 
NO,. Model calculations without nonmcihanc h)drocarbons (NMHC) tend to underestimate the O, 
producrion rate ai NO, higher than 1.5 pans per brllion by volume and show the opposite deFdencz  
on Fio,. The model calculations with NMHC arc c0nsistent with the observed data in this r e p e  and 
demonstrate the importane of NMHC chemistry in the O, production. In addition. at nght other rural 
stations wih  concurrent O, and NO, measurements in the antral and eastern United S ta ta  the dady 
O, increase in summer also agrees with the O, and NOs relationshp predined by the model. The 
rnnc!stcr!ry o! !kt &::d =;..Y ri&:liokuläted drily summer O, increase implies that the a w a p e  O, 
produnion in rural a r a s  can be predicted if  SO, i s  known. The dependcna of O, production rate on 
NO, deduced in this study provides the basis for a crude estimate of the total O, produaion For rhe 
United Stares an average summer column O, produnion of about 1 x 10" s-' from anthropoge- 
nically emitted NO, and NMHC 1s estimated. This photochemical production is roughly 20 times the 
averase cross-tropopause O, flux. Produnion of O, from NO, that is emitted from natural sources in 
the United Siatcs is estimated to range from 1.9 x IO" to 12 x 10" cm-' s-', which is wmcwhat 
smaller than ozone production from anthropogenic NO, sourccs. Extrapolation to îhe entire northern 
ìrciiiupherc snows inai in the summer. 3 times as much O, is  generated from natural precursors as those 
of anthropogcnic nngin The winter daily O, production rate was found to be about 10% of ihe summer 
value at the same NO, Ic\cl. However. because oí longer NO, lifetime in the winter, the integrated O, 
production over the lifetime of NO, may he comparablc to the summer value. Moreover. because the 
naturai NO, sources are substantially smaiicr in the winter, the wintertune O, budgei in the northern 
hemisphere should be dominated by ozone production from anthropogenic ozone precursors The 
pnoiocncmicai iiktime o1 O, in the winter in the mid-latitude u approximately 200 days. We propose 
that this long lifetime allows anthropogcnically produced O, IO accumulate and contribute substantially 
to [he ohserved sprtng maximum that io usually attnbutea to siratosphenc intrusion Furthermore. the 
anthropogenic O, ma? bc transported not only zonaIl' but also to lower latitudes. Thus the long-tcrm 
!nt::2nz23! ir.c::a~ in O?. observed in the winter ana spnng seasons at Mauna Loa, may bc d x  IO the 
same anthropogenic influences as the similar winter trend observed at Hohenpeisscnbcrg. German! 
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Ozone in Rural Areas of the United States 

J E N N I F E R  A. LOGAN I 
I present the rcsiilir of ;in ; i t i d p i \  of omtic 1i:Ii:t I'~IIIII W:II hw;iiitlti\ III III,. I :ll:wai si.Il,.\. i ) A I ~ I ~ -  

bwn<~ntci~¡Cw\ :~liove St) pph :ire coiiitiioii iii i i i~  cmi :II \ ~ V I I I ~  : I I I , ~  W I I ~ I I I ~ - I  . i l t l i  I I IC\  :li1i:\:i.:i :i: itl,- 

;rc hishl! ;\vrci.itd 4 ~ c r  .Ii-i;ita:c\ $4 w\ c1.11 tiiiii,Ii\*,l i ,11 ,~11i .* i~- i~  I I I  illr- $..181, ilid:. . i t i n ? :  :Ii.ii Iii3:Ii 
vdues ;ire ass1wi;iied ui ih cpjsoúcs ot'kirgc qut i : t i  hL.;iic. .tw.iwnI hi:, h * I c  \WC ((1 . it id weit \ I I ~ I  

episodes in I97Xlind 1979 respectively. between the nionths of  Apnl ;ind Sepieinber: they persirled b r  
-3-4 days. on avenge. with a rmpe of 14 Jays. and \rere most coninion in June. D:i¡l> cii;i\iniuni iuone 
\ïilues exceded YO ppb at over helf the sites during these episodes iind were often greater i h m  120 pph 
at one or more sites. An ainalysis of the meteorology for each episode shows iki i  they occurred 
prcferentiiiliy in lhe presence of w d .  slow-nioving. iind pcrsisteni high-pressure systems. Two 
episodes thiit occurred outside the summer h;ilf of the yair were ~isswii ied with unvxtsonahly wiirrn 
weuiher: only one episrwle. in March IY7X. uppeiircd io  rr.Hcci i t  iilii.ior \mito\pheric iniru*ion. 
Concenttziibns of NO, ;it ruml Iixations in thr. c;isi ;ire frequeiitly high enough i I pph) to permit 
significant photochrniicrl formation of ozone. It is clear that ruriil wone in ihc east in spring and 
summer is severely impacted by anthropogenic emissions of NO, and hydrocarbons. and that ozone 

. episodes occur when the weather is panicularly conducive i o  photochemical formation of ozone. 
Ozone episodes were present on 23% of days in Muy-Aupusi in the east in 1978-1979. The eñect of  
these pollution cpiscxfes on vegetation cannot be ;isaessed with current infimmtinn on dose-response 
chafiicteristics. which i s  based priniiirily on exr)oaurr. oï crops to u given level of ozone for 7 hours u 
day. The results presented herc miiy bc used to design siiidits that acwunt liir ihr ptriidic e*p»sure 
of vcgetution to high values of ozone for wvcriil conaecuiivc days. 

UC\I. Liiid t\/<\nC sh<t\\\ < t ~ I i \ i d ~ ï ~ t l ~ l \  tiii1I't* AI\  , i t ~ - s i : ~ \  \ : I I I ; I I * I I I I \  111 I I W  C.I\I \ . I I I . ~ I I ~ * I I \  I I I  * t . n ~ a .  I*'$ \*I\ 
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' SIMULATION OF CHEMICAL PROCESSES OCCURRING IN 
AN ATMOSPHERIC BOUNDARY LAYER. INFLUENCE OF 

LIGHT AND BIOGENIC HYDROCARBONS ON THE 
FORMATION OF OXIDANTS 

A. LOPEZ, M.  O. BARTHOMEUF and M. L. H L E R T ~ S  
Laboratoire d'Aerologie. L.A. 354, Universite Paul Sabatier. 118. Route de Sarbonne, 31062 Toulouse 

Cedex. France 

(First received 6 May 1988 and receiwdjor publicarion 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 ofozonc. HNO, and PAN concentrations in the troposphere. 

The present rnodc1,oTLagrangian type. describes lhe evolution of irace gaxs 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 difusivity tensor K, varying as a function of time 
and altitude. 

T h e  results ofthis study indicate that both the intensity of vertical exchanges of airborne elements and the 
ground deposition play an important role on the evolution oívertical concentration profiles. The influence 
of diffusivity on the integrated concentrations in  the boundary layer remains low. 
The introduction oí light HCs (alkanes, alkenes) results in an increase in the O, concentration. correlated 

with the intensity of NO, and HC emissions. For a given levei of NO,. both a decrease of ihe concentration 
in " 0 ,  and an increase in the PAN concentration are observable when the production of light HCs 
increases. The sensitivity increases with the KO, source. 

The introduction oí terpenic HCs causes a depletion of O, i n  the air masses charactenzed by low NO, 
emission rates. and an enrichment in those with higher emission rata. In both wes. the amplitude of the 
variation 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 "0, concentrations are seen to decrease when the soura  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, soura. 

K c y  word index: Tropospheric chemistry. boundary layer, terpenic hydrocarbons. modelitation. 
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PRESENTATION D E  L 'EXPERIENCE A T I L A  (ACTIO3 DES 

EFFECTUEE EN FORET TE.MPERE AU SUD OUEST DE LA 
F R A N C E  ( F O R E T  DES L A N D E S )  

TERPENES ET ISOPREKE DANS LATMOSPHERE) 

A. LOPEZ. J. F o Y T ~ \ .  M. O. B.ARTHOME~.F et A. 3 1 1 ~ 4  
Laboratoire d'Acrologie. Laboraioirc assoai au CXRS n o  354. Cnibcrsiic Paul Sab~ticr. 118 Rouie de 

Narhwme. 31062 Toulouse Ccdci. Francc 

R&uml--Nous prescntons dans IC cadrc dc ce iralail. les ohjeciifs. le disposif expirimenial mis en place et 
les premiers rcsuliais ohitnub lors d'unc cimpagnt dc mcsurc eñeciuee en zone dc foret tempirk du Sud. 
Ouest de la France: forti des Landr.> (Epkience ATILAI. 

Laaion des hydrocarbures bioginiques sut 13 chimicde I'atmosphcre est etudik i partir de la mesure de 
conceniraiions dc consiiiuant, tr;ice\ efftctuic, XW> IC cou\cri \cpctal. 3 l'interface cou\er: aimosphirc et 
dans la couche limiic (ozone. CO. aerosols. h'drwarbuies biogeniques). Les premiers resultais font 
apparaitrc un bilan d'ozone Iigcrcment nipatif au dessus de la fort51 qui confirme les resultat, obienus par 
simulation lors d'une emission de SO, faible. La formation dc particules et de monoo\!de de carbone par 
reactions physicochimiqucs sur Ics h!droearhures naturels est rest& bible durant la piriode de Iexpirience. 

Abstract-We present. i r i ih  this uork. rhc mis.  theexperimental sei-upand the hrsi results obtained during 
a campaign in atmospheric chernisir! unacr:rhen in a temprate forest area in souihaesicrn France. the 
forest of Landes (expriment ATlLAi. 

To study the action of biogenic h!dracarbons in atmospheric chernisir!. measurements of trace 
constituent concentrations acre madc under plant cover. at the interface between ihe cover and the 
atmosphere and in :he bomdar? Iqer lozone. CO. particles. biogenic hydrocarbonsi. The first nsulis $hou 
a slightly negative ozone balance mer the loresi. uhich 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 ihe experimeni 

I 

K P J  word indus: Tropospheric chemistr!. ozone. serosol~. CO. biogenic hydrocarbons. 
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AN CA107(2): 10900k 
TI 

AU 
CS 
LO Toulouse 31062. Fr. 
SO Atmos. Environ., 21(3), 671-85 
SC 53-10 (Mineralogical and Geological Chcmistry) 
DT J 
CO ATENBP 

PY 1987 
LA Fr 
AB A phys.-chem. model of an unpoIluted planetary boundary layer 

Modeling of the chemistry of an unpoiluted atmospheric boundary 
layer. Effect of natural hydrocarbons emirtcd by vegetation 
Lopez, A.; Prieur, S . ;  Fontan. J . ;  Banhomeuf, M. O. 
Lab. Aerol., Univ. Paul Sabatier 

IS 0004-6981 

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 03,  -J oxides. CH4, CO, and C5H8. a 
biogenic hydrocarbon, are considered. Dynamic considerations are 

modeled by a time-variable cquiv. mixing height. 
photochem. formation of 0 3  in the lowcr laycr of the atm. are 
conducted with this model with various initial and boundary 
conditions. These expts. show lhe influciice of ground sinks and of 
venical exchanges on the variarions of 0 3  concns. at ground level. 
They suggest the existence of photocnem. O3 synthesis whose 
intensity vanes nonlinearly wirh the intensity of NOx and C5H8 
sources. 

Expts. on 
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A N  CA100(12):90515g 
TI Modeling potential ozone impacts for natural hydrocarbons. 11 

Hypothetical biogenic hydrocarbon cniission scenario modeling 
A U  Lurmann, Frederick W.; Lloyd, Alan C.: Nitta. Bonnie 
CS Environ. Res. Techno].. Inc. 

LO Westiake VilIage. CA 91361, USA 
SO Atmos. Environ.. 17(10), 1951-63 
SC 59-2 (Air Pollution and Industrial Hygiene) 
sx s3 
DT 3 
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. 03  formation 
from natural hydrocarbon emissions. 0 3  predictions under worst-case 
meteorol. conditions are reported for various combinations of 
natural and anthropogenic emissions in rural and urban environments. 

03 prodn. by naturai emissions in rural environments is small or  
neg. due to the scarcity of NOx. However, downwind of isolated NOx 

sources, 03 prodn. is substantially enhanced by natural emissions. 
Similarly, 0 3  prodn. in urban areas is slightly enhanced by upwind 
biogenic hydrocarbon emissions. Natural org. emission rates of 100 
.mu.g/m2-min produced isoprene [78-79-51 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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AN 
TI Modeling potential ozone impacts from natural sources. III.  

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

CS Environ. Res. Technoi..nc. 
LO 
SO Amos. Environ.. 18(6). 1133-43 
SC 59-2 (Air Pollution and industrial Hygiene) 
sx  53 
DT J 
CO ATENBP 

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 0 3  fornation. A photochem. mechanism 
that distinguishes the oxidn. of isoprene and terpenes from 

CA 10 1 (24):2 15646e 

Ozone modeling in Tampa/% Petersburg, Florida 

Alan e. 

Newbury Park, CA 91320. USA 

IS 0004-6981 

anthropogenic hydrocarbons and spatially and temporally resolved 
inventories of biogcnic and anthropogcnic hydrocarbon emissions were 

used. The natural emissions contributed little to max. 03. Only 
2-11 ppb or 2-9% of the predicted max. 0 3  was due to natural 
emissions. This small contribution is attributable to fast 0 3  
biogenic hydrocarbon reactions which scavenge almost as much O3 as 
is produced by the biogenic hydrocarbon in the urban environment. 
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Jouriial o j  Nazurul Prudurrj 
Vol. 50. No.  5 .  pp. 950-952. Srp-Ocz 19x7 

VOLATILES OF SORGHUM BICOLOR SEEDLINGS 

W. LWANDE 

Tbt Infernufional Centn oflmct Pbyriology and Ecology ( ICIPE),  P.O.  Box 30772. Nairobi. Kenja 

and M.D.  BENTLEY 

Department of Chnijtry. Uniwriily o/ Maint. Orono. Maint 04469 

Sorghum bicolor(L.) Moench, grain sor- 
ghum, is one of the world's most impor- 
tant cereal crops, ranking fifth in world 
acreage and production after wheat, rice, 
corn, and barley (1). in Africa and Asia 
where about %4 of the world's acreage 
produces only Y3 of the sorghum grain 
crop, insect pests take an immense toll. 
Nearly 150 insect species are known to 
be pests of S. bicoìor, the most important 
being the sorghum shootfly (Atherigona 
sorcata) and the spotted stalk borer, Chito 
purtellus, which attack 3- to 5-week-old 
sorghum seedlings (1-3). 

Odors emanating from S. bicofw 
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 
S. bicoìor may be useful in the study of in- 
sect pest-sorghum plant relationships. 
No report in the literature on the vol- 
atiles of S. bicÒfor has been found by the 
authors. 

In the present study, air-borne vol- 
atiles of 4-week-old S. bicofor (Serena cui- 
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. Identih- 
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 volatiles 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 
result in enzyme-catalyzed oxidation 

TABLE 1 .  Air-borne Volatiles Trapped from 
4-Week-Old Seedlings ofSorgbunt bicofor 

(Serena cultivar) 

Compound 

Toluene . . . . . . . . . .  
Hexanal . . . . . . . . . .  
(2)-3-Hexen-l-o1 . . . . . .  
ni-Xylene . . . . . . . . . .  
o-X ylene . . . . . . . . . .  
(Z)-3-Hcxen- 1-01 

acetate . . . . . . . . . .  
Nonanal . . . . . . . . . .  
Decana1 . . . . . . . . . .  

~ 

Relacive % a  

3.9 
s.2 

14.0 
4.7 
2.0 

65.0 
3.8 
1.4 - 

'Based on integrarion of peaks in rhe gc-ms 
total ion currenr chromarogram without useof in- 

cerna1 srandards. 

producrs that are normally not presenr in 
the intact plant and that may mask the 
original volatiles (5.6). Enzyme action 
may also degrade some of the plant voi- 
atile compounds. The collection tech- 
nique for volatiles used in this study may 
yield a better understanding of whar 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- 
atiles into the system. Although cutting 
the plant like this may also lead to for- 
mation of some metabolic artifacts, the 
damage is much less severe as compared 
to steam and reduced-pressure distiila- 
cion, where the whole plant is macerated 
and subjected to high temperatures. 

(Z)-3-Hexen- 1-01 acetate was the 
major volatile trapped from the seed- 
lings of S. bicolor (Table i). It has also 
been found to be the major volarile com- 
pound in the leaves of the cereal grain 
plants of oat and wheat (6,7).  (21-3-                                       
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THE ROLE OF BIOGENIC HYDROCARBONS IN THE 
PRODUCTION OF OZONE IN URBAN PLUMES IN 

SOUTHEAST ENGLAND 

A. ROBERT MACKENZIE,+ ROY M. HARRISON,$* * IAN COLBECK* and C. NICHOLAS 
HEwirrt 

Institute of Aerosol Science. University of Essex. Wivenhoe Park, Colchester. W x  COS 3SQ. U.K. and 
t Institute of Environmental and Biological Scienas, University of Lancaster. Lancaster LAI 4YQ. U.K. 

(First rrceiwd 18 February 1990 and in f i ~ l j o m  22 July 1990) 

Abstnct-Firstorder approximations of the rates of emission of isoprene and Ii-pinenc arc made for the 
region around London. Isoprene is found to be the dominant biogenic non-meihane hydrocarbon spccia by 
mau in the region. Chemical degradation schemes for isoprene and a-pinene are added to an erisiing urban 
plume model which has previously been applied to London. The influence of each hydrocarbon is 
investigated by comparing model runs which include biogenic chemistry to a base case scenario. Overall, the 
eñca is small: ozone levels in :he plume arc inmared by the addition d t h e  new schemes by up to 6 ppb. A 
model run with biogenic hydrocarbon and NO, emisions only.demonstrata the VOC-limited khaviour of 
the urban plume. Conversely. removal of anthropogenic V O C  emissions from the rural/suburban model 
results in a decrease of only 5 ppb in ozone production over one day. The reason for this difíerencc in 
khaviour is the diñcrent NMHC/NO, ratios within and outside the urban plume. The incluskm of biogenic 
NMHC chemistry in the model results in a negligible change to the calculated -urban ozone :f7cct" defined 
as the difference between ozone concentrations within and ouuidt of the plume. Substantial enhancement lo 
present biogenic NMHC databases are rquircd if our understanding of urban plume ctiemistry is to be 
made more accurate. 

Key word index: Urban piumc model. biogenic hydrocarbons. rniisSions. ozone. 
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Joirrfiui ofAttiiosplicric Chetnisrry 00: 000-000. 1Y91. 
O 1991 Kiuwer Acodetnic Pubiisliers. Pritited in ihr Nciher/andS. JOCH A164 I 

Measurement of Isoprene and its Atmospheric 
Oxidation Products in a Central Pennsylvania 
Deciduous Forest 
R A Y D A L  S. MARTIN, H A L  W E S T B E R G .  E U G E N E  A L L W I N E .  
LYNNE A S H M A N ,  J .  C A R L  F A R M E R .  and B R I A N  L A M B  
Loborato- for AttJlOSplJerk Reseorrli, Washit~groii State LJtiix;cr5ity, f’idinuti, MA 99164-BIO, U.S.A. 

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

Abstract. Ambient concentrations of isoprene and several of its atmospheric oxidation pmducts - 
methacrolein. methylvinyl ketone, formaldehyde, formic acid, acetic acid, and pyruvic acid - were 
measured in a central Pennsylvania deciduous foresi during the summer of 195s. Isoprene conccntra- 
tions ranged from near zero at night to levels in excess of 30 ppbv duriag daylight hours. During fair 
ueather periods. midday isoprene levels normally fell in the 5-10 ppbv range. hlethacrolein and 
rnethyl\inyl ketone levels ranged from less than 0.5 ppbv to greater than 3 ppbv with average midday 
concentrations in the 1 to 2 ppbv range. The diurnal behavior of formaldehyde pardleled that of iso- 
prene uith ambient concentrations lowest (-1 ppbv) in the predawn hours and highest p9 .0  ppbv) 
during the afiernoon. The organic acids peaked during the midday period uith average ambient con- 
centration of 25.2.0. and 0.05 ppbv for formic, acetic. and pyruvic acid, respectively. These data Fdi- 
cate that oxygenated organics comprise a large fracrion of ihe total volatile crgank carbon containing 
species present in rural. fomted regions of ihe eastern United States. Consequently, these compounds 
need IO be included in photochernid models thai attempt to simulate oxidant behavior and/or aunos- 
phenc acidity in these forested regions. 

Key words: Isoprene, methacrolein, methyl\inyl ketone, formaldehyde. formic acid, ant ic  acid, 
pyruvic acid. 

ci 
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ESTIMATION OF VOLATILE ORGANIC COMPOUNDS 
FOC) EMISSIONS FOR HUNGARY 

AGNES MOLNÁR 
Institute for Atmospheric Physics, H-1675 Budapest, P.O. Box 39, Hungary 

(Firs1 received 14 January 1990 und in$naljorm 20 May 1990) 

Abstnct-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 V O C  emissions for 1986 
wereestimated to be438.6million kg It isshown that soivent evaporation and traffic are the most significant 
anthropogenic SOUTCCS, while fonsts are the greatest natural contributors to VOC emissions. 

Key word index Volatile organic compounds, anthropogenic and natural sourcu, total Cmissions. Hungary. 
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 95. NO. D6. PAGES 7493-7500, M A Y  ?O. IYW 

On the Indirect Determination of Atmospheric OH Radical 
' Concentrations From Reactive Hydrocarbon Measurements 

S. A. MCKEEN,' M. TRAINER,' E. Y. HSIE,~ R. K. TALLAMWU,' AND S.  C. Liu 

Aeronomy Laborurory, Environmenrul Reseurch Luborarories. Narionul ûcrunic und Airnosphcric Adminisrrulion, Boulder. Coioruúo 

Measurements of nonmethane hydrwirbonh (NMHCs) from urban plumes hiive previously been 
used to deduce average OH concentrations by monitoring the decay of the SMHCs from initial values 
and comparing their time rates of decay to the decay raie of a rela!i\elj inen tracer emitted from the 
same source. Under the assumption of no interaction between photochemistry and trinsport. thehe 
observationally derived indirect OH concentrations are lower for SMHCs with successively higher 
reactivities toward OH. In this study. analytical solutions to simple How 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 resulis that are consistent with the 
observations and suggest that the assumption is not generdlly valid. Daytime venical mixing wiihin the 
planetary boundary layer (PBL) and horizontal diffusion are IWO transpon processes that cönnot be 
assumed to be separable from species reactivity. The net cffcci i )  thai under most daytime conditions 
the OH concentrations can be underpredic:ed by more than a factor of 2 when highly reactive NMHCs 
are used to derive OH concentrations in the usual manner. However. ihese 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 transpon for more realistic par-meterirations of atmospheric 
transport. The results of this study have important implications for experiments designed to indirecily 
determine OH concentrations and also for the treatment of turbulent transpon in Lagrangian and 
Eulerian photochemical models. 
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Ainospkric &nuiromnu V d  W& No. J. pp 1107-1133.1994 
Rinicd ia Gmi Briuin 

AGGREGATION AND ANALYSIS OF VOLATILE ORGANIC 
COMPOUND EMISSIONS FOR REGIONAL MODELING 

PAULETTE MIDDLETON* and WILLIAM R. STOCKWELL 
Atmospheric Sciences Research Center, State University of New York at Albany, Albany, New York, U.S.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 ìnjnalform i8 October 1989) 

Abstract-A general two-step procedure for aggregating the hundreds of reported volatile organic 
compounds {VOCs) into a much smaller set of lumped classes appropriate for regional airshed modeling 1s 
describtd. In  the first step, the compounds are condensed into a manageable number of emission categories 
which could bc adapted to a variety of molecularly-based lumpcd chemical mechanisms. In the second step. 
the emissions are further aggregated into a smaller se: of VOC classes which directly correspond to those in a 
particular model's mechanism. The application of this procedure is  illustrated by aggregating the National 
Acid Precipitation Assessment Program (NAPAP) anthropogenic V O C  emissions inventory the U.S. first 
into the 32-ciass system, and then into the groups of model species used in the latat  version of the Regional 
Acid Deposition Model (RADMLO). The importance of different VOC categones and source t y p a  on 
regional pollution production is explorcd by comparing the contributions of each of the unissions 
groupings, RADM model species and major emissions sourcs, to total moles carbon V O C  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 missions inventories may have the greatest impact on results of regional 
simulations. 

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

BALANCE APPROACH 

BRUCE D. MCVEETY* and RONALD A. HITES? 
%ho01 of Public and Environmental AlTaairs and Department of Chemistry. indiana University. 

Bloomington. IN 474û5. L‘.SA 

(Fior r e c e i d  i6 April 1987 und infinulfurni 31 Auyusr 1967) 

Abstract-A mass balance model was developed io explain thc movemcnt of polycyclic aromatic 
hydrocarbons (PAH)intoand out of Siskiwit Lake. which is located on a wilderness island in northern Lakc 
Superior. Because of its location. the PAH found in this lake must have originated exclusively írom 
amosphcric sources. Using gas chromatographic mass spectrometry. 1 1 PAH were quantified in rain. snovr. 
air. lake water. sediment core and sediment trap samples. From the dry deposition fluxes. an aerosol 
deposition velocity 010.99 0.15 cm s- ’ wascalculated for indeno[ 1.2.3-cdJpyrene and benzo[ghi]perylr.nc. 
two high molecular weight PAH which are not found in the gas phaw. The Jr)  aerosol deposition was found 
to dominate thc wet removal mahanism by an average ratio oí9 : I .  The dry gas flux w3s negative. indicating 
that surfacevolatilizaiionaas iakingplace: it accounted for 10-80”,oi‘ihc total ouiput flux depcndingon the 
volatility of the PAH. The remaining PAH were losi to sedimentation From the dr) gas flux. an overall mass 
transfer cocfbcieni for PAH was calculaicd to be 0.18i 0.06 m d - In ihis 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 

Rus8011 K. MOn8On' rnd Ray Frll 
Department of Environmental, Population and Organismic Biology (R.K.M.) end Department of Chemistry and 

Bickzhemistry, and Cwperative Instture for Research in Environmental Sciences (R.F.), Universiry of Colorado, 
e Boulder, Colorado 80309 
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A i m p k r k  Lnivroiuviu Vol. 23. NO. 9. pp 1971-1976. 1989. 
Prinied in Grcai Britain. 

awmi a9 s~.oo+o.oo 
í: 1989 Pcrpmon Plcw pic 

RATE CONSTANTS OF THE REACTIONS OF OZONE WITH 
NITRILES, ACRYLATES AND TERPENES IN GAS PHASE 

HUSHIDER B. MUNSHI: K. V. S. RAMA RAO and R. MAHADEVA IYER 
Chemistry Division. Bhabha Atomic Research Centre, Trombay. Bombay-400085. India 

(First received 17 Auyusf 1988 and received for publicarion 14 March 1989) 

Abstract-Rate constants for the reactions ofacrylonitrile. methacrylonitrile. methyl andethyl acrylate with 
O, have been determined with the help of a flow system coupled to an U.V. spectrophotometer. The rate 
constants obtained have enabled an estimation of the tropospheric lifetima with respcci to O, and have also 
offered a clue to the nature olthc initial ozone attack on the unsaturates. Non-stoichiometry observed in the 
case of acrylonitrile and ethyl acrylate has been rationalized by secondary free radical reactions. 
Absorptivities of the lour unsaturates in vapour as weil as in the solution phase have been reported. A bncf 
attempt to study ozone-terpene reactions is also described. 

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

NAOTO MURAO.* SACHIO OHTA,* NORITAKA FURUHASHI~ and ISAO MIZOGUCHI* 
Department of Sanitary and Environmental Engineering. Hokkaido University, Sapporo 060, Japan and 

t Fujitsu FACOM Information Processing Corporation, Shinbashi 6-1-1 I, Minato-ku, Tokyo 151, Japan 

(Firs1 rrceivrd 23 Junuary 1989 and receiiied for publicorion 26 Sepiember 1989) 

Abstract-In order to investigate the causes ofelevated concentrations of O, in Sapporo which are observed 
under anticyclonic conditions in spring. we made measurements of O, concentration at Teine mountain 
(43°û4". 141'11'E. 1íNOm high) in the suburbs of Sapporo simultaneously with measurements of 
concentrations of "0,. SO,. SO:-. NO; and 'Be at ground level in the center ofSapporo 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 I, (gas-particle distribution facior for S species). Backward trajectory on 
isentropic surface showed that the air parccl. which originally had existed in the western edge of the upper 
tropospheric cyclone. descended to the lower troposphere. The results indicate that elevated O, conantra- 
[ions 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 (EL). 

Key word index Surface ozone, Sapporo, spring maximum ozone concentration, isentropic trajectory 
analysis, transport of ozone. 

&msphir Encironment Vol. %A. No. 6 pp. I ~ t - i y I I .  t99û 
h w á  in Clcii Britain. 

W 9 â l , 9 3  S3.W+O.U) 
(o 1990 P c i ~ n  Pres pk 
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THE DECAY OF BENZO(a)PYRENE AND 
CYCL0PENTENOlcd)PYRENE IN THE ATMOSPHERE 

TOR BE^^ NIELSEN 
Chernisir! Department. Riso Srilional Lahoraior!. DE-4000 Roskilde. Denmark 

Abstract-The dominani source for PAH air pollution at Riso uas Roskilde w i t h  jo.Oo0 inhshiiants 
situated 6 km south of the sampling site. Far disiani sources of PAH Mere estimated i o  be insipnificani. 
Benzo(o)pyrene and cyclopenteno((id)pyenc were shown IO decay in the atmosphere b j  means of the 
dependencies of the ratios of benzo(o)pjrcne to bcnzo(e)pyrene and of cyclopcnreno(cdkpj rene to chr'sene 
+ trlphcnylenc on the wind direction and on the PAH pollution letel. The decaj appears lo be relatiwl! fasi. 

i,'<.! word index: BaP. cyclopentcno(cdip!rene. polycyclic aromatic h>drocarhonr atmospheric decay. 
atmospheric pollution. 
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4 Smog Chamber for Studies of the Reactions 
ofTerpenes and AIkanes with Ozone and OH 

l ~ c i r l ~ ~ J ~  9 June 1986: in revised form: 22 September 1986) 

t b t r a f i .  The design and performance of a smog chamber for the stud) of photochemical reactions 
.,,<ic: ,imulated en\ ironmental conditions is described. The chamber is thermostated for aerosol 

pcrjnitms. and i t  comprises a gas chromatographic sample enrichment system suitable for 
m,,nlic~ring hldrocarbons a1 the p p h  level. By irradiating NO, ,alhane-miw.~res rate constants for [he 
.,-.,.r,t,Il of OH radicals a i th  ti-allanes are determined from +pentane LO n-hexadecane IO be 
,. . 261 1@"cm7s-' = J.29r0.16. 6220.6.  7.52 (referencevalue). 8.810.3. 10.2tû.3. ii.7=0.4. 
. ; - . o ? .  l > . I = O 5 .  17.510.6. 19.3=O. i .  2 1 . 3 ~ 1 . 0 . a n d  75.Or1.3. rejpectivel) at 312K.  Rare 
,a,n,!;lnt~. ( A  = 2 0 )  I @ ' -  cri's-'. for the reaction of ozone with rru)i\-?-butene ( 2  1.2 = 1.0). c.rr-3-methyl- 
yntLmc42) (47.2 = 1 .TI. c?clopentenr (61.4 = 3.5). cyclohexene (7.8 = 0.5). c>clohepiene (78.3 = I . 5 ) .  

using c.rr-2-butene ( 1  3.0) ;.,ncnc (8 6 = 1.3). and P-pinene I .? = 0.2) are determined in the darh at -97 
NIcrcnïc standard. 

hr! mords. Smog chamber. terpenes. alkanes. alkenes. reaction rate constants. ozone. OH radical. 
p+ti,wjcgradarion. transformation. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBLt309 92 O132290 O529808 023 

A Compari son o f  Natural and Man-made Hydrocarbon Emi  ssi on Inventori es 

Necessary f o r  Regional Acid Deposition and Oxidant Modeling 

Joan H, ,Novak* and James A. Reagan 

. Envi  ronmental Protection Agency 

Atmospheric Sciences Research Laboratory 

Meteorol.ogy Division (MD-80) 

Research Triangle Park, NC 27711 -- 

For Oral Presentation a t :  

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. Department of Commerce 
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A Comparison o f  Natural and Man-made Hydrocarbon Emission Inventories 
Necessary for Regional Acid Deposition and Ox idan t  Modeling ’ 

Abstract 

The effect  of na tu ra l  hydrocarbon emissions on ozone formation has 
been a topic  of i n t e re s t  for several years and i s  now receiving a d d i t i o n a l  
a t tent ion because of the  potential influence of ozone i n  the production 
of a c i d  species. Because the  atmospheric chemistry o f  sulfur  dioxide 
nitrogen oxides, and reactive organics i s  so in t r ica te ly  coupled, natural 
hydrocarbon emissions have become an important i n p u t  requirement for b o t h  
regional acid deposition and o x i d a n t  models. A greater emphasis has been 
placed on t rea t ing  key chemical components individually i n  the chemical 
mechani sms o f  the  model s . Applyi ng t h i s  concept t o  emi ssion requi rements, 
there i s  a greater need for more resolved na tura l  and man-made hydrocarbon 
emissions estimates. 

This paper focuses on na tura l  sources by presenting a method of e s t i -  
ma t ing  natural hydrocarbon emissions which i s  detailed enough t o  provide 
quantit iue estimates of isoprene and monoterpene emissions from i n d i v i d u a l  
vegetation species. T h i s  f inely gridded natural hydrocarbon emissions 
inventory was prepared for  the northeastern United States  and i s  compared 
w i t h  man-made hydrocarbon emissions over the same area. Natural hydrocar- 
bon emissions represent 60% of the regional hydrocarbon emissions, com- 
pletely. dominat ing i n  the non-industrial states.  The influence of these 
natural emissions on the spat ia l  variation of NOx t o  HC ra t ios  i s  pre- 
sented. The i n i t i a l  concentration rat ios  of these two species have a 
s ignif icant  impact on model predictions o f  sulfur ic  and n i t r i c  acids, 
ozone, and hydrogen peroxide. A thorough understanding of the magnitude 
and dis t r ibut ion of n a t u r a l  hydrocarbon emissions i s  essential  f o r  proper 
interpretat ion o f  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. ODEN 
Biomedical and Environmental Assessment Division' 

and 

CARMEN M. BENKOVITZ 
Atmospheric Saences Division, Department of Applied Science, Brookhaven National Laboratory, Upton. 

NY 11973. U.S.A. 

(Fust received 19 October 1987 and injïnaifonn 7 September 1989) 

Abstnct-Development of emisions inventories for large geographic arcas is currently bascd on the usc of 
'mass balance" equations to estimate the emissions from each soura. î h e  general equation used states that 
the instantaneous emissions from a particular source arc the product of certain emission parameters, U,. 
such asst ivi ty  rate. emission factor, control efficiency. etc. The unission total over a time period Tis thus 
E =  Tnü,. but is approximated as E= Tn& This gives rix to an error of approximation distinct from and 
logically prior to the usual errors of estimation found in statistical applications The time series as- of the 
emission parameters has very little eftcct on the bias of E, but the covariance between contemporaneous 
values of the emission parameters has a large cñect. With two emission parameters X and Y. the bias is 
bounded by (0, -Te,,) for a wide variety of time series in X and Y. To date, studies _have &en unable to 
detect any dependem between currently uscd Unission parameters: thus valws of E a? approximately 
unbiased. Homver. for a roughly realistic time series model, the mean squared error of E depends on the 
co r rAion  between emission parameters one day apart. A conservative approach involva using 
,/hfSE~I100o,a,. 

Key word idex Emissions inventory. unartainty, averaged parameters. 
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~~ 

Geochemical Journal. Vol. 18. pp.135 to 141. 1984 

Emission of hexen01 from higher plants 

KEIICHI OHTA 

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

(Received March 12. 1984: Accepted April 5, i 984) 

Organic volatiles emitted by a grass Miscanthus sinensis were collected using a Tedlar film bag and 
GC adsorbent. Analyses were performed on a gas chromatograph and a GC/MS system. The 

,rjul~ indicates that this plant emits cis-3-hexen-1-01 (leaf alcohol) as a major volatile component. The 
caiwioñ rate of this alcohol determined in May and September showed a marked diurnal variation, in- 

in the morning with a maximum at noontime followed by a rapid decrease. This alcohol was also 
(flitted by certain herbaceous and woody plants. 
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Seasonal variation of monoierpencs in the atmosphere of a pine 

Okouchi, Y.; Okaniwa, M.; Ambe, Y.: Fuwa. K. 
Div. n e m .  Phys.. Natl. Inst. Environ. Stud. 

forest 

Seasonal variation of monoterpene concn. in the atm. of a pine 
forest was measured and is discussed in relation to various 
environmental factors. 
winter, and higher and more variable in summer and autumn. 
seasonal vanation is explained by temp. differences, but changes 

from day to day are anticorrelated with 0 3  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 govcmcd by atm. reactions. 

The concn. of monoterpenes was low in 
Rough 

* .  
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&:KGROUND OZONE AND ANTiROPOGENIC OZONE ENHANCEENT AT NIWOT RIDGE, 
aiOR ADO 

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

;sjTRACT. 
i*asured a t  a ru ra l  si te i n  the United States. 
=:urna1 t rends i n  t h e  ozone mixing r a t io  over a wide range of Nox 
;-veis, we have drawn cer ta in  conclusions concerning t h e  ozone l eve l  
Pxgected a t  t h i s  s i t e  i n  the absence of local photochemical production 
c f  ozone associated w i t h  Mx from anthropogenic sources. In t h e  s u m e r  
i &?e 1 t o  September i ) ,  the da i ly  photochemical production of ozone is 
CDUnd t o  increase i n  a l i nea r  fashion w i t h  increasing NOx mixing r a t i o .  
F o r  Mx mixing rat ios  less than 1 part  per b i  
:ne dai ly  increase is found t o  be (17 2 3 f [ N O X  4 . In contrast ,  t h e  
.inter data (December 1 t o  March 1) ind ica t e  no s ignif icant  increase i n  
:rie afternoon ozone level, suggesting t h a t  t h e  photochemical production 
C C  ozone during the day i n  winter approximately balances the chemical 
z i t r a t i o n  of  ozone by No and Othe The extrapo- 
lated intercept  corresponding t o  L O J  = O taken from the summer after- 
ngon data i s  13% less than t h a t  observed from t h e  summer mrning data,  
suggesting a daytime removal mechanism-for O3 i n  summer tha t  i s  a t t r i -  
zJd:ed t o  the effects of both chemistry and surface deposition. 
s ignif icant  difference is observed i n  the in t e rcep t s  inferred from t h e  
murning and afternoon data taken during t h e  winter. 

The r e s u l t s  contained herein are used t o  oeduce t h e  background 
ozone leve l  a t  the measurement si te as a function of season. This 
background is equated w i t h  the  na tu ra l  ozone background during winter. 
h x e v e r ,  t h e  summer data suggest t h a t  the background ozone leve l  a t  our 
s i t e  is elevated r e l a t i v e  t o  expected na tu ra l  ozone l e v e l s  during the 
sumer even a t  low NOx levels.  F i  a l  , t h e  monthly daytime oz ne 
mixing r a t i o s  a r e  rep0 ted for O I ?NO3 I 0.2 ppbv, 0.3 ppbv i hox] 5 
0.7 ppbv and 1 ppbv I hOxl. These monthly ozone averages reflect t h e  
seasonal ozone dependence on the Nox level. 

Key words. Tropospheric ozone, photochemistry, nitrogen oxides. 

The mixing r a t i o s  f o r  ozone and MX (NO NOZ) have been 
From the seasonal and 

ion by voluw (ppbv) , 

PO l u t a n t s  i n  t h e  a i r .  

No 
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Armusphtru ïncironnrni Vol. 14. pp. 79-81. 
Q Pcrgrmon Pres Ud. 1980. Pnnied m Grei Bniun. 

AN ESTIMATE OF THE POSSIBLE CONTRIBUTION 
OF BIOGENIC SOURCES TO AIRBORNE 

HYDROCARBON CONCENTRATIONS 

ERNEST w. PETERSON* and D A V I D  T. TINGEY 
Corvallis Environmental Research Laboratory. Office of Research and Development. 

U.S. Environmental Protection Agency, Nx) S.W. 35th Street. 
Corvallis, OR 97330, U.S.A. 

(First receiued 21 December 1978 an¿ infinalform 17 July 1979) 

ï h e  importance of plants as sources of photoreactive 
hydrocarbons, oxidant precursors, is widely discussed 
(Cotïey and Westberg, 1977). The two main questions 
appear to be: (I)  are natural hydrocarbons emissions 
large enough to result in significant atmospheric 
concentrations and (2) do naturally emitted hydracar- 
bonscontributesignificantly 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& Table I). Also, the 
influence of environmental factors such as light in- 
tensity and temperature on emission rates has been 
studied (Kamiyama er al., 1978; Tingey et al., 
i978a, 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 Amos- 
phenc 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): 

1 dx Q 
x di xh k, - -= - -  

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. 
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,41morpkrrIc V d  22, No. II. pp. 2617-2619.19118. 0004-wi~  s3.m-am 
PMid ia Grui ñrit.ip 1988 Ptrpmon Ro, pk 

t 

HIGH AMBIENT CONCENTRATIONS OF MONOTERPENES I N  A 
SCANDINAVIAN PINE FOR‘EST 

GORAN PETERSSON 
Department of Chemical Environmental Science, Chalmers University of Technology. 5-41 2 96 Göteborg, 

Sweden 

(Firtr received 25 Nowmbcr 1987 and receio4djor publication 26 May 1988) 

Abstract-Toinl monoterpene levels of the order of i00 pgm-’ were assessed in the summer night air of a 
typical young planted forest of Scots pine (P inu i  siluesrris) in Sweden. These concentrations are much higher 
than those report4 in previous studies of ambient monoierpencs. Predominant species were I-pinene and 3- 
carenc. Camphene. 8-pinene, myranc, J-phellandrene and limonene were other prominent components 
determined. The monoterpenes were shown to originate almost exclusively from Scots pine and the 
proportions between them to be characteristic of this conifer species. 

Key word index Terpenes. u-pinene. 3-carene. biogenic hydrocarbons. ozone. Scots pine. Pinus siluesiris. 
îorcst canopy, summer night, Sweden. 
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lourna\ of Atmospheric Cherna. 10 373-382.1990. 
0 I990 Klunvr Academic Puh!LShtw. Printed in the Netherland.5. 

Analysis of Trace Oxygenated Hydrocarbons 
in the Environment 
DAVID PIEROTTI* 
Depanment of Earth and Plancar), Sciences. Harvard Universi?): Cambridgr. MA 02138, U.S.A. 

(Received: 12 February 1988: rrvised. 12 January 1990) 

Abstracî. A technique has hten developed which can measure low-molecular-weight (C2-C,) 
O X Y ~ C M ~ C ~  hydrocarbons down to concentrations of less than 10 parts per tdlion (¡&I2) in the 
atmosphere. The method uses cryogenic trapping of trace gases from the air, and twodimensional 
gas chromatography (2DGC) w i t h  flame ionization and phot*ionization detectors to analyze the 
samples. The method has ka, uxd to make extensive measurements in the field, and it is capable 
of measuring ail of the C2+ carbonyl compounds in clean tropospheric air. The 2DGC analytical 
system also makes it possible to prepare accurate, repróducible standards of the low-molecular- 
weight oxygenated hydrocarbou at trace levels. 

Key words. oxygnatpd hydr-ns, sampling, d y S i s .  
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Model Calculations of Tropospheric Ozone Production Potential 
Following Observed Convective Events 

KENNETH E. PICKERING,’ ANNE h!. THOMPSON,? RUSSELL R. DICKERSON.? WINSTON T. LUKE,* 
DONNA P. MCNAMARA,~. ‘  J.i\h¶ES P. GREEN BERG.^ AND PATRICK R. Z i h t M E R M A N h  

Photochemical modeling and amlysis of field data- have been used IO evaluate the effects of 
convective clouds on tropospheric trace gas chemistry. Observations were made dunw a 1985 field 
campaign over the rural south-centr~l United Statec. Meteorological data and measurements of CO. 
NO. NO,. O,. and hydrocarbons were collected in air surrounding and inside clouds during and 
immediately following cloud convection. A one-dimensional photochemical model has k e n  used 10 
calculate O3 production potential before and after cloud redistribution of O3 precursor pses .  Four 
distinct types of convective events have been analyzed. Fair weather cumulus clouds increase 03 
production in a layer immediaiel) a b v e  the boundary layer (to 4 km in the case studied). Outflow from 
deeper convection can cause enhanced 03 production in the upper troposphere hundreds of kilometers 
downstream from the clouds. A comparison of trace gas profiles measured in and anund a large 
cumulonimbus during dissipation shows 0, production in the upper troposphere ma! be increased 
fourfold by convection relative to undisturbed air. Convective enhancement of 0 3  production for the 
entire tropospheric column is a b u t  50%. Compared to nonurban continental regions with no 
convection. the rate of O3 production potential in air processed by convection is up 10 -U times 
greater. Catalysis of O3 production becomes more efficient when NO becomes more dilute after being 
transponed from the boundary layer to the free troposphere. Free tropospheric NO may also be 
enhanced by lightning. adding to 03 producfion. particularly when sufficient hydrocirhons are 
transported to such locations. 
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A Physical Model of the Bidirectional Reflectance of  Vegetation Canopies 
2. Inversion and Validation 

ROBERT E. Dic~isso?: 

.4 ph) sicall' based. an.:l~::~.ìl model of the bidirectional reflectance of porou. ~ c d i a  w a *  denved in 
a companion paper ( V e ~ x x : e  et al.. this Lwei .  Thi\ model is validated ;+:mi ¡riborator> and 
ground-bawd measurerncn:. :-Len w e r  two wgetattnn m e r s .  h t h  in the I i - .+  and near-infrared 
bpeciral regions. An in\erw:: procedure. bawd on a nonlinear optimization te?-!que. IS  u d  to infer 
the intrinsic optical propemex of the leaves. a\ well as information on the morpf.>'og) of the canopies. 
that is. on the geometrical mangemenis of theie \ciriterer\ in space. The rr.4~1 is then u\ed to 
generate theoretical bidirectional reflectances. wing the \alue\ of the relevac: ?.sameters remeted 
from the inversion prwedure. and these value\ compare favorabl! uith the a c - J  ohsenations over 
the entire range of illumination and obsenaiion angles. The values of the par&:c!ers retrieved from 
the inversion procedure arz discussed. validated against actual independes: measurements. and 
interpreted in terms of the ph! sical and morphological propenies of the vege!iton covers. 
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1 SC) p I-c ne and Its Os i ci ;I i i on Prod II c t s : M et h ;ìc ro 1 ci n 
and Methyl Vinyl Ketone 

DAVID PIERO.l.11,' S.C. WOFSY, ASD D. JACOB 

The first measurements of mcthacrolein ( M r K R )  and meth'l unyl ketone ( W ' K )  in the atmosphere 
are reported. 'r'he compounds both show a strong scasona! kanation. with a maximum in the summer. 'Rte 
concentrations of MACR and MVK are highly correlated with each other and with the concentration of 
isoprene, in accord wiih the expectation that they are the major initial products of isoprene oxidation. 
However. the observed MACR/IMVK ratio does not agree w r h  the model prcdiciions 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 hydrccarhns in the nonurban troposphere. 
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Almoqhrtic &mummmi VOL U. No. 2. pp. 3 9 5 4 1 .  1988. 
Rinicd in GIUI Brirun. 

UIYdyII 1,511 s3 u) .r u u) 
0 191111 Pegamon lourds Lid. 

CONCENTRATIONS OF C2-CS HYDROCARBONS IN 
ATMOSPHERIC AIR AT DEONAR, BOMBAY, IN RELATION 

TO POSSIBLE SOURCES 

A. M. MOHAN R A 0  and GAURI G. PANDIT 
Air Moniioring Section. Bhabha Atomic Research Ccnire. Tromby. Bombay 4000X5. India 

(First rrcrirrd 2Y Octuber 1Y86 und receiwd Jur publicuiioii 6 Auyusr 1987) 

Abstract-Atmospheric C2-C, hydrofarbons were determined ai Deonar. an indusirial suburb norih o1 
Bombay. India. during IY85. Samples were prcconcmtratcd on silica gcl at - 7X'C. and subsrqucnily 
dcsorbd on to a paschrornatogrdphic column c'or sepaniion and flame ionhi ion dcicviiori. Thc wusoiial 
paitcrn ol'ihs monthly gconiciric nwan hydroc;irbonconcLnirJiionsarc used to sliow thai rciiiisry misr ions 
in addition 10 auto exhaust are a major source of hydrocdrbns 81 ûconar. 

Kr. word index: Hydrocdrbons. atmosphere sources, gas chromatography. 
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AN 
TI Isoprene: identified as a forest-iype cmission to the atmosphere 
A U  Rasmussen, Reinhold A. 
CS 
LO Pullman, Wash., USA 
SO 

DT J 
Co ESTHAG 
PY 1970 
LA Eng 
AB Isoprene until recently has not been considered to be present in 

natural plant products. Direct gas chromato_oraphic. 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 isoprene as a plant product. Preliminary 
data from surveying the dominant forest tree species of Xorth 
America indicate that the frequency of occurrcnce of isoprene is 
similar to that of  .alpha.-pinene although species differ. Isoprene 
has been resolved directly from the out-of-doors air over mango 
foliages in Panama ar concns. of 0.5 to 24 ppb in 5 ml of air. 

CA73( 2 1): 1 062 8 4 t  

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

Environ. Sci. Techno]., 4(8). 669-73 
~ SC 7 (Plant Biochemistry) 

The 
biol. and air chemistry fates of isoprene arc discussed. 
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AN CA108(22): 190259k 
TI 
AU 
CS 
LO Beavenon, OR, USA 
SO J. Geophys. Res., D: Amos., 93(D3, 1417-21 
SC 53-10 (Mineralogical and Geological Chemistry) 
DT J 
Co ERDE3 
PY 1988 
LA Eng 
AB 

Isoprene over the Amazon Basin 
Rasmussen, R. A.; Khalil, M. A. K. 
Oreg. Grad. Cent., Inst. Atmos. Sci. 

Data obtained during the 1985 Atm. Boundary Layer Expt. in the 
Amazon are uscd to describe the diurnal and venical variations of 
isoprene. 
of trees, particularly those in tropical foresrs. 
isoprene at lower levels in the atni. undergo large diurnal 
variations, with the highest concns. duiing midday and Lhe lowest 
during the night. At ground levcl. outsidc thc forcst, peak concns. 
of .apprx.3 ppb of isoprene wcrc obsd. around midday. 
.apprx.O before sunrisc. increased to Ihcir max. values during the 

day, and declined after sunset. 
obsd. at .ltoreq.300 m. 
.ltoreq.8 ppb were obsd. 
low below the canopy and arc highest at the level of the canopy. 
Since the reaction of isoprene wilh OH radicals is extremely fast. 
its concns. fall off rapidly with altitude. so that practically none 
of it was seen above the boundary laycr. 
concns. comparable to daytime vaiucs wcre obsd. at altitudes of 300 

Isoprcnc is a natural hydrocarbon emitted by mmy species 
The concns. of 

Concns. wcrc 

Concns. of 1-2 ppb of isoprene wcrc 
Near the canopy Icvel. isoprenc levels of 

In thc forcst, ioncns. are generally quitc 

During nighttime. however. 

m and above. 
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AN CA104(2):9893s 
TI Preconcentration of atmosphcric terpenes on solid sorbents 
AC' Riba. M. L.i Randrianalimanana. E.; Mathicu,' J.; Torres. L.: 

CS Inst. Nat!. 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 IJEAA3 

PY 1985 
LA Eng 
AB Hydrocarbons emitted by vegetation. such as isoprene [78-79-51 and 

h berter 

Namiesnik, J. 

IS 0306-7319 

monoterpenes, seem to play an important roic in atm. chem. 
estn. of their biogeochem. cycle requires that the Icvels be 
testable at any time. 
the atm. necessitates a preconcn. step at the time of sampling. 
This enrichment was done on i 3  solid adsorbents. 
us to det. the breakthrough vols. of isoprenc and the principal 
monoterpenes on these adsorbents. 

GC [24938-68-91 and Tenax TA [24938-65-9] wcre those the best 
adapted to the desorption of coinpds. BS reacrive as the terpenes. 

The extremely low concn. of these chems. in 

This study allowed 

Of the adsorbents tested. Tenax 
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AN 
TI 

AU 

CS 
LO Toulouse 31077, Fr. 
SO J. Chromatogr., 456(1), 165-73 
SC 
SX 80 
DT J 
CO JOCRAM 

PY 1988 
LA Eng 
AB 

CA 1 10( 18): 159578f 
Preconcentration and analysis of atmospheric isoprene and 

monoterpenes: system automation 
Riba, Marie1 Louise: Tsiropoulos, Nicolas; Clement, Bnino: Golfier, 

Andre; Torres, Liberto 
Ec. Nail. Super. Chim., inst. Nati. Polytech. 

59-1 (Air Pollution and industrial Hygienc) 

IS 0021-9673 

As part of a study on terpene hydrocarbons in the biosphere-atm. 
exchange processes, an entirely autoniaiic dcvice was elaborated for 
sampling, preconcn., and anal. of isoprene and thc principal atm. 
monoterpenes. 
anal. and a programmable contrailer for the management of the 

operations. It permits measurement of the concn. and flux rate of 
terpenes. Automatic and continuous cycles (sampling-anal.) were 

camed out over several days. 
reproducibility better than 18. 

This device comprises mainly a gas chromatograph for 

They were characrerized by a 
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TI 

A U  
CS 
LO Corvallis. OR 97330, USA 
SO Atmos. Environ., 14(1), 79-81 
SC 59-5 (Air Pollution and Industrial Hygiene) 
sx 11 
DT J 
CO ATENBP 

PY 1980 
LA Eng 
AB Using a simple box model and previously reported hydrocarbon 

An estimate of the possible contribution of biogenic sources to 
airborne hydrocarbon concentrations 

Peterson, Ernest W.; Tingey. David T. 
Corvallis Environ. Res. Lab.. US Environ. Prot. Agency 

IS 0004-6981 

emission rates from various vegetation types, possible diurnal 
variations of concns. of monoterpenes and isoprene [78-79-51 were 
estd. under conditions simulatine meteorol. situations where weather 

is dominated by a slowmoving anticyclone. 
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. 

Calcns. indicated that. 
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AN 
TI 

AU 
cs 
LO 
so 
sc 
sx 
DT 
CO 
IS 
PY 
LA 
AB 

CA103(16):128224p 
A simple, efficient device for determining terpenes present as 

traces in the atmosphere 
Riba, M. L.; Tathy, J. P.; Mathieu, J.; Torres, L. 
Ec. Natl. Super. Chim., Inst. Natl. Polytech. 
Toulouse 31077, Fr. 
Int. J. Environ. Anal. Chem., 20(3-4), 255-63 
59-1 (Air Pollution and Industrial Hygiene) 

80 
J '  
IJEAA3 

1985 
0306-7319 

Eng 
Natural hydrocarbons, such as isoprene 178-79-51 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 contenr in the atm. (a few hundredths of a 
ppb to a few ppb). 
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 efficiency of the chromatog. scpn. and does not bring about any 
decompn. of these highly reactive plant oils. 

An anal. procedure which enables quant. trapping 

The adsorption-desorption cycle does not reduce 
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A N  CA i02(4):3 1056b 
TI Sampling and analysis of monoterpene hydrocarbons in the atmosphere 

AU 
CS Dep. Chcm.. Unh. Colorado 
LO Boulder, CO 80303. USA 
SO 

with Tenax gas chromatographic porous poiymer 
Robens, J. M.; Fehsenfeld. F. C.; Albritton. D. L.; Sievers, R. E. 

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

H. Butierwonh: Boston. Mass. 
SC 59-1 (Air Pollution and Industrial Hygiene) 
SX 80 
DTC 
CO 52MIWX 
PY 1984 
LA Eng 
AB The sampling of monoterpenes (A) with Tenax GC porous polymer in air 

anal. is discussed. 
.Itoreq.6% (as worst case, for d-limonene 

vol. <1.5 L and 03  concn. 40 ppb. The storage of ambient air 
samples for Jtoreq.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%. 
min of one another at the same locations under the same meteorol. 
conditions yielded an overail precision for A anal. of .+-.lo% at 
.gtoreq.30 parts per tnliion for the individual compds. 

Destruction of A by O3 durins sampling was 
(5989-27-51) for sample 

Replicate samples collected within 20 
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AN CAiOO( 14): 10701 8x 
TI 
AU 
CS Aeron. Lab.. NOAA 
LO Boulder, CO 80303, USA 
SO JGR, J. Geophys. Res., [Sect.] C. SS(Ci5). 10667-78 
SC 53- 10 (Mineralogical and Geological Chemistry) 
DT J 
CO JJGADR 

PY 1983 
LA Eng 
AB Measurements of atm. monoterpene hydrocarbons were made at a site in 

, 
Measurement of monoterpcne hydrocarbons at X w o t  Ridge, Colorado 
Roberts, i. M.; Fehsenfeld. F. C.; Albritton. D. L.; Sievers, R. E. 

IS 0196-2256 

the Colorado mountains. The research was undcrtakcn to examine the 
influence of the compds. on the piiotochcm. of the troposphere. 
sampling technique was developed using Tenax GC porous polymer traps 
with anal. by capillary gas chromatog. 2nd dcicction by flame 
ionization and mass spectrometxy. 

monoterpene hydrocarbons (.alpha.-pinene. camphene, .beta.-pinene. 
rnyrcene, .DELTA.-3-carene, and d-limoiiene) was obtained, as well as 

tentative identification of .alplia.-thujenc and .beta.-phellandrcne. 
A definite seasonal trend was evident in the av. monorcrpenc mixing 

A 

Pos. identification of 6 

rarios. The summertime av. was 0,30 ppb by vol. for the sum of the 
5 major identified monoterpenes ( .beta.-pinene, .alpha.-pinene. 

.DELTA.-3-carene, camphene, and d-limonene). with a high degree of 
constancy in reIative ratios of each throughout the summer monihs. 
Wintcnime mcasurcmcnts gave mixing rarios below the detection 

limits (0.001 ppb by vol. of an individual compd.). 
measurements of 03. NO, K 0 2 ,  and monoterpenc hydrocarbons allowed 
cxamn. of the contribution of monoterpene photooxidn. to O3 prodn. 
Based on reported modeling studies, monoterpcncs were estd. 10 bc a 
small source of 03. insufficient to account for the relatively high 

0 3  mixing ratios (>80 ppb by vol) sometimes obsd. at this sampling 
site. 

Simultaneous 
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AN 
TI Monoterpene hydrocarbons in the nighttime troposphere 
A U  Roberts, James M.; Hahn, Carole J.; Fehsenfeid, Fredrick C.; 

CS 
LO Boulder, CO 80303, USA 
SO 
SC 59-2 (Air Pollution and Industrial Hygiene) 
sx 53 
DT J 
Co ESTHAG 

PY 1985 
LA Eng 
OS UACS 
AB Monoterpene hydrocarbons were measured during the night at a rural 

CA 102( 14): 1 186732 

Wamock, James M.; Albntton, Daniel L.; Sievcrs. Robert E. 
Aeron. Lab., Natl. Ocean. Atmos. Adm. 

Environ. Sci. Technol., 19(4), 364-9 

IS 0013-936X 

site in the Rocky Mountains. 
quantified were .alpha.-pinene [ 80-56-81, camphene [79-92-51, 

.beta.-pinene [ 127-91-31, .DELTA.3-carene [ 13466-75-91, and 
d-limonene 
compds. measured during the nighttime betwcen July and Oct. 1982. 
was 0.63 ppb (vol.), which was about twice the correspondins daytime 
av. sum. No significant difference was obsd. between day and night 
in the relative concns. of the individual monoterpenes. Increascd 
atm. stability, with attendant reduccd mixing and diln. during the 
night, was found to contribute to the larger nighttime vs. daytime 
monoterpene mixing ratios. Nighttime atm. stability was also 
responsible for the observation of 0 3  diminution and a corrcsponding 
inverse relationship between monoterpcne and 0 3  mixing ratios. The 
results indicate that, at this site, transport rather [han chem. 

The compds. pos. identified and 

(5989-27-51. The av. sum of the mixing ratios of the 5 

dets. the concns. of the monoterpenes. 
monoterpenes is chem. reaction wiih 03. OH, or NO3. Because of the 

differences in rate consts. of reactions between the various 
monorerpwes and the above specics, chem. reaciions should cause 
systematic changes in the relative concns. of monoterpenes. which 
are charactcristic of the reactant species involved. 

The ultimate fare of the 
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. JOt!RNAI. O F  GZiOPHYSICAL RESEARCH. VOL. 93. NO. D7. PAGES X367-8377. JULI' 20, 1988 

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

J. RUDOLPH 

During the  STRATOZ 111 flights in June 1984, about I20 whole-air samples were collected and 
analyzed later on in the laboratory for several atmospheric trace components. including liphi hydro- 
carhms. The STRATOZ 111 mission consisted of 21 Biphi 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 to construct 
latitudr.-altiiudr. profiles in the form of isolines for ethane. ethene. acetylene. propane. propene. n-butane. 
¡%>butane. tr-ywntane. and isopeniane. These results are compared with the latitudinal cross sections 
ohtaincd during a previous. very similar flight mission (STRATOZ III in May-June 1980. Also. the few 
published latitudiml or vertical profiles for thexi nonmethane hydrocarbons (NMHCs) arc used for a 
comparison. The two-dimensional disiributions for the longer-lived NMHCr especially ethane and to 
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 thex 
short-livd compounds give Ut best an extremely rough idea on the distributions and should in general be 
considered as descriptions of a given momentary situation. Thex latitude-altitude profiles indicate the 
existence oí fasi mechanisms for vertical mixing in the troposphere. The observation of high mixing ratios 
of short-liwd h!droxathons in the middle and upper troposphere prows the existence of vertical mixing 
processes wiih 3 time wale comparable to, or even shorter than. the atmosphcric lifetime of these reactive 
NMHCs. As 3 consequence. there exist several regions. even above the boundar) layer. with NMHC 
mixing riiiios high enough to make them important participants in the atmospheric photochemical 
reaction cycles. 
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JOURNAL OF GEOPHYSICAL KESEAKCH. VOL. Y4. NO, DIO. PAGES 13.03Y-13.W4. SEPTEMBER !O. I Y X Y  

The Seasonal Variation of Light Nonmethane 
Hydrocarbons in the Antarctic Troposphere 

J .  RUDOLPH, A. K H E D I M ,  AND D. WACENBACH' 

Insliiu~ fi ir Alrnospliürische Chemie Kernforschungsunlugr Jüiich. Fcdrrui Repuhlic of Gcrrnony 

About 80 samples of ant?rctic air were collected between 1982 and 1985 at the "Cieorg von 
Neumayer" station (7096's and 892 'W)  and analyzed for ethane, ethene. acetylene. propane. and 
propene. Yearly average mixing ratios were 0.37. 0.36. 0.01 I ,  0.07. and 0.21 ppb. respectively. The 
seasonal cycles for ethane and acetylene showed minima around the laie wuthern hemi%pheric 
summer and maxima in late winter. The phase of ihr seasonal syslz in erhiine Lind iiceiblzns c'an be 
explained by seasonal variation of aimospheric rrnioval riiles. Seawniil varialion of one of I hc iii,ijor 
southern hemispheric ethane and acetylene sources, biomau burning, would cause a similiir se;iwnai 
change. Propane exhibits a much higher Vdrkdbiliiy and shows no clear seasonal cycle. The 
airnospheric mixing ratios of ethene and propene peak around early austral fall and are moïi probably 
mainly determined by seasonal variation in emissions from the oceans surrounding Antarctica. 
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AN CA 109(4):26900n 
TI Biosphere-Atmosphere Exchange of Pollutants (BIATEX): intcgrated 

AU Slanina, J. 
LO Neth. 
SO Energicspectrum. 12(4), 78-82 
SC 
sx 4, 11 
DT J 
CO NRGSDB 

PY 1988 
LA Neth 
AB 

European study of air pollution 

59-2 (Air Pollution and Industrial Hygiene) 

IS 0165-2117 

The BIATEX program is described, including study of the dry 
deposition of N compds. (NO, N02, "03, amines) and oxidants (03. 

peroxyacetyl nitrate, H202); study of the biogenic emission of 
reduced S compds. (H2S, MeSH. MeZS, COS, CS2). and 3 compds.; the 

development of anal. methods; characterization of parameters that 
affect deposition or emission .processes; and development of models 
that describe the ôehavior of atm. pollutants and the relationship 
between the exposure of vegetation to pollutants and the effects. 
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AX CAI  13(12j:102530~ 
TI Organic malter of the troposphere - i: Application of molecular 

marker analysis to biogenic emissions into rlic iroposphere for 
source reconciliations 

AU Simoneit, Bemd R. T. 
CS Coll. Oceanogr., Oregon State Univ. 
LO Corvallis, OR 97331. USA 
SO J. Atmos. Chcm., 8(3), 251-75 
SC 59-2 (Air Pollution and Industrial Hygicnc) 
SX 53 
DT J 
CO JATCE2 

PY 1989 
LA Eng 
AB 

IS 0167-7764 

Org. matter in tropospheric aerosols is derived from 2 major sources 

biogenic detritus and anthropogenic emissions. The biogenic 
materials in the solvent-extractable org. matter consist 
predominantly of higher plant waxes. with Icsscr amts. of resin, and 
microbial derritus. and ihe anthropogenic components are primarily 

vehicular emissions (e.g.. oils, soot, etc.) and input from 
combustion (e.g., charcoal, thermally-altered biogenic marler, 

etc.). Both biogenic detritus and anthropogenic emissions contain 
org. compds. (C124+), which can bc identified with unique and 
distinguishablc distribution patterns. Moi. compn. anal. were 
applied to such exts. after suitable chem. sepn. into subfractions 
(i.e., hydrocarbons. ketones, aldehydcs. carboxylic acids, alcs.. 

and wax esters). 
products (e+. phytosterols, terpenes, etc. j are identified as mol. 
markers. Aerosols from rural and remore areas 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 alcs. 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 rhus important indicators for 
regional biogenic sources in the global cycling of org. C. 

and is admixed depending on the g-eog. area. Thcsc sources are 

Both homologous compd. series and specific natural 
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ORGANIC MATTER OF THE TROPOSPHERE-IV. LIPIDS IN 
HARMATTAN AEROSOLS OF NIGERIA* 

BERND R. T. SIMONEITt, R. E.  COX:^^ and L. J. STAND LEY^^^! 
tEnvironmental Geochemistry Group, College of Oceanography. Oregon Statc ünivcrsity. Corvallis. OR 
97331. U.S.A. :School of Natural Resources. The Uniwrsity oí the South Pacific. P.O. Box 1168. Suu. Fiji 

and EM. O. Hatfield Marine Science Center. Oregon Stute üntvcrsity. Newport. OR 97365. U.S.A. 

(Firsr received 16 Murch 1987 und receired in tinaljorni 16 Sepreinht-r 1987) 

Abstract-Harmattan aerosols were sampled during the 197Y and 1980 scasons in urban. rural and remote 
areas of Nigeria, in order to characterize sources of the coniineniöl carbonaceous particulate matter. High 
volume air samples (400-3600 m') were obtained. Thc sample filters were extracted and the soluble lipids 
were separated into functional group fractions for molecular analps .  These lipids were composed primarily 
of vasnilar plant wax and minor amounts of microbial deintus, 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 n-alkanes and n-alkanols. with minor 
amounts of nalkanoic acids, n-alkan-?-ones and bjumarkers, all in rhc higher molccular weight range 
(> &). Alcohol kaciions contained characteristic phytosterols (C:--C2,) and triierpenols IC,o > C:.,). 
which are the biomarkers for vegetation sources. The plant wax signatures of the aerosols in northern Bigeria 
could k correlated with IWO dominant geographic source regions (e.g. northern Nigeria and Sahara). A 
microbial lipid component wasevideni primarily in the hydrocarbon (as unresolved complex mixture. UCMJ 
and fatly acid fractions (<  CzO). Its origin was inferred to be from erosion of Incustrine detritus and from 
viable microbiota in the ambient particles. 

Peiroleum residuesand tracesoTpyrogenicpolynucleararomatic hydrocarbons (PAH) were present in HC 
fraclions of Harmattan aerosols under some urban influence. Thex anthropogenic components were 
compr9ed of n-alkana (<  C2.. no C number preference). unresolved complex mixture of naphihcnic HC 
(Cmx= CI,), minor biomarkers specific for petroleum and traas of PAH. 
These compositional data were used for very approximate mass balancing and organic matter source 

determinations. This permitted the assignment of Hannrtian aerosol source regions and the conclusion that 
the urbancomponentsarerapidly diluied downwind from their sources by ihc overwhelming natural organic 
matter. 

Key w r ¿  index:Harrnattan, carbonaceous aerosol particles. Nigeria. hjdrocarbons. ketones. orgacic acids. 
fatty aicohols, plant wax esters. phytosierols. terpenes. petroleum products. polynuclear aromatic 
hydrocarbons. biogeochemical cycling. long-range iransporr. 
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JOURNAL O F  GEOPHYSICAL REStARCH. VOL. 93. NO. D l 2  PAGES IS.RDI-15.R78. DEfEMBt'R 3). I9XR 

Measurements of Selected C,-C, Hydrocarbons in the Troposphere : 
Latitudinal, Vertical, and Temporal Variations 

HANWANT B. Sisciii 

WII.I .IAM V I E ~ . E E  AND Loiw J.  SAIAS 

Results arc prexnied on thc tropospheric distrihuiion of C,-C,  h>drocarbons baxd on (1)  shiphoard 
nieJsuremcnts over the castern Pacific Oman from latitudc 57 N to 47 S. 17) ground-hawd meJsurc- 
menis ;it a remote co;istai site in northern California (39 NI. and ( 3 )  iiirhnrnc studies of the troposphcrc 
w c r  Colorado and over ihc eastern Pacific Ocudn (38 NI during thc summer and winter seasons. A iota1 
of 1077 hydrocarhm samples ucre procrssed during thesc comprehcnsi\c field programs. In ögrrrsmcni 
uiih previous studies. the shipboard measurements shou large north-to-souih gradients for virtuall! ail 
nonrnethanc h)drocarhnns (Nhl  HCs) and clearl) indicate their northern hemispheric sources. Elhanc. 
thc mcisi abundant NMHC. is prcbcnt ai il ccinccnir;iiion o f  2 pph in ihc northern hemisphere ( K H I  
mid-latitudes. with southern hcmispherc (SHI concentrations o f  ahout O 3 ppb. All other NhlHC con- 
centrations are in the sub-pph range The mcasurements ;it lhe remote coastal site of Point Arcna. 
Caiibrni;i. shou that NMHC concentraiions can dccrc;ise h! .I f x i o r  of 2 or more during thc pass:igc of 
cold fronis in uinier and spring During these events the hehJ\ior of NMliCs i s  strongl) correlated with 
primar! anthropogenic spr.cic\ [ c . f .  CH,C1,. CH:CICH,CI. and CH,CCI,I a\ ur11 as wcondar) o\)fcn- 
ates (e.€.. pcrox)acct!l nitrdtr (PAN;) and ozone) Aircraft mc.isurements of NXIHC conccnlrationc made 
over Colorado and near rhc coastal zone of northern California were higher mer land than mer  the 
occiin in ihc lowrr truposphcrc i -= 5 ImI Upper troposphcric zonccntrdtion> wcrc bund to hc lwr r  and. 
in general. much less spciiiall) \ariahlc than those present in the loner troposphcrc Bccausc of thr 
diil'erencus in NMHC concentrations between ocean and land and Mueen  louer and upper iropsphcrc 
e\idenr in the measurements. I I  is possible that weather qstcrns as?;ociaied with significant horizc\nlcil 
and vertical iranspori can cause large temporal and spatial \ariation?. in N\ íHC concentralions @n loid! 
and rcgional scale5 
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AN CA 104(5):3 1748v 
TI Secretion of volatile substances by coniferous plants and their 

flammability hazards 
AU Stepen, R.; Sukhinin, A. 
CS Inst. Lesa Drevesiny 
LO Krasnoyarsk, USSR 
SO 
SC 11-1 (Plant Biochemistry) 
DT I 
CO EBNBN 
IS 0568-6547 
PY 1985 
LA Russ 
AB Amts. of volatile substanccs relcascd by conifcrs were higher in 

Izv. Sib. Otd. Akad. Nauk SSSR, Ser. Biol. Nauk. (2). 47-52 

young than old plantings, and they wcrc tow in May, increased to a 

max. at the end of June to the besinning of Ju ly ,  and dccreascd 
gradually to the end of Sept. when they reachcd a min. 
the main abiotic factor affecting the content of the volatile 
substances. 

organs of conifer trees was cedar > pine > fir .apprxeq. Iarch > 
spruce. Increasing the temp. by 10.dcgrce. (the QI0 factor) 
resulted in an .apprx.2-fold increase in release of terpene 

volatiles. A large increase in the concn. of the ors. products in 
the atm. (1-4 g/m3) may greatly increase ihc 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 reIease 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.degrce.. When the needle moisture 
decreased, the max. sesquiterpene rcleasc was obsd. at 
66-68.degree.. Terpenes constituted .gtoreq.90% of the volatiles 
released, and monoterpenes constituted 65-852 of all terpenes. 
the monoterpenes released I5 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. 
in young plantings may greatly increase fire hazards i n  forests. 

Temp. was 

The order of volatile substance release by vegetative 

Of 

Their accumulation 
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Pinnt Ph)sioI. (1971) 48, 50 52 

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

Received ror pobiicatioii Deceniber 3 

A. C. THOMPSON,' D. N.  BAKER,^ R .  c. GUELDNER,' AND P. A. HEDIS' 
Agricul1ural Research Service, Srare College, Mississippi 39762 

ABSTRACT 
When airnosphere from coïton plunls (C0ssypi11111 Iiirsuiurn 

L, var. Deltapine Smoothlenf) was condensed by passing it 
over the expansion coil of an air  conditioner a n d  three 1-hour 
collections per  day (early morning, noon, and  laic nftcrnoun) 
Kcre made, the  total esseniial oils were foiind t o  consist of 50 
to 60% f i - b i s d d o l  (1, 1660) and ybisabolcne (i ,  1550) and 
30 to 40% geraniol (1, ]%O), myrtcnal (1, 1328), nerolidol 
(1, 1520), and f-caryophyllene oxide (11 1590). A s  :lie plant 
matured,  trans-2-hexanol was produced in conccnirations of 
7 to 27%. Before fruiting, ~ b i s a b o l o l  made  up as niiich as  
60% of the toial essential oil transpired by the  plants, and as 
the concentration of ,9.bisal>olol increased, that  of 7-bisabolene 
decreased. 
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P1ani.i (1981) 152:565 -570 Plruitii 

Effects of environmental conditions on isoprene emission from live oak 

David T. Tingey’, Rosemary Evans’, and Marcia Gurnpertt’ 
* U.S. Environmental Protection Agency and 

Sorihrop Services. Inc.. TOO S.W. 35ih Srreei. Corvallis. OR 97330. CSA 

Abstract. Live-oak plants (Quercus uirginiana Mill.) 
were subjected to various leveis of Cot, water stress 
or photosynthetic photon flux density to test the hy- 
pothesis that isoprene biosynthesis occurred only 
under conditions of restricted COz availability. 
Isoprene emission increases as the ambient COz con- 
centration decreased. independent of the amount of 
time that plants had photosynthesized at ambient 
COz levels. When plants were water-stressed over a 
4-6 period photosynthesis and leaf conductance de- 
creased 98 and 94%. respectively, while isoprene emis- 
sions remained constant. Significant isoprene emis- 
sions occurred when piants were saturated with COz, 
;.e., below the light compensation level for net photo- 
synthesis (1 O0 pmol m- ’ s- ’). Isoprene emission rates 
increased with photosynthetic photon flux density and 
at 25 and 50pmol m-’ 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 exclusiveiy in re- 
sponse to restricted COz or various stresses. 
Key words: Carbon dioxide and isoprene emission 
- Isoprene - Light and isoprene emission - Quereus 
- Water stress. 
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112 DAVID T. TINGEY ET AL. Physiol. Plant. 47: 112-1 13. 1g:y 

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, Gorvaiiis, 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 save as photochemical oxidant 
precursors. A study was designed to assas independently the 
inRuence of vm-able light and temperature on isoprene emissions 
from live oak (Quercus virginjana Mill.). Plants were conditioned in 
a growth chamber and then transferred to an envuonmentally 
controlled gas-exchange chamber. Samples of the chamber at- 
mosphere were collected; koprene was concentrated cryogenically 
and measured by gas chromatography. A logistic function was used 
to model isoprene emission rates. Under regimes of low tcm- 
perature (2OoC) or darkness, isoprene emissions were lowest. With 
increasing temperature or light intensity, the rate of isoprene 
emission increased, reaching maxima at 800 f i  m-* s-* and 40- 
&OC. respectively. Higher temperatures caused a large decrease in 
emissions. Since the emissions of isoprene were light-saturated a! 
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 to 2% of the carbon tixed 
during photosynthesis depending on tight intensity and tem- 
perature. 

Key words: Quer- virginium - isoprene - hydrocarbon 
emission. 
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j>t;mi Phyqio:. , r38í t )  05. 797-1101 
* Y  1~2-nxxu/&ij/65/0797/OS/S00.50/0 

Influence of Light and Temperature on Monoterpene Emission 
Rates from Slash Pine 

Received for publicaiion Sepiemhcr 17. I979 and in revised form December 26. 1979 

DAVID T. TINGEY. MARYBETH MANNING, Lours C. GROTHAIJS, A N D  WALTER F. BURNS 
Unired States Environmental Protection Agen. and Northrop Services Incorporated. 2tH) S. W. 3Srh Srreer. i 

Corvallis, Oregon 97330 i I 

ABSTRACT 

Ibcre is a grnring awarewe of vqetaiioa‘s rok as a source of 
pm-w;ally reactive hydrocarbons that may serve as photochemical oxidant 
prc;urwr\ ‘ n i s  study aseesed the influence of öght aad temperature, 
mdependently. on monoterpene emksiair from slaeb pine (piiur ellionii 
bityclm.). Plants *ere precmditinncd in a growth cham&. thto trrm- 
ferrrd tt) an cnvironmentrlly conirolnd gas exchange chamber. Sunptec Oc 
I h r  c h s m k r  atmosphere were collect& the maooterpcws were concea- 
t r a t 4  cryogenically and meauurcd by gas chrmatogrrphy. Five monoter- 
pene\ (a-pinene. &pinene, rnyrcene. l i  , and fl-pheUaadrenc) w m  
prcwni in the vapor phase surrounding <be pinots in suffiicnt quantity lor 
reliahle measurement. Light did not directly influence molloterpc# cauk 
\mm rates cince the ernicsbnc were s i m i r  in hoth the dark and at r a r k m  
riphi intensities. Mnnoterprne emheinn rates increased exponentidly witb 
tempcraiure (it. emisciunc depend on temperature ia a log-linear manner). 
lh* eumcncd emi.;chz of lhe five monnterpenes ranged from 3 to 21 
micriiyrame C per gram dry weight per itour a- temperature wax iaereaïd 
hi in  20 tn -c(i C. Initially. cmicccina rates from kat-stresud necdies w c ~ e  
*irnilar tu healthy needles. but rai- decreased .I 1% per day. Daily carbnn 

thrnueh monorcrpene emiccbns accounted for approximately 0.449 of 
the rarhon fixed during photnsyntbccis. 
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HEADSPACE VOLATILES OF WHOLE PLANTS AND MACERATED 
PLANT PARTS OF BRASSICA AND S I N A P I S  

LARS TOLLSTEN and GUNNAR BERGSTROhi 

Department of Chemical Ecology, Univcrsiiy of Göteborg. Box 3303 I.'S-W 33 Göteborg, Sweden 

(Receired in reoisedforrn Januorj 1988) 

Key Word Index-Brassica napus. B. rampesrris, B. carinara. B. juncea. B. niyra. Sinapis alba; Cruciferat. 
GC/MS; plant volatiles: maceratcd buds: macerated leaves. 

/ 

-et-Headspace volatiles collected from six Crucifer species of the two genera Brassica and k 2 p 1 5  ucre 
#8d ligated by GC/MS. A total of34 compounds were identified from both whole plants and maceratcd pian: pans. 
Ir+cal cell-degradation compounds including alcohols. aldehydes and glucosinolate breakdown producrs ucre 
-"ly found in macerate samples, while terpenes were detected almost exclusivelj in whole plants. Macerated buds 
F!aily contained higher amounts of nitriles and isothiocyanates than did macerated leaves. Several compounds 

&ntified have, to our knowledge, not b x n  previously reported in Brassica and Sinupis. 
-s 
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I 
IOURNAL OF GEOPHYSICAL RESEARCH. VOL 9 2  tio. DIO. PAGES itJ*ll.S94. -BE ut ' O  7 

I 3  S T Y  
t 

*qGô:3 

Impact of Natural Hydrocarbons on Hydroxyl and Peroxy Radicais 
at a Remote Site 

M. TRAINER,' E. Y. HSIE' S. A. MCKEEN,' R. TALUMRMU. D. D. PARR~SH."' F. C. FEHSENFELD, AND S. C. L u  

Aeronomy Lubowocy. Noiionol Ocrcinic and Atwtosphertc Adnunisirarion. Lnrironmentd Researc¿ Lobatarories. Bwider, Coiordo 

The impaa of non-mahane hydrcrrrbonr of natural and anthropogenic origin on the phoicchcmistry 
of the nonurban Iowa 8lmoopherc bas k c n  studied using s pnotochcrniai mode1 with Jcriikd p:inc- 
tary boundary layer transport. The research was undertaken to evaluate the increase in peroxy radical 
concentrations due to hydrocarbon oxidaiion and thtir contribution to observed imba lana  in the NO, 
O, photostationary state (Parrish ci al, 198W ï h e  results show that ihere hydrocarbons. ai con- 
ocniniions observed in the airnosphcm reduce the hydroxyl radical conceniraiion in clean air and 
incrcase the pcroxy radacal conaniraiion to levels that are neaicd to explain the observed unbalan= in 
the photostationary state. For the conditions simulated ben. naiural hydrtuarbons are the principal 
coninbutors to the increase in the p r o x y  r a d d  conceniration at lor NO, miaing raiio% At h@er 
NO, levels the anihropogcnic hydrocarbons thai scale with NO, gain in importana. M o d e l  simulations 
that include the hydrocarbons r e p r d u a  t h  oosericd aepcnacncc oí iiic cvfiicfifïäiiüri üf ûiûiit ÛLi 
various NO, conanirations. 
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O,. CO. HYDROCARBONS AND DihlETHYL SULFIDE OVER 
T H E  WESTERN ATLANTIC OCEAN 

4bsrraci - Thc conceniraiions of O,. CO. dimeth!l wllidc inif Si .ind Iign: n>drncarhonz rC,-C,> u c x  
measured from an insirumenied aircrdfi during Februar!-Aprii 19b5. near ihS 1'.S E ~ s i  Coasi and in ihc. 
vicini¡! of Bermuda as pari oí the A'ehiern Ailaniic Ocedn Exptrinicni ru'ATOSi S:CJmpling Highis urre 
performed uiihin ihr boundar! la?rriBL~and in ihrfrec iropt>-phc.rc. iFTi i t t  briih 1i)c.iiionL Phoiochemicai 
generation of O, in polluicd air parcel* iransporicd from ihc c-oniincni uiihin ihc BL u m  idcniified as ihe 
probahle source of excess O, cup io 50 ppbi ahn\e  hsclgroundi C,m\ccii\e Iiíiing of haundar! 1a)rr air 
carried polluianis inio lhe free iroposphcrc The concenirailon. of HC compounds in d i r  >amplcd ne;tr 
Bermuda had a significant in\erse relation io air m a s  iranspori time from ihc coniinr'nt. The BL 
concentrations of the more remive HCS ceihylenc. propanc. prop! Icne. normal- and i.*obui3nci declined 
h i e r  than the less reöciite HCs (acei!lene and ethane). and uere found IO k proporiional i o  air mass 
iransport time over ihe ocean DMS uasdetecicd. uiih fcu ewrptions. onl! uiihin the BL ai both sampling 
locaiions The aierage conceniraiions in ihe BL sample> collesied n u r  ihe C.S Easi Cmzi dnd in ihe 
vicinir! of Bermuda ucre 7 7  and 54 ppii In all sjmple, i a l cn  in ihc BL rhc D\íS concentraiion decredbed 
sharpl! as a íunciion of altiiude 

Kt.i ucsrd I J I ~ C Y .  Non-methane hjdrocarhons. ozone. carbon monoidc. dimeih! I wlhde. boundar! Id!er 
transpor i 
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~ A Physical Model of the Bidirectional Reflectance of Vegetation Canopies 
I 1. Theory 
i MICHEL > f .  VtRS’rRAETE’ 

BERNARD PINT’Y: ASO ROBERT E. DICKINSON 

A n  analytical exprc-ion for the bidirectiond reflectance field of a vegetation canopy is derived from 
ph!sical and geometncal considerdtions of the transfer of radiation through a porour medium. The 
rctlcstance paitem is shown to depend e\pliìitly on the optical properties of the scatterers (for 
e\.irnple. leaves). and on the structural paramews of the canopy. such a h  the  tat tis ti cal distnhution 
of the orientaiion of these scatterers. the leaf area density. the size of the scatterers and their 
inrerspacing. This theory provides a simple and accurate way to understand the anisotropy of the 
ridiahm field over a vegetated surface. l i  c m  be useful for modeling applications (for example. the 
alkdo is a by-product %hich can be numen:.ill! estimated!. as ueli as for extraciing some of the 
~ t n i i t ~ ~ d  and physical propenieb of the surface. These application\ are disiur\ed in the accompany- 
ing paper (Pinty CI al.. this issue). 
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The Application of Forest Classification from Landsat 
Data as a Basis for Natural Hydrocarbon Emission 
Estimation and Photochemical Oxidant Model 
Simulations in southeastern Virginia 

John Salop 

N. T. Wakelyn 
Langley Research Centsr 
National Aeronautks and Space Administration 

Virginia State Air Pollutlon Conbol Board 
Gerald F. Levy 
Old DomInion Univenlty 

Ellzabeth M. Mlddleion, Janette C. Gervln 
Eastern Regional Remote Sensing Applications Center 
National Aeronautics and Space Adrninis+ation 
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ïHE PRINCIPAL SCHEME OF M T O S Y N T ~ I C  CARBON CONVERCION IN CELLS OF 
iSOPRENERELEASING PLANTS 
University of Stockholm, Sweden, August 6-11. 1989 

G. A. Sanadze 
Problem Research laboratory of Photosynthesis, Tbilisi %te 
University, ïbilisi, USSR 

lhe interest  to the study of biochemical mechanisms of the free isoprene 
formation i n  the photosynthetic conversion of carbon arose imedietaly after 
the  discovery of the photobiological phenomenon named 'isoprene effect' IE 
(1-6). The f i r s t  reports on the essential difference between the biochemical 
pathways of carbohydrates and isoprene formation a t  pho'cosynthesis were 
obtained a t  the init ial  stages of the investigation of this  phenomenon (7). 
ï h e  evidence of this  difference gradually increased and by the end of 
sixties a hypothesis has been formulated that in isoprenereleasing plants 
beside the  known ribulosebisphosphatecarboxylase / oxygenase RUBP-C/O 
another system of primary carboxilation must work, which somehow leads to 
the formation of acetyl COA (3. 4). T h i s  hypothesis has been further 
astærtained by the study of the discribution of carbon atoms in an isoprene 
molecule assimilated a t  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 
loailisation of isoprene biosynthesis i n  chloroplasts (11). the dependence 
of isoprene formation rete on the partial pressure of O, and Co, in the air  
(12, 13). the extent of the dependence of E upon temperature (5, 14, 15) 
etc. 

On the other hand, the evidence havs gradually been accumulated indicating 
tha t  IE l i k e  photosynthetic carbon reduction is closely connected with 
chloroplast functioning (1. 4-6. 14-16). and in 198s it was shown that 
isolated poplar chloroplasts are capable of isoprene photobiosynthesis (17). 

Thus, t h e  available information points to the  capacity of chloroplasts to 
synthesize free isoprene and on the other hand to the essential difference 
between the pathways conversion 
Benson-Canvin reaction cycles (E) and E. 

In the preset& work an attempt has been made to find out the difference 
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 rea-ons of 
photosynthesis, particularly in  BC reaction cycle. The authors have shown 

of carbon assimilated from CO, in 
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Surface Ozone Measurements in the 
Venezuelan Tropical Savannah 

I ' U G C N I O  SANHUEZA 
1 r7C. Apto  182 7. Caracas I01 OA , Venezuela 

KATHLEEN H .  OCTAVIO and ALFONSO A R R O C H  
].VTE 1'EP. SA Aptdo. 76343. Caracas I07ûA. Vene:ueia 

(Rcieived: 4 October 1984: in revised form. 6 March 1985) 

Abstract. A one-year set of surfxe ozonc measurements in a four-station network located in the 
venczuelan sxannah is reported. The diurnal ozone variation is typical of continental stations uith 
a ma\imum in the afternoon. d i e n  verticai turbulent mixing is strongest. The annual O,  average 
concentration. based on the monthly averages of daily maxima. Uas i 7 : 2 ppb. which is in good 
qcc'ment \vith values reportcd for similar latitudes. The houndary-layer ozone levels did not fall 
hclmv 8 ppb. in contrast with previous sporadic measurements made in tropical latitudes. No evidence 
u3' 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 thz relarively high ozone levels observed at 
thc end of the dry season are probably of photochemical origin. 

Key words. Tropospheric ozone. ozone in the tropical savannah. background ozone in Venezuela. 
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AN CA 1 13(6):45504k 
TI Terpenes in the atmosphere 
AU Sasai, Hamo; Satsumabayashi, Hikaru: Veda. Hirornasa 
CS Naganoken Eisei Kogai Kenkyusho 
LO Nagano, Japan 
SO 
SC 
sx I I  
DT J 
Co MUEHDL 

PY 1988 
LA Japan 
AB 

Nagano-ken Eisei Kogai Kenkyusho Kenkyu Hokoku. 11, 12-15 
59-2 (Air Pollution and Industrial Hygiene) 

IS 0387-9070 

The atm. concns. of terpenes measured in [he residential areas of 
Nagano City. Japan, in the summer of i984 showed that the isoprene 
concn. was higher during the day 3nd the monoterpene concn. was 
higher at night. 
ratios and atm. oxidant concn., the prodn. rate of .alpha.-pinene at 

night was detd. to be of the same ordcr of magnitude as (hat of 
isoprene. but 6-fold that of .beta.-pinene. Based on the terpene-03 

reactions, the progn. rate of terpenes was higher during the day 
than at night, with isoprene and .alpha.-pinene daytime prodn. rates 

From the reiaiions between the terpene concn. 

Of 2.39 and 0.56 .mu.g/m3-h, resp. 
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United States 
Environmental Protection 
Agency 

Environmental Sciences Research 
Laboratory 
Research Triangle Park NC 2771 1 

Research and Development EPA-600íS3-82-01 O June 1982 

Project Summary 

Measurement of Loblolly Pine 
Terpene Emissions 

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

A n e w  method fo r  quantifying bio- 
genic hydrocarbon emission rates 
wi thout  disturbing the vegetation is 
presented. An energy balance/Bow- 
en rat io approach was used t o  esti- 
mate fluxes of a-pinene f rom meas- 
urements of net radiation and vertical 
gradients of a-pinene, temperature, 
and water vapor above a loblolly pine 
forest canopy. The mean f lux for 20 
determinations ranging f rom 19 to 84 
p g / m * / m i n  was 41 pg/m*/min.  This 
method was compared to  an enclo- 
sure method, in which foliage is en- 
closed with a Tefton bag for emission 
rate determinations. For this compari- 
son. the  energy balance/Bowen rat io 
f lux values were converted t o  ernis- 
sion rate units of  p g  a-p inene lg  dry 
needle mass/hr using site-specif ic 
biomass factors. Seventeen enclosure 
method determinations f rom mature 
loblolly pine trees yielded a median 
value of  4.7 pg/g/hr over a range o f  
1.2 to  32 pg/g/hr. While both methods 
displayed relatively h igh variances, 
the variance of the enclosure method 
was considerably higher than that o f  
t h e  energy ba lance /Bowen  ra t i o  
method. There was no statistically sig- 
nif icant difference between the re- 
sults o f  the t w o  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 project that i s  
fully documented in a separate report 
of the same title (see Project Report 
ordering information at back).                                       
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AN CA!W(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.; 

CS Environ. Sci. Res. Lab., US Environ. Protec. Agency 
LO Research Triangle Park, NC 2771 1. 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 

Cronn, Dagmar Rais: Titov, Vitaii S. 

A I-mo field study was performed in the mountains 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 
panicles were performed. Terpenes were prcscnt 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. materiais were much smaller than amts. of 
sulfate in the aerosol particles and were relatively insignificant 

with respect to visibility. 
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June 1986 

A COMPUTER SYSTEM TO CALCULATE BIOGENIC EMISSIONS 

VOLUME I: TECHNICAL ASPECTS 

Horace Sher  
Computer Sc iences  Corporat ion 

P.O. Box 12767 
Research T r i a n g l e  Park, NC 27709 

P r o j e c t  O f f i c e r  

Joan Novak 

Meteoro1 ogy and Assessment D i  v i  si on 
Atmospheric Sc iences  Research Laboratory 

O f f i c e  of Research and Development 
Research T r i a n g l e  Park,  North Caro l ina  27711 

ATMOSPHERIC SCIENCES RESEARCH LABORATORY 
OFFICE OF RESEARCH AND DEVELOPMENT 

U.S. ENVIRONMENTAL PROTECTION AGENCY 
RESEARCH T R I A N G L E  PARK,  NC 27711 
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ABS TRACT 

To assess the contribution of anthropogenic (man-made) hydrocarbons 
t o  air  pollution, the contribution of biogenic (naturally occurring) 
hydrocarbons must be known. The Biogenic Emissions Software System (BESS) 
was developed t o  generate biogenic emissions inventories for important 
pl an t  species and emi ssi on species throughout 1 arge-scat e gridded regi ons. 

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

BESS was designed w i t h  two goals i n  mind: (a,) produce a biogenic 
emissions inventory compatible w i t h  the anthropogenic hydrocarbon emissions 
inventory for the Regional Oxidant Model ( R O M ) ,  thus providing a means 
for determining whether biogenic emissions are significantly contributing 
t o  ozone formation, and (b) provide a generalized framework for b u i l d i n g  
gridded biogenic inventories of other types for a variety of applications. .  

- A need exists for such a comprehensive system, because discrepancies have -- - -  

The system performs the following functions. 

Generates hourly gridded emissions compatible w i t h  the ROM 
( a )  for  a variable number of hydrocarbon emission species; 
(b )  from a variable number o f  plant species, leaf l i t t e r ,  

( c )  for any latitude/longitude-based grid system. 

and/or seasonal basis. 

emission factors. 

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. 

and surface waters; 

Applies temporal variations t o  emission factors on a diurnal 

Incorporates variations in temperature and solar r a d i a t i o n  i n to  

Provides spatial resolution compatible with the ROM 
Allows for future modification of emission factors t o  incorporate 

BESS i s  designed as a series of processor modules; each processor 
performs a separate calculation. . The system's modular design will  
faci l i ta te  future changes in the software. 

Volume I of this report describes the calculations on w h i c h  the 
system i s  based and the preparation of  d a t a  sources. Volume I I  contains 
the funct iona? requirements Of each software processor module. 

T h i s  report was submitted i n  partial fulfillment of contract number 
GSA- IAG DW930026-01-01 (Task B64A) by Computer Sciences Corporation, under 
the sponsorship of the U.S. Environmental Protect ion Agency. Th i s  report 
describes work completed as of June, 1986. 

i i i  
                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBL*309 92 m 0732290 0529853 077 m 

AN CA108(22):190258j 
TI Measurements of atmospheric hydrocarbons and biogenic emission 

AU 
CS Narl. Cent. Atmos. Rcs. 
LO Boulder. CO, USA 
SO J.  Gcophys. Res., D: Atmos.. 93(DI). 1407-16 
SC 53-10 (Mineralogical and Geologicid Chemicrry j 
DT J 
CO JGRDE3 
PY 1988 
LA Eng 
AB 

fluxes in the Amazon boundary layer 
Zimmernan, P. R.; Greenbug, J .  P.: Westberg. C. E. 

Tropospheric mixing ratios of CH4, (22-10 h~drocarbons. and CO wcre 
measured over the Amazon tropical forcsr ncdr Manaus, Amuonas. 
Brazil. in July and August 1985. The mcasurcincnts, consisting 
mostly of altitudc profiles of thesc gases, wcrc all madc within thc 
atm. boundary layer .Iroreq.1000 m above ground ievel. 

charactcrize the diurnal hydrocarbon compn. of the boundar) layer in 
this tropical forcst arca. Biogenic emission!, of isoprene coiirrol 
hydroxyl radical coiicns. over the iorcsr. Biogenic emission t7uxcs 
of isoprene and terpcnes are cstd. IO be 25.000 .mu.g/rn:/day snd 
5600 .mu.m/m?/day. r a p .  This isoprene zmision is cquiv.  CO 7% of 
rhc net primary produciiviry of the tropical forest. 
biogenic isoprene and terpcne cmissions from the Amazon forest may 

account for daily increases of 8-13 ppb for CO in the planetary 
boundary layer. 

Daia 

Arm. oxidn. of 
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AN CA96(2): 14807n 
TI Quantitation of biogenic hydrocarbon emissions 
A U  Zimmerman, Patrick; Moore, Barry 
CS Nail, Cent. Amos. Res. 
LO Boulder, CO, USA 
SO 
, 88-90. Natl. Cent. Atmos. Rcs.: Boulder. Colo. 
SC 80-6 (Organic Analytical Chemistry) 
SX 9,53 
DT C 
CO GRKA7 

CHON Photochem. Troposphere, Notes Collq. .  issue NCAR/CQ-7+ 1980-ASP 

PY 1980 
LA Eng 
AB A sampling method is described for gas chromatog. quantitation of 

volatile hydrocarbon emission rate from all biol. sources. 
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). 
std. gives the sampling vol. 
steel vessels to approx. 15 psig, and are analyzed by gas chromatog. 
with flame ionization detection. Resulis arc expressed as .mu.g m-2 
h-1 or as .mu.g (leaf biomass)-I h-1, as appropriate. 

The area 

Diln. of a known vol. of an appropriate 
Samples are pumped into 4-L stainless 
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Chemosphere Ho. 4, pp 163 - 168, 1972. Pergsmon Press. Trinted in b a t  Britain. 

ATMOSPHERIC PHOTOCHEMICAL REACTIVIN OF MONOTERPENE HYDROCARBONS 

R E 5) R I P?ST 
H. H. Westberg and R. A. Rasmussen :: .i 6 

College of Engineering Research Division 
Washington State University c<;:..-.c ._ . , Pul lman ,  Washington 99163 

(Recoired in OSA 28 April 1972; received in üK for pbl ios t ion  14 JaY$v&)::̂ " -ja4.; z ja< ïz  

In recent years numerous studies have been conducted t o  define hydrocarbon reactivity 

under conditions of atmospheric photochemical ~ x i d a t i o n l - ~ .  Generally, these studies 

have concentrated on the lower molecular weight hydrocarbons (<Cio) which arise primarily 

from 'sources associated w i t h  the internal combustion engine. 

which has been extensively researched, a second, b u t  1 i t t l e  investigated group of hydrocarbons 

i n  the atmosphere are the volati le terpene emissions from plants. 

hydrocarbons have been shown t o  exist  i n  the atmosphere and published estimates of these 

emissions on a global basis indicate t h a t ' t h i s  source i s  responsible for millions of 

tons annual ly5? The fa te  of these natural hydrocarbons remains essentially undetermined 

and, except for a few individual compounds, the atmospheric photochemical reactivity 

of volati le terpenes has not been studied. 

In contrast t o  th i s  area 

Several monoterpene 

In conjunction w i t h  an overall program of identification and quantification of volatile 

organic compounds i n  non-urban environments we have examined the reactivity of a number 

of monoterpene hydrocarbons that are known or expected t o  be present i n  ambient forest 

a i r .  

emitted by several species of plants 

i n  the presence of nitrogen oxides and light consisting of wavelengths characteristic of 

natural sunlight. 

been patterned af te r  that employed for the determination of hydrocarbon reactivity in urban 

areas. A major experimental difference, of course, is the necessity of employing much 

lower concentrations of terpenic hydrocarbons and nitrogen oxides i n  order t o  simulate 

the atmospheric photochemical reactions i n  unpolluted non-urban a i r .  

indicate that on an individual basis, monoterpene hydrocarbon concentrations are a t  most 
8 i n  the low ppb range . 

The hemiterpene isoprene was also included since i t  has recently been shown to be 
7 . Our study has focuzod on tne reactivity of terpenes 

In t e m  of techniques and apparatus, the experimental procedure has 

Studies i n  this laboratory 

Nitrogen oxides are believed t o  be present i n  concentrations of 
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TI 

pine forest 
AU 
CS 
LO Albany, N. Y., USA 
SO 
SC 53-10 (Mineralogical and Geological Chemistry) 
DT J 
CO JGREAî 

PY 1977 
LA Eng 
AB 

Measurement of terpenes and other organics in an Adirondack Mountain 

Whitby, Robert A.; Coffey, Peter E. 
New York State Dep. Environ. Conserv. 

J. Geophys. Res., 82(37), 5928-34 

IS 0022-1406 

The total terpene concn. beneath the canopy of an eastern US 
coniferous forest was of the order of 50 .mu.g/m3. 
measurements within the forest but outside the canopy was 3-32 
.mu.g/m3. 
line contained 7 and 27 .mu.g/m3 toial terpenes. 
coniferous forest in an area of deciduous vegetation, the mean 
morning total terpene level w- 4 and increased to 11 .mu.g/m3 
during the afternoon. 
range, were obsd. in total concns. which averaged approx. twice the 
sample total terpene value. 
CS-CIO ors. was found in rural atm. in thc Adirondack LMountain 

region of New York State. The majority of obsd. orgs. are of 
natural origin. 

Similar 

Two samples collected at a mountain summit above the tree 
Downwind from the 

Unidentified species. primarily in the C5C9 

A concn. range of 8 - 1 3  .mu,g/m3 for 
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AN CA92(2):9278d 
TI Infrared absorption bands of .alpha.- and .beta.-pinenes in ihe 8-13 

AU Wilson, H. William 
CS 
LO Bellingham, WA 98225, USA 

SC 53-10 (Mineralogical and Geological Chemistry) 
DT J 
CO APOPAI 

PY 1979 
LA Eng 
AB 

.mu.m atmospheric window region 

Chern. Dep., West. Washington L'niv. 

SO Appt. Opt., 18(20), 3434-7 

IS 0003-6935 

There are bands in the 8-14 .mu. arm. window region of the gas phase 
IR spectra of .alpha.- nd .beta.-pinenes that are intcnse enough to 
allow rheor. the naturally occurring terpenes to be detd. in the 100 
ppb/vol. Icvcl at 1 km path lengihs. Because of the broadness of 
the bands, and the relatively intense arm. background ai iheir 
frequencies of 786.5 and 880 cm-I, practical concn. limits for the 
use of the bands are probably not better than .apprx.l-10 ppm/vol. 
Both type C bands have 4 cm-1 Q branches which fall at frequencies 
that are essentially free of any major atm. fine-strucrure bands. 
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Frinelml Inreitliaror 

kthur Y. U h r  

b r u a t i a 1  d i t ~ b i a e  far d e l l n g  phocoehulul af r  pcliuclon ln 
Cnllfornla'a Central Valley la  a relhble grldded nlaaion inventory for 
reactlve orgmlc cuca I = ) .  To ate, b e v e r .  mere haa been a lack of 
puuicltatlve lnforut lon concernlw the ununta o f  organle gaaea emltuQ 
free aruiril aaurna,  prtlcululy vegetatIo0, In thc Scraœcnw Valley 
d Sra Jeaquín Yi11ry Air Bub. To addreu t h i s  nee. w have w u r d  
Câe ratCs of œlulon of ap(C1aCd bydmurtcna froi Dare zhrn Cblrty of 
th. x u c  *rant I h r &  on acrup.) agrlculrwal ana natural plint types 

n l e m t  to e i l l f o m i i ' i  C e n t 4  Ialiey. 
Thel. muNr .mca  g l o y o 6  f la i - thrcqh tetlon U r s .  aolld 

. d . o r M n C / V I . d  d09Tptlora aample œlleecloa, ma LM eloae eauplin( of 
a u  chrca8(o<raphy (ce) .nd = - r u a  apestrœetq (tenis) for mmpamj 
IduiClilatlm .ad q t m t l u t l m .  L la r loa  rate pro(oco1a mere c sducud  
in * s-ra of 1988 and 1989 OD plant apecirnr grmm a t  Ue Plveraide 
according to atmdu¿ ~ r l c u l t u r d  pracclces. far four doam l n d l v l ~  
eoœwmia wn 1dmt:flad u œlulona Irra the yrlculcunl ud @awn1 

plant ipa-alea SUIM. In .Mltleo to l a o p m e  ud Un mnoterpama, 
~eaqul terpenu.  almkola, a u t a t u .  dâehydea, kewnca, cthera. csC8rai 
ailrtmr, alkmci d a m t i 4  wre a l l  Dh>erred. hU 0DDUlnW 1n vila 
a- -trate6 a p l a  that men on t+ large variatlcma ln a l u l o n  
ratu  from s iinpla apee- of a given p1-c apeeics. ucii u trem. 
r i l t i p i e  n p e c b n r  or au lc iv i r .  

H a n  œlulon ratea for total mmterpnea ranged r r a  mne detectad 

lo Cbe C u a  of W, g r i p .  rias uid uhuc.  10 u high LI 25-61 ue tar-' 

p-' for platachio and toil-. Ocher y r i w l C u r 3  apeeles esblhltlng 
subarantlal rates of ulzllon of w w t a r w 8 u  include6 carrot. cottoo. 
Ison. o m g e  Md minut. u1 of t& agrlcuitural mm and nrrull p h c  
.peelea for uhïcb hill a q l l h <  proroeoh w r e  Coneusrrd atma6 tatal 
.ulD.d p h c  alaal00 ITipE) ntu above me decectlon 1lmILi ia Câia 

atudy, ulth a rriy. M-ea 0.1 M6 70 ug i$' u-'. S & w  on UH 
rraird TM ricer M6 anIlable a a u g e  diu. I C  a m  t h r C  01ulw 

frca -to, rler. g n # .  cottoo, rlNh, an6 lrrlptcd wuin a m  
llkely to M imprcanc CO.PM.IIU of 1 Central Valley 4r lcu lcun l  
u1uiOo. ínvmtoq, M6 eut wrqaw œ l ~ I œ a  r r a  mlc Ud inilt 
u n a  my aiao b. -t. 
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AN CAI'W(23): 188758~  
TI Terpenes emitted from trees 
AU Yatagai. Mitsuyoshi 
CS Forest. For. Prod. Res. Inst. 
LO Ibaraki 305, Japan 
SO Mokutai Gakkaishi. 30(2), 190-4 

SC 11-1 (Plant Biochemistry) 
DT J 
CO MKZGA7 

PY 1984 
LA Eng 
AB 

IS 0021-4795 

Monoterpenes in the atm., emitted from 7 Eucalyptus species, were 
collected, and the followings wcre identified: .alpha.-pinene. 

.beta.-pinene, sabinene, myrcene, .alpha.-Lcrpinene, limonene, 
1,8-cineol. .gamma.-terpinene, ocimcne. p-cymeme. and terpinolene. 

The concn. of each was in the low ppb range. 
of Eucalyptus monoterpenes obtained by 3 different methods. Le.. 
water distillate. headspace volatiles, and atm. collected near the 
trees, were compared. 
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. 

The relative content 

The relalions between the concns. of 
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cs 
LO 
so 
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sx 
DT 
CO 
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PY 
LA 
AB 

A N  CA108(23):201970p 
TI Terpenes emitted from trees. I I .  Terpenes in the atmospheres of 

AU' Yatagai, Mitsuyoshi; Ohira. Tatsuro; Unrinin, Genji; Kadir, Azizol 
forests 

bin Abdul; Hayashi, Yoshioki; Ohara. Seiji 
For. For. Prod. Res. Inst. 
305, Japan 
Mokuzai Gakkaishi, 34( i ) ,  42-7 
11-8 (Plant Biochemistry) 

53 
J 
MUGA7 
002 1-4795 
1988 
Eng 

Distribution of terpenes in the atmospheres of sugi (Cryptomeria 
japonica) and hinoki (Chamaecyparis obtusa) forests were studied. 

The largest concn. of .alpha.-pinenc was obsd. on a hillside in the 
morning. 
lowest was at the foot of a hill. 
forest covered with snow were 1/3 to 2/3 of those in rhe fall 
season. 

Japanese red pine (Pinus densi flora) forest were greater than that 
in a broadleaved forest. There were smail differences in the 

The distribution pattern of terpenes in the atm. of a hiba 
(Thujopsis dolabrata hondai) forest was very similar IO those of 
sugi and hinoki forests. 
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 

Terpenes in the aini. of Picea glehni, Abies 
sachaiinensis, Picea jezoensis. and Betula platyphyls japonica 

The 2nd largest was obsd. at the top of a hill, and the 
The concns. of terpenes in sugi 

The terpene concn. in a sugi forest as well as that in a 

terpene concns. between heaviiy-thinned and lightly-thinned forests. 

The concn. of terpenes in a mill sawing 

hiba logs. 

forests were studied. The terpencs in the forest air were diffused 
by increasing temp. and wind. even a light breeze. 
terpenes in the atm. of a Larix leptolcpis forest were small in the 
early morning, and there was litilc difference in concns. among the 
components. In the late morning. the concns. of terpenes increased 
and the differcnces in the concns. of individual cornponcnts werc 

The amts. of 

marked. 
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AN CA97(20):168Wk 
TI Volatile organic material of plant origin in the atmosphere 
AU Yokouchi, Yoko; Ambe, Yoshinan 
CS 
LO Tsukuba 305, Japan 
SO 
SC 
DT J 
Co KKOKDD 
PY 1982 
LA Japan 
AB The monoterpene concns. in thc aun. were measured at Lake IMashu. 

Chem. Phys. Div., Natl. Inst. Environ. Stud. 

Kokuritsu Kogai Kenkyusho Kenkyu Hokoku, 36, 89-94 
59-2 (Air Pollution and Industrial Hygiene) 

Yaku Island and Kurobe. The biogenic hydrocarbon contribution to 
the ambient nonmethane hydrocarbon concn. was discussed. 
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A P I  PUBLX309 92 0732290 0529863 TLb 

Factors Affecting the Emission of Monoterpenes from Red Pine 
inus densifloru) 

Received for publicalion September 22. 1983 and in revised form March 28, 1984 
(P 

YOKO YOKOUCHI* AND YOSHINARI AMBE 
The Division of Chemistry and Physics, National Institute for Environmental Studies, 
Yarabe. Ibaraki 305, Japan 

ABSTRACT 

mechnnism of monoterpene emission from Pinus dcnsifloru was 
,& using M environmentally controlled gas cabinet. It was found 
y, monoterpene emission rate increases exponentially with temperature 
ri b riso influenced by light. Thés0 observations were explained rea- 
sgb]y by a mechnnism Whereby monoterpene emission rale depends MI 

Ir moterpene mount in the leaf oil and its saturated npor pressore. 
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~ 

Diurnal Variations of Atmospheric Isoprene and Monoterpene Hydrocarbons 
in an Agricultural Area in Summertime 

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 93. NO. 04. PAGES 3751-3759. APRIL 20. 19YY 

YOKO YoKOUCHI AND YOSHINARI AMBE 

Division of Chemistry and Physics. National Institute for Enïironmenral Studies, Tsukuba. Ibaroki. 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 doudy 
daytime; in contrast. a higher mixing ratio of monoterpenes was usually observed in nighttime. In fine 
midsummer the conantration of atmospheric isoprene increased gradually after midnight, reaching its 
maximum late in the afternoon. and decrraoed rapidly after sunset. ïhe significant difference between 
atmospheric isoprene and monoterpenes was explained by suggesting that isoprene emission is more 
strongly affected by temperature and/or solar radiation. 
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API PUBLx309 92 m 0732290 0529865 899 m 

T1 The relationship of the monoterpene composition in the atmosphere, 
the foliar emission gas and the leaf oil of Pinus densiflora 

A U  Yokouchi. Yoko; Ambe, Yoshinari; Fuwa. Keiichiro 
CS Div. Chem. Phys., Nati. Inst. Environ. Stud. 
LO Ibaraki 305, Japan 
SO Chemosphere, IO(2). 209- i 3 
SC 11-13 (Plant Biochemistry) 
DT J 
CO C M S W  

PY 1981 
LA Eng 
AB The emission rate of individual monoterpenes from pine needles was 

IS 0045-6535 

proponional 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 0 3  and photochem. with 

N oxides. 
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AN CA95(10):85428e 
TI Determination of monoterpene hydrocarbons in  the atmosphere 
AU 
CS 
LO Ibaraki 305, Japan 
SO J. Chromatogr., 209(2), 293-8 
SC 
SX 80 
DT J 
COJOCRAM 
IS 0031-9673 
PY 1981 
LA Eng 
AB 

Yokouchi, Yoko; Fujii, Toshihiro: Ambe. Yoshinan: Fuwa, Keiichiro 
Div. Chem. Phys.. Nati. Inst. Environ. Stud. 

59-2 (Air Pollution and Industrial Hygiene) 

A gas chromatog.-mass spectrometric technique for the anal. of trace 
concns. (sub-ppb) of monoterpenes in the air is described. 
were collected on Tenax GC adsorbent and thermally desorbed onto the 
anal. column for sepn. and detection by selected ion monitoring. 
Exptl. results are given for different kinds of forests in the 
Tsukuba district of Japan. 

concn. in &e atm. was also measured in a pine forest. 

Samples 

The diurnal variation of the monoterpene 
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SEMI-VOLA1 

SHORT COMMUNICATION 

LE ALDEHYDES AS PREDOMINANT ORGANIC GASES 
REMOTE AREAS 

9 

YOKO YOKOUCHI, HITOSHI hfl’K.41, K 4 Z U  N A K A J 1 \ 1 4 *  and Y O S H l S 4 R I  A M B E  
Division oíChemisiry and Physics. National Institute Tor Environmental Siudics. 16-2. Onogawa. Tsuluba. 
Ibaraki 305. Japan and *Iriornotc National Pari Oftice. 55. Tonoshiro. lshigali. Okinaua 907. Japan 

(Firsf rewired 7 ..tprii 1989 <io4 tnfinalform 13 Sepiembrr 1989) 

Abstract-The atmospheric organics in tao remote islands and in an inland local CI I )  in Japan ucrc 
measured. and it was found that semi-volirile aldehydes (C,C,,) are present ubiquitousl) The mimg 
ratios of ihcse aldehydes often amounted IO a ppb[lO-’) level. and nonanal (C9H r a s  always the most 
abundant oí them. Thex  aldehydes were considered to be naturally-denbed. 

Key word index: Aldehydes, nonanal. atmosphere, analysis. 
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AN CA98(7):5029 Iq 
TI The atmospheric chemistry of volatile terpenoids of plant origin 
AU Yokouchi, Yoko; Ambe. Yoshinan 
CS 
LO Yatabe 306. Japan 
SO 
SC 1 1-0 (Piani Biochemistry) 
sx 59 
DT J 
CO CKNKDM 
IS 0386-4073 
PY 1982 
LA Japan 
AB 

Div. Chem. Phys., Nat]. Inst. Environ. Stud. 

Chikyu Kagaku (Nippon Chikyu Kagakkai). 16(1), 30-41 

A review with 42 refs. discussing the emission rate, concn. in the 
atm.. reactivities, and impact on air quality of voiatiie terpenoids 

of plant origin. 
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AN CA104(6):38927m 
TI Piant-origin organic matter in atmosphere 
AU 
CS Natl. Inst. Environ. Stud. 
LO Yatabe, Japan 
SO 
SC 59-2 (Air Pollution and Industrial Hygiene) 
DT J 
Co KKOKDD 
PY 1984 
LA Japan 
AB The background levels of monoterpene hydrocarbons (e._o.. 

Yokouchi, Yoko; Yasube, Yoshiya: Fujii, Toshihiro; Mukai. Hitoshi 

Kokuritsu Kogai Kenkyusho Kenkyu Hokoku, 58 .  30-8 

.alpha.-pinene [80-54-81) and pinonic aldehyde [2704-78- 1 j in air 
in Japan were detd. by gas chrornato_o.-nlass spectrometry. 
Sesquiterpenes, n-alkanes, and other conirnon org. componenrs of plant 

origin were also found. 
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AN CA94(10):70384t 
TI Can biogenic emissions o f  natural hydrocarbons affect urban ozone 

US controversy on possible role of vegetation in levels? 
photochemical smog formation 

AU Zannetti, Paolo 
CS Aero Vironment Inc. 
LO Pasadena, CA, USA 
SO inquinamento. 22( IO), 91-2 
SC 59-0 (Air Pollution and Indusrriai Hygienc) 
DT J 
Co IQAAAW 
is 0001-4982 
PY 1980 
LA Ita1 
AB A review with 5 refs. 
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A P I  PUBLX309  92 0732290 0529871 O92 = 

1 

N A T U W  SOURCES OF OZONE I N  HOUSTON: 
NATURAL ORGANICS 

P a t r i c k  Zimmerman 
Na t iona l  Center f o r  Atmospheric Research 
P. O. Box 3000 
Boulder,  Colorado 

As p a r t  of t h e  1978 Houston s tudy a concurren t  experimental  program was 
conducted in order  t o  provide d a t a  which would a l low es t imatee  of t h e  
emiesion rates of biogenic  hydrocarbons i n t o  t h e  Houston a i r  mass. The 
program included d i r e c t  measurements of t he  emission rates of hydrocarbons 
from s e l e c t e d  vegeta t ion ,  soil and l e a f l i r t e r  and from f r e s h  and saltwater 
s u r f a c e s .  
many of t h e  biogenic  emission sources.  

Ambient air  grab samples were c o l l e c t e d  i n  t h e  v i c i n i t y  of 

Emission rates from t h e  vege ta t ion  eampled were similar to those made 
p rev ious ly  i n  Tampa, F lo r ida  and i n  North Carol ina.  
rates measured i n d i c a t e  that vegeta t ion  i n  the  Houston area emits a 
s u b s t a n t i a l  amount of r e a c t i v e  hydrocarbons, t h e  grab samples of ambient 
a i r  i n d i c a r e  t h a t  ambient concent ra t ions  of b iogenic  ozone precursers  
are p r e s e n t  a t  very low concent ra t ions .  Reasons f o r  t h e . 1 0 ~  concent ra t ions  
of b iogen ic  hydrocarbons i n  ambient air  and t h e  oxidant  p o t e n t i a l  of 
t heee  b iogenic  hydrocarbons are discussed.  

Although the  emission 
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AN CA98( 18): 148807n 
TI Testing of hydrocarbon emissions from vcgctation and methodology for 

A U  Zimmernan, Patrick R. 
CS Nad. Cent. Amos. Res. 
LO Boulder, CO 80303. USA 
SO Aunos. Biog. Hydrocarbons, Volume 1, 15-33. Edited by: Bufalini, 

SC 59-1 (Air Pollution and Industrial Hygiene) 
SX 80 
DTC 
CO 49LLAZ 
PY 1981 
LA Eng 

AB 

compi 1 i ng biogenic em i ssion in ven to ri es 

Joseph J.; Amts, Robert R. Ann Arbor Sci.: Ann Arbor. Mich. 

The results of several studies conducted to test a new sampling 
methodol. for biogenic hydrocarbons are discussed. 
from the new sampling were similar to those obtained from enclosure 

and other type studies. 
obtained and develop biogenic hydrocarbon emission inventories for  

large areas. 
hydrocarbon research is presented. 

Results obtained 

Computer models wen: used 10 store the data 

In addn., a characterization of future biogenic 
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ESTIMATES ON THE PRODUCTION OF CO AND H, FROM THE 
OXIDATION OF HYDROCARBON E!!IISSIONS FROM VEGETATION 

Patrick R. Zimmcrman*. Roben B. Charfeld'. Jack Fishman?. Paul J. Crutren). and Phillip L. Hans? 
'Engineering Research. Washingion State University, Pullman. WA 99163 
*Atmospheric Science, Colorado Staic Univcrsiiy. Fi. Collins, CO 80523 

JNational Cenier for Atmospheric Research, Boulder, CO 80307 
4Environmental Proteciion Agency, Research Triangle Park, NC 2771 I 

r2bsinci 

Exirapi>lating from extensive field measuremen& on foliar cmiqsions in  
the U.S. we arrive ai approximate global inputs of isoprene and terpenes of 
3.5 X IO" and 4.8 X IO" g(C)/yr respectively. The oxidation of these 
hydrocarbons could contnbuie in an imponant way IO the atmospheric 
swrcesofCO(4.2- i3.3x 10'4g/yr)andH,(10- 3 5 X  10'zg/yr),and 
[o organic species soluble in rainwaier. 
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Order No. 849-30900 

240PP 
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American Petroleum Institute 
1220 L Street, Northwest 
Washington, D.C. 20005 
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