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1. Executive Summary

This report summarizes a review of published information, particularly with regard to
observational data for methyl bromide (CH3Br) and its atmospheric chemistry and budgets
(sources and sinks). The measured tropospheric abundance reported by several groups ranges
from 10 to 20 pptv (1 pptv = 1 part in 1012 by volume) or corresponds to a global burden of 160
to 320 kilotons. With this level of abundance, CH3Br is currently the dominant form of organic
bromine of importance to the stratospheric bromine budget. It remains unclear, however,
whether the range in the observed abundances reflects the true temporal and spatial variations or
differences in measurement techniques or calibrations. Intercalibration of data between various
measurement groups will help to resolve this issue.

One of the pertinent issues concerns the origins of atmospheric CH3Br. Despite WMO

- reports (1985; 1989) that CH3Br is predominantly anthropogenic, the present study reveals
considerable controversy on this issue. We note that there is evidence suggesting that ocean may
be the major, if not the dominant, source of atmospheric CH3Br. In order to resolve this

important issue, the following are required:

(a) information on the global production/emission of CH3Br for the past ~10 years;

(b) accurate determination of the global removal rate or the atmospheric lifetime of
CH3Br; .

(c) systematic and coordinated measurements of CH3Br at selected sites in the next
few years; ‘

(d) model simulations of time evolution of atmospheric CH3Br abundance based on
our best knowledge of (a) and (b);

(e) comparison of models with observed abundance of CH3Br.

The atmospheric lifetime is a calculable quantity based on our knowledge of removal mechanisms
for CH3Br. If we assume that tropospheric OH is the principal sink for CH3Br, we calculate a lifetime
of 1.6 years. Because of the uncertainty in both the mean concentration of tropospheric OH and the rate
constant for the reaction of OH with CH3Br, we estimate that the lifetime has an uncertainty range of
about a factor of 4. An accurate measurement of the rate constant for the reaction of OH with CH3Br will
help narrow this uncertainty range. Other removal processes appear to be unimportant except possibly
for the reaction with atomic chlorine. The relatively short lifetime of CH3Br (~1.6 year as estimated by

models) makes it possible to experimentally determine its lifetime over the next few years.



Accurate determination of atmospheric lifetime is not only important for quantifying the
atmospheric budget for CH3Br but is also crucial for calculating the ozone depleton potential
(ODP). Scientists, and policy makers, rely on computer modeling to assess the impact of
chemicals on stratospheric ozone depletion. The concept of ODP was introduced to characterize
the relative potential of a trace gas to deplete stratospheric ozone (Appendix A). Using the AER
one-dimensional model, we calculate a value of 0.6 for the ODP of CH3Br with an uncertainty
range of at least a factor of 10. The large uncertainty in ODP is due, in part, to the uncertainty in
lifetime and, in part, to the uncertainties in stratospheric bromine chemistry. Our theoretical and
experimental knowledge about atmospheric bromine is less well-developed than atmospheric
chlorine. Thus, model predictions concerning bromine impact should be viewed with caution.
The calculated ODP values depend on the model calculated concentration of BrO. Although
model predictions of BrO appear to be consistent with in situ measurements (Brune et al., 1988),
measurements of HBr (Park et al., 1989) indicate that the concentration of HBr may be 20 times
larger than mode! predictions. Interpretation of the results is not straight-forward. However,
when taken at face value, they appear to be in serious conflict with predicted total bromine
loading and the BrO/HBr ratio. This apparent discrepancy implies that there may be a missing
source for stratospheric bromine, and/or that the chemical scheme in the model is incomplete or
that the kinetic daté used is in error. Among other possibilities, a revised chemistry scheme that
predicts a larger concentration of HBr in harmony with the Park et al. measurements could lead to
a downward revision of the ODPs of all brominated species. Current models need to be
improved with kinetics data governing certain key reactions and reliable data on emission rates,
and their predictions will have to be confirmed by atmospheric observations (e.g., CH3Br, HBr,
BrO).

2. Introduction

On February 21, 1991, Dr. Kurylo of NASA briefed the Methyl Bromide Global
Coalion (MBGC) of the potential contribution of CHaBr to stratospheric ozone loss. He also
mentioned that the current view of CH3Br is that about 50-75% of emissions may be of
anthropogenic origin (WMO, 1985; 1989). In response to Dr. Kurylo's briefing, members of the
MBGC, CMA and AER staff identified the following issues pertinent to establishing an adequate
scientific basis for possible future policy decisions relating to the atmospheric release of CH3Br:

1. What are the atmospheric budgets/origins of CH3Br?
2. How good are the observational data for atmospheric CH3Br, particularly with
regard to defining a secular trend?



3. What is the ODP value and the uncertainty range calculated for CH3Br?
4. How robust is the tropospheric chemistry of CH3Br and the stratospheric bromine
chemistry?

After a series of discussions with members of MBGC, AER was asked to undertake a
highly focussed project to provide a partial assessment of the above issues. The project consists

of two main tasks:
Task I: Literature review for data on:

a) Laboratory kinetics
b) Field measurements

<) Removal mechanisms

Task I:  Modeling

a) Calculation of atmospheric lifetime
b) Calculation of ODP

Regarding Task I(a), AER engaged the services of Aerodyne Research, Inc. (ARI), a firm
specializing in laboratory kinetic measurements, to critically review the kinetic data on CH3Br and
selective bromine mechanisms in the stratosphere. The results, to be discussed in section 3.2, are
based on a report prepared by ARI which is included as Appendix C of this report.

A report presented to MBGC details the findings of Tasks I and I presented in sections 3
and 4, respectively (see Appendix B for a complete set of viewgraphs). The report also contains
four appendices which are intended to describe and clarify certain definitions, approaches, and
methodology adopted in this study.



3. Atmospheric Budget of CH3Br
3.1 Sources of CH3Br

Although the WMO reports (1985; 1989) stated that 50-75% of atmospheric methyl
bromide (CH3Br) may be of anthropogenic origin, the underlying reasons and evidence leading
to this conclusion were not clearly established. In what follows, we review past published work

regarding atmospheric sources of CH3Br.

Wofsy et al. (1975) estimated a source of 76 kiloton yr! for CH3Br based on a
tropospheric concentration of 10 pptv (1 pptv = 1 partin 1012 by volume) and the removal rate
as set by the reaction OH + CH3Br. This source, they noted, exceeds Klingman's (Klingman,
1974) estimate for the total amount of CH3Br produced industrially in 1974 by about a factor of
4. They contacted Plonka of Dow Chemical, who is of the opinion that only 25% of the
industrial bromine is released to the atmosphere, mainly as a by-product of fumigation. Based on
this, Wofsy et al. concluded that CH3Br is most likely é_)f natural origin, with the sea providing
75-95% of atmospheric CH3Br. A later paper by Singh et al. (1983) who measured CH3Br in
and over the Eastern Pacific Ocean essentially confirms this view. Their measurements indicate
that ocean water over the eastern Pacific (40°N to 32°S latitude) is approximately 250%
supersaturated with CH3Br and they estimate an oceanic source strength of 300 kiloton yr,
almost a factor of 4 larger than Wofsy et al.'s estimates. Note that Singh et al.’s csumatc of the
source strength 1s based on a higher tropospheric concentration of CH3Brof 23 pptv

Penkett et al. (1985), however, argued that the predominant source of CH3Br in the
atmosphere is anthropogenic rather than natural. They apparently arrived at this conclusion by
noting that annual production of CH3Br in 1972 was estimated to be about 300 kiloton yr'l. And
they further assumed, following Wofsy et al.'s estimates, that about 1/4 of the production (75
kilotons) was emitted to the atmosphere. Using the rate for the reaction OH + CH3Br, an

estimated OH concentration of 4 x 105 cm™3 and a CH3Br global abundance of 226 kilotons (or
~14 pptv) inferred from their measurements, Penket et al. estimated a total emission (i.c., natural
and anthropogenic) of 90 kilotons yrl, Wthh along with estimates of industial release, would
imply an anthropogenic contribution of about 83 percent. Penkett et al.'s esumate of the 1972
CH3Br industrial production of 300 kiloton yr-1 was based on information from Wofsy et al
(1975) which actually stated that the total (natural and anthropogenic) source is 75 kilotons/year.

This issue, which is fundamental to the understanding of the origins and atmospheric budgets of



CHj3Br, and may have important implications for formulating any future control strategies, must
be resolved by scientific methods.

We summarize the source estimates by various investigators in Table (1).
3.2  Removal processes

According to present ideas (Wofsy et al., 1975; Yung et al., 1980; Cicerone, 1981),
CH3Br is principally removed by:

CH3Br + OH — CH2Br + H20 (1)
in the troposphere.

The rate constant for (1) is given by
k = 7.6 x 10-13exp(-890/T + 200/T).

This rate is uncertain by a factor of about 2 at a mean tropospheric temperature of 278°K (see
Appendix C). A re-measurement of this rate constant is important for a more accurate
determination of the atmospheric lifedme of CH3Br. Using the AER one-dimensional model (see
Appendix D), the calculated lifetime for CH3Br due to (1) is 1.6 years. The same model
calculates a lifetime for CH3CC#3 of about 6.5 years, in good agreement with that derived from
the atmospheric lifetime experiment (Prinn et al., 1987).

Other known removal processes include stratospheric photolysis,

CH3Br + hv — CH3 + Br )

The uv-absorption Cross-sections appear to be quite well determined. Since photolysis is
restricted to the stratosphere where the region consists of about 10% of total air mass, (2) cannot
be an important sink for CH3Br, although it can still affect the calculated ODP value which partly
depends on the rate at which bromine atoms are released from stratospheric CH3Br. We calculate

a lifetime of S0 years due to (2).

Methyl bromide also reacts with NO3,



CH3Br + NO3 — products (3

The rate constant for (3) is about 2 - 3 x 10-17 cm3 s-1 at 298°K. We calculated a lifetime for
CH3Br due to (3) of about 40 years or longer. Thus, (3) is unlikely to be an important sink for
CH3Br unless our model significantly underestimates the concentration of tropospheric NOs.

Recently, work by Keene et al. (1990) suggé;ts that atomic chlorine may be released
heterogeneously from seasalt (NaCZ) in the marine boundary layer. Their model predicts
concentrations of atomic chlorine approaching that of OH within the marine boundary layer. If
we adopt Keene et al's predicted C£ concentration, then the reaction of C¢ with CH3Br

C¢ + CH3Br - HCZ + CHBr @)

would yield a lifetime of about 1-3 years. The rate constant for (4) has been experimentally
studied by Tschuikow-Roux et al. (1988) and is about a factor of 10 faster than that for (1).
However, it should be noted that there are considerable uncertainties in modeling tropospheric
C!f. The proposed mechanism (Keene et al., 1990) of generating large quantities of reactive
chlorine from seasalt is quite speculative and substantially more experimental and modeling work
is needed to ascertain its role in the removal of CH3Br and other halomethanes and haloethanes,
including the HCFCs, HFCs and CHF2Br, a proposed substitute for halons (Talukdar et al.,
1991).

3.3 Atmospheric measurements and trends

Atmospheric measurements of CH3Br have been reported by several groups. In table (2),
we summarize their measurements according to location, year, and measurement period. Note
that most of the measurements of CH3Br in remote regions indicate concentrations of around
10-15 pptv except for Singh et al. (1983) who reported an average concentration of 23 pptv. Itis
not clear whether the difference is due to differences in experimental techniques, calibrations or if
it reflects real spatial and temporal variations of CH3Br. Cicerone et al. (1988) reported that
there is no clear evidence of a temporal trend although a trend as large as 0.1 ppt/month cannot be
ruled out. Salawitch et al. (1988) have reviewed CH3Br data and argued that CH3Br has
probably increased significantly, perhaps by a factor of 2, in the past ten years. Model simulation
of CH3Br trends with reliable emission data will help resolve this important issue.



4. Stratospheric Bromine Chemistry
4.1  Stratospheric sources of bromine

Once bromo-methanes (e.g., CHaBr, halons) enter the stratosphere, they may be photo-
decomposed to release bromine atoms. Specifically, for CH3Br, the following

CH3Br + hv — CH3 + Br )
CH3Br + OH — CHyBr + Hy0 ©6)
CH3Br + O(!D) — CH2Br + OH : )

are expected to lead to ulumate release of Br atoms into the stratosphere. A review of the kinetic

data for the above processes are given in Appendix C.
4.2  Partitioning of Bromine Atoms

A schematic diagram for stratospheric bromine chemistry is given in figure 1. Once
released by the organic bromine molecule, the bromine atom is transformed into various species
indicated in figure 1. The aggregates of the species, Br, BrO, Bry, BrCY, BrNO3, HOBr and
HBr, are referred to as the total inorganic bromine, or the BrX species. The exact partiioning of
BrX into its components depends on altitude, the rate data for the formation and decomposition
rate of each species, and the local concentrations of species such as NO2, O3, OH and H2CO
which actively participate in stratospheric bromine chemistry. As we will discuss in section 4.3,
BrO and Br are the most reactive forms of BrX that directly participate in the catalytic cycles of
ozone removal. One key question in determining the ODP of brominated species is what portion
of BrX is in the form of BrO in the lower stratosphere. In our model calculatons, BrO is
predicted to be one of the major forms (about 40%) of BrX at those altitudes.

The existence of BrO in the lower stratosphere (~18-20 ki) is confirmed by Brune et al
(1988) and Toohey et al (1990) who reported concentrations of about 8+2 pptv. The model
calculated concentration of BrQO is in rough agreement with the measured values. However,
measurement of HBr reported by Park et al (1989) indicates a concentration of 20+6 pptv at 28
km. Our model calculates a value of 1 pptv at the same altitude, about a factor of 20 less than the

observation. This large discrepancy between the model result and observation is suggestive of



possible missing elements in our present understanding of the bromine chemistry. It should also
be noted that the comparison between models and observations as a means for model validaton
is not straightforward. More HBr data from different locations and times of year are needed to
test models.

4.3  Bromine catalyzed ozone removal
The bromine atoms released from bromo-methanes may participate in a number of

catalytic cycles leading to ozone removal. Wofsy et al. (1975) introduce the following cycles
involving Br and BrO with odd oxygen (O, O3)

Br + O3 — BrO + O3 (8) } 0
BrO + O — Br + O3 (9)

and
2 {Br + O3 — BrO + O3} (8)} an
BrO + BrO — 2Br + O3 (10)

The sequence (I) is equivalent to
0+03—-20

The sequence (II) is equivalent to

03+ 03 — 30,

Studies after 1975 suggested that O3 may also be removed through the coupling of different
classes of radicals (e.g., HOx, C£Ox, NOx). Yung et al. (1980) proposed that the following
catalytic cycles involving coupling of BrO with reactive chlorine, nitrogen and hydrogen species

could also lead to ozone depleton:



Br + O3 = BrO + O3 (8)
Ct+ 03> ClO + O, (11)
BrO + CLO — Br + CL+ O, 12) ¢ a1
203 » 302 J
Br + O3 = BrO + O3 (8) )
BrO + NO2 + M - BrNO3 + M (13)
BrNO3 + hv —» Br + NO3 (14a)
NOj3 + hv » NO + O3 (15) ¢ av)
NO + O3 » NO2 + O3 (16)
203 = 302 y
Br + O3 — BrO + O3 (8) )
BrO + HO, - HOBr+ O3  (17)
HOBr + hv —» OH + Br (18) W
OH + O3 > HO32 + O3 (19)
203 = 302 7

4.4  Key uncertainties

Note that cycles (I) through (V), discussed in the previous section, all involve the BrO
radical. Since there are no measurements reported for many other bromine species in the lower
stratosphere, observational support for stratospheric bromine chemistry is relatvely weak,
especially compared to that of chlorine. Although model calculations indicate that the impact of
bromine on ozone on a per molecule basis is about an order of magnitude larger than that due to

chlorine, there is a lack of data to validate these model results.

There are large uncertainties associated with rate data for certain key bromine reactions.
For instance, in order for sequence (IV) to be operative as an ozone depletion cycle, BrNO3 must
photo-dissociate into Br and NO3. However, no measurements have been made (De More et al.,
1990) regarding the different possible photolysis products. If alternative dissociation paths exist,
such as



BrNO3 + hv — BrO + NO; (14b)
BrNO3 +hv — BrNO, +O (14c)

then sequence IV will become a null cycle (i.e., no impact on ozone removal). Therz is a need to
ascertain the photolysis products from BrNO3 + hv. By analogy, the recommended quantum

yield for C£NOj3 photolysis is taken to be 0.9 for the C£ + NOj channel and 0.1 for the O +
'CENO; channel (Margitan, 1983; Burrow et al., 1988). It should be noted that this value is
based on analysis of six independent studies carried out over a ten year period that showed

conflicting results.
Other key reactons for which rate constants are uncertain by at least a factor of two
include:
Br+ HO; - HBr+ O;
BrO + HO; - HOBr + Oy
BrO + OH — products
BrO+O - Br+0,

BrO + NO; — BrONO,

Accurate determination of the kinetic data for the aforementioned processes will help
narrow the range of calculated values for ozone depletion potential of various bromo-methanes
including CH3Br.

Recent work on bromine chemistry is mostly directed towards its potential contribution to
the observed ozone depletions over the polar regions (McElroy et al., 1986; Rodriguez et al.,
1986; Anderson et al., 1989, Ko et al., 1989; Solomon et al., 1990). The current consensus is
that, based on observed in situ concentrations of BrO and C£O, up 10 25% of the observed
stratospheric polar ozone depletion may be atributed to bromine chemistry (Anderson et al.,
1990).

Scientists and policy makers rely on computer modeling to assess the impact of chemicals
on stratospheric ozone depletion. Unfortunately, our theoretical and experimental knowledge

about atmospheric bromine is much less well-developed than atmospheric chlorine. Thus, model

10



predictions concerning bromide impact should be viewed with caution. Current models need to
be improved with kinetics data governing certain key reactions and reliable data on emission
rates, and their predictons will have to be confirmed by atmospheric observatons (e.g., CH3Br,
HBr, BrO).
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Table 1. Estimated Sources of Methyl Bromide

Total Origin
Source strength Mostly Mostly
Investigators (kt/yr) Natural Anthropogenic
"Wofsy et al. (1975) ~76 X
Singh et al. (1983) ~300* X
Penkett et al. (1985) ~90 X

WMO/NASA (1985; ~100 X
1989) :

*estimate based on oceanic source

13



Table 2. Tropospheric abundance of CH3Br

Time period Location Remarks Result
1979-1981 Point arena, 4-6 samples 20 pptv (mean)
Singh et al 39°N per month 10-30 pptv
1980, May Houston 1 week 45-278 pptv
Singh et al St. Louis 1 week 7-125 pptv

Denver 1 week 23-227 pptv
Riverside 1 week 43-1033 pptv
March 81 Staten Island 1 week 27-671 pptv
Pittsburgh 1 week 27-62 pptv
Chicago 1 week 21-96 pptv
December, 1981  ship cruise 20 days cruise 19 pptv in South
Singh et al 40°S to 40°N 26 pptv in north
Pacific coast along up to 50 pptv near
the America | 30°N
1982, 1983 ship cruise Atlantic 10 pptv in south
Penkett et al 80°N to 80°S UK to Antarctica 15 pptv in north
March/April 1983 Arctic surface to 8 km 11 pptv (mean)
Berg et al 7-24 pptv
1983 Arctic weekly 10 pptv
Rasmussen et al sampling for 1

year, 30 samples

1985-1987 Alaska 750 samples 11 pptv

Cicerone et al Mauna Loa ' 10.8 pptv
Cape Kumukahi 11.4 pptv
Samoa 10.2 pptv

New Zealand ' 9.6 pptv
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Appendix A

Definitions of atmospheric lifetimes, bromine and
chlorine loadings and ozone depletion potential



Atmospheric Lifetime

The atmospheric lifetime of a trace gas provides indications of how rapidly the
atmospheric burden will increase if the gas is emitted into the atmosphere; and how fast the gas
will be removed from the atmosphere once the emission stopped. The lifeume defined below is
the socalled e-folding lifetime. It is the decay time constant that corresponds to the time period in
which the atmospheric burden will decrease by 63% if there is no emission.

The atmospheric burden of a gas is given by the equation

aN_p N @b

t 1

where N is the burden, E is the emission rate and 7 is the atmospheric lifetime. The parameters

are related to certain observables in the following special cases :

1) If the burden at t=tg is Ng, and E=0, then, N(t) = NoeV* showing that 1 is the e-folding
lifeume. '

(2) IfEisconstantin time,and N(tg) = 0, then N(t) = Et(1-e¥0)- Note that a steady state is
achieved when the emission is balanced by removal resulting in a steady state burden

given by
NSS = ET

3) If values of the burden and emission are available from observation over a sufficient long
period of nme, T can be derived from the data using equaton (Al).

Alternatively, the atmospheric lifetime of a compound X can be calculated using
photochemical models that incorporate the removal mechanisms (e.g., reaction with OH) with
measured rate constants and the calculated trace gases (e.g., OH) that react with X. These values
can be partially validated by comparison of the model calculated results with corresponding

observed quantities.
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Bromine and Chlorine Loadings

The impact on ozone from bromine and chlorine containing chemicals, among other
factors, is proportional to the concentration of bromine and/or chlorine atoms released by the
organic chemicals in the stratosphere. The concentration of stratospheric bromine (chloritie)
atoms can be estimated from the concentration of the organic chemical in the troposphere as given

by the following equation
bromine (chlorine) loading = fxn

where f is the concentration of the chemical in the troposphere and n is the number of bromine

(chlorine) atoms per molecule.

Ozone Depletion Potential

The amount of stratospheric ozone decrease caused by addition of chlorine and bromine
containing chemicals depends on the spatial and temporal distributions of the reactive forms of
bromine and chlorine as well as the bromine and chlorine loadings. The fraction of reactive
forms relative to total loadings is determined by the adopted photochemical scheme with rate data
taken from De More et al. (1990). The actual decrease in ozone due to specific emission of a
chemical can be calculated using photochemical models. A model may be viewed as a depository
of current knowledge and information that provides the basis and capability to simulate the
present day atmosphere and to prc_dict future changes.

The ozone depletion potential (ODP) is a measure of the potency of halocarbon specie in
removing ozone on a per pound emitted basis relative to CFC-11. The ODP for a chemical Y is
calculated using the numerical model as follows. The model is first used to calculate the ozone
content in the present day atmosphere. A separate simulation is performed in which the additon
of CEC-11 at E kiloton/year is included. The percent change in ozone content between the two
simulations is calculated to be A%. The simulation is repeated again with addition of chemical Y
at E kiloton/year. The calculated change in ozone relative to the present day atmosphere is B%.
Then, ODP for chemical Y is B/A. Note that ODP does not depend on the absolute emission rate.
To the extent that ODP depends on bromine (chlorine) loadings, it is also proportional to
atmospheric lifetime. Thus, if every factor remains identical, then a shorter lifeume will imply a
lower ODP.
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Potential Impact on Stratospheric Ozone and Ozone Depletion Potential
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Summary of Issues

. Atmospheric budgets/origins of CH3Br

. Preliminary model calculation of ozone
depletion potential (ODP)

. Sources of major uncertainties

~ Recommendations
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Issue #1

Atmospheric Budgets/Origins of CH3Br

Uncertainty
Range

Concentration (ppt) ~12 10 - 20
Burden (kiloton) ~189 159-315

Lifetime (yr) ~1.6 T -2.5

Annual removal rate
(kiloton/yr-1) ~118 63 - 450
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Issue #2

Preliminary Model Calculation of
Ozone Depletion Potential (ODP)

Uncertainty range

15 - .84
ODP = 0.6 %g _ 92
07 - 1.26)

(1) due only to uncertainty in stratospheric bromine chemistry
(2) due only to uncertainty in atmospheric lifetime

(3) combined uncertainty
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Removal Processes for CHsBr

n

Total Lifetime - = E : 1
| T Ti

1=1

(1) CH3Br + OH — CHyBr + H,0
k=7.6x 10-13exp(—%;;0) cm3 s-1

TOH = 1.6 years

(2) CH3Br+ Hv — CH3 + Br
A =210 - 290 nm

Thv = 50 years

(3) CH3Br+ NO3 — CH,Br + HNO;
k=2-3x10-17cm3 s-1

TNO3 > 40 years

(4) Hydrolysis (?)
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Sources of Methyl Bromide

Origin
Source strength ]
Investigators (kt/yr) Natural Anthropogenic
Wofsy et al. (1975) ~76 X
Singh et al. (1983) ~300% X
Penkett et al. (1985) ~90 X
WMO/NASA (1985; ~100 X
1989)

*estimate based on oceanic source
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Atmospheric Measurements



Tropospheric abundance of CH3Br

Time period Location Remarks Result
1979-1981 Point arena, 4-6 samples 20 pptv (mean)
Singh et al 39°N per month 10-30 pptv
1980, May Houston 1 week 45-2178 pptv
Singh et al St. Louis 1 week 7-125 pptv

Denver 1 week 23-227 pptv
Riverside 1 week 43-1033 pptv
March 81 Staten Island 1 week 27-671 pptv
Pittsburg 1 week 27-62 pptv
Chicago 1 week 21-96 pptv
December, 1981  ship cruise 20 days cruise 19 pptv 1n South
Singh et al 40°S to 40°N 26 pptv in north
Pacific coast along up to 50 pptv near
the Agnerica ' 30°N
1982, 1983 shipcruise =~ Atlantic 10 pptv in south
Penkett et al 80°N to 80°S UK to Antarctica 15 pptv in north
March/April 1983 Arctic surface to § km 11 pptv (mean)
Berg et al 7-24 pptv
1983 Arctic weekly 10 pptv
Rasmussen et al sampling for 1
year, 30 samples -
1985-1987 Alaska 750 samples 11 pptv
Cicerone et al Mauna Loa 10.8 pptv
Cape Kumukahi 11.4 pptv
Samoa 10.2 pptv
New Zealand 9.6 pptv




- ALTITUDE (km above MSL)

90

80

70t

Almos Br By CH,Br (ngBr/SCM)

357 713 1070 142 6 i7813
ok I el CETPETIPRE A RPN v
{a)
L]
Melhyl de
. Bodg, Norway 7! Bromide
(9) :
- "*Tropopause-Fold Event,
Baffin Bay (7O°N)
(6)
., -~ Barrow, Alaska y
()
R ]
e
: /Arcticlfl’roposphere. This Work ]
' Bockground Troposphere,
“feom Lileralure 7
’I i | A N SRR T
20 30 40 50

CH;Br MIXING RATIO (pplv)

A)

LEGEND

o—o Barrow, AKX, Verticol Protiie
© Bartow, AK
o Battow, AX

<+ Borrow,AK

e  Mould Boy
+—s Tropopause-fold Event,

Thule,Greantand

K Noeth Pole

A Bear Istend
n—ut Bodo, Notway

.
[ ]
L]

Bodo, Not way

Sea Level, Barrow, AK

Sea Level,Porioge Glocier,
Anchorege, AK




CONCENTRATION -— ppt

Fig. 3. Latitudinal distribution
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Trend

The only data that discusses trend is from the monitoring at
five sites. Cicerone et al. reported that there is no clear
indication of a temporal trend although a trend as large as 0.1
pptv/month cannot be ruled out.

From the budget point of view, current concentration of 12
pptv implies that a source of 118 kilotons/year is needed to
maintain concentration. An additional 34 kilotons/year will
cause a 1 pptv/year increase in concentration. |
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TABLE 2, Independent Existence of Hi
gh Methyl Chloride
and Methy! lodide Concentratlons in Scawitcr e

Surface Seawater Concentration, ng/l

Latitude® CH,Cl CH,Br CH,!
22.68 41.8 37 0.9
2019 18,1 * 1.5 10
-8.68 10.6 1§ 32
~8.99 22.5 2.9 24
~9.50 9.8 1.2 6.8

- 11,70 8.7 1.9 42

~12.83 10.6 . 1.1 37

~-16.93 26,7 35 i

*Positive latitude Is °N; negatlve latitude {s S, ‘g

i

TABLE 3. Estimated Oceanic Methyl Hallde Source Slrcnglh.'

- Estimated
Average Atmosphetic
Concentration Global Residence Time
. ; Extrapolated Oceanle From Oceanic
Seawater Alr, Ocean QOcean to Alr Flux, Source, Source Alone,
Chemical Name ng/l pp! Supersaturation, % 10" gem=? ye=! Te/ye years*
Methyl chlorde 11 633 275 13.3 49 1.2
Methyl bromide 1.2 23 250 0.9 »"0.3 *1.2
Methy! iodide 1.6} 2 336} 1.4 } 0.5 } 0.09
1.0 210 0.9 0.3 0.15

vt

¢ Assuming the air and seawater concentration to be representative of troposphere and oceans, respectively, See text for discussion.



Stratospheric Bromine Chemistry



BROMINE CYCLE




Stratospheric Sources of Bromine

CH,CIl;Br, + hv — CH,Cl Br,_; + Br
C.H,Cl;Br, + OH — CiH,ClBr, ; + H,0

CH,ClBr, + O('D) — Products



Bromine Catalyzed O Depletion

Cl +0; > CIO+0,
BrO + CIO — Br+Cl + O,

205 — 30,

Br+ 0; — BrO + O,
BrO + BrO — 2Br + O,

20, — 30,

Br + 0; = BrO + 0O,
BIO+O'—}BT+02
O0+0;—> 20,

Br+0; — BrO + O,
NO + O0; —» NO, + O,

BrO + NO, 4> BrONO,

BrONO, + hv — Br + NO;4
NO; +hv — NO + 0,

20; — 30,

Br + O; — BrO + 0,
BrO + HO, — BrOH + 0,

BrOH + hv — Br + OH
OH+O3—>H02+O2

20; — 30,

¢y

@ .

[€))

(4)

®)



Time Dependent Calculations

and Trends



Concentration {ppt)

Effect of Lifetime (Tau) and Emisslon Rate on Methyl Bromide Burden,
Emission Rate Is X For the 'Flrst 10 Years and 0 After.

—&— tau=1,8 years, X=40 kilotons/year
—— tau=1 year, X=40 kllotons/year

——#— lau=1,8 years, X«75 kllotons/year

lau=i yoar, X«75 kilotons/year

20

Time (years)
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Recommendations

Reduce the uncertainties in the Ozone Depletion Potential by
validating the atmospheric lifetime of methyl bromine and the
bromine-ozone relation

Issue #1: Atmospheric budget and origin:

L aboratory kinetic measurements:

Kinetics of methyl bromine to determine lifetime

Field measurements:
Burden, trend, and intercalibration

Modeling:
Tropospheric chemistry
tropospheric OH
tropospheric chlorine chemistry
Simulation of burden and trend from emission data
using 1-D and 2-D models

Issue #2: Bromine-ozone relation

Laboratory kinetic measurements:

Bromine chemistry

Modeling:
Heterogeneous chemistry
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EVALUATION OF THE ATHOSPHERIC CHEHICAL
KINETICS OF METHYL BROWIDE

ABSTRACT

Reection rate constaats and photodissociation cross sect£6n§:of potential
fmportance in determining the atmospheric l{fetime of methyl bromide (CH3Br)
have been reviewed and evaluated. Reactions with OH, cl, o(lp), 0(3P). HO,
and NO3 have been considered along with ultraviolet photodissociation.

INTRODUCTION

Hethyl bromide is a trace constituent of the Earth‘s atmosphere with both
natural and anthropogenic sources. The major i{nterest in atmospheric
methyl bromide has focused on {ts role es a source for stratospheric Br and

BrO, which participate in the halogen catalyzed destruction of the
stratospheric ozone layer. Initial modeling studies of this effect by Wofsy -
et al. (1975) and Yung et al. (1380) restricted atmospheric destruction of
CH3Br to reaction with hydroxyl radicals (0H) and photodissociation. Quite
recent models designed spocifically to calculate the atmospheric lifetimes of .
halocar ¥y still restrict CH3B: degradation to these two processes (Prather =
and Spivakovsky, 1990; Prather, 1991). National Institute of Standards and

Technology (NIST) staff have concluded that these two processes will also

dominate the etmospheric degradation of hydrogen coataining bromocarbon -
compounds including CHyBry (Gann et al., 1990).

Grogjean (1991) has fust published an analysis of the tropospheric
chemistry of methyl bromide. He concludes that the reaction with OH {s slow
and reactions with O3 and NO3 are negligible. He suggests -that the loss for
the lower tropospheric {s upward diffusfon or deposition. He also concludes
that CH3Br is not formed within the atmosphere. Hethyl bromide may also play
a minor role in the springtime destruction of tropospheric ozone in the
arctic, although bromoform (CHBrs) rather than CH3Br is belfieved to be the

major driver for that recently discovered phenomena (Barrier et al., 1988).




This short report will document and evaluate chemical kinetic and photo-

dissocfation processes which may 1nf1uence the atmospheric 1{fetime of CH3Br.

It also contains &8 brief analysis of the photochemistry and reaction kinetics

of active gstratospheric bromine specles guch as Br, 810, BrONOy, HOBr and HBr.

PHOTODISSOCIATION OF CH4Br

The weakest bond in methyl broaide {s the C-Br bond, with a dissociation

energy at 298°K of 292 * 8 kJ/mole or €9.8 + 2 kcal/mole (Tschuikow-Roux and

pPaddison, 1987)- This corresponds to a possible photodlssociation threshold

However, measurable absorption does not begin until about

ar ultraviolet, ensuring that CH3Br photodissociation does not
ections for CH3Br have

of only 410 nm.

290 nm in the ne
occur below the stratosphere. Photoabsorption cross &

been measured by Robbins (1976), Holina et al. (1982), Uthman et al. (1978)

and Gillotay and Simon (1988). The agreement between these studies is very

good.

Gillotay &nd Simon extended the previous reom teaperature'neasurements
dowm to 209 K. A plot of their rooa temperature data compared to Robbins data
ig shown in Figure 1. A tabu.lu: eouparison of 295 K date froa three of the

measurements along with . selected lower tenperatu:e dats fron Gillotay end .
e 1. The date of Holina et al. do extend to -

n of 3 X 10~24 2 at 298 K for that

Simon (1988) {s presented. in Tabl

290 nm with a neesuxed cross sectio

wavelength.

It is probably a safe assumption that the photoabsorptlon cross sections
showm in Figure 1 and Table 1 lead to a bresking of the C-Br bond with unit
quantun yield. However, the C-H bonds in CH3Br have a-dissociation energy at
298 K of 425 £ &4 kJ/mole {ndicating that photoabsorption at wavelengths of
282 nm or shorter <ould also break the C-H bond. Which bond is broken may be
{mmaterfal under stratospheric photochemical cond{tions.

-

REACTION KINETICS QOF CHsBr

Hethyl broaide is & stable, saturated compound and can be expected to

'rehet only with free radical or electronically excited species. Current

___________l S - ________’__-———-————-——._._____——------~..._————-.
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Figure 1. CH, Br absorption cross-section of with respect to wavelength
between 180 and at 260 nm, at 295 K from Gillotay and Simon (1988).




TABLE 1 - CH 4 Br absorption Cross

-section: experime_ntal values

from Gillotay and Simon (1 988) compared with the values of Robbins

(1976) and of Molina et al. (1982)

21 2 -1
g (A) 10 (co molec. )
This work
\ (@) 295K 255K 227K
180 500 500 500
182 198 198 198
184 208 208 208
186 271 271 271
188 346 346 346
190 439 439 439
192 529 529 £29
- 194 620 620 620
196 691 691 691
198 760 760 760
200 791 791 791
202 797 797 797
204 793 793 793
206 167 767 767
208 727 727 727
210 666 666 666
212 614 613 613
214 559 £58 558
216 493 . 495 494
218 442 436 434
220 31T 3L .369
222 324 321 315
224 276 275 261
226 230 228 213
228 188 18¢ 181
230 154 151 146 -
232 124 121 118
234 98.7 95.2 90.8
236 76.5 73.4 63.9
238 59.5 §5.2 51.6
240 44.7 41.7 39.0
242 33.5 30.2 28.9
244 25.0 22.5 20.7
246 18.2 16.2 14.7
248 13.1 11.3 10.4
250 g.57 8.13 7.31
252 6.86 5.68 4.99
254 £.87 3.88 3.43
256 3.36 2.72 2.32
258 2.35 1.90 1.49
260 1.64 1.37 1.08

at 295 K, 227 K and

Robbins Holina ct
(1976) al. {1982)
209K 295K 295K -
500 391
198 197
208 211
271 284
346 358
439 447 441
529 544
620 626
691 692
760 768
791 796 785
797 797
793 778
767 757
727 695
666 657 649
613 597
556 547
490 476
433 420
J66 375 360
312 310 -
259 270
216 223
177 182
144 146 145 -
114 121
88.6 g96.1
65.8 76.4
49.7 58.7
37.9 44.2 41.1
27.6 33.0
19.4 23.8
14.2 18.7
g.80 13.4
6.7T5 8.48 9.49
4,47 7.04
.15 4.95
2.02 3.58
1.29 2.60
0.88 1.72 1.63




models of the troposphere and stratosphere have {dentified OH, HO,, NOy, C1, 0.
and 0(1D) as the primary reactive radicals which drive atmospheric oxidatfon.
The ava{lable reaction rate data for these specfes with CHsBr will be

evaluated below.

In evaluating the reaction kinetics of CH3Br I have accessed several data
bases and evaluated data compilations, fncluding the MIST Chemicel Gas Kinetic
Data Base (Release 2) (NIST, 1990), NASA‘s stratospheric chemical kinetics and
photochemical data evaluation (DeMore et al., 1990), IUPAC'é_atmospheric
chemistry kinetic and photochemistry data evaluation (Atkinson et al., 1989),
8 recent review of OH/organic compoﬁnd kinetics (Atkinson, 1989), and
reviews/evaluations of HOy kinetics (Lloyd, 1974; Kaufman and Sherwell, 1983)
and 0 atom kinetics (Herron and Huie, 1973; Herron, 1988).

OF Reaction

The reaction of CH3Br with OH is presumed to proceed by hydrogen atoa

ebstraction:
0H + CH3Br -+ CHyBr + Hy0 . - (1)
The reacti{on has been studied experimentally by Howard and Evenson (1976) at

286 K and Davis et al. (1976) between 245-375 K. These studies agree very

well at room temperature. The JUPAC evaluated rate constant (Atkinson et al.,

1989) of:
k = 7.6 x 10713 exp(-890 + 200/T) cam3/s (2)

ves also adopted in Atkinson's OH/organics review (Atkinson, 1989). NASA's
stratospheric evaluatfon of the same data (DeHore et al., 1990) yielded a

slightly different rate constant representation of:
k = 6.8 x 10713 axp(-850 + 200/T) cu3/s . (3)

Cohen and Benson (1987) have published a theoretical evaluation of the

OH/CHJBr reaction which is fn reasonable accord with the data.




can be used in current models

E{ther the IUPAC or NASA evaluated rate
0 =14

since they &re essentially equivalent, with Equatfon 2. yielding 2. 81 x 1
and Equatfon 3 yielding 2.92 x 107 =14 cm3/s evaluated for the wmean tropospheric

temperature of 270 K.

The NASA evaluation gives an uncertainty factor in the rooa temperature

(298 K) rate of x/+ 1.25. The temperature dependence uncertainty (E/R £ &

E/R) is stated as (-850 % 200). At 270 K this {s an uncertainty range of 4.4

just duec to exponential factor uncertainty.

ature uncertainty range of

The IUPAC evaluation gives a rooa temper
“14 to

3.8 x 10-14%0.1 Jeading to an ancertainty range of 4.7 x 10

o-14. They also estimate the (E/R £ & E/R) as (-830 * 200). At 270 K

3.0x 1
this is also an uncertainty range of L.4.

Given the above, it is clear that an uncertainty in the 270 K rate of &

range of factor of 5 can be fustified. (E g. approximately an uncertainty-

factor of x/* 2.2.)

It should be noted, however, that the rcaction with OH could be even

slower than indicated by the two experimental nenxu:e-ents. Recent experience
with the CHy + OH reaction rate (Vaghjian{ end Ravishankara, 1991) has shown
rates can easily be biased by sample inpurifies.

that slow, low temperature
The CH3Br + OH rate constant should be remeasured with updated techniques over

the 300-240°K range relevant to the troposphere and stratosphere. -

cl Resction
The reaction of CHsBr with ground state atoaic chlorine:

Cl + CH4Br - CazBr + HC1 (&)

has been experimentally studied by Tschuikow-Roux et al. (1988) over the

temperature range of 273 to 368 K. The rate constant determined was:

© k= (3.16 £ 0. 63) x 1011 exp(~1205 * 63/T) cad/s . (s)




This {s the only measurcment for this reactfom I could locate, so coaparative
dats evaluatfon is impossible. This group measured comparable rate constants
for several other halocarbon compounds. The rate expression is reasonable

given the nature and thermocheamistry of the reactios.

0 Bgﬂgtign
The reaction of ground state atomic oxygen, 0(3p), with CH3Br:

0 + CH3Br + CHpBr + OH (6)

is nearly thermoneutral and can be expected to possess a significant

ectivation barrier. Three groups (Wilson and 0‘Donovan, 1968), (Herron and

Huie, 1969) and (Westenberg and deHaas, 1975) have measured the rate constant
The most recent NIST evaluation by

at elevated temperatures (350-1000 K).
Eerron (1988) recommends:

k = 3.3 x 10~ exp(~3900/T) cm3/s) ¢p)
which extrapolates to 1.8 x 10717 at 270 K. Herron suggests this rate
constant has an overall error factor of 3 over the temperature range of
400-1500 K. It ray be more .uncertain at atmospheric temperatures.

NO3 Reaction

The reaction of CH3Br with the nitrate radical has been measured at 298 K
in & coapetitive reaction with toluene by Carlier et al. (1987). The absolute-
rate depends on the choice of the NO3 + toluene rate and {s quoted as either
(1.57 + 0.11) x 1017 or (3.05 * 0.21) x 1017 in Wayne et al. (1990). I
estimate a 270°K rate of 1.5 x 10“17 cm3/s based on this single determination.

The reection products have not been determined, but are probably ENO3 and

CH,Br.




HO,_Reaction
Chemical thermodynamic and molecular dynamic considerations suggest that
xyl radical will react at & negligible rate with CHsBr at

the hydropero
{cs revious (Lloyd, 1974;

atmospheric temperatures. A survey of HO2 kinet
Kaufman and Sherwell, 1983) suggests strongly that saturated hydrocarbon or

halocarbon compounds are quite unreactive with HGO3.

0(1p) Reaction

Singlet atomic axygen, o(lp), is i)roduced in the photod.issociation of
While no measurement of its reaction rate with CHsBr was
jocated in the 1{terature, measurements with CHsF, CHsC1 and CFsBr have been

cade (Gillespie et al., 1977; Force and Wiesenfeld, 1981) these studies

t that 0(1p) can react readily with CH3Br:

atmospheric ozone.

sugges

oclp) + CH3Br + CHpBr + OH (8)

+ CHz + BrO C))

Based on the reactioa rate of 1.9 x 10—10 ca3/s -c_asurod for CHsCl (Force and

lesenfeld, 1981), I estimate a rate for CH3BE + o(1p) of 2.0 x 10710 /s,

o(lp) reaction rates generally have little or no temperature dependence.
REACTION KINETICS OF ACTIVE BROMINE COHPOUNDS

A few cooments on the current state of the reaction kinetics of active .

stratospheric broaine compounds (Br, BrO, BrONO,, HOBr and HBr) are listed

below.

Key reactions probably {nvolve Br + 03, H,CO, HO»; HBr + 0 and OH and

g0 + 0, NO, Cl0 and NO,(4H). The reaction of BrQ with Oy is not believed to

occur at atwmospheric temperatures. The photod.{jsocia.tion of BrONO; and BrO
are also of interest. The status of these reactions as reflected in the

1990 NASA evaluation has been assessed and noted below.




Comments on Br Atom React{ons

»

The NASA 298 K uncertainty factors for the HOy and HyCO reactions with

Br are 2.0 and 1.3, respectively. Relatively large teaperature dependence
uncertainties of -600 + 600 and -800 + 200 make these reactions cons{derably

more uncertain &t stratospheric temperatures. Br + 03 {s in better, but no

great shape (1.2 and -800 % 200).

ents 8

Br0 + O, NO, and Cl0 have NASA £(298)‘s of 3.0, 1.15 and 1.2S,
respectively. Their temperature dependent uncertafnties are listed as 0 £ 250
and -260 * 130 for O and NO. The three Cl0 channels are listed as =430 * 200

(0C10), -220 + 200 (Cl0Q) and ~170 + 200 (BrCl).

-

The reaction of BrO + HO, is quite uncertain, with an £(298) of 3, as are
the products, but HOBr is possible. Nothing seems to be known about HOBr

photochemistry.

The termolecular reaction of Br0 + NO, hes recently been reinvestigated -
(Denis, et al., Chem. Phys. Loett. 167, 450-456, 1990). They measured a low
pressure limit of k, at room fenrperature that {s 20X lower than NASA's 1990
eveluation. Their value of n (k = ko3°° [T/300]™2) {s also lower (2.0 vs.
3.8 £ 1.0 for NASA). This reaction clearly needs & reevaluation.

Coc=ents on HBr Reactions

The reactions of OH and O with HBr are reasonably well known, with NASA
£(258)"'s of 1.2 end 1.3, respectively.

Coc=ents on Photolysis Reactions

The BrO photodissociatfon spectrum is reasonably well known and has been
evaluated by NASA (1990).

Aabazy




The BrONOj cross soction has only beon measured once, in 1978, and then

only at rooa temperature. The BO + NO; + M kinetics suggest the possibility

of more than one Bri0y isomer, 50 wore than on photodissociatlon cross section

may be required. Nothing is knowm sbout the BrONO2 photodissociation products.

By analogy with ClONO; & best working guess would be 90X Br + NOj and 104 0 +

BCNOZ.

No measurements of HOBr photodissociation properties are presently

available.
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Appendix D

Description of the AER one-dimensional photochemical
| transport model



Results from the AER 1-D model have been described in several publications (Fisher et
al, 1990; Rodriguez et al, 1988; Ko and Sze, 1983; Sze and Ko, 1980). The model simulates the
vertical distribution of about 50 species interacting through over 150 elementary reactions. The
species included in the model are given in table 1. The kinetic data are based on the
recommendation of the NASA-JPL panel (DeMore et al, 1990).

The model simulates the vertical distribution of the species by parameterizing transport in
terms of a vertical eddy diffusion formalism. It calculates the distributions of the source gases
(N20, CHg, organic chlorine species and organic bromine species), the corresponding radical
species (oxygen, nitrogen, hydrogen, chlorine and bromine) and ozone, taking into account all
the photochemical and radiation couplings and feedbacks among the species. Calculated
distributions of the species have been extensively compared to available observations for
validaton.

While the udlity of the 1-D model is somewhat limited by its inability to simulate the
latitudinal and seasonal behavior of the trace gases, it remains a useful tool for obtaining first
order assessment of various effects. The parallel effort at AER of continuous updating both the
1-D and 2-D models assures us that results from the 1-D model are properly interpreted.
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Table D-1. Summary of Chemical Species Included in AER 1-D Model

Fixed species

M Bulk air density calculated from ideal gas law

0) Set equal t0 21% of M

H,0O Stratospheric values parameterized from the LIMS observation
Tropospheric values calculated from seasonally varying relative humidity
determined from climatology

Long-lived species

2 .
CHg, Hy, CO
CH3C¢, CH3CCY3, CCly
CFC-11, CFC-12, HCFCs, HFCs
CF,0, CFC?O, CCL0
CH3Br, Halon-1301, Halon-1211
NOY = N + NO + NO; + NO3 + 2 x NoOs + HNO3 + C/NO3 + HNO4
CLY = CL +CLO + CANO3 + HCL + HOCL + OCLO + 2 x C£20
BrY = Br + BrO + BrtNO3 + HBr + HOBr + 2 x Bry
0, =0 +0(ID) + O3 '

Radical species
Oxygen ' 0,0(1D)
Hydrogen H, OH, HO,, H20O2
Methyl CH30,, CH0, CH300H

Nitrogen N, NO, NO,, NO3, N2Os, HNO3, CZNO3, HNO4
Chlorine C¢, CL0O, C{NO3, HC¢, HOCY, OCLO, CLr02
Bromine Br, BrO, BtNQO3, HBr, HOBr, Bra

D-3
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message TO SCIENTISTS:

l. we had an initial meeting with industry to learn the state of the
art of our knowledge re: methyl bromide.

2. senator gore is interested in phasing out methyl bromide in light
of recent ozone reports

3. industry’s repsonse was that there are too many uncertainties --
we don’t know much about methyl bromide

4. industry has had a study done by aer labs. they will make it
available to this office; we will make it avail. to you asap.

5. would like you to review and come to a follow up meeting to
discuss the aer study and whether we have enough info to proceed.

GYKP?eb. 20 from 12:30-2:30 is a very good time for senator. is this
possible
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ALBERT GORE, JR. 393 RUSSELL SENATE OFFICE BUILDING
TENNESSEE PHONE: 202-224-4944

Anited States Denate

WASHINGTON, DC 20510-4202
Feburary 4 1992

Mr. Steve Seidel PHOTOCOPY
Deputy Director Global Change Division MISC. HANDWRITING

Environmental Protection Agency
401 M st. S.W. ANR-445 West Tower 739
Washington, D.C. 20460

Dear Mr. Seidel:

Thank you again for participating in our meeting on methyl
bromide. The news delivered yesterday by scientists at NASA
headquarters regarding the potentially severe ozone depletion we may
experience over North America reaffirms what we really already know --
we are dangerously interfering with our planet’s life support systems,
and we need to act now to remedy the situation. Our own health and
that of our children depends on it.

But, we need to plan our actions judiciously and, therefore, we
need to ensure that we are operating on the best information
available. In that regard, I wanted to ensure that the follow-up
actions agreed to at the meeting are proceeding in a timely fashion.
As we left it, industry representatives had agreed to make available
to the scientists at the meeting and the representatives of the
Environmental Protection Agency copies of the scientific analysis of
methyl bromide that was done for them at AER laboratories in
Massachussetts. In addition, industry representatives indicated that
a report detailing global production and use of methyl bromide would
soon be completed and would also be made available to the scientists
and agency representatives.

The scientists in turn were to make available to the industry
representatives the latest WMO/UNEP International Ozone Trends
Assessment Report and to recommend to the industry representatives the
most useful reports in the scientific literature on this matter.

As we also agreed, I will convene another meeting on this issue
within -- then three weeks, now two weeks -- time. My staff will be
in touch immediately to pin down the optimum date. To proceed on this
front, however, I will need to receive from the industry
representatives immediately a copy of the AER study so that I can
distribute it to the larger group of scientists we agreed would be
invited to review it.

Again thank you for your time and attention. I look forward to
seeing you soon and continuing our work on this very important matter.

Simcerelix,

tVGore, Jr.
United States Senator



ALBERT GORE, JR. 393 RUSSELL SENATE OFFICE BUILDING
TENNESSEE PHONE: 202-224-4944

Mnited Dtates Denate

WASHINGTON, DC 20510-4202

January 22, 1992

Mr. Steve Feidel PHOTOCOPY

Deputy Director Global Change Division MISC. HANDWRITING
Environmental Protection Agency

401 M st. S.W. ANR-445 West Tower 739

Washington, D.C. 20460

Dear Mr. Feidel

-I am quite concerned about the recent finding of the WMO/UNEP
Ozone Trends Scientific Assessment Panel that "Methyl bromide is the
major source of stratospheric bromine." Methyl bromide is, of course,
a potent ozone destroying chemical, and the Assessment report as well
as other reports in the scientific literature indicate that emissions
of methyl bromide are largely anthropogenic in nature.

I would like to discuss this issue in detail. To that end, I
would appreciate it if you could join me for a meeting in my office on
January 28 at 12:30. I expect that the meeting continue until
approximately 2:30. Important issues include the state of our
knowledge on the sources and sinks of methyl bromide; the volume of
methyl bromide production and use in the United States and abroad; the
principle uses of methyl bromide; and the availability of substitute
chemicals. Bob Watson from NASA, Dan Albritton and Susan Solomon from
NOAA, your colleague Eileen Clausen, Paul Bergson and several
representatives of the methyl bromide manufacturing industry have also
been invited to attend.-

The latest findings on the rate, extent and duration of ozone
depletion send a loud warning that we must move ahead quickly in
eliminating the production and use of ozone destroying substances. I
therefore very much appreciate your willingness to participate in this
discussion. I have included in this letter a copy of draft
legislation that I would also like to discuss at our meeting.

Sincerel

Albeft Gore, Jr.
United States Senator
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DATE:1-23-92

TO:Mr. Steve Feidel

FROM:John H. Wosko
SUBJECT:Methyl Bromide meeting

Re: proposed Legislation not yet ready; will fax as soon
as possible.
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ALBERT GORE, JR. 393 RuSSELL SENATE OFFICE BUILDING
TENNESSEE PHONE: 202-224-4944

Wnited Dtates Denate

WASHINGTON, DC 20510-4202
Feburary 4 1992

Mf. Paul Bergson
Attorney at Law PHOTOCOPY

Sparber and Associates 2T
1325 Pennsylvania Ave. Suite 500 MISC. HANDWRITING

washington, D.C. 20004
Dear Mr. Bergson:

Thank you again for participating in our meeting on methyl
bromide. The news delivered yesterday by scientists at NASA
headquarters regarding the potentially severe ozone depletion we may
experience over North America reaffirms what we really already know --
we are dangerously interfering with our planet’s life support systems,
and we need to act now to remedy the situation. Our own health and
that of our children depends on it.

But, we need to plan our actions judiciously and, therefore, we
need to ensure that we are operating on the best information
available. In that regard, I wanted to ensure that the follow-up
actions agreed to at the meeting are proceeding in a timely fashion.
As we left it, industry representatives had agreed to make available
to the scientists at the meeting and the representatives of the
Environmental Protection Agency copies of the scientific analysis of
methyl bromide that was done for them at AER laboratories in
Massachussetts. In addition, industry representatives indicated that
a report detailing global production and use of methyl bromide would
soon be completed and would also be made available to the scientists
and agency representatives.

The scientists in turn were to make available to the industry
representatives the latest WMO/UNEP International Ozone Trends
Assessment Report and to recommend to the industry representatives the
most useful reports in the scientific literature on this matter.

As we also agreed, I will convene another meeting on this issue
within -- then three weeks, now two weeks -- time. My staff will be
in touch immediately to pin down the optimum date. To proceed on this
front, however, I will need to receive from the industry
representatives immediately a copy of the AER study so that I can
distribute it to the larger group of scientists we agreed would be
invited to review it.

Again thank you for your time and attention. I look forward to
seeing you soon and continuing our work on this very important matter.

Sipcerelx,
z;gég; T gﬁéé‘Jr.

United States Senator
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ALBERT GORE, JR. 393 RuUSSELL SENATE OFFICE BUILDING
TENNESSEE PHONE: 202-224-4944

Wnited States Senate

WASHINGTON, DC 20510-4202

January 22, 1992

Mr. Pual Bergson

Attorney at Law PHOTOCOPY
Sparber and Associates MISC. HANDWRITING
1325 Pennsylvania Ave. Suite 500

Washington, D.C. 20004

Dear Mr. Bergson

I am quite concerned about the recent finding of the WMO/UNEP
Ozone Trends Scientific Assessment Panel that "Methyl bromide is the
major source of stratospheric bromine." Methyl bromide is, of course,
a potent ozone destroying chemical, and the Assessment report as well
as other reports in the scientific literature indicate that emissions
of methyl bromide are largely anthropogenic in nature.

I would like to discuss this issue in detail. To that end, I
would appreciate it if you could join me for a meeting in my office on
January 28 at 12:30. I expect that the meeting continue until
approximately 2:30. Important issues include the state of our
knowledge on the sources and sinks of methyl bromide; the volume of
methyl bromide production and use in the United States and abroad; the
principle uses of methyl bromide; and the availability of substitute
chemicals. Bob Watson from NASA, Dan Albritton and Susan Solomon from
NOAA, Eileen Clausen and Steve Feidel from the Environmental
Protection Agency and several representatives of the methyl bromide
manufacturing industry have also been invited to attend.

The latest findings on the rate, extent and duration of ozone
depletion send a loud warning that we must move ahead quickly in
eliminating the production and use of ozone destroying substances. I
therefore very much appreciate your willingness to participate in this
discussion. I have included in this letter a copy of draft
legislation that I would also like to discuss at our meeting.

; JIr.
United States Senator



MEMORANDTUM

DATE:1-23-92

TO:Ms. Eileen Clausen
FROM:John H. Wosko
SUBJECT:Methyl Bromide meeting

Re: proposed Legislation not yet ready; will fax as soon
as possible.
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ALBERT GORE, JR. 393 RUSSELL SENATE OFFICE BUILDING
TENNESSEE PHONE: 202-224-4944

Wnited States Senate

WASHINGTON, DC 20510-4202
Feburary 4 1992

‘Dr. Susan Solomon PHOTOCOPY
Program Leader, Middle Atmosphere Program MISC. HANDWRITING
NOAA Aeronomy Labortory

R/E/AL - 8 325 Broadway

Boulder, CO. 80303

Dear Dr. Solomon:

Thank you again for participating in our meeting on methyl
bromide. The news delivered yesterday by scientists at NASA
headquarters regarding the potentially severe ozone depletion we may
experience over North America reaffirms what we really already know --
we are dangerously interfering with our planet’s life support systems,
and we need to act now to remedy the situation. Our own health and
that of our children depends on it.

But, we need to plan our actions judiciously and, therefore, we
need to ensure that we are operating on the best information
available. In that regard, I wanted to ensure that the follow-up
actions agreed to at the meeting are proceeding in a timely fashion.
As we left it, industry representatives had agreed to make available
to the scientists at the meeting and the representatives of the
Environmental Protection Agency copies of the scientific analysis of
methyl bromide that was done for them at AER laboratories in
Massachussetts. 1In addition, industry representatives indicated that
a report detailing global production and use of methyl bromide would
soon be completed and would also be made available to the scientists
and agency representatives.

The scientists in turn were to make available to the industry
representatives the latest WMO/UNEP International Ozone Trends
Assessment Report and to recommend to the industry representatives the
most useful reports in the scientific literature on this matter.

As we also agreed, I will convene another meeting on this issue
within -- then three weeks, now two weeks -- time. My staff will be
in touch immediately to pin down the optimum date. To proceed on this
front, however, I will need to receive from the industry
representatives immediately a copy of the AER study so that I can
distribute it to the larger group of scientists we agreed would be
invited to review it.

Again thank you for your time and attention. I look forward to
seeing you soon and continuing our work on this very important matter.

S;ngerel?%
B ,’l: ./ J

7 g l‘;‘"/ S !
L A
LEIBEwt ESre, Jr.

United States Senator



ALBERT GORE, JR. 393 RUSSELL SENATE OFFICE BUILDING
TENNESSEE PHONE: 202-224-4944

Mnited States Smate

WASHINGTON, DC 20510~-4202

January 22, 1992

N FHOTOCOPY
Dr. Susan Solomon MISC. HANDWRITING
Program Leader, Middle Atmosphere Program
NOAA Aeronomy Labortory
R/E/AL-8 325 Broadway
Boulder CO. 80303

Dear Dr. Solomon

I am quite concerned about the recent finding of the WMO/UNEP
Ozone Trends Scientific Assessment Panel that "Methyl bromide is the
major source of stratospheric bromine." Methyl bromide is, of course,
a potent ozone destroying chemical, and the Assessment report as well
as other reports in the scientific literature indicate that emissions
of methyl bromide are largely anthropogenic in nature.

I would like to discuss this issue in detail. To that end, I
would appreciate it if you could join me for a meeting in my office on
January 28 at 12:30. I expect that the meeting continue until
approximately 2:30. Important issues include the state of our
knowledge on the sources and sinks of methyl bromide; the volume of
methyl bromide production and use in the United States and abroad; the
principle uses of methyl bromide; and the availability of substitute
chemicals. Bob Watson from NASA, your colleague Dan Albritton, Eileen
Claussen and Steve Feidel from the Environmental Protection Agency,
and several representatives of the methyl bromide manufacturing
industry have also been invited to attend.

The latest findings on the rate, extent and duration of ozone
depletion send a loud warning that we must move ahead quickly in
eliminating the production and use of ozone destroying substances. I
therefore very much appreciate your willingness to participate in this
discussion. I have included in this letter a copy of draft
legislation that I would also like to discuss at our meeting.

Jr.
United States Senator



MEMORANDUM

DATE:1-23-92
TO:Dxr. Albritton and Dr. Solomon
FROM:John H. Wosko

SUBJECT:Methyl Bromide meeting

Re: proposed Legislation not yet ready; will fax as soon
as possible.

Re: Mr. Paul Bergson, Att. will be organizing industry
reps.
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MEMORANDTUM

DATE: February 20, 1992

TO: Methyl Bromide meeting participants

FROM: Jack Wosko

SUBJECT: The meeting on the 26th of February, from 4:00 to

6:00 pm. will be held in room 189 of the Russell Senate
Office Building. (same bldg as Senator Gore's office).
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ALBERT GORE, JR. 393 RUSSELL SENATE OFFICE BUILDING
TENNESSEE PHONE: 202-224-4844

Winited Siates Swnate

WASHINGTON, DC 20510-4202
Feburary 4 1992

Dr.Robert Watson PHOTOCOPY

Director of. Process Studies Program Qffice A
NASA Headquarters 7 * MISC. BANDWRITING

S.E.P. 600 Independence Ave. S.W.
Washington, D.C. 20546

Dear Dr. Watson:

Thank you again for participating in our meeting on methyl
bromide. The news delivered yesterday by scientists at NASA
headquarters regarding the potentially severe ozone depletion we may
experience over North America reaffirms what we really already know --
we are dangerously interfering with our planet’s life support systems,
and we need to act now to remedy the situation. Our own health and
that of our children depends on it.

But, we need to plan our actions judiciously and, therefore, we
need to ensure that we are operating on the best information
available. 1In that regard, I wanted to ensure that the follow-up
actions agreed to at the meeting are proceeding in a timely fashion.
As we left it, industry representatives had agreed to make available
to the scientists at the meeting and the representatives of the
Environmental Protection Agency copies of the scientific analysis of
methyl bromide that was done for them at AER laboratories in
Massachussetts. In addition, industry representatives indicated that
a report detailing global production and use of methyl bromide would
soon be completed and would also be made available to the scientists
and agency representatives.

The scientists in turn were to make available to the industry
representatives the latest WMO/UNEP International Ozone Trends
Assessment Report and to recommend to the industry representatives the
most useful reports in the scientific literature on this matter.

As we also agreed, I will convene another meeting on this issue
within -- then three weeks, now two weeks -- time. My staff will be
in touch immediately to pin down the optimum date. To proceed on this
front, however, I will need to receive from the industry
representatives immediately a copy of the AER study so that I can
distribute it to the larger group of scientists we agreed would be
invited to review it.

Again thank you for your time and attention. I look forward to

seeing you soon and continuing our work on this very important matter.

Simcerel

!

tVGore, Jr.
United States Senator



ALBERT GORE, JR. 393 RusSELL SENATE OFFICE BUILDING
TENNESSEE ' PHONE: 202-224-4944

Tnited States Senate

WASHINGTON, DC 20510-4202

January 22, 1992 PHOTOCGPY
MISC., HANDWRITING
Dr. Robert Watson

Director of Process Studies Program Office

NASA Headquarters

S.E.P. 600 Independence ave. S.W.

Washington, D.C. 20546

Dear Dr. Watson:

I am quite concerned about the recent finding of the WMO/UNEP
Ozone Trends Scientific Assessment Panel, of which you are a co-chair,
that "Methyl bromide is the major source of stratospheric bromine."
Methyl bromide is, of course, a potent ozone destroying chemical, and
the Assessment report as well as other reports in the scientific
literature indicate that emissions of methyl bromide are largely
anthropogenic in nature.

T would like to discuss this issue in detail. To that end, I
would appreciate it if you could join me for a meeting in my office on
January 28 at 12:30. I expect that the meeting continue until
approximately 2:30. Important issues include the state of our
knowledge on the sources and sinks of methyl bromide; the volume of
methyl bromide production and use in the United States and abroad; the
principle uses of methyl bromide; and the availability of substitute
chemicals. Dan Albritton and Susan Solomon from NOAA’s Aeronomy Lab,
Fileen Claussen and Steve Feidel from the Environmental Protection
Agency, and several representatives of the methyl bromide
manufacturing industry have also been invited to attend.

The latest findings on the rate, extent and duration of ozone
depletion send a loud warning that we must move ahead quickly in
eliminating the production and use of ozone destroying substances. I
therefore very much appreciate your willingness to participate in this
discussion. I have included in this letter a copy of draft
legislation that I would also like to discuss at our meeting.

United States Senator



MEMORANDTUM

DATE:1-23-92
TO:Dr. Robert Watson
FROM:John H. Wosko

SUBJECT:Methyl Bromide meeting

Re: proposed Legislation not yet ready; will fax as soon
as possible.

Re: Mr. Paul Bergson, Att. will be organizing industry
reps.



/T;m Nuetele. + -

T AETR Lax:wmum

o emssbon 4wc~7 Fam é»cm:] Xa I

i )

 funcliol 1} MX_ Luoaarda /‘dsocq N R

. ____z .l’/(_\ S

o us

S D_Qi(___:fl_*ms‘__éc_{___f«‘&_i ekt 4’1«* cwdm( A Tneck s, ramitosla,

e JQM_:MMJ 0.5 - 559’_’5, P _

. B )
© | 4

___ 0*@40 el an A []o-( /f—-m 66‘«-»\% // 4(7 il YD /71,)_ Qj__#‘_
i

- rw\g:.*mhw s\mwz ;__;—-C ~ 14 V’é___

. - A "
‘DWW(\M%‘& &/{Médaﬂ/{ua&\}ln Uu.s8

au,&(Lu "(;7)(7'( \ C_"iq —




———

Wnited States Senate

pac 755
ﬁﬁ/b [ 4755

§ per 10e
Cy sl Fa prn b P

ALidesn
%@4/ gih oAl 3



——

@nited States Senate

MEM®ORANDUM

/7@{ /</4 '
/Z/%\S/é Bl (o, OIVY
M Hesl Komy 0

w B 04 Il
ﬂ%% g o pw
%/Mwb ;T Wnr

//LJ 7/5 7




] )/‘1\ /
e # [ fo e
A / A

Pl
w4 B X s 243
: - 7 [ T (/’:./'/3 ~
7 -
i . \5 7 72
o ! el



NEWS FROM

(D - Tennessee) SR 393 Russell Building, Washington, D.C. 20510 (202) 224-4944

DATE

TO ﬂgl/z/ # L P 77}/(/
rrox_[) . WOS Ko

—

PAGES including cover

SUBJECT

. (o
’bé} 2 - L7

LR,
73



ALBERT GORE, JR. 393 RUSSELL SENATE OFFICE BUILDING
TENNESSEE PHONE: 202-224-4844

Vinited States Senate

WASHINGTON, DC 20510-4202
Feburary 4 1992

Dr. Daniel Albritton PHOTOCOPY

Director NOAA Aeronomy Labortory TS ( N
NOAA Aeronomy Labortory - MISC. HANDWRITING

R/E/AL 325 Broadway
Boulder, CO. 80303

Dear Dr. Aldritton:

Thank you again for participating in our meeting on methyl
bromide. The news delivered yesterday by scientists at NASA
headquarters regarding the potentially severe ozone depletion we may
experience over North America reaffirms what we really already know --
we are dangerously interfering with our planet’s life support systems,
and we need to act now to remedy the situation. Our own health and
that of our children depends on it.

But, we need to plan our actions judiciously and, therefore, we
need to ensure that we are operating on the best information
available. 1In that regard, I wanted to ensure that the follow-up
actions agreed to at the meeting are proceeding in a timely fashion.
As we left it, industry representatives had agreed to make available
to the scientists at the meeting and the representatives of the
Environmental Protection Agency copies of the scientific analysis of
methyl bromide that was done for them at AER laboratories in
Massachussetts. 1In addition, industry representatives indicated that
a report detailing global production and use of methyl bromide would
soon be completed and would also be made available to the scientists
and agency representatives.

The scientists in turn were to make available to the industry
representatives the latest WMO/UNEP International Ozone Trends
Assessment Report and to recommend to the industry representatives the
most useful réports in the scientific literature on this matter.

As we also agreed, I will convene another meeting on this issue
within -- then three weeks, now two weeks -- time. My staff will be
in touch immediately to pin down the optimum date. To proceed on this
front, however, I will need to receive from the industry
representatives immediately a copy of the AER study so that I can
distribute it to the larger group of scientists we agreed would be
invited to review it.

Again thank you for your time and attention. I look forward to
seeing you soon and continuing our work on this very important matter.

Simgerel

lbe re, Jr.
United States Senator



ALBERT GORE, JR. 393 RussSELL SENATE OFFICE BUILDING
TENNESSEE PHONE: 202-224-4944

Wnited States Senate

WASHINGTON, DC 20510-4202

January 22, 1992

- - PHOTOCOPY
Dr. Daniel Albritt
Director NOAA Aeromomy Labortory MISC. HANDWRITING

NOAA Aeronomy Labortory
R/E/AL 325 Broadway
Boulder CO. 80303

Dear Dr. Albritton

I am quite concerned about the recent finding of the WMO/UNEP
Ozone Trends Scientific Assessment Panel, of which you are a co-chair,
that "Methyl bromide is the major source of stratospheric bromine."
Methyl bromide is, of course, a potent ozone destroying chemical, and
the Assessment report as well as other reports in the scientific
literature indicate that emissions of methyl bromide are largely
anthropogenic in nature.

I would like to discuss this issue in detail. To that end, I
would appreciate it if you could join me for a meeting in my office on
January 28 at 12:30. I expect that the meeting continue until
approximately 2:30. Important issues include the state of our
knowledge on the sources and sinks of methyl bromide; the volume of
methyl bromide production and use in the United States and abroad; the
principle uses of methyl bromide; and the availability of substitute
chemicals. Bob Watson from NASA, your colleague Susan Solomon, Eileen
Claussen and Steve Feidel from the Environmental Protection Agency,
and several representatives of the methyl bromide manufacturing
industry have also been invited to attend.

The latest findings on the rate, extent and duration of ozone
depletion send a loud warning that we must move ahead quickly in
eliminating the production and use of ozone destroying substances. I
therefore very much appreciate your willingness to participate in this
discussion. I have included in this letter a copy of draft
legislation that I would also like to discuss at our meeting.

Sincere}
. 3

I

4 o >

AL bLrtY ofé; Jr.
United States Senator
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ALBERT GORE, JR. 393 RUSSELL SENATE OFFICE BUILDING
TENNESSEE PRONE: 202-224-4944

Yinited States Semate

WASHINGTON, DC 20510-4202
Feburary 4 1992

Ms. Eileen Clausen : PHOTOCOPY
Director of Atmosphere and Indoor Air Program -
Environmental Protection Agency MISC. HANDWRHTHNG

401 M st. S.W. ANR-445 West Tower 739
Washington, D.C. 20460

Dear Ms. Clausen:

Thank you again for participating in our meeting on methyl
bromide. The news delivered yesterday by scientists at NASA
headquarters regarding the potentially severe ozone depletion we may
experience over North America reaffirms what we really already know --
we are dangerously interfering with our planet’s life support systems,
and we need to act now to remedy the situation. Our own health and
that of our children depends on it.

But, we need to plan our actions judiciously and, therefore, we
need to ensure that we are operating on the best information
available. In that regard, I wanted to ensure that the follow-up
actions agreed to at the meeting are proceeding in a timely fashion.
As we left it, industry representatives had agreed to make available
to the scientists at the meeting and the representatives of the
Environmental Protection Agency copies of the scientific analysis of
methyl bromide that was done for them at AER laboratories in
Massachussetts. In addition, industry representatives indicated that
a report detailing global production and use of methyl bromide would
soon be completed and would also be made available to the scientists
and agency representatives.

The scientists in turn were to make available to the industry
representatives the latest WMO/UNEP International Ozone Trends
Assessment Report and to recommend to the industry representatives the
most useful reports in the scientific literature on this matter.

As we also agreed, I will convene another meeting on this issue
within -- then three weeks, now two weeks -- time. My staff will be
in touch immediately to pin down the optimum date. To proceed on this
front, however, I will need to receive from the industry
representatives immediately a copy of the AER study so that I can
distribute it to the larger group of scientists we agreed would be
invited to review it. '

Again thank you for your time and attention. I look forward to
seeing you soon and continuing our work on this very important matter.

Sigfyerely,

Albert Gore, Jr.
United States Senator



ALBERT GORE, JR. \ 393 RusSELL SENATE OFFICE BUILDING
TENNESSEE \ PHONE: 202-224-4944

\ Hnited States Senate

WASHINGTON, DC 20510-4202

January 22, 1992

L PHOTOCOPY

Ms. Eileen Clausen HANDWRITING
Director of Atmosphere and Indoor Alr Program MISC. HANL
Environmental Protection Agency

401 M st. S.W. ANR-445 West Tower 739

Washington, D.C. 20460

Dear Ms. Clausen

I am gquite concerned about the recent finding of the WMO/UNEP
Ozone Trends Scientific Assessment Panel that "Methyl bromide is the
major source of stratospheric bromine." Methyl bromide is, of course,
a potent ozone destroying chemical, and the Assessment report as well
as other reports in the scientific literature indicate that emissions
of methyl bromide are largely anthropogenic in nature.

I would like to discuss this issue in detail. To that end, I
would appreciate it if you could join me for a meeting in my office on
January 28 at 12:30. I expect that the meeting continue until
approximately 2:30. Important issues include the state of our
knowledge on the sources and sinks of methyl bromide; the volume of
methyl bromide production and use in the United States and abroad; the
principle uses of methyl bromide; and the availability of substitute
chemicals. Bob Watson from NASA, Dan Albritton and Susan Solomon from
NOAA, your colleague Steve Feidel, Paul Bergson and several
representatives of the methyl bromide manufacturing industry have also
been invited to attend.

The latest findings on the rate, extent and duration of ozone
depletion send a loud warning that we must move ahead quickly in
eliminating the production and use of ozone destroying substances. I
therefore very much appreciate your willingness to participate in this
discussion. I have included in this letter a copy of draft
legislation that I would also like to discuss at our meeting.

States Senator



MEMORANDTUM

DATE:1-23-92

TO:Ms. Eileen Clausen
FROM:John H. Wosko
SUBJECT:Methyl Bromide meeting

Re: proposed Legislation not yet ready; will fax as soon
as possible.



January 22, 1992

Dr. Robert Watson

NASA Headquarters
Washington, D.C.

Dear Dr. Watson:

I am quite concerned about the recent finding of the WMO/UNEP
Ozone Trends Scientific Assessment Panel, of which you are a co-chair,
that "Methyl bromide is the major source of stratospheric bromine."
Methyl bromide is, of course, a potent ozone destroying chemical, and
the Assessment report as well as other reports in the scientific
literature indicate that emissions of methyl bromide are largely
anthropogenic in nature.

I would like to discuss this issue in detail. To that end, I
would appreciate it if you could join me for a meeting in my office on
January 28 at 12:30. I expect that the meeting continue until
approximately 2:30. Important issues include the state of our
knowledge on the sources and sinks of methyl bromide; the volume of
methyl bromide production and use in the United States and abroad; the
principle uses of methyl bromide; and the availability of substitute
chemicals. Dan Albritton and Susan Solomon from NOAA’s Aeronomy Lab,
Eileen Claussen from the Environmental Protection Agency, and several
representatives of the methyl bromide manufacturing industry have also
been invited to attend. :

The latest findings on the rate, extent and duration of ozone
depletion send a loud warning that we must move ahead quickly in
eliminating the production and use of ozone destroying substances. I
therefore very much appreciate your willingness to participate in this
discussion. I have included in this letter a copy of draft
legislation that I would also like to discuss at our meeting.

Sincerely,

Albert Gore, Jr.
United States Senator



\CAB\CAB92.028 S.L.C.

TO: Katie McGinty
FROM: Cornelia Burr
DATE: January 29, 1992

RE: CAB92.020

Here are a few comments to accompany the draft for the phase out language:

(1) The language in the instructions concerning production or consumption
was changed to “manufactured, processed, or used” to key to existing definitions
under the Emergency Planning and Community Right-to-Know Act of 1986. This
meets your intent to cover the full spectrum of handling the chemical. Consump-
tion could be read to imply that the chemical is used up. A broader range of pos-
sibilities exists.

(2). The exception in the instructions looks as if you intended a waiver proc-
ess, whereby the Administrator makes a determination whether or not to allow a
use or activity. The instructions were so broadly written as to allow for a loophole
vou do not intend. Each specific use may not directly destroy the stratospheric
nzone layer. The aggregate effect of such uses could have a significant effect.
Therefore, this draft is written in terms of whether the use contributes to the de-
struction of the stratospheric ozone layer, rather than whether the use directly de-
stroys it.

Please do not hesitate to call if you have any questions. I marked this draft as
a discussion draft so that you may review it to see if it meets your intent.



\CAB\CAB92.020 DISCUSSION DRAFT S.L.C.

1020 CONGRESS
2D SESSION %0

IN THE SENATE OF THE UNITED STATES

Mr. GORE introduced the following bill; which was read twice and referred to
the Committee on

A BILL

l Be 1t enacted by the Senate und House of Eep-
2 resentatives of the United States of America tn Congress
3 assembled,
4 SECTION. 1.

The Congress finds that:

(1) Ozone in the stratospheric layer of the at-

5
6
7 mosphere (hereafter referred to as ‘‘stratospheric
8 .ozone”) protects all living things from harmful ultra-
9 violet radiation from the sun, and has been signifi-
0 cantly depleted over almost every geographic area of

Il the liarth because ot the etfect of air pollution con-

12 taining certain halogenated chemicals.



\CAB\CAB92.020
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DISCUSSION DRAFT S.L.C.
2
(2) Recently the International Ozone Trends

Scientific Assessment Panel of the United Nations
Environment Program and the World Meterological
Organization reported that the depletion of strato-
spheric ozone is occurring at a rate that 1s twice the
rate that had previously been measured or predicted,
and that even during summer months stratospheric
ozone continues to be significantly depleted.

(4) The findings described in paragraphs (1)
through (&) necessitate a reappraisal of national and
international policies concerning the control of
chemicals that contribute to the depletion of the
stratospherc ozone.

(5) Bromine in the stratospheric layer of the at-
mosphere (hereafter referred to as ‘“‘stratospheric
bromine™) is estimated to be 30 to 120 times more
cfficient than chlorine with respect to causing the
destruction of stratospheric ozone, and the major
source of stratospheric bromine is methyl bromide.

(6) Methyl bromide is not currently regulated
under the Clean Air Act or the Act entitled “An act
to amend the Clear Air Act to provide for the estab-
lishment of health protective national ambient air

quality standards. and for other purposes” (com-



\CAB\CAB92.020
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DISCUSSION DRAFT SL.C
3
monly known as the Clean Air Act Amendments of
1990).

(7) Reductions in emissions of methyl bromide
would contribute effectively to the restoration of
ozone in the stratospheric layer.

SEC. 2. PHASE-OUT OF METHYL BROMIDE.
(a) IN GENERAL.-Title VI of the Clean Air Act (42

U.S.C. 7671 et seq.) is amended by adding at the end

of the title the following new section:

“PHASE-OUT OF METHYL BROMIDE
“Sec. 619. (a) IN GENERAL.—Except as provided in
subsection (b), it shall be unlawful to manufacture, proe-
ess, or use methyl bromide, or import methyl bromide into
the United States for processing ur use.
“(b) WAIVERS.—(1) The Administrator may waive
the requirements of subsection (a), if—

“(A) a person submits an application (in such
form and manner as the Administrator shall pre-
seribe by regulation) for a waiver under this sub-
section to the Administrator; and

“(B) on the basis of the information in the ap-
plication, the Administrator determines that the use
of the methyl bromide that 1s the subject of the
waiver will not contribute to the destruction of strat-

ospheric ozone.



\CAB\CAB92.020 DISCUSSION DRAFT S.L.C
4
1 “(2) The Administrator may attach such conditions to

a waiver under this subsection as the Administrator deter-
mines to be appropriate.
“(¢) MANUFACTURE, PROCESS, DEFINED.—For the

purposes of this section—

2

3

4

5

6 ‘(1) the term ‘manufacture’ has the meaning
7 given by section 313(b)(1)(C)(i) of the Iimergency
8 Planning and Community Right-To-Know Act of
9

1986 (42 U.S.C. 11023(b)(1)(C)(1)); and
10 (2) the term ‘process’ has the meaning given by
11 section 313(b)(1)(C)(ii) of such Act (42. U.S.C.
12 11023(b)(1)(C)(i1)).
13 “(d) EFFECTIVE DATE.—The provisions of this sec-

14 tion shall become effective on January 1, 1996.”.
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MEMORANDUM

DATE: January 28, 1992
TO: Al
FROM: Katie

SUBJECT: Methyl Bromide meeting

AhkhhAhrhkhkkh ARk hkrhkrhkhhhhdhkhkkrhhkkhkhkhhkhhkhkhkhhhkhkhhkkhkhkhhkhkkhkd

Who w