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1. Executive Summary 

This report summarizes a review of published information, particularly with regard to 

observational data for methyl bromide (CHsBr) 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 10̂ 2 by volume) or corresponds to a global burden of 160 

to 320 kilotons. With this level of abundance, CH^BT is cuixently the dominant form of organic 

bnjmine 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. Intcrcalibration of data between various 

measurement groups will help to resolve this issue. 

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

reports (1985; 1989) that CHsBr 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 CHsBr. In order to resolve this 

important issue, the following arc required: 

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

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

CHsBr, 

(c) systematic and coordinated measurements of CHsBr 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 tiie 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 CHsBr will 

help narrow this uncertainty range. Other removal processes appear to be unimportant except possibly 

for tiie reaction witii 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 tiic 

atmospheric budget for CH3Br but is also crucial for calculating tiie ozone depletion potential 

(ODP). Scientists, and policy makers, rely on computer modeling to assess tiie impact of 

chemicals on stratospheric ozone depiction. The concept of ODP was introduced to characterize 

tiie relative potential of a trace gas to deplete stratospheric ozone (Appendk A). Using the AER 

one-dimensional model, we calculate a value of 0.6 for tiie ODP of CHsBr witii an uncertainty 

range of at least a factor of 10. The large uncertainty in ODP is due, in part, to tiie uncertainty in 

lifetime and, in part, to tiie uncertainties in stratospheric bromine chemistry. Our tiieoretical and 

experimental knowledge about atmospheric bromine is less well-developed tiian atmospheric 

chlorine. Thus, model predictions concerning bromine impact should be viewed witii caution. 

The calculated ODP values depend on tiie model calculated concentration of BrO. Altiiough 

model predictions of BrO appear to be consistent witii m situ measurements (Brune et al., 1988), 

measurements of HBr (Park et al., 1989) indicate tiiat tiie concentration of HBr may be 20 rimes 

larger tiian model predictions. Interpretation of the results is not straight-forward. However, 

when taken at face value, tiiey appear to be in serious conflict witii predicted total bromine 

loading and tiie BiO/HBr ratio. This apparent discrepancy impUes that tiiere may be a missing 

source for stratospheric bromine, and'or tiiat tiie chemical scheme in tiie model is incomplete or 

tiiat tiie kinetic data used is in error. Among otiier possibUities, a revised chemistry scheme tiiat 

predicts a larger concentration of HBr in harmony witii tiie Paric et al. measurements could lead to 

a downward revision of tiie ODPs of all brominated species. Current models need to be 

improved witii kinetics data governing certain key reactions and reliable data on emission rates, 

and tiieir pr^icrions wiU have to be confumed by atmospheric observations (e.g., CH3Br, HBr, 

BiO). 

2. Introduction 

On February 21, 1991, Dr. Kurylo of NASA briefed tiie Metiiyl Bromide Global 

Coalition (MBGC) of tiie potential contribution of CH3Br to stratospheric ozone loss. He also 

mentioned that tiie current view of CH3Br is tiiat about 50-75% of emissions may be of 

antiiropogenic origin (WMO, 1985; 1989). In response to Dr. Kurylo's briefing, members of the 

MBGC, CMA and AER staff identified tiie following issues pertinent to establishing an adequate 

scientific basis for possible future policy decisions relating to the atmospheric release of CH3Bn 

1. What are tiie atmospheric budgets/origins of CH3Br? 

2. How good are the observational data for atmospheric CH3Br, particularly witii 

regard to defining a secular trend? 



3. V/hat is the ODP value aod the uncertainty range calculated for CH3Br? 

4. How robust is the tropospheric chemistry of CHsBr 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. Tlie project consists 

of two main tasks: 

Task 1: Literature review for data on: 

a) Laboratory kinetics 

b) Field measurements 

c) Removal mechanisms 

Task H: Modeling 

a) Calculation of atmospheric lifetime 

b) Calculation of ODP 

Regarding Task 1(a), AER engaged the services of Aerodyne Research, Inc. (ARI), a fum 

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 II 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 CHsBr 

Although tiie WMO imports (1985; 1989) stated tiiat 50-75% of atmospheric metiiyl 

bromide (CH3Br) may be of antiiropogenic origin, tiie underiying reasons and evidence leading 

to tills conclusion were not clearly established. In what foUows, we review past published work 

regarding aunospheric 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 part in 10̂ 2 by volume) and tiie removal rate 

as set by tiie reaction OH + CH3Br. This source, tiiey noted, exceeds Klingman's (Klingman, 

1974) estimate for tiie total amount of CH3Br produced industrially in 1974 by about a factor of 

4. They contacted Plonka of Dow Chemical, who is of tiie opinion tiiat only 25% of tiie 

industrial bromine is released to tiie atmosphere, mainly as a by-product of fumigation. Based on 

tins, Wofsy et al. concluded tiiat CHsBr is most likely of natural origin, witii tiie sea providing 

75-95% of atmospheric CH3Br. A later paper by Singh et al. (1983) who measured CHsBr in 

and over tiie Eastem Pacific Ocean essentially confirais tiiis view. Tiieir measurements indicate 

tiiat ocean water over tiie eastem Pacific (40°N to 32°S latitude) is approximately 250% 

supersaturated witii CH3Br and tiiey estimate an oceanic source strcngtii of 300 kiloton yr^, 

almost a factor of 4 larger tiian Wofsy et al.'s estimates. Note that Singh et al.'s estimate of the 

source strengtii is based on a higher tropospheric concentration of CHsBr of 23 pptv. 

Penkett et al. (1985), however, argued that tiie predominant source of CH3Br in tiie 

atmosphere is antiiropogenic ratiier tiian natural. They apparently arrived at tiiis conclusion by 

noting that annual production of CH3Br in 1972 was estimated to be about 300 kiloton yr^. And 

tiiey further assumed, following Wofsy et al.'s estimates, that about 1/4 of tiie production (75 

kilotons) was emined to the atmosphere. Using the rate for tiie 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 tiieir measurements, Penken et al. estimated a total emission (i.e., natural 

and antiiropogenic) of 90 kilotons yrK which, along with estimates of industrial release, would 

imply an antiiropogenic contribution of about 83 percent. Penkett et al.'s estimate of the 1972 

CH3Br industrial production of 300 kiloton yr-1 was based on information from Wofsy et al 

(1975) which actually stated tiiat tiie total (natural and antiiropogenic) source is 75 kilotons/year. 

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



CH3Br, and may have important implicadons for formulating any future control strategies, must 

be resolved by scientific methods. 

We summarize the source estimates by various investigators in Table (I). 

3.2 Removal processes 

According to present ideas (Wofsy et al., 1975; Yung et al., 1980; Cicerone, 1981), 

(ZH3Br is principally removed by: 

CH3Br-hOH-^CH2Br-hH20 

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 tiiis rate constant is important for a more accurate 

detennination of tiie atmospheric Ufetime of CHsBr. Using tiie AER one-dimensional model (see 

Appendix D), tiie calculated lifetime for CHsBr due to (1) is 1.6 years. The same model 

calculates a lifetime for CH3Ca3 of about 6.5 years, in good agreement witii tiiat denved from 

tiie atmospheric lifetime experiment (Prinn et al., 1987). 

Otiier known removal processes include stratospheric photolysis, 

CH3Br + h v C H 3 - H Br 

The uv-absorption cross-sections appear to be quite well detemiined. Since photolysis is 

restricted to tiie stratosphere where the region consists of about 10% of total air mass, (2) cannot 

be an important sink for CH3Br, altiiough it can still affect tiie calculated ODP value which partly 

depends on tiie rate at which bromine atoms arc released from stratospheric CH3Br. We calculate 

a lifetime of 50 years due to (2). 

Metiiyl bromide also reacts with NO3, 



CH3Br -I- NO3 products (3) 

The rate constant for (3) is about 2 - 3 x 10-̂ 7 s"! 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 significantiy underestimates tiie concentration of tropospheric NO3. 

Recentiy, work by Keene et al. (1990) suggests tiiat atomic chlorine may be released 

heterogeneously from seasalt (NaC/) in tiie marine boundary layer. Their model predicts 

concentrations of atomic chlorine approaching tiiat of OH witiiin tiie marine boundary layer. If 

we adopt Keene et al's predicted Ct concentration, then the reaction of Cl with CH3Br 

C^ -I- CH3Br ^ HC^ + CH2Br (4) 

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 tiian tiiat for (1). 

However, it should be noted tiiat tiiere are considerable uncertainties in modeling tropospheric 

C£. 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 tiie removal of CH3Br and otiier halometiiancs and haloetiianes, 

including tiie 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 tiieir measurements according to location, year, and measurement period. Note 

that most of tiie 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. It is 

not clear whetiier tiie difference is due to differences in experimental techniques, calibrations or if 

it refleas real spatial and temporal variations of CH3Br. Cicerone et al. (1988) reported tiiat 

tiiere is no clear evidence of a temporal trend although a trend as large as 0.1 ppt/montii cannot be 

ruled out. Salawitch et al. (1988) have reviewed CH3Br data and argued tiiat CH3Br has 

probably increased significantiy, perhaps by a factor of 2, in tiie past ten years. Model simulation 

of CH3Br trends with reliable emission data will help resolve tiiis important issue. 



4. stratospheric Bromine Chemistry 

4.1 Stratospheric sources of bromine 

Once bromo-metiianes (e.g., CH.Br, halons) enter tiie stratosphere, tiiey may be photo-

decomposed to release bromine atoms. Specifically, for CHsBr, tiie following 

CH3Br -H hv ^ CH3 + Br 

CH3Br OH CH2Br + H2O 

CH3Br -1- 0(1D) CH2Br + OH 

are expected to lead to ultimate release of Br atoms into tiie stratosphere. A review of tiie kinetic 

data for tiie 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 tiie organic bromine molecule, tiie bromine atom is transformed into various species 

indicated in figure I . The aggregates of the species, Br. BrO, Br2, BtCt, BrN03. HOBr and 

HBr are referred to as the total inorganic bromine, or tiie BrX species. The exact partitioning of 

BrX into its components depends on altitude, tiie rate data for tiie fomiation and decomposition 

rate of each species, and tiie local concentrations of species such as NO2, O3. OH and H2CO 

which actively participate in stratospheric bromine chemistry. As we wUl discuss in section 4.3, 

BiO and Br are tiie most reactive forms of BrX tiiat directiy participate in tiie catalytic cycles of 

ozone removal. One key question in detemiining the ODP of brominated species is what portion 

of BrX is in tiie form of BiO in tiie lower stratosphere. In our model calculations, BrO is 

predicted to be one of tiie major forms (about 40%) of BrX at tiiose altitudes. 

The existence of BiO in tiie lower stratosphere (-18-20 km) 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 BiO is in rough agreement with tiie measured values. However, 

measurement of HBr reported by Park et al (1989) indicates a concentration of 20±6 pptv at 28 

knx Our model calculates a value of 1 pptv at tiie same altitude, about a factor of 20 less tiian tiie 

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



possible missing elements in our present understanding of tiie bromine chemistry. It should also 

be noted tiiat tiie comparison between models and observations as a means for model validation 

is not straightforward. More HBr data from different locations and times of year arc needed to 

test models. 

4.3 Bromine catalyzed ozone removal 

The bromine atoms released from bromo-metiianes may participate in a number of 

catalytic cycles leading to ozone removal. Wofsy et aL (1975) introduce tiie following cycles 

involving Br and BrO witii odd oxygen (O, O3) 

Br + O3 ^ BrO -i- O2 (8) 1 Q 

BrO + O Br O2 (9) j 

and 

2 {Br O3 ^ BrO -f- O2) (8)1 (ji^ 
BrO + BrO -> 2Br + O2 (10) J 

The sequence (I) is equivalent to 

0 + 03-^ 2O2 

The sequence (II) is equivalent to 

03-^03-^302 

Studies after 1975 suggested tiiat O3 may also be removed through tiie coupHng of different 

classes of radicals (e.g., HOx, C^O ,̂ NG^). Yung et al. (1980) proposed tiiat tiie following 

catalytic cycles involving coupling of BrO witii reactive chlorine, nitrogen and hydrogen species 

could also lead to ozone depletion: 



Br -»- 03 -> BrO + O2 (8) 
C/ + O3 -4 CIO + O2 (11) 
BrO + Ĉ O -> Br -\- Cl-\- O2 (12) 

2 O 3 3 O 2 

> ail) 

Br -I- O3 -» BrO + O2 

BrO + NO2 + M ^ BrN03 + M 

B r N 0 3 + hv Br + NO3 

NO3 -t- hv NO -̂  O2 

NO -)- O3 -> NO2 + O2 

2O3 ^ 3O2 

(8) 

(13) 

(14a) 

(15) ^ 

(16) 

(IV) 

Br O3 BrO + O2 (8) 

BrO -H H O 2 H O B r - h O2 (17) 

HOBr -t- hv -> OH -I- Br (18) 

OH O3 -4 HO2 + O2 (19) 

2O3 ^ 3O2 

(V) 

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 tiie lower 

stratosphere, observational support for stratospheric bromine chemistry is relatively weak, 

especially compared to tiiat of chlorine. Although model calculations indicate tiiat tiie impart of 

bromine on ozone on a per molecule basis is about an order of magnitude larger than that due to 

chlorine, tiiere is a lack of data to validate tiiese model results. 

There are large uncertainties associated witii rate data for certain key bromine reactions. 

For instance, in order for sequence (FV) to be operative as an ozone depletion cycle, BrN03 must 

photo-dissociate into Br and NO3. However, no measurements have been made (De More et al., 

1990) regarding tiie different possible photolysis products. If altemative dissociation patiis exist, 

such as 



BrN03 + hv BrO-K NO2 (14b) 

BrN03-t-hv BrN02 + O (14c) 

then sequence IV will become a null cycle (i.e., no impact on ozone removal). There is a need to 

ascertain the photolysis products from BrN03 + hv. By analogy, the recommended quantum 

yield for C^N03 photolysis is taken to be 0.9 for the C/ + NO3 channel and 0.1 for the O + 

C/NO2 channel (Margitan, 1983; Burrow et al., 1988). It should be noted tiiat this value is 

based on analysis of six independent studies carried out over a ten year period that showed 

conflicting results. 

Otiier key reactions for which rate constants are uncertain by at least a factor of two 

include: 

Br -I- HO2 ^ HBr -I- O2 

BrO + HO2 ^ HOBr + O2 

BrO + OH ^ products 

BrO + O ̂  Br-f-O2 

BiO -f- NO2 -> B1ONO2 

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 mostiy directed towards its potential contribution to 

tiie observed ozone depletions over tiie 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 to 25% of the obser̂ 'ed 

stratospheric polar ozone depletion may be attributed 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. CXurcnt 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). 
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Table 1. Estimated Sources of Methyl Bromide 

Total Origin 

Investigators 
Source strength 

(kt/yr) 
Mostly 
Natural 

Mostly 
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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Table 2. Tropospheric abundance of CH3Br 

Time period Location Remarks Result 

1979-1981 
Singh et al 

Point arena, 
39°N 

4-6 samples 
per month 

20 pptv (mean) 
10-30 pptv 

1980, May 
Singh et al 

March 81 

Houston 
SL Louis 
Denver 
Riverside 
Staten Island 
Pittsburgh 
Chicago 

1 week 
1 week 
1 week 
1 week 
1 week 
1 week 
1 week 

45-278 pptv 
7-125 pptv 
23-227 pptv 
43-1033 pptv 
27-671 pptv 
27-62 pptv 
21-96 pptv 

December, 1981 
Singh et al 

ship cmise 
40°S to 40°N 
Pacific coast along 
the America 

20 days cruise 19 pptv in South 
26 pptv in north 
up to 50 pptv near 
30°N 

1982, 1983 
Penkett et al 

ship cruise 
80°N to 80°S 

Atlantic 
UK to Antarctica 

10 pptv in south 
15 pptv in north 

March/April 1983 
Berg et al 

Arctic surface to 8 km 11 pptv (mean) 
7-24 pptv 

1983 
Rasmussen et al 

Arctic weekly 
sampling for 1 
year, 30 samples 

10 pptv 

1985-1987 
Cicerone et al 

Alaska 
Mauna Loa 
Cape Kumukahi 
Samoa 
New Zealand 

750 samples 11 pptv 
10.8 pptv 
11.4 pptv 
10.2 pptv 
9.6 pptv 

14 



FOR INTERNAL DISTRIBUTIQN ONLY 

Figure 1. Bromine Cycle 

15 



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 tiie 

atmospheric burden wUl increase if tiie gas is emiued into tiie atmosphere; and how f ^ t the gas 

wUl be removed from tiie atmosphere once tiie emission stopped THe Ufetime defined below is 

tiie s o ^ c d e-folding Ufetime. It is tiie decay time constant tiiat corresponds to tiie time period in 

which tiie amiospheric burden will decrease by 63% if tiiere is no emission. 

The atmospheric buixlen of a gas is given by tiie equation 

dN ^ N (Al) 
dt 1 

where N is tiie burden, E is tiie emission rate and . is tiie atmospheric lifetime. THe parameters 

are related to certain observables in tiie foUowing special cases: 

burden at t=to is NQ. and E = 0, tiien, N(t) = Noe-«/̂  showing tiiat T is the e-folding 
(1) If tiie 

Ufetime. 
(2) I f E is constant in ri,ne,and N(.o) = 0. tl,.n N(.) = E.(l-e^)- Note that a steady state ts 

achieved when the etrission is l^lanced by retnoval testtlting in a steady smte burden 

given by 

NSS = EX 

(3) 
If values of tiie burden and emission are available from observation over a sufficient long 

period of time, x can be derived from tiie data using equation (Al). 

Alternatively, tiie atmospheric Ufetime of a compound X can be calculated using 

photochemical models tiiat incorporate the removal mechanisms (e.g., reaction witii OH) witii 

measured rate constants and tiie calculated trace gases (e.g., OH) that react witii X. These values 

can be partially validated by comparison of tiie model calculated results witii con^ponding 

observed quantities. 
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Bromine and Chlorine Loadings 

The impact on ozone from bromine and chlorine containing chemicals, among otiier 

factors, is proportional to tiie concentration of bromine and/or chlorine atoms released by the 

organic chemicals in tiie stratosphere. The concentration of stratospheric bromine (chlorine) 

atoms can be estimated from tiie concentration of tiie organic chemical in tiie troposphere as given 

by the foUowing equation 

bromine (chlorine) loading = f x n 

where f is tiie concentration of tiie chemical in tiie troposphere and n is tiie 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 tiie spatial and temporal distributions of tiie reactive fonns of 

bromine and chlorine as weU as tiie bromine and chlorine loadings. The fraction of reactive 

forms relative to total loadings is determined by tiie adopted photochemical scheme witii 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 tiiat provides tiie basis and capability to simulate tiie 

present day atmosphere and to predict future changes. 

The ozone depletion potential (ODP) is a measure of tiie 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 tiie numerical model as follows. The model is fu^t used to calculate tiie ozone 

content in tiie present day atmosphere. A separate simulation is performed in which tiie addition 

of CFC-11 at E kiloton/year is included. The percent change in ozone content between tiie two 

simulations is calculated to be A%. The simulation is repeated again witii addition of chemical Y 

at E kiloton/year. The calculated change in ozone relative to tiie present day atmosphere is B%. 

Then, ODP for chemical Y is B/A. Note tiiat ODP does not depend on tiie absolute emission rate. 

To tiie extent that ODP depends on bromine (chlorine) loadings, it is also proportional to 

atmospheric lifetime. Thus, if every factor remains identical, tiien a shorter lifetime wiU imply a 

lower ODP. 

A-3 



References 

DeMore W.B S.P. seders. D.M Golden. M.J. Molina, R.F. Hampson M J Kurylo CJ 
s'rslraTo.nt''- ^ r ^ ' r ' ^ i ; ^ ^ photochemic^ 2ta for 

Pasadcn? CA ^ Propulsion Laboratory. 



Appendix B 

Atmospheric Methyl Bromide 
and 

Stratospheric Ozone 

Presented to 

The Methyl Bromide Panel 
Chemical Manufacturers Association 

Prepared by 

N.D. Sze 
M.K.W. Ko 

Atmospheric and Environmental Research, Inc. 
840 Memorial Drive 

Cambridge, Massachusetts 02139 



Outline of Presentation 

Summary of Issues 

Budget and Sources of Atmospheric Methyl Bromine 

Atmospheric Lifetime 
Sources of Methyl Bromine 

Review of Atmospheric Measurements 

Burden 
Trend 

Potential Impact on Stratospheric Ozone and Ozone Depletion Potential 

Stratospheric Bromine Chemistry 
Model Determined Values of ODP 

Sources of Uncertainties on Ozone Depletion Potential 

Atmospheric lifetime of methyl bromine and bromine loading 
Bromine-ozone relation 

Recommendations 
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Summary of Issues 

1. Atmospheric budgets/origins of CHsBr 

2. Preliminary model calculation of ozone 
depletion potential (ODP) 

3. Sources of major uncertainties 

4. Recommendations 
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Issue #1 

Atmospheric Budgets/Origins of CHsBr 

Uncertainty 
Range 

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

Lifetime (yr) -1.6 .7 - 2.5 

Annual removal rate 
(kiloton/yr-i) -118 63 - 450 



Issue #2 

Preliminary Model Calculation of 
Ozone Depletion Potential (ODP) 

ODP - 0.6 

' Uncertainty range 
.15 - .8(^) 
.26 - .9(^) 
.07 - 1.2(3) 

(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 CHaBr 

n 
Total Lifetime — = ^ 

i=l 

(1) CH3Br + O H C H 2 B r - f H2O 

k - 7 . 6 x l 0 - i 3 e x p ( - ^ ) c m 3 s-i 

T̂OH = 1.6 years 

(2) CHsBr + H v - > CH3 + Br 

?i = 210-290 nm 

Thv ~ 50 years 

(3) CHsBr + NO3 -> CH2Br + HNO3 

k - 2-3 X 10-17 cm3 s-i 

TNO3 ^ years 

(4) Hydrolysis (?) 
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Sources of Methyl Bromide 

Source strength 
Tnvf><;tij»ators (kt/yr) 

Origin 

Natural Anthropogenic 

Wofsy et aL (1975) -76 X 

Singh et ah (1983) -300* X 

Penkett et al. (1985) -90 X 

WMO/NASA (1985; 
1989) 

-100 X 

^estimate based on oceanic source 
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Atmospheric Measurements 



Tropospheric abundance of CHaBr 

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 SL 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 in South 

Singh et al 40''Sto40^N 26 pptv in nordi 
Pacific coast along - up to 50 pptv near 
the Aaierica 

^ . . 
30^N 

1982,. 1983 shq)cniisc Atlantic 10 pptv in south 

Penkett et al 80^Nto80°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 

(Zape Kumukahi 11.4 pptv 
Samoa 10:2 pptv 
New Zealand 9.6 pptv 
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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 High Methyl Chloride 
and Methyl iodide Concentrations in Seawater 

Utltudc* 

Surface Seawater Concentration, ng/1 

C H , a CHjBr CH,I 

2168 
20.19 

-8.68 
-8.99 
-9.50 

-11.70 
-1183 
-16.93 

41.8 
I8.I 
10.6 
215 
9.8 
8.7 

10.6 
26.7 

3.7 
1.5 
1.5 
19 
1.2 
1.9 
1.1 

0.9 
1.0 
3.2 
14 
6.8 
4.2 
3.7 
3 i 

•Pojltlvc latitude li 'N; negative latitude It'S. 

TABLE 3. Estimated Oceanic Methyl HalldcSour(Jc Strength 

Chemical Name 

Average 
Concenirillon 

Seawater 
ng/1 

Air, 
ppt 

Ocean 
Supcrsaturatlon, */• 

Extrapolated 
Ocean lo Air Flux, 
IO"' g cm"' yr -1 

Global 
Oceanic 
Source, 
Tg/yr 

Estimated 
Atmospheric 

Residence Time 
From Oceanic 
Source Alone, 

years* 

Meihyl chloride 
Meihyl bromide 
Mcihyl iodide 

11.5 
1'.2 
1.6 
1.0 

633 
23 
2 

275 
250 
3361 
210 J 

13.3 
0.9 
1.4 
0.9 

4.9 
0.3 
0.5 
0.3 

1.2 
1.2 
0.091 
0.15 J 

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



stratospheric Bromine Chemistry 



BROMINE C Y C L E 



Stratospheric Sources of Bromine 

CJH^C/yBr, + hv ^ CJH[,C/yBr,_i + Br 

C ^ C / y B r ^ OH C^H^-iC/yBr^_i + H2O 

Cja^C/yBr^ + 0(^D) Products 



Bromine Catalyzed O3 Depletion 

Br -h O3 ^ BrO + O2 

C / + 0 3 - ^ C / O + 02 (I) 
BrO + C/O Br+C/ + Oj 

2O3 -> 3O2 

Br -h O3 -> BrO -f- O2 (2) 

BrO + BrO 2Br -h O2 

2O3 -> 3O2 

Br -f- O3 BrO + O2 

BrO + O B r - f O2 

O -f O3 ^ 2O2 

Br -F O3 BrO -f- O2 

NO -h O3 ^ NO2 + O2 
M 

BrO + NO2 — > BrON02 (4) 

BrON02 + hv -> Br -f̂  NO3 

NO3 + hv NO -f O2 

2O3 3O2 

Br + O3 BrO + O2 

BrO -f- HO2 -> BrOH O2 

BrOH -I- Iiv Br OH (5) 
OH + O3 HO2 + O2 

2O3 3O2 



Time Dependent Calculations 
and Trends 



Effect ol Lllotlme (Tau) and Emission Rate on Methyl Bromide Burden. 
Emission Rate Is X For the 'First 10 Years and 0 After. 
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Recommendations 

Reduce tlie 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: 

Laboratorv 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 

Laboratorv kinetic measurements: 
Bromine chemistry 

Modeling: 

Heterogeneous chemistry 
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EVALOATION OF THE ATMOSPHERIC CHEMICAL 
KINETICS OF METBYL BROMIDE 

ABSTRACT 

Reaction rate constants and photodlssoclation cross sections of po tent ia l 

importance in determining the atmospheric l i fet ime of methyl bromide (CH3Br) 

have been reviewed and evaluated. Reactions with OH, C l , 0 (^0) , 0(3p) , HO2 

and NO3 have been considered along with u l t rav io le t photodlssoclation. 

INTRODUCTION 

Methyl bromide i s a trace constituent of the Earth's atmosphere with both 

natura l and anthropogenic sources. The major Interest i n atmospheric 

methyl bromide has focused on i t s ro le as a source for s tratospheric Br and 

BrO, which p a r t i c i p a t e i n the halogen catalyzed destruction of the 

s tratospher ic ozone layer . I n i t i a l modeling stndies of t h i s e f fec t by Vofsy -

et a l . (197S) and Tung et a l - (1980) re s t r i c t ed atuospheirlc destruct ion of 

CH3Br to reac t ion with hydroryl r a d i c a l s (OH) and photodlssoclation. Quite 

recent models designed s p e c i f i c a l l y to ca lculate the atmospheric l i f e t imes c f 

h a l o c a r ^ i s s t i l l r e s t r i c t CH3Br d e ^ d a t l o n to these two processes (Prathor >. 

and Spivakovsky. ISSO; Pra t t er , 1991). National Ins t i tu te of Standards and 

Technology (NIST) s t a f f have concluded that these two processes w i l l a l so 

dominate the atmospheric degradation of hydrogen containing brooocarbon 

compoimds including CH2Br2 (Gann et a l . , 1990). 

Grogjean (1991) has j u s t published an analysis of the tropospheric 

chemistry of methyl bromide. He concludes that the reaction with OH I s slow 

and react ions with O3 and NO3 are negl ig ible . He suggests that the loss for 

the lower tropospheric I s upward d i f fus ion or deposition. He also concludes 

that CH3Br i s not formed within the atmosphere. Metiiyl bromide may a lso play 

a minor ro le i n the springtime destruction of tropospheric ozone in the 

a r c t i c , although bromoform (CHBr3) rather than CH3Br i s believed to be the 

major d r i v e r for that recently discovered phenoaena (Barr i er et a l . , 1988). 



t. . f «n«lvfiiE of the photochemistry ana ro 
I t a l so contains a brief analys is o \ BrONO^, HOBr and HBr. 
of active ctracosphcric bro«ine species such as Br.^rO. 

PHOTODISSOCLiTION OF CHjBr 
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Rgure 1. GH^ Br absorption cross-section of with respect to wavelength 
between 180 and at 260 nm. at 295 K from Gillotay and Simon (1988). 



(1976) and of Molina et al. (1982) 
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models of the troposphere and stratosphere have ident i f i ed OH, HOj, NO3, C l , 0 

and O ( ^ ) as the primary react ive radicals which drive atmospheric oxidat ion. 

The ava i lable react ion rate data for these species with CH3Br w i l l be 

evaluated below. 

In evaluat ing the react ion k ine t i c s of CH3Br I have accessed several data 

bases and evaluated data coc^i la t lons , including the HIST Chemical Gas K i n e t i c 

Data Base (Release 2) (NIST, 1990), NASA's stratospheric chemical k ine t i c s and 

photochemical data evaluation (DeMore et a l . , 1990), IDPAC's atmospheric 

chemistry k i n e t i c and photochemistry data evaluation (Atkinson et a l . , 1989), 

a recent review of OH/organic compound kinet ics (Atkinson, 1989), and 

reviews/evaluations of HO2 k i n e t i c s (Lloyd, 197A; Kaufnan and Sherwell, 1983) 

and 0 atom k i n e t i c s (Herron and Huie, 1973; Herron, 1988). 

OH Reaction 

The r e a c t i o n o f CH3Br w i t h OH i s presumed t o proceed by hydrogen atom 

a b s t r a c t i o n : 

OH + CH3Br CH2Br + H2O . (1) 

The r e a c t i o n has been s t u d i e d expe r imen ta l l y by Howard and Evenson (1976) a t 

296 K and Davis e t a l . (1976) between 245-37S K. These s tud ie s agree v e r y 

w e l l at rooa temperature . The lUPAC evaluated r a t e constant (Atkinson e t a l . , 

1989) o f : 

k «= 7.6 X 1 0 - ^ exp(-890 ± 200/T) cmVs (2 ) 

was also adopted i n Atkinson's OH/organics review (Atkinson, 1989). NASA's 

s tratospheric evaluation of the same data (DeMore et a l . , 1990) yielded a 

s l i gh t ly d i f f e r e n t rate constant representation of: 

k = 6.8 X IG~1^ exp(-850 ± 200/T) cmVs . ( 3 ) 

Cohen and Benson (1987) have publ i shed a t h e o r e t i c a l eva lua t ion o f the 

0H/CH3Br r e a c t i o n which i s i n reasonable accord w i t h the da ta . 



either the lOP^C or K^A .v.U.ted r . t . oa. b. "-^ - ; " 7 : ^ t « - » 

,He, are esseatlaU, . . . v . - . ^ • « - ̂ ^ " ^ " T j " L;.,,„lo 
, » i ^ f n ^ J 92 X 10-1^ cmVs evaluated for the mean i~ »-

and Equation 3 yielding Z.sz x 
temperature of 270 K. 

^ e KAS* . . . l a . t l o a . I v e s a . a a c e r t . l a t , factor l a t h . ^ - / " ^ ^ ^ 

n s . « r a t . of x/^ l . « . t e . p . r . t . r , depeadeace .acer ta lnty (E/K A 

! d . s f 650 * ZOO,. At 270 K th i s i s . a a a c e r t a l . t r r a a . . of « .A 
E / K ) is stated as ( -Ciu 2; i*Jw;-
Jast doe to e x p o a « t i a l factor uacertaiaty-

^ . rOPAC evalaatloa . I v e s a r o ^ t e ^ e r a t a r e aacer ta la t , r » . . of 

3 . , . , „ - l « 0 . 1 l e a d l a , to aa a a c . r t a l a t . raa^e^f - 7 x o ^ 

3.0 X 10-1' . They also « t l . a t e t h . (E/R ± A E / W as t » 

th i s i s also aa aacertalaty raage of 4 .4 . 

Olvea the above. I t I s c l e a r that . . aacertaiaty l a the Z I ^ r « e of a 

. . a s . ! f f c t o r Of . caa be i a s t l f l e d . (E s- . P P r o x i ^ - ^ ^ ^ ^ 

factor of x/^ 2 .2 . ) 

I t shoald be aoted. however, that the reaction . I t h OB coald be evea 

, " Indicated br t h . t » o « p « l « a t . l - P ^ ^ ^ " " 
slower t h a . Indicated br „ ^ Ravlshaalara. 1331) has shown 
.wf-v, C B J + OK reaction ra te (.vagnjiaiu. «ui 

l a ! low te=per.tare rates c n e a s l l r be biased by s » p l . i n p « r l t l e s . 
that slow, low te=p. . K . r « . e a s a r e d with apdated technl<iaes over 
The CHjBr + OS rate coastuit should be r e « e a s « r . d apoa 
the 300-240-K r a n . , relevant to the troposphere and stratosphere. 

rff.Rr with eround s tate atomic chlorine: The react ion of CU3br w i « i gi-" 

W 
C l 4- CH3Br - CH2Br + HCl 

has beea exper l - ea ta l l r stadled by T s c h a H ^ R o - et . 1 . ( U . B ) over the 

t e . p e r a t . r e raa^e ot 273 to 3 6 . The rate c o n s t a t dete^lned was: 

• , k = (3.16 ± 0.63) X 10-11 , ^ ( - 1 2 0 5 ± 69/T) c V s • <5) 



This i s tho only Beasurement for t h i s reaction I could locate , so comparative 

data evaluat ion i s impossible. Th i s group measured comparable rate constants 

for s evera l other halocarbon compounds. The rate expression i s reasonable 

given the nature and thermochemistry of the react ion. 

0 React ion 

The reaction of ground state atomic oxygen, 0(^P), with CH3Br: 

0 4- CB3Br CH2Br + OH 

is nearly thermoneutral and can be expected to possess a s i g n i f i c a n t 

activation b a r r i e r . Three groups (Wilson and O'Donovan. 1968). (Herron and 

Hale, 1969) and (Vestenberg and deHaas, 197S) have measured the rate constant 

at elevated temperatures (350-1000 K). The most recent NIST evaluation by 

Herron (1988) recommends: 

k 3.3 X 10-JJ- exp(-3900/T) cmVs) 

which extrapolates to 1.8 x at 270 K. Herron suggests t h i s rate 

constant has an ov e r a l l error factor of 3 over the te^>erature range of 

400-1500 K. I t nay be more tmcortaln at atmospheric temperatures. 

KO3 Reaction 

The reaction of CH3Br with the n i t r a t e radical has been measured at 298 K 

i n a coopetitive reaction with toluene by Carlier et a l . (1987). The absolute-

rate depends on the choice of the NO3 + toluene rate and i s quoted as either 

(1.57 ± 0.11) X 10"^^ or (3.05 ± 0.21) x 10~^^ i n Wayne et a l . (1990). I 

estimate a 270°^ rate of 1.5 x IQ-^^ cm^s based on this single determination. 

The reaction products have not been determined, but are probably HNO3 and 

CH2Br. 



mz Rfiwctlon 

, A -o l ecu lar dynamic considerations suggest that 
Chemical thermodynamic and molecular yn 

1 rn^Ica l w i l l react at a negl igible rate wltn W13 the hydroperoxyl radica l w i l l ^ ^ ^ ^ ^ ^ ^^^^^^ ^^^^^^^ 

atmospheric temperatures. A surv y .^turated hydrocarbon or 
^ <:horwell. 1983) suggests s trongly that satura 

Kaufman and Shorwei.i. y o ^ . . . 
. r e ouite unreactivo with EO2-halocarbon compounds are quite 

n£lp'> Reac^lflll 

0 ( l B l i s pTodnced In the photodissociatloa of 
S i ^ l e t atooic oxrsen. 0 ( H . ) . I s P ^^^^ ^ ^ ^ ^ „ ^ 

WTî lo no measurement or i"« 
a^ospher lc oaoae. CE^Br have b e » 

located l a the " " - " " ^ 1 3 . I , these s t .d l e s 
nade ( G i l l e s p i e et a l . , 197/, tor 

suggest that O(lD) can react readily wi th CH3Br: 

0 ( 1 D ) 4- CH3Br CSzBr + OH 

CH3 + BrO 

(8) 

(9) 

. f 1 9 X 10-10 measu«»d for CH3CI (Force and 
Based on the reaction rate of 1-9 x 1 ^ ^ ^ ^ ^ 
Viesenfe ld . 1981), I - t l m a t e a rate f o r CH3Br ^ , ,p , .dence . 
0(lD) reac t ion rates generaUy have l i t t l e or no t emp^ture p 

RZACnOK KDETICS OF ACTIVE BROMINE COMPOUNDS 

t s ta te of the reaction kinetics of act ive 
' f o o c - e n t s oa the " " ° U . t e d 

Stratospheric bromine compounds (Br , BrO. orx; 2-

below. 

. .n. n m RfU- HBr + 0 and OH and 

Brt . 0 . KO. CIO aad H 0 , ( « < ) ^ The r 

T l i r . : : ^ f t i e ! , reacdoas as reflected l a the 

are a l so of in teres t . 
1990 NASA evaluation has been assessed and noted below. 



Cotmnents on Br Atom Reactions 

The NASA 298 K uncertainty factors for the HO2 and H2CO reactions with 

Br are 2.0 and 1.3, respectively. Relatively large temperature dependence 

uncertainties of -600 ± 600 and -800 ± 200 make these reactions considerably 

nore uncertain at stratospheric temperatures. Br + O3 Is in better, but no 

great shape (1.2 and -800 ± 200). 

Conancnt;; on BrO Reactions 

BrO + 0, NO. and CIO have NASA f(298)'6 of 3.0, 1.15 and 1.25, 

respectively- Their temperature dependent uncertainties are listed as 0 ± 250 

and -260 ± 130 for 0 and NO. The three CIO channels are listed as -430 ± 200 

(OCIO), -220 ± 200 (ClOO) and -170 ± 200 (BrCl). 

The reaction of BrO + HO2 i s quite uncertain, with an f(298) of 3. as are 

the products, but HOBr i s possible. Nothing se«as to be known about HOBr 

photochemistry. 

The temoleculor reaction of BrO + NO2 has recently been reinvestigated ' 

(Dfinis, et a l . , Chem. Phys, Lett. I f i l , 450-456, 1990). They measured a low 

pressure limit of k^ at room temperature that is 202 lower than KASA's 1990 

evaluation. Their value of n (k = k̂ ÔO (T/300J-a) u also lower (2.0 vs. 

3.8 ±1.0 for NASA). This reaction clearly needs a reevaluation. 

Cocagnts on RBr Reactions 

The reactions of OH and 0 with HBr are reasonably well known, with NASA 

f(2S8)'s of 1.2 and 1.3, respectively. 

Cog=^nts on Photolysis Reactf^n;? 

The BrO photodlssoclation spectrum is reasonably well known and has been 

evaluated by NASA (1990). 



J .... In 1978. and then ^4on has only been measured once, i n i:»/o. 
.he BSOHO, 7 ^ , , , „ „ , . t t h . p o s s i b i l i t y 

oaly . t too- ^ „ „ . photodlssoclation cross sec t ion 

„o„ th„ on. B ^ ^ o . . ,,„todlssocl.tIoa products, 

.ar be repaired. Kothla. Is know. ^ ^ ^ 

B, analogy with ClOHO^ a best workla. juess 

BrN02-

„o .easarceats of HOBr photodlssoclation properties are preseatly 

available. 
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OeHore. » . B . . - - r . S P. CoMea Ô H H o J ^ - . H ^ ^ ^ ^ H ^ ^ - - ^ - ^ ^ ^ ^ ^ 
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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 distnbution of about 50 species interacting through over 150 elementaiy reactions. TTie 

species included in the model arc given in table 1. The kinetic data arc based on the 

recommendation of the NAS A-JPL panel (DeMore et al. 1990). 

The model simulates the vertical distribution of the species by pai^eterizing transport in 

terms of a veitical eddy diffusion formalism. It calculates the distributions of the source gases 

(N'20. CH4. organic chlorine species and organic bromine species), die 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 

validation. 

While the utiUty 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 assessn^nt of various effects. The paraUel effon at AER of continuous updating both tht 

1-D and 2-D models assures us that results from tiie 1-D model are properly interpreted 
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Table D-1. Summary of Chemical Species Included in AER I-D Model 

Fixed species 

M Bulk air density calculated from ideal gas law 
O2 Set equal to 21% of M 
H2O Stratospheric values parameterized finom die LIMS observation 

Tropospheric values calculated from seasonally varying relative hunudity 
detemiined from climatology 

Long-lived species 
N2O 
CH4, H2. CO 
CH3CA CH3CC/3. CO-A 
CFC-M, CFC-12. HCFCs. HFCs 
CF2O. CFC^O, CCliO 
CH3Br. Halon-1301. Halon-1211 
NOY = N + NO -f- NO2 + NO3 2 X N2O5 -1- HNO3 + CmO-i + HNO4 

ctY = ci -HC/O + cino-i + nci + HOC/ + oao + 2 x a202 
BrY = Br -h BrO -i- BrN03 -J- HBr + HOBr 2 x Br2 
Ox = 0-^0(lD) + 03 

Radical species 
Oxygen • 0.0(lD) 
Hydrogen H, OH. HO2, H2O2 
Methyl CH3O2. CH2O. CH3OOH 
Nitrogen N. NO. NO2. NO3, N2O5. HNO3, aN03 . HNO4 
Chlorine Ct, CIO, CinOz, HCi. HOCi. OaO. a202 
Bromine Br, BrO, BrN03. HBr, HOBr, Br2 
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po S S1 ID _L s 
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ALBERT GORE, JR. 
TENNESSEE 

393 RUSSELL SENATE OFFICE BUILDING 

PHONE: 202-224-4944 

lanited States Senate 
WASHINGTON, DC 20510-4202 

Feburary 4 1992 

Mr. Steve Se ide l PHOTOCOPY 
Deputy Director Global Change Div i s ion M I S C . H A N D W R I T I N G 
Environmental P r o t e c t i o n Agency 
401 M S t . S.W. ANR-445 West Tower 739 
Washington, D.C. 20460 

Dear Mr. S e i d e l : 

Thank you again f o r p a r t i c i p a t i n g i n our meeting on methyl 
bromide. The news d e l i v e r e d yesterday by s c i e n t i s t s a t NASA 
headquarters regarding the p o t e n t i a l l y severe ozone d e p l e t i o n we may 
experience over North America r e a f f i r m s what we r e a l l y already know — 
we are dangerously i n t e r f e r i n g w i t h our planet's l i f e support systems, 
and we need t o a c t now t o remedy the s i t u a t i o n . Our own h e a l t h and 
t h a t of our c h i l d r e n depends on i t . 

But, we need t o plan our actions j u d i c i o u s l y and, t h e r e f o r e , we 
need t o ensure t h a t we are op e r a t i n g on the best i n f o r m a t i o n 
a v a i l a b l e . I n t h a t regard, I wanted t o ensure t h a t the fo l l o w - u p 
actions agreed t o a t the meeting are proceeding i n a t i m e l y f a s h i o n . 
As we l e f t i t , i n d u s t r y r e p r e s e n t a t i v e s had agreed t o make a v a i l a b l e 
t o the s c i e n t i s t s a t the meeting and the repres e n t a t i v e s of the 
Environmental P r o t e c t i o n Agency copies of the s c i e n t i f i c a n a l y s i s of 
methyl bromide t h a t was done f o r them a t AER l a b o r a t o r i e s i n 
Massachussetts. I n a d d i t i o n , i n d u s t r y r e p r e s e n t a t i v e s i n d i c a t e d t h a t 
a r e p o r t d e t a i l i n g g l o b a l production and use of methyl bromide would 
soon be completed and would also be made a v a i l a b l e t o the s c i e n t i s t s 
and agency r e p r e s e n t a t i v e s . 

The s c i e n t i s t s i n t u r n were t o make a v a i l a b l e t o the i n d u s t r y 
r e p r e s e n t a t i v e s the l a t e s t WMO/UNEP I n t e r n a t i o n a l Ozone Trends 
Assessment Report and t o recommend t o the i n d u s t r y r e p r e s e n t a t i v e s the 
most u s e f u l r e p o r t s i n the s c i e n t i f i c l i t e r a t u r e on t h i s matter. 

As we also agreed, I w i l l convene another meeting on t h i s issue 
w i t h i n — then t h r e e weeks, now two weeks — time. My s t a f f w i l l be 
i n touch immediately t o p i n down the optimum date. To proceed on t h i s 
f r o n t , however, I w i l l need t o receive from the i n d u s t r y 
r e p r e s e n t a t i v e s irraiediately a copy of the AER study so t h a t I can 
d i s t r i b u t e i t t o the l a r g e r group of s c i e n t i s t s we agreed would be 
i n v i t e d t o review i t . 

Again thank you f o r your time and a t t e n t i o n . I look forward t o 
seeing you soon and c o n t i n u i n g our work on t h i s very important matter. 

^ t VGbre, J r . 
United States Senator 



ALBERT GORE, JR. 
TENNESSEE 

393 RUSSELL SENATE OFFICE BUILDING 

PHONE: 202-224-4944 

Bnited States Senate 
WASHINGTON, DC 20510-4202 

January 22, 1992 

Mr. Steve F e i d e l P H O T O C O P Y 
Deputy Director Global Change Div is ion M I S C . H A N D W R I T I N G 
Envirorunental P r o t e c t i o n Agency 
401 M S t . S.W. ANR-445 West Tower 739 
Washington, D.C. 20460 

Dear Mr. F e i d e l 

I am q u i t e concerned about the recent f i n d i n g of the WMO/UNEP 
Ozone Trends S c i e n t i f i c Assessment Panel t h a t "Methyl bromide i s the 
major source of s t r a t o s p h e r i c bromine." Methyl bromide i s , of course, 
a potent ozone d e s t r o y i n g chemical, and the Assessment r e p o r t as w e l l 
as other r e p o r t s i n the s c i e n t i f i c l i t e r a t u r e i n d i c a t e t h a t emissions 
of methyl bromide are l a r g e l y anthropogenic i n nature. 

I would l i k e t o discuss t h i s issue i n d e t a i l . To t h a t end, I 
would appreciate i t i f you could j o i n me f o r a meeting i n my o f f i c e on 
January 28 a t 12:30. I expect t h a t the meeting continue u n t i l 
approximately 2:30. Important issues include the s t a t e of our 
knowledge on the sources and sinks of methyl bromide; the volume of 
methyl bromide production and use i n the United States and abroad; the 
p r i n c i p l e uses of methyl bromide; and the a v a i l a b i l i t y of s u b s t i t u t e 
chemicals. Bob Watson from NASA, Dan A l b r i t t o n and Susan Solomon from 
NOAA, your colleague Eileen Clausen, Paul Bergson and several 
r e p r e s e n t a t i v e s of the methyl bromide manufacturing i n d u s t r y have also 
been i n v i t e d t o at t e n d . 

The l a t e s t f i n d i n g s on the r a t e , extent and d u r a t i o n of ozone 
d e p l e t i o n send a loud warning t h a t we must move ahead q u i c k l y i n 
e l i m i n a t i n g the produc t i o n and use of ozone d e s t r o y i n g substances. I 
t h e r e f o r e very much appreciate your w i l l i n g n e s s t o p a r t i c i p a t e i n t h i s 
d i s c u s s i o n . I have included i n t h i s l e t t e r a copy of d r a f t 
l e g i s l a t i o n t h a t I would also l i k e t o discuss a t our meeting. 

Sin c e r e l 

A l b e r t Gore, J r . 
United States Senator 
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ALBERT GORE, JR. 393 RUSSELL SENATE OFFICE BUILDING 

TENNESSEE ' ' P"""^: 202-224-4944 

mtecl States 3oiate 
WASHINGTON, DC 20510-4202 

Feburary 4 1992 

Mr. Paul Bergson 
Attorney a t Law 
Sparber and Associates MISC jnlANDWRITING 
1325 Pennsylvania Ave. Suite 500 mi^>u. JIJU 
Washington, D.C. 20004 

Dear Mr. Bergson: 

Thank you again f o r p a r t i c i p a t i n g i n our meeting on methyl 
bromide. The news d e l i v e r e d yesterday by s c i e n t i s t s a t NASA 
headquarters regarding the p o t e n t i a l l y severe ozone d e p l e t i o n we may 
experience over North America r e a f f i r m s what we r e a l l y already know — 
we are dangerously i n t e r f e r i n g w i t h our planet's l i f e support systems, 
and we need t o act now t o remedy the s i t u a t i o n . Our own h e a l t h and 
th a t of our c h i l d r e n depends on i t . 

But, we need t o plan our actions j u d i c i o u s l y and, t h e r e f o r e , we 
need t o ensure t h a t we are operating on the best i n f o r m a t i o n 
a v a i l a b l e . I n t h a t regard, I wanted t o ensure t h a t the f o l l o w - u p 
actions agreed t o a t the meeting are proceeding i n a t i m e l y f a s h i o n . 
As we l e f t i t , i n d u s t r y r e p r e s e n t a t i v e s had agreed t o make a v a i l a b l e 
to the s c i e n t i s t s a t the meeting and the r e p r e s e n t a t i v e s of the_ 
Environmental P r o t e c t i o n Agency copies of the s c i e n t i f i c a n a l y s i s of 
methyl bromide t h a t was done f o r them a t AER l a b o r a t o r i e s i n 
Massachussetts. I n a d d i t i o n , i n d u s t r y r e p r e s e n t a t i v e s i n d i c a t e d t h a t 
a r e p o r t d e t a i l i n g g l o b a l production and use of methyl bromide would 
soon be completed and would also be made a v a i l a b l e t o the s c i e n t i s t s 
and agency r e p r e s e n t a t i v e s . 

The s c i e n t i s t s i n t u r n were t o make a v a i l a b l e t o the i n d u s t r y 
representatives the l a t e s t WMO/UNEP I n t e r n a t i o n a l Ozone Trends 
Assessment Report and t o recommend t o the i n d u s t r y r e p r e s e n t a t i v e s the 
most u s e f u l r e p o r t s i n the s c i e n t i f i c l i t e r a t u r e on t h i s matter. 

As we also agreed, I w i l l convene another meeting on t h i s issue 
w i t h i n — then three weeks, now two weeks — time. My s t a f f w i l l be^ 
i n touch immediately t o p i n down the o|)timum date. To proceed on t h i s 
f r o n t , however, I w i l l need t o receive from the i n d u s t r y 
representatives immediately a copy of the AER study so t h a t I can 
d i s t r i b u t e i t t o the l a r g e r group of s c i e n t i s t s we agreed would be 
i n v i t e d t o review i t . 

Again thank you f o r your time and a t t e n t i o n . I look forward t o 
seeing you soon and con t i n u i n g our work on t h i s very important matter. 

United States Senator 
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ALBERT GORE, JR. 393 RUSSELL SENATE OFFICE BUILDING 

TENNESSEE PHONE: 2 0 2 - 2 2 4 - 4 9 4 4 

WASHINGTON, DC 20510-4202 

January 22, 1992 

Mr. Pual Bergson 
Attorney a t Law 
Sparber and Associates MISC. HANDWRITING 
1325 Pennsylvania Ave. Suite 5 00 
Washington, D.C. 20004 

Dear Mr. Bergson 

I am q u i t e concerned about the recent f i n d i n g of the WMO/UNEP 
Ozone Trends S c i e n t i f i c Assessment Panel t h a t "Methyl bromide i s the 
major source of s t r a t o s p h e r i c bromine." Methyl bromide i s , of course, 
a potent ozone d e s t r o y i n g chemical, and the Assessment r e p o r t as w e l l 
as other r e p o r t s i n the s c i e n t i f i c l i t e r a t u r e i n d i c a t e t h a t emissions 
of methyl bromide are l a r g e l y anthropogenic i n nature. 

I would l i k e t o discuss t h i s issue i n d e t a i l . To t h a t end, I 
would appreciate i t i f you could j o i n me f o r a meeting i n my o f f i c e on 
January 28 a t 12:30. I expect t h a t the meeting continue u n t i l 
approximately 2:30. Important issues i n c l u d e the s t a t e of our 
knowledge on the sources and sinks of methyl bromide; the volume of 
methyl bromide production and use i n the United States and abroad; the 
p r i n c i p l e uses of methyl bromide; and the a v a i l a b i l i t y of s u b s t i t u t e 
chemicals. Bob Watson from NASA, Dan A l b r i t t o n and Susan Solomon from 
NOAA, Eileen Clausen and Steve Feidel from the Environmental 
P r o t e c t i o n Agency and several representatives of the methyl bromide 
manufacturing i n d u s t r y have also been i n v i t e d t o at t e n d . 

The l a t e s t f i n d i n g s on the r a t e , extent and d u r a t i o n of ozone 
de p l e t i o n send a loud warning t h a t we must move ahead q u i c k l y i n 
e l i m i n a t i n g the production and use of ozone d e s t r o y i n g substances. I _ 
t h e r e f o r e very much appreciate your w i l l i n g n e s s t o p a r t i c i p a t e i n t h i s 
discussion. I have included i n t h i s l e t t e r a copy of d r a f t 
l e g i s l a t i o n t h a t I would also l i k e t o discuss a t our meeting. 

Sincere 

J r . 
United States Senator 
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ALBERT GORE. JR. 393 f̂ Ĵsŝ Ll SENATE OFFICE BUILDING 

PHONE: 202-224-4944 

WASHINGTON, DC 20510-4202 

Feburary 4 19 9 2 

Dr. Susan Solomon 
Program Leader, Middle Atmosphere Program MSC. HANDW^rFfMiT 
NOAA Aeronomy Labortory ^^^J i imi^ 
R/E/AL - 8 325 Broadway 
Boulder, CO. 80303 

Dear Dr. Solomon: 

Thank you again f o r p a r t i c i p a t i n g i n our meeting on methyl 
bromide. The news d e l i v e r e d yesterday by s c i e n t i s t s a t NASA 
headquarters regarding the p o t e n t i a l l y severe ozone d e p l e t i o n we may 
experience over North America r e a f f i r m s what we r e a l l y already know — 
we are dangerously i n t e r f e r i n g w i t h our planet's l i f e support systems, 
and we need t o act now t o remedy the s i t u a t i o n . Our own he a l t h and 
t h a t of our c h i l d r e n depends on i t . 

But, we need t o plan our actions j u d i c i o u s l y and, t h e r e f o r e , we 
need t o ensure t h a t we are operating on the best i n f o r m a t i o n 
a v a i l a b l e . I n t h a t regard, I wanted t o ensure t h a t the follow-up 
actions agreed t o at the meeting are proceeding i n a t i m e l y f ashion. 
As we l e f t i t , i n d u s t r y r e p r e s e n t a t i v e s had agreed t o make a v a i l a b l e 
t o the s c i e n t i s t s a t the meeting and the re p r e s e n t a t i v e s of the 
Environmental P r o t e c t i o n Agency copies of the s c i e n t i f i c analysis of 
methyl bromide t h a t was done f o r them at AER l a b o r a t o r i e s i n 
Massachussetts. I n a d d i t i o n , i n d u s t r y r e p r e s e n t a t i v e s i n d i c a t e d t h a t 
a r e p o r t d e t a i l i n g g l o b a l production and use of methyl bromide would 
soon be completed and would also be made a v a i l a b l e t o the s c i e n t i s t s 
and agency r e p r e s e n t a t i v e s . 

The s c i e n t i s t s i n t u r n were t o make a v a i l a b l e t o the i n d u s t r y 
r e p r e s e n t a t i v e s the l a t e s t WMO/UNEP I n t e r n a t i o n a l Ozone Trends 
Assessment Report and t o recommend t o the i n d u s t r y r e p r e s e n t a t i v e s the 
most u s e f u l r e p o r t s i n the s c i e n t i f i c l i t e r a t u r e on t h i s matter. 

As we also agreed, I w i l l convene another meeting on t h i s issue 
w i t h i n -- then three weeks, now two weeks -- time. My s t a f f w i l l be 
i n touch immediately t o p i n down the optimum date. To proceed on t h i s 
f r o n t , however, I w i l l need t o receive from the i n d u s t r y 
r e p r e s e n t a t i v e s immediately a copy of the AER study so t h a t I can 
d i s t r i b u t e i t t o the l a r g e r group of s c i e n t i s t s we agreed would be 
i n v i t e d t o review i t . 

Again thank you f o r your time and a t t e n t i o n . I look forward t o 
seeing you soon and co n t i n u i n g our work on t h i s very important matter. 

Sin-cere 1^^ 

United States Senator 



ALBERT GORE, JR. 393 RUSSELL SENATE OFFICE BUILDING 

TENNESSEE PHONE: 2 0 2 - 2 2 4 - 4 9 4 4 

WASHINGTON, DC 2 0 5 1 0 - 4 2 0 2 

January 22, 1992 

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

Dear Dr. Solomon 

I am q u i t e concerned about the recent f i n d i n g of the WMO/UNEP 
Ozone Trends S c i e n t i f i c Assessment Panel t h a t "Methyl bromide i s the 
major source of s t r a t o s p h e r i c bromine." Methyl bromide i s , of course, 
a potent ozone d e s t r o y i n g chemical, and the Assessment r e p o r t as w e l l 
as other r e p o r t s i n the s c i e n t i f i c l i t e r a t u r e i n d i c a t e t h a t emissions 
of methyl bromide are l a r g e l y anthropogenic i n nature. 

I would l i k e t o discuss t h i s issue i n d e t a i l . To t h a t end, I 
would appreciate i t i f you could j o i n me f o r a meeting i n my o f f i c e on 
January 28 a t 12:30. I expect t h a t the meeting continue u n t i l 
approximately 2:30. Important issues i n c l u d e the s t a t e of our 
knowledge on the sources and sinks of methyl bromide; the volume of 
methyl bromide production and use i n the United States and abroad; the 
p r i n c i p l e uses of methyl bromide; and the a v a i l a b i l i t y of s u b s t i t u t e 
chemicals. Bob Watson from NASA, your colleague Dan A l b r i t t o n , Eileen 
Claussen and Steve F e i d e l from the Envirorunental P r o t e c t i o n Agency, 
and several r e p r e s e n t a t i v e s of the methyl bromide manufacturing 
i n d u s t r y have also been i n v i t e d t o a t t e n d . 

The l a t e s t f i n d i n g s on the r a t e , extent and d u r a t i o n of ozone 
d e p l e t i o n send a loud warning t h a t we must move ahead q u i c k l y i n 
e l i m i n a t i n g the produc t i o n and use of ozone destroying substances. I 
the r e f o r e very much appreciate your w i l l i n g n e s s t o p a r t i c i p a t e i n t h i s 
discussion. I have included i n t h i s l e t t e r a copy of d r a f t 
l e g i s l a t i o n t h a t I would also l i k e t o discuss a t our meeting. 

S i n c e r e l 

A l b e r t Gore, J r . 
United States Senator 



M E M O R A N D U M 

DATE:l-23-92 

TO:Dr. A l b r i t t o n and Dr. Solomon 

FROM:John H. Wosko 

SUBJECT:Methyl Bromide meeting 
Re: proposed L e g i s l a t i o n not yet ready; w i l l fax as soon 

as p o s s i b l e . 
Re: Mr. Paul Bergson, A t t . w i l l be organizing i n d u s t r y 

reps. 
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M E M O R A N D U M 

DATE: F e b r u a r y 20, 19 9 2 

TO: Methyl Bromide meeting p a r t i c i p a n t s 

FROM: Jack Wosko 

SUBJECT: The meeting on the 26th of February, from 4:00 t o 
6:00 pm. w i l l be h e l d i n room 189 of t h e R u s s e l l Senate 
O f f i c e B u i l d i n g . (same bldg as Senator Gore's o f f i c e ) . 



MEMORANDUM 

lO 

q9i 



MEMORANDUM 



0 



NEWS FRC 

© © 

A 

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

DATE 

TO ^ U/^ '^'^ O M/ 

PAGES i n c l u d i n g cover_ 

SUBJECT 



393 RUSSELL SENATE OFFICE BUILDING 

ALBERT GORE, JR. „ ^.^^ 
PHONE: 202-224-4944 

TENNESSEE 

WASHINGTON, DC 20510-4202 

Feburary 4 19 9 2 

Dr.Robert Watson FHQTOCOPY 
D i r e c t o r of. Process Studies Program O f f i c e MISC. B iANDWRITING 
NASA Headquarters 
S.E.P. 6 00 Independence Ave. S.W. 
Washington, D.C. 20546 

Dear Dr. Watson: 

Thank you again f o r p a r t i c i p a t i n g i n our meeting on methyl 
bromide. The news d e l i v e r e d yesterday by s c i e n t i s t s a t NASA 
headquarters regarding the p o t e n t i a l l y severe ozone d e p l e t i o n we may 
experience over North America r e a f f i r m s what we r e a l l y already know — 
we are dangerously i n t e r f e r i n g w i t h our planet's l i f e support systems, 
and we need t o act now t o remedy the s i t u a t i o n . Our own h e a l t h and 
t h a t of our c h i l d r e n depends on i t . 

But, we need t o plan our actions j u d i c i o u s l y and, t h e r e f o r e , we 
need t o ensure t h a t we are o p e r a t i n g on the best i n f o r m a t i o n 
a v a i l a b l e . I n t h a t regard, I wanted t o ensure t h a t the follow-up 
actions agreed t o a t the meeting are proceeding m a t i m e l y f ashion. 
As we l e f t i t , i n d u s t r y r e p r e s e n t a t i v e s had agreed t o make a v a i l a b l e 
to the s c i e n t i s t s at the meeting and the repres e n t a t i v e s of the _ 
Environmental P r o t e c t i o n Agency copies of the s c i e n t i f i c a n a l y s i s ot 
methyl bromide t h a t was done f o r them at AER l a b o r a t o r i e s i n 
Massachussetts. I n a d d i t i o n , i n d u s t r y r e p r e s e n t a t i v e s indi<;;ated t h a t 
a r e p o r t d e t a i l i n g g l o b a l production and use of methyl bromide would 
soon be completed and would also be made a v a i l a b l e t o the s c i e n t i s t s 
and agency r e p r e s e n t a t i v e s . 

The s c i e n t i s t s i n t u r n were t o make a v a i l a b l e t o the i n d u s t r y 
r e p r e s e n t a t i v e s the l a t e s t WMO/UNEP I n t e r n a t i o n a l Ozone Trends_ 
Assessment Report and t o recommend t o the i n d u s t r y r e p r e s e n t a t i v e s the 
most u s e f u l r e p o r t s i n the s c i e n t i f i c l i t e r a t u r e on t h i s matter. 

As we also agreed, I w i l l convene another meeting on t h i s issue 
w i t h i n — then t h r e e weeks, now two weeks — time. My s t a f f w i l l be 
i n touch immediately t o p i n down the optimum date. To proceed on t h i s 
f r o n t , however, I w i l l need t o receive from the i n d u s t r y 
r e p r e s e n t a t i v e s immediately a copy of the AER study so t h a t I can 
d i s t r i b u t e i t t o the l a r g e r group of s c i e n t i s t s we agreed would be 
i n v i t e d t o review i t . 

Again thank you f o r your time and a t t e n t i o n . I look forward t o 
seeing you soon and c o n t i n u i n g our work on t h i s very important matter. 

United States Senator 
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MISC. HANDWRITING 
Dr. Robert Watson 
D i r e c t o r of Process Studies Program O f f i c e 
NASA Headquarters 
S.E.P. 6 00 Independence ave. S.W. 
Washington, D.C. 20546 

Dear Dr. Watson: 

I am q u i t e concerned about the recent f i n d i n g of the WMO/UNEP_ 
Ozone Trends S c i e n t i f i c Assessment Panel, of which you are a co-chair, 
t h a t "Methyl bromide i s the major source of s t r a t o s p h e r i c bromine." 
Methyl bromide i s , of course, a potent ozone destroying chemical, and 
the Assessment r e p o r t as w e l l as other r e p o r t s i n the s c i e n t i f i c 
l i t e r a t u r e i n d i c a t e t h a t emissions of methyl bromide are l a r g e l y 
anthropogenic i n nature. 

I would l i k e t o discuss t h i s issue i n d e t a i l . To t h a t end, I 
would appreciate i t i f you could j o i n me f o r a meeting i n my o f f i c e on 
January 28 at 12:30. I expect t h a t the meeting continue u n t i l 
approximately 2:30. Important issues i n c l u d e the s t a t e of our 
knowledge on the sources and sinks of methyl bromide; the volume of 
methyl bromide prod u c t i o n and use i n the United States and abroad; the 
p r i n c i p l e uses of methyl bromide; and the a v a i l a b i l i t y of s u b s t i t u t e 
chemicals. Dan A l b r i t t o n and Susan Solomon from NOAA's Aeronomy Lab, 
Eileen Claussen and Steve Fe i d e l from the Environmental P r o t e c t i o n 
Agency, and several r e p r e s e n t a t i v e s of the methyl bromide 
manufacturing i n d u s t r y have also been i n v i t e d t o attend. 

The l a t e s t f i n d i n g s on the r a t e , extent and d u r a t i o n of cpzone 
d e p l e t i o n send a loud warning t h a t we must move ahead q u i c k l y m 
e l i m i n a t i n g the pr o d u c t i o n and use of ozone de s t r o y i n g substances. I 
the r e f o r e very much appreciate your w i l l i n g n e s s t o p a r t i c i p a t e m t h i s 
discussion. I have included i n t h i s l e t t e r a copy of d r a f t 
l e g i s l a t i o n t h a t I would also l i k e t o discuss a t our meeting. 

S i n c e r e l 

A l b e r t Gore, J r . 
United States Senator 



M E M O R A N D U M 

DATE:l-23-92 

TO:Dr. Robert Watson 

FROM:John H. Wosko 

SUBJECT:Methyl Bromide meeting 
Re: proposed L e g i s l a t i o n not yet ready; w i l l fax as soon 

as po s s i b l e . 
Re: Mr. Paul Bergson, A t t . w i l l be organizing i n d u s t r y 

reps. 
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ALBERT GORE, JR. 393 RUSSELL SENATE OFFICE BUILDING 

TENNESSEE PHONE: 202-224-4944 

WASHINGTON, DC 2 0 5 1 0 - 4 2 0 2 

Feburary 4 1992 

Dr. Daniel A l b r i t t o n PHOTOCOPY 
Di r e c t o r NOAA Aeronomy Labortory 
NOAA Aeronomy Labortory 
R/E/AL 325 Broadway 
Boulder, CO. 80303 

Dear Dr. A l d r i t t o n : 

Thank you again f o r p a r t i c i p a t i n g i n our meeting on methyl 
bromide. The news d e l i v e r e d yesterday by s c i e n t i s t s a t NASA 
headquarters regarding the p o t e n t i a l l y severe ozone d e p l e t i o n we may 
experience over North America r e a f f i r m s what we r e a l l y already know — 
we are dangerously i n t e r f e r i n g w i t h our planet's l i f e support systems, 
and we need t o act now t o remedy the s i t u a t i o n . Our own h e a l t h and 
t h a t of our c h i l d r e n depends on i t . 

But, we need t o plan our actions j u d i c i o u s l y and, t h e r e f o r e , we 
need t o ensure t h a t we are o p e r a t i n g on the best i n f o r m a t i o n 
a v a i l a b l e . I n t h a t regard, I wanted t o ensure t h a t the follow-up 
actions agreed t o a t the meeting are proceeding i n a t i m e l y f a s h i o n . 
As we l e f t i t , i n d u s t r y r e p r e s e n t a t i v e s had agreed t o make a v a i l a b l e 
t o the s c i e n t i s t s a t the meeting and the r e p r e s e n t a t i v e s of the 
Environmental P r o t e c t i o n Agency copies of the s c i e n t i f i c a n a l y s i s of 
methyl bromide t h a t was done f o r them a t AER l a b o r a t o r i e s i n 
Massachussetts. I n a d d i t i o n , i n d u s t r y r e p r e s e n t a t i v e s i n d i c a t e d t h a t 
a r e p o r t d e t a i l i n g g l o b a l p r o d u c t i o n and use of methyl bromide would 
soon be completed and would also be made a v a i l a b l e t o the s c i e n t i s t s 
and agency r e p r e s e n t a t i v e s . 

The s c i e n t i s t s i n t u r n were t o make a v a i l a b l e t o the i n d u s t r y 
r e p r e s e r i t a t i v e s the l a t e s t WMO/UNEP I n t e r n a t i o n a l Ozone Trends 
Assessment Report and t o recommend t o the i n d u s t r y r e p r e s e n t a t i v e s the 
most u s e f u l r e p o r t s i n the s c i e n t i f i c l i t e r a t u r e on t h i s matter. 

As we also agreed, I w i l l convene another meeting on t h i s issue 
w i t h i n — then three weeks, now two weeks — time. My s t a f f w i l l be 
i n touch immediately t o p i n down the optimum date. To proceed on t h i s 
f r o n t , however, I w i l l need t o receive from the i n d u s t r y 
r e p r e s e n t a t i v e s immediately a copy of the AER study so t h a t I can 
d i s t r i b u t e i t t o the l a r g e r group of s c i e n t i s t s we agreed would be 
i n v i t e d t o review i t . 

Again thank you f o r your time and a t t e n t i o n . I look forward t o 
seeing you soon and c o n t i n u i n g our work on t h i s very important matter. 

Sisfcerel 

3e]?t Sore, J r . 
United States Senator 
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WASHINGTON, DC 20510-4202 

January 22, 1992 

. . PHOTOCOPY 
Srec?Sr^NO^ AeronSmy Labortory MISC. HAIMOWRITING 
NOAA Aeronomy Labortory 
R/E/AL 325 Broadway 
Boulder CO. 80303 

Dear Dr. A l b r i t t o n 

I am q u i t e concerned about the recent f i n d i n g of the WMO/UNEP_ 
Ozone Trends S c i e n t i f i c Assessment Panel, of which you are a co-chair, 
t h a t "Methyl bromide i s the major source of s t r a t o s p h e r i c bromine." 
Methyl bromide i s , of course, a potent ozone d e s t r o y i n g chemical, and 
the Assessment r e p o r t as w e l l as other r e p o r t s i n the s c i e n t i f i c 
l i t e r a t u r e i n d i c a t e t h a t emissions of methyl bromide are l a r g e l y 
anthropogenic i n nature. 

I would l i k e t o discuss t h i s issue i n d e t a i l . To t h a t end, I 
would appreciate i t i f you could j o i n me f o r a meeting i n my o f f i c e on 
January 28 a t 12:30. I expect t h a t the meeting continue u n t i l 
approximately 2:30. Important issues include the s t a t e of our 
knowledge on the sources and sinks of methyl bromide; the volume of 
methyl bromide production and use i n the United States and abroad; the 
p r i n c i p l e uses of methyl bromide; and the a v a i l a b i l i t y of s u b s t i t u t e 
chemicals. Bob Watson from NASA, your colleague Susan Solomon, Eileen 
Claussen and Steve Feidel from the Environmental P r o t e c t i o n Agency, 
and several re p r e s e n t a t i v e s of the methyl bromide manufacturing 
i n d u s t r y have also been i n v i t e d t o at t e n d . 

The l a t e s t f i n d i n g s on the r a t e , extent and d u r a t i o n of ozone 
depl e t i o n send a loud warning t h a t we must move ahead q u i c k l y i n 
e l i m i n a t i n g the production and use of ozone d e s t r o y i n g substances. I _ 
the r e f o r e very much appreciate your w i l l i n g n e s s t o p a r t i c i p a t e i n t h i s 
discussion. I have included i n t h i s l e t t e r a copy of d r a f t 
l e g i s l a t i o n t h a t I would also l i k e t o discuss a t our meeting. 

Sincere 

Albsr-D' Gore, J r . 
United States Senator 
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ALBERT GORE, JR. 393 RUSSELL SENATE OFFICE BUILDING 

TENNESSEE P"ONE: 2 0 2 - 2 2 4 - 4 9 4 4 

finited States 3tnate 
WASHINGTON, DC 20510-4202 

Feburary 4 19 9 2 

Ms. Eileen Clausen 
D i r e c t o r of Atmosphere and Indoor A i r Program 
Environmental P r o t e c t i o n Agency 
401 M St. S.W. ANR-445 West Tower 739 
Washington, D.C. 20460 

Dear Ms. Clausen: 

Thank you again f o r p a r t i c i p a t i n g i n our meeting on methyl 
bromide. The news d e l i v e r e d yesterday by s c i e n t i s t s a t NASA 
headquarters regarding the p o t e n t i a l l y severe ozone d e p l e t i o n we may 
experience over North America r e a f f i r m s what we r e a l l y already know --
we are dangerously i n t e r f e r i n g w i t h our planet's l i f e support systems, 
and we need t o act now t o remedy the s i t u a t i o n . Our own h e a l t h and 
t h a t of our c h i l d r e n depends on i t . 

But, we need t o plan our actions j u d i c i o u s l y and, t h e r e f o r e , we 
need t o ensure t h a t we are operating on the best i n f o r m a t i o n 
a v a i l a b l e . I n t h a t regard, I wanted t o ensure t h a t the follow-up 
actions agreed t o a t the meeting are proceeding i n a t i m e l y f a s h i o n . 
As we l e f t i t , i n d u s t r y r epresentatives had agreed t o make a v a i l a b l e 
to the s c i e n t i s t s at the meeting and the r e p r e s e n t a t i v e s of the 
Environmental P r o t e c t i o n Agency copies of the s c i e n t i f i c a n a l y s i s of 
methyl bromide t h a t was done f o r them at AER l a b o r a t o r i e s i n 
Massachussetts. I n a d d i t i o n , i n d u s t r y r e p r e s e n t a t i v e s i n d i c a t e d t h a t 
a r e p o r t d e t a i l i n g g l o b a l production and use of methyl bromide would 
soon be completed and would also be made a v a i l a b l e t o the s c i e n t i s t s 
and agency r e p r e s e n t a t i v e s . 

The s c i e n t i s t s i n t u r n were t o make a v a i l a b l e t o the i n d u s t r y 
r e p r e s e n t a t i v e s the l a t e s t WMO/UNEP I n t e r n a t i o n a l Ozone Trends 
Assessment Report and t o recommend t o the i n d u s t r y r e p r e s e n t a t i v e s the 
most u s e f u l r e p o r t s i n the s c i e n t i f i c l i t e r a t u r e on t h i s matter. 

As we also agreed, I w i l l convene another meeting on t h i s issue 
w i t h i n — then three weeks, now two weeks -- time. My s t a f f w i l l be 
i n touch immediately t o p i n down the optimum date. To proceed on t h i s 
f r o n t , however, I w i l l need t o receive from the i n d u s t r y 
r epresentatives immediately a copy of the AER study so t h a t I can 
d i s t r i b u t e i t t o the l a r g e r group of s c i e n t i s t s we agreed would be 
i n v i t e d t o review i t . 

Again thank you f o r your time and a t t e n t i o n . I look forward t o 
seeing you soon and c o n t i n u i n g our work on t h i s very important matter. 

e r e l 

'Albert Gore, J r . 
United States Senator 
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MISC. HANDWRITING Ms. Eileen Clausen 
D i r e c t o r of Atmosphere and Indoor A i r Program 
Environmental P r o t e c t i o n Agency 
401 M St. S.W. ANR-445 West Tower 739 
Washington, D.C. 20460 

Dear Ms. Clausen 

I am q u i t e concerned about the recent f i n d i n g of the WMO/UNEP 
Ozone Trends S c i e n t i f i c Assessment Panel t h a t "Methyl bromide i s the 
major source of s t r a t o s p h e r i c bromine." Methyl bromide i s , of course, 
a potent ozone d e s t r o y i n g chemical, and the Assessment r e p o r t as w e l l 
as SthSr Reports i n the S c i e n t i f i c l i t e r a t u r e i n d i c a t e t h a t emissions 
of methyl bromide are l a r g e l y anthropogenic m nature. 

I would l i k e t o discuss t h i s issue i n d e t a i l . To t h a t end, I 
would appreciate i t i f you could j o i n me f o r a meeting i n my o f f i c e on 
January 28 a t 12:30. I expect t h a t the meeting continue u n t i l 
approximately 2:30. Important issues include the s t a t e of our 
knowledge on the source^ and sinks of methyl bromide; the volume of 
methyl bromide prod u c t i o n and use i n the United States ^^^^road; the 
p r i n c i p l e uses of methyl bromide; and the a v a i l a b i l i t y of s u b s t i t u t e 
chemicals. Bob Watson from NASA, Dan A l b r i t t o n and Susan Solomon from 
NOAA, your colleague Steve F e i d e l , Paul Bergson and several 
r e p r e s e n t a t i v e s of the methyl bromide manufacturing i n d u s t r y have also 
been i n v i t e d t o at t e n d . 

The l a t e s t f i n d i n g s on the r a t e , extent and d u r a t i o n of ozone 
d e p l e t i o n send a loud warning t h a t we must move ahead q u i c k l y m 
e l i m i n a t i n g the p r o d u c t i o n and use of ozone destroying substances. I 
th e r e f o r e very much appreciate your w i l l i n g n e s s t o p a r t i c i p a t e m t h i s 
d iscussion. I have included i n t h i s l e t t e r a copy of d r a f t 
l e g i s l a t i o n t h a t I would also l i k e t o discuss a t our meeting. 

S i n c e r e l 

''Albeif^ Gore, J r . 
United States Senator 
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SUBJECT:Methyl Bromide meeting 
Re: proposed L e g i s l a t i o n not yet ready; w i l l fax as soon 

as p o s s i b l e . 



January 22, 1992 

Dr. Robert Watson 

NASA Headquarters 
Washington, D.C. 

Dear Dr. Watson: 

I am q u i t e concerned about the recent f i n d i n g of the WMO/UNEP_ 
Ozone Trends S c i e n t i f i c Assessment Panel, of which you are a co-chair, 
t h a t "Methyl bromide i s the major source of s t r a t o s p h e r i c bromine." 
Methyl bromide i s , of course, a potent ozone de s t r o y i n g chemical, and 
the Assessment r e p o r t as w e l l as other r e p o r t s i n the s c i e n t i f i c 
l i t e r a t u r e i n d i c a t e t h a t emissions of methyl bromide are l a r g e l y 
anthropogenic i n nature. 

I would l i k e t o discuss t h i s issue i n d e t a i l . To t h a t end, I 
would appreciate i t i f you could j o i n me f o r a meeting i n my o f f i c e on 
January 28 a t 12:30. I expect t h a t the meeting continue u n t i l 
approximately 2:30. Important issues include the s t a t e of our 
knowledge on the sources and sinks of methyl bromide; the volume of 
methyl bromide production and use i n the United States and abroad; the 
p r i n c i p l e uses of methyl bromide; and the a v a i l a b i l i t y of s u b s t i t u t e 
chemicals. Dan A l b r i t t o n and Susan Solomon from NOAA's Aeronomy Lab, 
Eileen Claussen from the Environmental P r o t e c t i o n Agency, and several 
representatives of the methyl bromide manufacturing i n d u s t r y have also 
been i n v i t e d t o attend. 

The l a t e s t f i n d i n g s on the r a t e , extent and d u r a t i o n of cpzone 
d e p l e t i o n send a loud warning t h a t we must move ahead q u i c k l y i n 
e l i m i n a t i n g the production and use of ozone destroying substances. I _ 
t h e r e f o r e very much appreciate your w i l l i n g n e s s t o p a r t i c i p a t e i n t h i s 
discussion. I have included i n t h i s l e t t e r a copy of d r a f t 
l e g i s l a t i o n t h a t I would also l i k e t o discuss a t our meeting. 

Sincerely, 

A l b e r t Gore, J r . 
United States Senator 



\CAB\CAB92.028 

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 definitioris 
under the Emergency Planning and Community Right-to-Know Act of 1986. This 
meets your intent to cover the ful l 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 i f 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 
you do not intend. Each specific use may not directly destroy the stratospheric 
ozone 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 directiy de­
stroys i t . 1 1 • o. 
Please do not hesitate to call i f you have any questions. I marked this draft as 

a discussion draft so that you may review i t to see i f i t meets your intent. 



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

102D CONGRESS 
2D SESSION 

IN THE SENATE OF THE UNITED STATES 

.Mr. GORE iniroductjd the following bill; which was read twice and referred lo 
ihc, Commiuce on 

1 Be ll enacted by the Senate and Hov^e of Rep-

2 resentatives of tke United States of America in Congress 

3 assembled, 

4 SECTION. L 

5 The Confess finds that: 

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

7 mospherc (hereafter referred to as "stratospheric 

8 ozone") protects all living things from harmful idtra-

9 vTolet radiation from the sun. and has been sigrufi-

0 cantly (jiipltned over ;iimost every geographic area of 

1 the Earth because of the effect of air pollution con-

2 taining certain halogenated chemicals. 



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

2 

1 (2) Recently the Intemational Ozone Trends 

2 Scientific Assessment Panel of the United Nations 

3 Environment Program and the World Meterological 

4 Organization reported that the depletion of strato-

5 spheric ozone is occurring at a rate that is twice the 

6 rate that had previously been measured or predicted, 

7 and that even during summer months stratospheric 

8 ozone continues to be significantiy depleted. 

9 (4) The findings described in paragraphs (1) 

10 Lhr-ough U/ necessitate a reappraisal of national and 

11 international policies concerning the control of 

12 chemicals that contribute to the depletion of the 

13 stratospheric ozone. 

14 (5) Bromine in the stratospheric layer of the at-

15 mospherc (hereafter referred to as "stratospheric 

16 bromine") is estimated to be 30 to 120 times more 

17 efficient than chlorine with respect to causing the 

18 destruction of stratospheric ozone, and the major 

19 source of stratospheric bromine is methyl bromide. 

20 (6) Methyl bromide is not currendy regulated 

21 under the Clean Mr Act or the Act entitled ''An act 

22 to amend the Clear A r Act to provide for the estab-

23 lishment of health protective national ambient air 

24 (Quality standards, and for other purposes'' (com-



\CAB\CAB92.020 DISCUSSION DRAFT Si.C. 

3 

1 monly known as the Clean Air Act Amendments of 

2 1990). 

3 (7) Reductions in emissions of methyl bromide 

4 would contribute effectively to the restoration of 

5 ozone in the stratospheric layer. 

6 SEC. 2, PHASE-OUT OF METHYL BROMIDE. 

7 (a) I N GENERAL.-Titie VI of the Qean Air Act (42 

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

9 of the tide the following new section: 

1,0 "PHASE-OUT OF METHYL BROMIDE 

11 "SEC. 619. (a) I N GENERAL.—Except as provided in 

12 subsection (b), it shall be unlawful to manufacture, proc-

13 ess, or use methyl bromide, or import methyl bromide into 

14 the United States for processing ur use. 

15 "(b) WiUVERS.—(1) The Administrator may waive 

16 the requirements of subsection (a), i f— 

17 "(A) a person submits an application (in such 

18 form and maimer as the Administrator shall pre-

19 scribe by regulation) for a waiver under this sub-

20 section to the Administrator; and 

21 "(B) on the basis of the irLformation in the ap-

22 plication, the Administrator determines that the use 

23 of the methyl bronude that is the subject of the 

24 waiver will not contribute to the destruction of strat-

25 osphenc ozone. 
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1 "(2) The Administrator may attach such conditions to 

2 a waiver under this subsection as the Administrator deter-

3 mines to be appropriate. 

4 "(c) MANUFACTURE, PROCESS, DEFINED.—For the 

5 pujrposes of this section— 

6 "(1) the term 'manufacture' has the meaning 

7 given by section 313(b)(l)(C)(i) of the Emergency 

8 Planning and Community Right-To-Know Act of 

9 1986 (42 U.S.C. 11023(b)(l)(C)(i)); and 

10 (2) the term 'process' has the meaning given by 

11 section 3l3(b)(l)(C)(ii) of such Act (42. U.S.C. 

12 11023(b)(l)(C)(ii)). 

13 "(d) EFFECTIVE DATE.—The provisions of this sec-

14 tion shall become effective on January 1, 1996.". 



NEWS FROM 
;.fACRiCvj/T,uu[V:-'.V-; 

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

DATE 

TO "̂ "̂ ^̂ ^̂ M 

FROMW^V^ 

PAGES in c l u d i n g covs 

a? 
5 

1 

1^ 

10 

SUBJECT 

7 



M E M O R A N D U M 

DATE: January 28, 1992 

TO: Al 

FROM: Katie 

SUBJECT: Methyl Bromide meeting 

************************************************************ 

Who w i l l be here; 

o Bob Watson (NASA) 
o Susan Solomon (NOAA) 
o E i l e e n Claussen (EPA) 
o Steve Se ide l (EPA) 
o Paul Bergson (an at torney who represents the methyl 

bromide industry on ozone i s sues ) 
o Tom Dufala ( T r i c a l d i rec tor of research) 
o 

O b 1 e c t i v e : The g o a l i s to make a s o l i d c a s e t h a t the 
product ion and use of methyl bromide (CH3Br) s h o u l d be 
phased out i n shor t o r d e r . Each of the p a r t i c i p a n t s i n 
t h i s d i s c u s s i o n has r e c e i v e d a copy of t h e d r a f t b i l l 
( a t t a c h e d ) , and t h e r e f o r e knows t h a t you propose to 
ban ch3br as of january 1, 1996. 

I n d u s t r y Arguments A g a i n s t ; I n a d d i t i o n to the u s u a l 
moaning and w a i l i n g , I ant ic ipate the f o l l o w i n g : They w i l l 
a t t a c k t h e s u f f i c i e n c y of our knowledge of the bromine 
budget - - what are the p r i n c i p l e sources of a t m o s p h e r i c 
bromine?; even i f CH3Br i s a primary source of atmospheric 
bromine, does the CH3Br d e r i v e p r i m a r i l y from n a t u r a l or 
anthropogenic s o u r c e s ; does CH3Br-derived bromine d i r e c t l y 
contribute to ozone loss — i . e . , does the CH3Br make i t to 
the s t ra tosphere to d e l i v e r i t s bromine payload, and i f so, 
i s the bromine found i n ac t ive form (BrO) or i s i t held i n a 
n o n r e a c t i v e s ink (HBr)?; CH3Br i s an e s s e n t i a l a g r i c u l t u r a l 
product and we have no su i table subst i tutes . 

N O T E T H A T T H E Y MAY MENTION THAT THEY INTEND TO 
ESTABLISH A TWO MILLION RESEARCH EFFORT TO ENHANCE OUR 
UNDERSTANDING OF THE BROMINE BUDGET. DON'T BUY THIS. WE 
HAVE SUFFICIENT KNOWLEDGE OF THE BUDGET TO JUSTIFY ACTION 
NOW, AND (AS I WILL DISCUSS FURTHER BELOW), THE OFFER IS 
A STALL TACTIC. 



Bottom L i n e ; I t i s t r u e that we do not understand bromine 
chemistry as we l l as c h l o r i n e chemis t ry , however, we have 
evidence s u f f i c i e n t to counter the arguments r e l a t i n g to 
the bromine budget. The q u e s t i o n of s u b s t i t u t e s i s a 
tougher one. For some of i t s u s e s , neimely as a space and 
commodi ty f u m i g a n t , I h a v e come a c r o s s p r o m i s i n g 
s u b s t i t u t e s . For other uses, neimely as a s o i l fumigant and 
f u n g i c i d e and n e m a t i c i d e , t h e a l t e r n a t i v e s a r e n o t 
as apparant . However, on t h i s score your message should be 
that i n d u s t r y should s i n k i t s 2 m i l l i o n not in to f u r t h e r 
a t m o s p h e r i c c h e m i s t r y r e s e a r c h , but i n t o f i n d i n g s a f e 
subst i tute substances and/or processes. 

Background on Methyl Bromide; 

This sh*t i s ubiquitous; 

F i r s t in troduced as an i n s e c t i c i d e i n 1932. Now used 
wide ly as a fumigant f o r a l l t y p e s of d r y f o o d s t u f f s , 
e s p e c i a l l y produce contained in bags or packages ("commodity 
fumigant"). I t i s a l s o used i n m i l l s , warehouses, s h i p s , 
and f r i eght cars ("s tructura l fiimigant"); i n greenhouses and 
f i e l d s for the control of nematodes, fungi , and weeds ("so i l 
fumigant") . There are some 87 raw a g r i c u l t u r a l commodities 
on the l i s t of foodstuffs that may l e g a l l y be t r e a t e d w i t h 
ch3br, i n c l u d i n g 13 k inds of nu t s , 10 kinds of gra ins , 36 
kinds of v e g e t a b l e s , 19 k inds of f r u i t s as w e l l as every 
c o n c e i v a b l e v a r i e t y of processed foods. Moreover, USDA 
requires i t s use as a fumigant on a wide v a r i e t y of imported 
f r u i t s and vegetables as a condition of t h e i r entry into the 
US. 

T h e r e a l s o a r e non-ag u s e s , i n c l u d i n g i n d u s t r i a l 
a p p l i c a t i o n s as a d i s i n f e c t a n t , m e t h y l a t i n g agent and 
degreaser . Also used as a f i r e extinguisher (don't know i f 
t h i s u s e c o n t i n u e s , a s a c c o r d i n g to one a r t i c l e : 
" O r i g i n a l l y , they used i t i n f i r e ext inguishers , . . . u n t i l 
they n o t i c e d c e r t a i n peop le dropp ing dead whent t h e y 
extinguished f i r e s i n closed spaces.") 

SEE ATTACHED MAP OF USAGE IN THE UNITED STATES. NOTE 
THAT TENNESSEE IS A HEAVY USER. (Also note, cur ious ly , that 
bread basket s tates do not r e l y on i t ) . 

This sh*t i s nasty; 

CH3Br i s l i s t e d under the T o x i c C h e m i c a l R e l e a s e 
I n v e n t o r y of the Community Right To Know Act as one of 
approximately 300 chemicals regarded as "acute ly t o x i c , 
p o s s i b l e c a r c i n o g e n i c , or capable of having a s i g n i f i c a n t 
adverse e f f e c t on the environment." According to a 19 90 
Buzzworm a r t i c l e methyl bromide i s "an extremely hazardous 
poison - - a poison w i t h no known a n t i d o t e , c a p a b l e of 



c a u s i n g symptoms r a n g i n g form headaches , vomit ing and 
vert igo to p s y c h o s i s , c o n v u l s i o n s , d e l i r i u m , r e s p i r a t o r y 
f a i l u r e and c e n t r a l nervous system depression r e s u l t i n g i n 
death." 

The most au thor i ta t i ve statement on the toxicology and 
carcinogenesis i s Health and Hiiman S e r v i c e ' s 1990 N a t i o n a l 
Toxicology Program report; 

o i t ' s t o x i c . . . . "Short-term t o x i c i t y t e s t s conducted 
i n v a r i o u s species have shown that methyl bromide i s highly 
toxic to mammals." Moreover, "serious exposure can occur 
without warning" because "methyl bromide has l i t t l e odor at 
p o t e n t i a l l y t o x i c c o n c e n t r a t i o n s , " and because m e t h y l 
bromide i s "extremely p e n e t r a t i n g , " "standard protect ive 
c l o t h i n g d i d l i t t l e to p r e v e n t exposure i n f u m i g a t i o n 
operations". 

o i t ' s mutagenic. . . ."exposure by inha la t ion of methyl 
bromide gas resu l ted i n a s i g n i f i c a n t increase i n sex- l inked 
l e t h a l mutations i n the germ c e l l s " of male f l i e s . 

o i t ' s l e t h a l . . . . "At l e a s t 115 known f a t a l i t i e s and 
843 known s y s t e m i c , s k i n , eye , and o t h e r i n j u r i e s have 
r e s u l t e d form methyl bromide exposure." (On t h i s point see 
a lso Casarett and D o u l l ' s Toxico logy: "methyl bromide i s 
s a i d to have been r e s p o n s i b l e f o r more deaths i n r e c e n t 
years among o c c u p a t i o n a l l y exposed persons i n C a l i f o r n i a 
than a l l of the more p u b l i c i z e d organophosphate group of 
i n s e c t i c i d e s " ) . 

o i t ' s a l so c o n t r o v e r s i a l . . . . 

carcinogenic?? 

A Dutch government study s t a r t l e d EPA and NIH when i t 
found t h a t , i n j u s t 90 days, methyl bromide fed t o r a t s 
produced cancerous tumors. NIH s c i e n t i s t s subsequently 
reviewed the slides used i n the Dutch study and concluded 
that the Dutch had misinterpreted them. According to the US 
researchers, what the r a t s developed were " h y p e r p l a s t i c 
lesions of the forestomach", not carcinoma. But, either way 
the news a i n ' t good -- such "hyperplastic responses are 
us u a l l y c h a r a c t e r i s t i c of carcinogenic chemicals," and the 
lesions are often forerunners of carcinoma. Moreover, the 
Dutch suspect t h a t the r e a l reason US c r i t i c i z e d t h e i r 
r e s u l t s was because EPA i n 1983 had t o place e t h y l e n e 
dibromide, a fumigant used f o r many of the same purposes as 
methyl bromide, under an emergency ban when i t was 
discovered -- contrary to e a r l i e r EPA assurances — to be a 
strong carcinogen. I do not know what has been done since 
the Dutch study to resolve t h i s question. 



food residues?? 

Despite i t s acute toxicity and ubiquitous use, testing 
for ch3br residues in foodstuffs i s not required (at l e a s t 
as of the writing of the Buzzworm a r t i c l e of March/April 
1990). Why? Because, since i t i s used in gaseous form, i t 
was assumed that none would p e r s i s t to be absorbed by 
foodstuffs. The l i d was blown on this idea, however, in the 
mid-1980's when, under a USDA quarantine program, methyl 
bromide residues were detected i n C a l i f o r n i a nuts and 
Florida citrus. And i t i s known that methyl bromide i s very 
soluble in fats, so products containing high o i l and fatty 
a c i d , such as nuts and cheese are l i k e l y to retain i t . 
Nonetheless, the largest mfgrs of methyl bromide (Great 
Lakes Chemical Company and Ethyl Corp. ) claim that they do 
test and have found no detectable levels of methyl bromide. 
Note here that, even i f EPA decided to require such tests, 
i t would be dependent on industry-submitted data. 

Ozone Depletion; 

From the r e c e n t 1991 UNEP/WMO I n t e r n a t i o n a l Ozone 
Trends S c i e n t i f i c Assessment: 

"Stratospheric bromine i s 30 - 120 times more e f f i c i e n t 
than s t r a t o s p h e r i c c h l o r i n e i n d e s t r o y i n g ozone on a per 
atom b a s i s . " 

" M e t h y l b r o m i d e i s t h e m a j o r c o n t r i b u t o r to 
s t r a t o s p h e r i c bromine ( I S p p t v ) . The s o u r c e s of m e t h y l 
bromide are not w e l l c h a r a c t e r i z e d ; however, s i g n i f i c a n t 
anthropogenic emissions have been suggested." 

" I f the anthropogenic sources of methyl bromide are 
s i g n i f i c a n t and t h e i r emiss ions can be reduced, then each 
10% r e d u c t i o n i n methyl bromide would rap id ly r e s u l t i n a 
decrease i n s t r r a t o s p h e r i c bromine of 1.5 pptv, which i s 
equivalent to a reduction i n s tratospheric chlorine of 0.045 
to 0.18 ppbv. This gain i s comparable to tha t of a t h r e e -
year acce lerat ion of the scheduled phase-out of the CFCs. 

Ozone Depletion Potent ia l 

Susan Solomon i s a l ead author of the chapter of the 
I n t e r n a t i o n a l Assessment d e a l i n g w i t h ODPs. The b e s t 
consensus i s that the steady state ODP for ch3br i s 0.6. 

Susan emphasizes tha t t h i s i s a c o n s e r v a t i v e v a l u e . 
"Steady s t a t e s " v a l u e s are determined on the bas is of the 
amount of ozone deplet ion the substance i n ques t ion would 
cause over a 100 year l i f e t i m e . CH3Br, however, i s a very 



shor t - l i ved species — 1-2 years . I f instead we look at i t s 
ozone d e p l e t i o n p o t e n t i a l over t h a t time h o r i z o n , the 
extremely acute impact of ch3br on ozone becomes c l e a r ; 
"Note t h a t although CH3Br d i s p l a y s a r e l a t i v e l y small ODP 
over long time horizons, i t has a very l a r g e ODP f o r shor t 
time s c a l e s by v i r t u e of i t s short l i f e t i m e and the large 
va lue of [ i t s ozone d e p l e t i o n e f f i c i e n c y r e l a t i v e to 
c h l o r i n e ] . " The impl icat ion i s that controls on CH3Br w i l l 
have s i g n i f i c a n t , immediate i m p a c t on r e d u c i n g t h e 
atmospheric concentration of ozone destruct ive substances. 

Regulatory Implication and Your Legislation; 

Pursuant t o the Clean A i r Act, EPA i s required to l i s t 
any substance w i t h an ODP of 0.2 or greater as a Class I 
substance — t h a t i s , as an ozone destroyer t h a t w i l l be 
completely phased out by 2000. 

You must be careful to make clear to industry that you 
are not proposing new l e g i s l a t i o n because i t i s your opinion 
t h a t EPA c u r r e n t l y does not have a u t h o r i t y t o reg u l a t e 
ch3br and t h e r e f o r e new l e g i s l a t i o n i s necessary. To the 
cont r a r y , now that the ODP determination has been made, EPA 
does have t h a t a u t h o r i t y and i n f a c t i s required t o act . 
The p o i n t of your l e g i s l a t i o n i s not t o e s t a b l i s h EPA 
authority under Clean A i r , but r a t h e r , t o force EPA t o go 
even fu r t h e r and faster than Clean A i r permits. 

What i s the rationale f o r making EPA move faster?? 

F i r s t , t h e Par t i e s t o the Montreal Protocol i n the 
next year w i l l meet t o decide on an accelerated phaseout 
schedule. I n d i c a t i o n s are t h a t substances t h a t would be 
considered "Class I " chemicals under Clean A i r — as ch3br 
now w i l l be considered -- w i l l be phased out by 1996 under 
the amendments that l i k e l y w i l l be proposed. Therefore, you 
simply jump s t a r t the process and d i r e c t that that be the 
phaseout date f o r methylbromide. This i s a f a v o r t o 
i n d u s t r y -- i t ' s gonna happen anyway and you provide them 
with "regulatory c e r t a i n t y " . . . . 

Second, regardless of what occurrs i n t e r n a t i o n a l l y , the 
s i g n i f i c a n t short term gains t h a t can be had from ch3br 
r e g u l a t i o n argue f o r an expedited process. I f instead we 
wait f o r r e g u l a t i o n pursuant t o the current terms of the 
Clean A i r Act, the process, i n v o l v i n g p u b l i c n o t i c e and 
hearings could be quite protracted. 

Industry Response 



I n d u s t r y t h e r e f o r e knows t h e r e ' s t r o u b l e i n 
p a r a d i s e f o r them. (Meanwhile nematoids across the country 
are c e l e b r a t i n g . . . ) . That does not mean however t h a t they 
a r e prepared to r a i s e the white f l a g . To the c o n t r a r y , 
industry plans to f i ght the Clean A i r Class I l i s t i n g on the 
g r o u n d s t h a t our knowledge of the bromine budget i s 
i n s u f f i c i e n t , and consequently, the ch3br ODP determinat ion 
i s unsound. A l so as ind icated above, industry ' s game w i l l 
be to propose a 2 m i l l i o n r e s e a r c h e f f o r t to get a b e t t e r 
handle on the chemistry (and to postpone immediate a c t i o n ) . 

Response to Industry Criticisms 

o I s methyl bromide a s i g n i f i c a n t source of 
atmospheric bromine? 

As indicated above, the International Assessment states 
t h a t methyl bromide i s the major c o n t r i b u t o r to 
stratospheric bromine. 

In addition, Anderson states i n a 1989 a r t i c l e i n 
Nature: Salawitch et a l . "conclude that the total organic 
bromine source i s between 6 and 20 pptv, with 3 pptv being 
the man-made perhalogenated bromine gases CF3Br and CF2BrCl, 
and the rest being methyl bromide". 

0 Even i f methyl bromide i s a significant source of 
atmospheric bromine, what proof i s there that there i s a 
s i g n i f i c a n t anthropogenic contribution to atmospheric 
concentrations ? 

Industry w i l l bolster this point by noting — correctly 
— that the oceans are a major natural source of CH3Br. In 
addition, industry a l s o argues that i t s use of methyl 
bromide does not contribute to atmospheric concentrations 
because i t gets degraded by s o i l microbes when i t i s 
injected into the ground. Taking each of these points in 
turn; 

Ocean contribution; 

Again, the international assessment said "significant 
anthropogenic emissions have been suggested." In addition, 
in a 1985 l e t t e r to Nature, Penkett et a l . reported that 
"the weight of the evidence does not favor a large natural 
source [of ch3br. Rather], Our interpretation of the data 
. . . suggests that the predominant source of CH3Br in the 
atmosphere i s anthropogenic rather than natural." 

1 am unaware of any other natural t e r r e s t r i a l sources 
of CH3Br. And Grosjean reports in a 1991 ar t i c l e in J. Air 



Waste Manage. Assoc. that "There are no reactions by which 
methyl bromide may form in the atmosphere." 

Soil Degradation; 

Because CH3Br has C-H bonds, i t i s possible that bugs 
would eat i t . I am unaware of any evidence demonstrating 
this, however. 

Moreover, as noted above, direct injection into s o i l i s 
only one of the uses of CH3Br. As indicated, there are 
s i g n i f i c a n t n o n - a g r i c u l t u r a l uses. And even fdr the 
a g r i c u l t u r a l uses, methyl bromide i s used as a space and 
commodity fumigant as well as a s o i l fumigant. When blasted 
into s i l o s or on commodities, methyl bromide of course 
escapes into the atmosphere. Indeed i t must be vented into 
the atmosphere because, since i t i s acutely toxic, humans 
could not enter premises where i t has been used unless the 
premises had been f u l l y a i r e d . Venting i s standard 
practice, and i t has often been specifically because venting 
was not done thoroughly enough that humans have been k i l l e d 
— sometimes instantly — from exposure. Methyl bromide has 
a tendency to hide in "pockets" like bathrooms, drawers and 
other close spaces and therefore i s not always fully flushed 
out in the venting process. Now that CH3Br i s being used to 
fumigate homes and restaurants, etc. people have been ki l l e d 
when they encountered these lingering pockets. 

o Even i f anthropogenically-derived CH3Br i s a major 
source of atmospheric bromine, how do we know that i t makes 
i t up to the stratosphere to deliver i t s bromine payload? 

CALL CICERONE 

To refer to Anderson's 1989 Nature a r t i c l e again, he 
cites Salawitch et a l . for the proposition that 6-20 pptv of 
inorganic bromine i s delivered to the "lower stratosphere" 
by organic gases, and primarily by CH3Br. 

In addition, Gros jean states that; "Methyl bromide i s 
one of the l e a s t reactive toxic a i r contiminants, with a 
correspondingly long p e r s i s t e n c e i n the atmosphere. 
Reactions with 03 and N03 are negligibly slow. Photolysis 
i s a negligible removal process for CH3Br i n the lower 
troposphere. Methyl bromide reacts only slowly with the 
hydroxyl radical." Therefore, ch3br survives the reactions 
that cleanse many other substances out of the troposphere. 
I t therefore l i k e l y p e r s i s t s and makes i t s way into the 
stratosphere. As Grosjean continues; "Upward diffusion and 
deposition are thus the dominant loss processes for CH3Br in 
the troposhere." 



o Even i f the bromine does get d e l i v e r e d to the 
stratosphere, does the bromine then destroy ozone? 

The q u e s t i o n h e r e i s whether the bromine i n t h e 
s t r a t o s p h e r e i s i n a c t i v e form (BrO) or i s trapped i n a 
re servo ir such as hydrobromic ac id (HBr). Measurements made 
by Jay Park support the notion that the bromine i s t i e d up 
as hydrobromic a c i d . However, there i s evidence t h a t these 
measurements are incorrec t ; 

Watson indicated to me that Wes Traub used 2 d i f f e r e n t 
techniques and could not reproduce Park's r e s u l t s — HBr was 
not measured. 

I n a d d i t i o n , Jim Anderson has made d i r e c t , i n s i t u 
measurements at the poles and at midlat i tudes. He has found 
s i g n i f i c a n t c o n c e n t r a t i o n s of r e a c t i v e bromine; I n the 
m i d l a t i t u d e s ; "BrO l e v e l s were 5 p a r t s per t r i l l i o n by 
volume between 18 and 21 ki lometers, and 2.4 pptv below that 
a l t i t u d e . " Sc i ence (1988) . Over A n t a r c t i c a ; 15 p p t v . 
J.Geophys. Res. (1989). Over the A r c t i c : "Mixing rat ions of 
B r O h a v e b e e n m e a s u r e d i n t h e a r c t i c l o w e r 
s t r a t o s p h e r e . . . O b s e r v a i t o n s from fourteen f l i g h t s above the 
Arctc C i r c l e . . . d e f i n e d mixing r a t i o s within the vortex of 4 
+ / - 2 pptv a t a p o t e n t i a l temperature of 400K, r i s i n g to 8 
-H/- 2 pptv at 470 K." Geophys. Res. L t r s . (1990). 

Subst i tutes 

o Commodity Fumigant 



DATE: January 28, 1992 

TO: Al 

FROM; Katie 

SUBJECT: Methyl Bromide meeting 

***************************************************** 

Who w i l l be here; 

o Bob Watson (NASA) 
o Susan Solomon (NOAA) 
o Eileen Claussen (EPA) 

;E^EA') 
'̂ an at torney who represents the methyl 

bromide"inaustry—orr^zone i s sues ) 
o Tom Duafala ( * T r i c a l Director of Research) 
o Harvey Shulman ( * T r i c a l lawyer) 

* T r i c a l does not produce methyl bromide; Lp formulates ag 
chemicals from CH3Br and r e t a i l s . 

O b i e c t i v e ; The g o a l i s to make a s 
product ion and use of methyl bromide 
phased out i n shor t o r d e r . Each of 
t h i s d i s c u s s i o n has r e c e i v e d a copy 
( a t t a c h e d ) 
ban ch3br as 

o l id .vcas thc i t ' t h e 
(CH3Br) s h o u l d be 

the p a r t i c i p a n t s i n 
of the d r a f t / b i l l 

, and t h e r e f o r e knows t h a t you 
of january 1, 1996. 

propo'se to 

I n d u s t r y Arguments A g a i n s t ; I n a d d i t i o n to t-fie u s u a l 
moaning and w a i l i n g , I ant ic ipate the fo l lowing;J!rhey w i l l 
a t t a c k t h e s u f f i c i e n c y of our knowledge of tne bromine 
budget - - what are the p r i n c i p l e sources of a t m o s p h e r i c 
bromine?; even i f CH3Br i s a primary source of' atmospheric 
bromine, does the CH3Br d e r i v e p r i m a r i l y from n a t u r a l or 
anthropogenic s o u r c e s ; does CH3Br-derived bromine d i r e c t l y 
contribute to ozone loss — i . e . , does the CH8Br make i t to 
the s t ra tosphere to d e l i v e r i t s bromine payload, and i f so, 
i s the bromine found i n act ive form (BrO) or i s i t held i n a 
n o n r e a c t i v e s ink (HBr)?; CH3Br i s an e s s e n t i a l a g r i c u l t u r a l 
product and we have no su i table subst i tutes . 

NOTE THAT THEY MAY MENTION THAT THEY INTEND TO 
ESTABLISH A TWO MILLION RESEARCH EFFORT TO ENHANCE OUR 
UNDERSTANDING OF THE BROMINE BUDGET./ DON'T BUY THIS. WE 
HAVE SUFFICIENT KNOWLEDGE OF THE BUDGf^ TO JUSTIFY ACTION 



NOW, AND (AS I WILL DISCUSS FURTHER BELOW), THE OFFER IS 
A STALL TACTIC. 

Bottom L i n e ; I t i s t r u e that we do not understand bromine 
chemistry as we l l as c h l o r i n e c h e m i s t r y , however, we have 
evidence s u f f i c i e n t to counter the arguments r e l a t i n g to 
the bromine budget. The q u e s t i o n of s u b s t i t u t e s i s a 
tougher one. For some of i t s u se s , namely as a space and 
commodi ty f u m i g a n t , I h a v e come a c r o s s p r o m i s i n g 
s u b s t i t u t e s . For other uses, namely as a s o i l fumigant and 
f u n g i c i d e and n e m a t i c i d e , t h e a l t e r n a t i v e s a r e n o t 
as apparant . However, on t h i s score your message should be 
that i n d u s t r y should s i n k i t s 2 m i l l i o n not i n t o f u r t h e r 
a t m o s p h e r i c c h e m i s t r y r e s e a r c h , but i n t o f i n d i n g s a f e 
subst i tute substances and/or processes. 

Background on Methyl Bromide; 

This sh*t i s ubiquitous; 

F i r s t in troduced as an i n s e c t i c i d e i n 1932. Now used 
wide ly as a fumigant f o r a l l t y p e s of d r y f o o d s t u f f s , 
e s p e c i a l l y produce contained i n bags or packages ("commodity 
fumigant"). I t i s a l s o used i n m i l l s , warehouses, s h i p s , 
and f r i eght cars ("s tructura l fumigant"); in greenhouses and 
f i e l d s for the control of nematodes, fungi , and weeds ("so i l 
fumigant") . There are some 87 raw a g r i c u l t u r a l commodities 
on the l i s t of foodstuffs that may l e g a l l y be t r e a t e d wi th 
ch3br, i n c l u d i n g 13 k inds of n u t s , 10 kinds of gra ins , 36 
kinds of v e g e t a b l e s , 19 k inds of f r u i t s as w e l l as every 
c o n c e i v a b l e v a r i e t y of processed foods. Moreover, USDA 
requires i t s use as a fumigant on a wide v a r i e t y of imported 
f r u i t s and vegetables as a condition of t h e i r entry into the 
US. 

T h e r e a l s o a r e non-ag u s e s , i n c l u d i n g i n d u s t r i a l 
a p p l i c a t i o n s as a d i s i n f e c t a n t , m e t h y l a t i n g agent and 
degreaser . Also used as a f i r e extinguisher (don't know i f 
t h i s u s e c o n t i n u e s , a s a c c o r d i n g to one a r t i c l e : 
" O r i g i n a l l y , they used i t i n f i r e ext inguishers , . . . u n t i l 
they n o t i c e d c e r t a i n peop le d r o p p i n g dead whent t h e y 
extinguished f i r e s i n closed spaces.") 

SEE ATTACHED MAP OF USAGE IN THE UNITED STATES. NOTE 
THAT TENNESSEE IS A HEAVY USER. (Also note, cur ious ly , that 
bread basket s tates do not r e l y on i t ) . 

This sh*t i s nasty; 

CH3Br i s l i s t e d under the Toxic Chemical Release 
I n v e n t o r y of the Community Right To Know Act as one of 
approximately 300 chemicals regarded as "acutely t o x i c , 
possible carcinogenic, or capable of having a s i g n i f i c a n t 



adverse e f f e c t on the environment." According to a 1990 
Buzzworm a r t i c l e methyl bromide i s "an extremely hazardous 
poison — a poison w i t h no known a n t i d o t e , c a p a b l e of 
c a u s i n g symptoms r a n g i n g form headaches , vomit ing and 
vert igo to p s y c h o s i s , c o n v u l s i o n s , d e l i r i u m , r e s p i r a t o r y 
f a i l u r e and c e n t r a l nervous system depression r e s u l t i n g i n 
death." 

The most a u t h o r i t a t i v e statement on the toxicology and 
carcinogenesis i s Health and Human S e r v i c e ' s 1990 N a t i o n a l 
Toxicology Program report: 

o i t ' s t o x i c . . . . "Short-term t o x i c i t y t e s t s conducted 
i n v a r i o u s species have shown that methyl bromide i s highly 
toxic to mammals." Moreover, "serious exposure can occur 
without warning" because "methyl bromide has l i t t l e odor at 
p o t e n t i a l l y t o x i c c o n c e n t r a t i o n s , " and b e c a u s e m e t h y l 
bromide i s "extremely p e n e t r a t i n g , " "standard protec t ive 
c l o t h i n g d i d l i t t l e to p r e v e n t exposure i n f u m i g a t i o n 
operations". 

o i t ' s mutagenic . . . . "exposure by inha la t ion of methyl 
bromide gas resu l ted i n a s i g n i f i c a n t increase i n sex- l inked 
l e t h a l mutations in the germ c e l l s " of male f l i e s . 

o i t ' s l e t h a l . . . . "At l e a s t 115 known f a t a l i t i e s and 
843 known s y s t e m i c , s k i n , eye , and o t h e r i n j u r i e s have 
r e s u l t e d form methyl bromide exposure." (On t h i s point see 
also Casaret t and D o u l l ' s Toxico logy: "methyl bromide i s 
s a i d to have been r e s p o n s i b l e f o r more deaths i n r e c e n t 
years among o c c u p a t i o n a l l y exposed persons i n C a l i f o r n i a 
than a l l of the more p u b l i c i z e d organophosphate group of 
i n s e c t i c i d e s " ) . 

o i t ' s a l so c o n t r o v e r s i a l . . . . 

carcinogenic?? 

A Dutch government study s t a r t l e d EPA and NIH when i t 
found t h a t , i n j u s t 90 days, methyl bromide fed t o r a t s 
produced cancerous tumors. NIH s c i e n t i s t s subsequently 
reviewed the slides used i n the Dutch study and concluded 
that the Dutch had misinterpreted them. According to the US 
researchers, what the r a t s developed were " h y p e r p l a s t i c 
lesions of the forestomach", not carcinoma. But, eit h e r way 
the news a i n ' t good -- such "hyperplastic responses are 
us u a l l y c h a r a c t e r i s t i c of carcinogenic chemicals," and the 
lesions are often forerunners of carcinoma. Moreover, the 
Dutch suspect t h a t the r e a l reason US c r i t i c i z e d t h e i r 
r e s u l t s was because EPA i n 1983 had t o pla c e e t h y l e n e 
dibromide, a fumigant used f o r many of the same purposes as 
methyl bromide, under an emergency ban when i t was 
discovered -- contrary to e a r l i e r EPA assurances — t o be a 



strong carcinogen. I do not know what has been done since 
the Dutch study to resolve t h i s question. 

food residues?? 

Despite i t s acute t o x i c i t y and ubiquitous use, t e s t i n g 
for ch3br residues i n foodstuffs i s not required ( a t l e a s t 
as of the w r i t i n g of the Buzzworm a r t i c l e of March/April 
1990). Why? Because, since i t i s used i n gaseous form, i t 
was assumed t h a t none would p e r s i s t t o be absorbed by 
foodstuffs. The l i d was blown on t h i s idea, however, i n the 
mid-1980's when, under a USDA quarantine program, methyl 
bromide residues were d e t e c t e d i n C a l i f o r n i a nuts and 
Florida c i t r u s . And i t i s known that methyl bromide i s very 
soluble i n f a t s , so products containing high o i l and f a t t y 
a c i d , such as nuts and cheese are l i k e l y t o r e t a i n i t . 
Nonetheless, the l a r g e s t mfgrs of methyl bromide (Great 
Lakes Chemical Company and Ethyl Corp.) claim that they do 
tes t and have found no detectable levels of methyl bromide. 
Note here t h a t , even i f EPA decided to require such t e s t s , 
i t would be dependent on industry-submitted data. 

Ozone Depletion; 

From the recent 1991 UNEP/WMO I n t e r n a t i o n a l Ozone 
Trends S c i e n t i f i c Assessment; 

"Stratospheric bromine i s 30 - 120 times more e f f i c i e n t 
than s t r a t o s p h e r i c c h l o r i n e i n destroying ozone on a per 
atom basis." 

" M e t h y l b r o m i d e i s t h e m a j o r c o n t r i b u t o r t o 
s t r a t o s p h e r i c bromine ( I S p p t v ) . The sources of methyl 
bromide are not w e l l characterized; however, s i g n i f i c a n t 
anthropogenic emissions have been suggested." 

" I f the anthropogenic sources of methyl bromide are 
s i g n i f i c a n t and t h e i r emissions can be reduced, then each 
10% r e d u c t i o n i n methyl bromide would ra p i d l y r e s u l t i n a 
decrease i n s t r r a t o s p h e r i c bromine of 1.5 pptv, which i s 
equivalent to a reduction i n stratospheric chlorine of 0.045 
to 0.18 ppbv. This gain i s comparable t o t h a t of a t h r e e -
year acceleration of the scheduled phase-out of the CFCs. 

Ozone Depletion Potential 

Susan Solomon i s a lead author of the chapter of the 
I n t e r n a t i o n a l Assessment d e a l i n g w i t h ODPs . The best 
consensus i s that the steady state ODP f o r ch3br i s 0.6. 



Susan emphasizes t h a t t h i s i s a conservative value. 
"Steady s t a t e s " values are determined on the basis of the 
amount of ozone depletion the substance i n question would 
cause over a 100 year l i f e t i m e . CH3Br, however, i s a very 
short-lived species — 1-2 years. I f instead we look at i t s 
ozone d e p l e t i o n p o t e n t i a l over t h a t time horizon, the 
extremely acute impact of ch3br on ozone becomes c l e a r ; 
"Note t h a t although CH3Br displays a r e l a t i v e l y small ODP 
over long time horizons, i t has a very large ODP f o r short 
time scales by v i r t u e of i t s short l i f e t i m e and the large 
value of [ i t s ozone d e p l e t i o n e f f i c i e n c y r e l a t i v e t o 
c h l o r i n e ] . " The implication i s that controls on CH3Br w i l l 
have s i g n i f i c a n t , immediate i m p a c t on r e d u c i n g t h e 
atmospheric concentration of ozone destructive substances. 

Regulatory Implication and Your Legislation; 

Pursuant t o the Clean A i r Act, EPA i s required to l i s t 
any substance w i t h an ODP of 0.2 or greater as a Class I 
substance -- t h a t i s , as an ozone destroyer t h a t w i l l be 
completely phased out by 2000. 

You must be careful to make clear to industry that you 
are not proposing new l e g i s l a t i o n because i t i s your opinion 
t h a t EPA c u r r e n t l y does not have a u t h o r i t y t o r e g u l a t e 
ch3br and t h e r e f o r e new l e g i s l a t i o n i s necessary. To the 
c o n t r a r y , now that the ODP determination has been made, EPA 
does have t h a t a u t h o r i t y and i n f a c t i s r e q u i r e d t o a c t . 
The p o i n t of your l e g i s l a t i o n i s not t o e s t a b l i s h EPA 
authority under Clean A i r , but r a t h e r , t o force EPA t o go 
even fu r t h e r and faster than Clean A i r permits. 

What i s the rationale f o r making EPA move faster?? 

F i r s t , t h e P a r t i e s t o the Montreal Protocol i n the 
next year w i l l meet to decide on an accelerated phaseout 
schedule. I n d i c a t i o n s are t h a t substances t h a t would be 
considered "Class I " chemicals under Clean A i r -- as ch3br 
now w i l l be considered -- w i l l be phased out by 1996 under 
the amendments that l i k e l y w i l l be proposed. Therefore, you 
simply jump s t a r t the process and d i r e c t that that be the 
phaseout date f o r methylbromide. This i s a f a v o r t o 
i n d u s t r y -- i t ' s gonna happen anyway and you provide them 
with "regulatory c e r t a i n t y " . . . . 

Second, regardless of what occurrs i n t e r n a t i o n a l l y , the 
s i g n i f i c a n t short term gains t h a t can be had from ch3br 
r e g u l a t i o n argue f o r an expedited process. I f instead we 
wait f o r r e g u l a t i o n pursuant t o the c u r r e n t terms of the 
Clean A i r Act, the process, i n v o l v i n g p u b l i c n o t i c e and 
hearings could be quite protracted. 



Industry Response 

I n d u s t r y t h e r e f o r e knows t h e r e ' s t r o u b l e i n 
p a r a d i s e f o r them. (Meanwhile nematoids across the country 
are c e l e b r a t i n g . . . ) . That does not mean however t h a t they 
a r e prepared to r a i s e the white f l a g . To the c o n t r a r y , 
industry plans to f i ght the Clean A i r Class I l i s t i n g on the 
g r o u n d s t h a t our knowledge of the bromine budget i s 
i n s u f f i c i e n t , and consequently, the ch3br ODP determinat ion 
i s unsound. A l so as ind icated above, industry ' s game w i l l 
be to propose a 2 m i l l i o n r e s e a r c h e f f o r t to get a b e t t e r 
handle on the chemistry (and to postpone immediate a c t i o n ) . 

Response to Industry Criticisms 

o I s m e t h y l b r o m i d e a s i g n i f i c a n t s o u r c e of 
atmospheric bromine? 

As indicated above, the Internat ional Assessment s tates 
t h a t m e t h y l b r o m i d e i s t h e m a j o r c o n t r i b u t o r t o 
s tratospher ic bromine. 

I n a d d i t i o n , Anderson s t a t e s i n a 1989 a r t i c l e i n 
Nature; S a l a w i t c h e t a l . "conclude that the t o t a l organic 
bromine source i s between 6 and 20 pptv, w i th 3 pptv being 
the man-made perhalogenated bromine gases CF3Br and CF2BrCl , 
and the r e s t being methyl bromide". 

o Even i f methyl bromide i s a s i g n i f i c a n t source of 
atmospheric bromine, what proof i s there t h a t there i s a 
s i g n i f i c a n t a n t h r o p o g e n i c c o n t r i b u t i o n to atmospheric 
concentrations ? 

Industry w i l l bo ls ter t h i s point by noting — c o r r e c t l y 
— that the oceans are a major natural source of CH3Br. I n 
a d d i t i o n , i n d u s t r y a l s o a r g u e s t h a t i t s use of methyl 
bromide does not contr ibute to atmospheric c o n c e n t r a t i o n s 
because i t g e t s degraded by s o i l m i c r o b e s when i t i s 
in jec ted into the ground. Taking each of these po in t s i n 
turn; 

Ocean contribut ion: 

Aga in , the i n t e r n a t i o n a l assessment sa id "s ign i f i cant 
anthropogenic emissions have been suggested." I n a d d i t i o n , 
i n a 1985 l e t t e r to Nature , Penkett e t a l . reported that 
"the weight of the evidence does not favor a l a r g e n a t u r a l 
source [of ch3br . R a t h e r ] , Our interpretat ion of the data 
. . . suggests t h a t the predominant source of CH3Br i n the 
atmosphere i s anthropogenic rather than na tura l ." 



I am unaware of any other n a t u r a l t e r r e s t r i a l sources 
of CH3Br. And Grosjean reports i n a 1991 a r t i c l e i n J. A i r 
Waste Manage. Assoc. that "There are no reac t i o n s by which 
methyl bromide may form i n the atmosphere." 

So i l Degradation: 

Because CH3Br has C-H bonds, i t i s possible that bugs 
would eat i t . I am unaware of any evidence demonstrating 
t h i s , however. 

Moreover, as noted above, d i r e c t i n j e c t i o n i n t o s o i l i s 
o n l y one of the uses of CH3Br. As i n d i c a t e d , there are 
s i g n i f i c a n t n o n - a g r i c u l t u r a l uses. And even f o r t he 
a g r i c u l t u r a l uses, methyl bromide i s used as a space and 
commodity fumigant as well as a s o i l fumigant. When blasted 
i n t o s i l o s or on commodities, methyl bromide of course 
escapes i n t o the atmosphere. Indeed i t must be vented i n t o 
the atmosphere because, since i t i s acutely t o x i c , humans 
could not enter premises where i t has been used unless the 
p r e m i s e s had been f u l l y a i r e d . V e n t i n g i s st a n d a r d 
practice, and i t has often been s p e c i f i c a l l y because venting 
was not done thoroughly enough that humans have been k i l l e d 
— sometimes i n s t a n t l y — from exposure. Methyl bromide has 
a tendency t o hide i n "pockets" l i k e bathrooms, drawers and 
other close spaces and therefore i s not always f u l l y flushed 
out i n the venting process. Now that CH3Br i s being used to 
fumigate homes and restaurants, etc. people have been k i l l e d 
when they encountered these lingeri n g pockets. 

o Even i f anthropogenically-derived CH3Br i s a major 
source of atmospheric bromine, how do we know that i t makes 
i t up to the stratosphere to deliver i t s bromine payload? 

CALL CICERONE 

To re f e r to Anderson's 1989 Nature a r t i c l e again, he 
cites Salawitch et a l . f o r the proposition that 6-20 pptv of 
inorganic bromine i s delivered to the "lower stratosphere" 
by organic gases, and pr i m a r i l y by CH3Br. 

In addition, Grosjean states t h a t ; "Methyl bromide i s 
one of the l e a s t r e a c t i v e t o x i c a i r contiminants, with a 
c o r r e s p o n d i n g l y long p e r s i s t e n c e i n the atmosphere. 
Reactions w i t h 03 and N03 are n e g l i g i b l y slow. Photolysis 
i s a n e g l i g i b l e removal process f o r CH3Br i n the lower 
troposphere. Methyl bromide reacts only slowly with the 
hydroxyl r a d i c a l . " Therefore, ch3br survives the rea c t i o n s 
t h a t cleanse many other substances out of the troposphere. 
I t t h e r e f o r e l i k e l y p e r s i s t s and makes i t s way i n t o t h e 
stratosphere. As Grosjean continues; "Upward d i f f u s i o n and 



deposition are thus the dominant loss processes f o r CH3Br i n 
the troposhere." 

o Even i f the bromine does get d e l i v e r e d to the 
stratosphere, does the bromine then destroy ozone? 

The q u e s t i o n h e r e i s whether the bromine i n t h e 
s t r a t o s p h e r e i s i n a c t i v e form (BrO) or i s trapped i n a 
re servo i r such as hydrobromic ac id (HBr). Measurements made 
by Jay Park support the notion that the bromine i s t i e d up 
as hydrobromic a c i d . However, there i s evidence t h a t these 
measurements are incorrec t : 

Watson indicated to me that Wes Traub used 2 d i f f e r e n t 
techniques and could not reproduce Park's r e s u l t s — HBr was 
not measured. 

I n a d d i t i o n , Jim Anderson has made d i r e c t , i n s i t u 
measurements at the poles and at midlat i tudes . He has found 
s i g n i f i c a n t c o n c e n t r a t i o n s of r e a c t i v e bromine: I n the 
m i d l a t i t u d e s ; "BrO l e v e l s were 5 p a r t s per t r i l l i o n by 
volume between 18 and 21 ki lometers, and 2.4 pptv below that 
a l t i t u d e . " Sc i ence (1988) . Over A n t a r c t i c a : 15 p p t v . 
J.Geophys. Res. (1989). Over the A r c t i c ; "Mixing rat ions of 
B r O h a v e b e e n m e a s u r e d i n t h e a r c t i c l o w e r 
s t r a t o s p h e r e . . .Observaitons from fourteen f l i g h t s above the 
Arctc C i r c l e . . . d e f i n e d mixing ra t io s within the vortex of 4 
+ / - 2 pptv a t a p o t e n t i a l temperature of 400K, r i s i n g to 8 
+ / - 2 pptv at 470 K." Geophys. Res. L t r s . (1990). 

Subst i tutes 

o Commodity and S truc tura l Fumigant: 

- - c h e m i c a l a l t e r n a t i v e i s P H O S P H I N E : 
ADVANTAGE of phosphine i s that i t does not leave residues on 
food; DISADVANTAGE i s t h a t i t i s t o x i c and so s a f e t y 
precautions necessary during fumigation. 

— p r o m i s i n g n o n - c h e m i c a l a l t e r n a t i v e 
i s a CONTROLLED ATMOSPHERE PROCESS: 
C o n t r o l l e d a t m o s p h e r e d i s i n f e s t a t i o n l of s t o r e d 
products works by a sphyx ia t ing s tored product p e s t s . The 
c o n t r o l l e d atmospheres f o r i n s e c t d i s i n f e s t a t i o n usua l ly 
involve reduc ing the oxygen c o n c e n t r a t i o n to l e s s than 1 
percent and/or i n c r e a s i n g the carbon dioxide to we l l above 
10 p e r c e n t . ADVANTAGE i s t h a t the p r o c e s s l e a v e s no 
p o t e n t i a l l y t o x i c r e s i d u e s on the p r o d u c t ; t h e y a r e 
nonpolluting; and they are sa fer to apply cause they do not 
i n v o l v e handling of toxic substances. The process has a l so 
been shown to be e f f e c t i v e in maintaining product qua l i ty as 



long as the c o n t r o l l e d atmosphere conditions are continued 
during s t o r a g e . I n a d d i t i o n , one method of c o n t r o l l e d 
a t m o s p h e r e g e n e r a t i o n - - use of o n - s i t e low oxygen 
atmosphere g e n e r a t o r s , i s c o m p e t i t i v e w i t h c h e m i c a l 
d i s i n f e s t a t i on . ( A l s o - - c o u l d t h i s p o s s i b l y be a 
commercially valuable use of C02 sequestered from c o a l ? ? ? ? ) 
DISADVANTAGE i s that longer exposure times are required for 
c o n t r o l l e d a tmosphere t r e a t m e n t s t h a n f o r c h e m i c a l 
t rea tments . There i s a l s o a p o t e n t i a l r i s k of increased 
tolerance over time to low oxygen and/or high carbon dioxide 
c o n c e n t r a t i o n s by s tored product pests — altho t h i s r e i s k 
i s considered to be l e s s s i g n i f i c a n t than i t i s i n the case 
of chemical treatments. 

o Soil Fumigant 

- - c h e m i c a l a l t e r n a t i v e s i n c l u d e TELONE 
(disadvantage i s that i t i s a l e s s e f f e c t i v e h e r b i c i d e , and 
i t s r e g i s t r a t i o n has been removed i n some a r e a s ) ; DAZOMET 
(disadvantage i s that i t i s not registered for food c r o p s ) ; 
METHAM-SODIUM ( d i s a d v a n t a g e i s t h a t i t r e q u i r e s d r i p 
i r r i g a t i o n system); VORLEX (disadvantage i s r e q u i r e s long 
waiting period before p lant ing) . 

**Note there may be other a l t ernat ives — t h i s i s from 
a very prel iminary l i s t compiled by EPA. 



deposition are thus the dominant loss processes for CH3Br in 
the troposhere." 

o Even i f t h e bromine does get d e l i v e r e d to the 
stratosphere, does the bromine then destroy ozone? 

The q u e s t i o n h e r e i s whether the bromine i n t h e 
s t r a t o s p h e r e i s i n a c t i v e form (BrO) or i s trapped i n a 
re servo i r such as hydrobromic ac id (HBr). Measurements made 
by Jay Park support the notion that the bromine i s t i e d up 
as hydrobromic a c i d . However, there i s evidence t h a t these 
measurements are incorrec t : 

Watson indicated to me that Wes Traub used 2 d i f f e r e n t 
techniques and could not reproduce Park's r e s u l t s — HBr was 
not measured. 

I n a d d i t i o n , Jim Anderson has made d i r e c t , i n s i t u 
measurements at the poles and at midlat i tudes . He has found 
s i g n i f i c a n t c o n c e n t r a t i o n s of r e a c t i v e bromine: I n the 
m i d l a t i t u d e s ; "BrO l e v e l s were 5 p a r t s per t r i l l i o n by 
volume between 18 and 21 ki lometers, and 2.4 pptv below that 
a l t i t u d e . " S c i e n c e (1988) . Over A n t a r c t i c a : 15 p p t v . 
J.Geophys. Res. (1989). Over the A r c t i c ; "Mixing rat ions of 
B r O h a v e b e e n m e a s u r e d i n t h e a r c t i c l o w e r 
s t r a t o s p h e r e . . . O b s e r v a i t o n s from fourteen f l i g h t s above the 
Arctc C i r c l e . . .def ined mixing r a t i o s within the vor tex of 4 
+ / - 2 pptv a t a p o t e n t i a l temperature of 400K, r i s i n g to 8 
+ / - 2 pptv at 470 K." Geophys. Res. L t r s . (1990). 

Subst i tutes 

o Commodity and S t r u c t u r a l Fumigant: 

- - c h e m i c a l a l t e r n a t i v e i s P H O S P H I N E : 
ADVANTAGE of phosphine i s that i t does not leave residues on 
f o o d ; DISADVANTAGE i s t h a t i t i s t o x i c and so s a f e t y 
precautions necessary during fumigation. 

— p r o m i s i n g n o n - c h e m i c a l a l t e r n a t i v e 
i s a CONTROLLED ATMOSPHERE PROCESS: 
C o n t r o l l e d a t m o s p h e r e d i s i n f e s t a t i o n l of s t o r e d 
products works by a sphyx ia t ing s tored product p e s t s . The 
c o n t r o l l e d atmospheres f o r i n s e c t d i s i n f e s t a t i o n usua l ly 
involve reduc ing the oxygen c o n c e n t r a t i o n to l e s s than 1 
percent and/or i n c r e a s i n g the carbon dioxide to we l l above 
10 p e r c e n t . ADVANTAGE i s t h a t the p r o c e s s l e a v e s no 
p o t e n t i a l l y t o x i c r e s i d u e s on the p r o d u c t ; t h e y a r e 
nonpolluting; and they are sa fer to apply cause they do not 
i n v o l v e handling of tox ic substances. The process has a l so 
been shown to be e f f e c t i v e i n maintaining product q u a l i t y as 



l o n g as t h e c o n t r o l l e d atmosphere cond i t ions are cont inued 
d u r i n g s t o r a g e . I n a d d i t i o n , one method o f c o n t r o l l e d 
a t m o s p h e r e g e n e r a t i o n - - use o f o n - s i t e l o w o x y g e n 
a t m o s p h e r e g e n e r a t o r s , i s c o m p e t i t i v e w i t h c h e m i c a l 
d i s i n f e s t a t i o n . ( A l s o - - c o u l d t h i s p o s s i b l y be a 
commercia l ly va luab l e use of C02 sequestered f r o m coa l????) 
DISADVANTAGE i s t h a t longer exposure times are r equ i r ed f o r 
c o n t r o l l e d a t m o s p h e r e t r e a t m e n t s t h a n f o r c h e m i c a l 
t r e a t m e n t s . There i s a l s o a p o t e n t i a l r i s k o f increased 
to l e r ance over t ime t o low oxygen and/or h igh carbon d i o x i d e 
c o n c e n t r a t i o n s by s t o r e d product pests — a l t h o t h i s r e i s k 
i s considered t o be less s i g n i f i c a n t than i t i s i n t h e case 
of chemical t r ea tmen t s . 

o So i l Fumigant 

— c h e m i c a l a l t e r n a t i v e s i n c l u d e TELONE 
(disadvantage i s t h a t i t i s a less effect :Lve h e r b i c i d e , and 
i t s r e g i s t r a t i o n has been removed i n some a reas ) ; DAZOMET 
(disadvantage i s t h a t i t i s not r eg i s t e r ed f o r f o o d c r o p s ) ; 
METHAM-SODIUM ( d i s a d v a n t a g e i s t h a t i t r e q u i r e s d r i p 
i r r i g a t i o n system); VORLEX (d i sadvan tage i s r e q u i r e s l o n g 
w a i t i n g p e r i o d be fo re p l a n t i n g ) . 

**Note the re may be o ther a l t e r n a t i v e s — t h i s i s f r o m 
a ve ry p r e l i m i n a r y l i s t compiled by EPA. 

—other opt ions inc lude poss ib le developments 
i n BIOTECHNOLOGY - - g e n e t i c a l t e r a t i o n of crops t o r e s i s t 
s o i l d w e l l i n g microbes and CROP ROTATION n a t u r a l l y t o r e s i s t 
pes t s . 

General commentary on S u b s t i t u t e s : Some companies - -
n o t a b l y , t h e PLANTERS COMPANY, PILLSBURY, AND KELLOGGS 
p r o h i b i t i t s use on any o f i t s food products , so t h e r e must 
be o t h e r ways t o p r o t e c t f o o d . A l s o , t h e map EPA has 
p r o v i d e d shows t h a t ch3br i s n o t used i n t h e midwes t - -
t h e r e f o r e t h e r e must be a l t e r n a t i v e s f o r the corn , wheat, 
soybean, e t c . t h a t i s grown t h e r e . 
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Some Considerations Regarding Methyl Bromide (CHsBr) 

Susan Solomon and Dan Albritton 
NOAA Aeronomy Laboratory 

1) The role of CH3Br in ozone loss. Observations have 
demonstrated that bromine is very effective at destroying 
stratospheric ozone as compared to chlorine. In the Antarctic, two 
independent sets of measurements show that bromine is about 40 
times more effective than chlorine for ozone destruction. Similar 
numbers are also true for the Arctic. The extreme efficiency of 
bromine for ozone destruction is related to a reaction involving 
chlorine monoxide and bromine monoxide, so that chlorine and 
bromine chemistries are coupled. Thus, this extreme potency is 
related to the elevated levels of chlorine in today's atmosphere 
(about 3.5 ppbv compared to natural levels of only 0.6 ppbv) and will 
prevail as long as chlorine remains elevated (e.g., the next 50-100 
years). 

2) The sources/sinks of CHsBr. The abundance of CHsBr in today's 
atmosphere is about 7-15 parts per trillion by volume (pptv), and its 
atmospheric lifetime Is roughly 1-2 years. Based on these numbers 
and assuming approximate balance between production and loss 
(since the lifetime is rather short), the global production of CHsBr 
from both natural and manmade sources must be on the order of 100-
500 million kg/year. The sink for CH3Br is mainly reaction with OH. 
Hydrochlorofluorocarbons (HCFCs) have the same sink mechanism, 

, / ^ ^ so the uncertainty in the CHsBr sink and lifetime is the same as that 
i ^ ^ ' ^ ifor the HCFCs. 

-^o^aJH^P^- 'tl. S. production is estimated to be 50 million pounds/year, or about 
; J ! ^ " ^ ^ 20 million kg/year. This is between 4 and 20% of the above numbers. 

For the CFCs, ^ f̂eal'production is about 35-50% of the total global 
production (depending upon the specific CFC in question). If CHsBr 
is similar, then as much as 8-40% of the global prodcution may be 
manmade. 

Q: How much is global production (U. S. and non-U.S,)? 

10 
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3) Production versus release of CHsBr to the atmosphere. Because 
the major use of CHsBr is as a fumigant in agricultural appHcations, 
the question of how much gets to the ahnosphere must be considered. 
It is possible that some or even all of the CHsBr is taken up by the soil 
and microbes therein during application. In this case the release of 
CH3Br to the atmosphere would be less than its production, This is 
a major unknown. 

Q: Are there any scientific studies of soil uptake? 

4) The impact of a CHjEr reduction on the ozone layer. 

From UNEP/WMO (1992): 

If indeed as much as 8-40% of the release of CHsBr is man-made, 
then it is possible to lower stratospheric CHsBr abundances by 
reducing these emissions. A 10% reduction in methyl bromide 
emissions would rapidly decrease stratospheric bromine by 0.7-1.5 
pptv. Since the lifetime of CHsBr is only a few years, the change 
woxild occur rapidly after cessation of emissions. Such a gain 
would be comparable to a 3-year acceleration of the phaseout of 
CFCs. 

5) The ODP ofCHsBr, and its relationship to natural sources. 

Each molecule of CHsBr emitted to the atmosphere has a certain 
impact on the ozone layer over a specific time horizon. 

The steady state ODP of CHsBr is about 0.6. This describes the 
impact of release of a kilogram of CHsBr on the ozone layer over 
time scales of the order of 100 years, compared to release of the same 
amount of CFC-11. Like other short-lived molecules, its short-term 
ODP is far greater. The CHsBr ODP over the 5-10 year time 
horizons is about 5-15. Over the next ten to twenty years, total 
chlorine and bromine levels will attain the highest values ever 
experienced on the planet Earth. During this key period, CHsBr has 
the highest ODP of currently uncontrolled substances. 

(I 
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Whether or not the manmade emission of CHsBr is larger than the 
natural sources is not relevant to tiiese numbers: they reflect the 
impact of each molecule emitted. It is sometimes argued that 
emissions don't matter as long as the amount of substance 
accumulated in the atmosphere is small, or is less than that which is 
natural. This argument is wrong because each molecule emitted, no 
matter what its origin, has an impact on the ozone layer. To carry 
this point to an extreme, assume that there were 1000 different 
possible substitutes for CFC-11. By using them all in small amounts, 
none would ever attain atmospheric levels comparable to CFC-11, 
but each would contribute to ozone loss according to the number of 
molecules released. Thus the ODP is the proper way to describe the 
relative impact of any manmade emission upon the ozone layer 
regardless of atmospheric abundances. 
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Apronftinv T.flhoratorv 

Aeronomy LaboratoryyERUNOAA 
325 S. Broadway, RTE/AL 
Boulder, Colorado 80303 

FROM: 
T E L : 
FAX: 

Dr. Susan Solomon 
(303) 497-3483; FTS 320-3483 
(303) 497-5373; FTS 320-5373 

TO: Katie McGinty 
Tel: 202-224-4944 
Fax: 202-224-0580 

Page 1 of 4 DATE: January 26, 1992 Page 1 of 4 

Dear Katie, 

The attached write-up summarizes some thoughts Dan Albritton and I have 
had regarding methyl bromide. 

ril be leaving Boulder at about 1:00 pm on Monday. I'm staying at the 
River Inn in Washington, and can be reached there on Monday night or 
Tuesday moming. Unless I hear differently from you, I'll look forward to 
meeting you at 12:30 on Tuesday at Senator Gore's office in the Russell 
Senate Office BuQding. Please let me know if there is any change in 
scheduling, etc., or if you have any questions I can help with. 

Best wishes, 

Susan S. 

/3 
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Table 7. D i s t r i b u t i o n of Methyl Bromide Consumption tn the U.S. 198S 

Use Area Percent of 
Total 

Soil Fumigant 55 

Space and Structure Fumigant 10 

Chemical Processes 10 

Grain and Conunodity Fumigant 5 

? Exports 20 

Source: OMR 1988a. 

^ 1 t! 

•r 

12 

* * * DRAFT, January 15, 1992, DO NOT CITE OR QUOTE * * * 
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Use Area 

S o i l fvunigant 

Fungicide and 
nematicide 

Cojiunodlty 
fumigat ton 

Space 
fumigation -

Table S. Uses of Methyl Bromide 

Crops 

^eSn^rr;^^"''?^^' T ^ ' ^ ^ ' " " ' ' ' ^gEPl«"t. lettuce, n>elons peppers, pineapple, tobacco, and others 

f^!^!!''''*! *n<i vineyard sites, pUntbeds. tomatoes, 
strawberries, and others 

Sr"""' ^^^^^66. carrots, chestnuts, citrus, 
lemons, figs oats. rice, rye, peanuts, spices, apricots, 
pecans, pumpkins, dates, agricultural premises, and others 

b!^^''*r^; ^-od processing plants, 
barns, feed rooms, grain bins, greenhouses, poultry housed, 
bags, boxes, crates, and other areas 

Source; Thomson 1991 

16 

* * * DRAFT, January 15, 1992, DO NOT CITE OR QUOTE * * * 



Figure 1. U.S. Use Pattem for Methyl Bromide 

Legend: 

heavy 
use 

X = used along river 

little lo no 
use 

I = used at pod 
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EPfl-OfllfiP Jan 24,92 15:46 No.005 P.05 

Pesticide 

Telone 

Dazomct 

Mothare-sodium 

Vorlex 

POTENTIAL METHYL BROMIDE SUBSTITUTES 
SOIL FUMT(;;fiNfT.<̂  

Disadvanfc;^cfap 

Less e f f e c t i v e as herbicide; r e g i s t r a t i o n 
removed i n some areas 

Not registered f o r food crops 

Requires d r i p i r r i g a t i o n system 

Long waiting period before p l a n t i n g 
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Chapter 6: ODPs and CLPs 

Table 6-5. Range of Modelled and Seml-Empirical Steady-State ODPs and 
Repompienĉ ed Best Estimates 

Species 

CFC. 11 
CFC-12 
CFC-113 
CFC-114 
CFC-115 

HCFCS. P.fr, 
HCFC-22 
HCFC-123 
HCFC-124 
HCFC-14lb 
HCFC-142b 
HCFC-225ca 
HCFC-225cb 
CCI4 
CH3CCI3 

Model Range 
ODP ODP/GLPOT 

ODP/BLP 

1.0 
0.88 - 1.0<S 
0.92- 1.01 
0.57 - 0.82 
0.29 - 0.48 

0.032 
0.013 
0.016 
0.10 

0.035 
0.016 
0.023 

1.03 
0.11 

0.048 
0.020 
0.034 
0.12 
0.057 
0.020 
0.031 
1.13 
0.13 

Brbnrtinated Com ûnA^ 
H-1301 10.0-12.7 
H-1211 1.8-5.0 
H-1202 1,7 
11-2402 6.4 - 10.2 
H-1201 1 4 
H'2401 0.4 
H-2311 0.3 
CHaBr 0.5-0.7 

1.0 
0.551 -0.665 
0.631 - 0.690 
0.266 - 0.382 
0.099 - 0.161 

0.221 
0.709 
0.358 
0.650 
0.186 
0.714 
0.348 
1.014 
0.968 

0.314 
1.050 
0.793 
0.767 
0.305 
0.920 
0.474 
1.130 
1.130 

23.9-32.2 
16.3-49.6 

52.9 
42.1-47.8 

35.1 
66.4 
79.9 

30.6-67.7 

Semi-Empirical Range 
ODP ODP/CLPor 

ODP/BLP 

Best 

Estimate ODP 

1.0 

1.07 

0.05-0.08 
0.02 " 
0.022 
0.11 

0.06-0.07 
0.025 
0.033 

1.05-1.11 
0.122-0.124 

15.2-17.2 
3.9-4.4 

1.25 
5.9-8.5 

1.4 
0,25 
0.14 

0.44-0.69 

1.0 

0.75 

0.33-0.55 
1.112 
0.523 

0.70-0.72 
0.33-0.39 

1.093 
0.50 

1.03-1.09 
1.07-1.09 

40 
40 
40 
40 
40 
40 
40 
40 

1.0 
-1.0 
1.07 
-0.8 
"0.5 

0.055 
0.02 
0.022 
0.11 
0.065 
0.025 
0.033 
1.08 
0.12 

-16 
-4 
-1.25 
«7 
•1.4 
*0.25 
-0.14 
-0.6 

6-16 
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Chapicr6: ODPs and CLPs 

Species LLNL 
ODP ODP/CLP 

or ODP/BLP 

CFCs 
CFC-U 
CFC-12 
crc-113 
CFC-114 
CFC-115 
HrFTS-etc. 
HCFC-22 
HCFC-123 
HCFC-124 
HCFC-141b 
HCFC-142b 
HCFC-225ca 
HCFC-225cb 
CX34 
CHsOOs 

H-1301 
H-1211 
H-1202 
H-240Z 
H-1201 
H-2401 
H-2311 
CHsBr 

1.0 
0.8$ 
0.92 
0.57 
0.29 

0.034 
0.019 [0.0161 

0.016 
ai210.11] 

0.035 (0.037] 
0.020 
0.023 
1.03 

0.11 [0.13] 

12.7 
5.0 
1.7 
6.4 
1.4 

0.44 
0.28 
0.74 

1.0 
0351 
0.631 
0.266 
0-099 

0.221 [0.231] 
0.944 [0.8781 

0.358 
0.720 [0.731] 
0.186 [0.200] 

0.856 
0.348 
1.014 

0i>68 [1.12] 

32.2 
49.6 
52.9 
42.1 
35.1 
66.4 
79.9 
67-7 

AER 
ODP ODFJCLP 

or ODP/BLP 

1.0 
0.93 
1.01 
0.82 
0.48 

0.045 [0.039] 
0.020 
0-020 
0.12 
0.057 
0.021 
O031 

1.15 [1.13] 
0.13 

10.03 
1.8 

10.2 

0.62 10.53] 

1.0 
0.586 
0.690 
0.382 
0.161 

0276 [0.255] 
1-05 

0.449 
0.767 
0.305 
0.920 
0.474 

1.13 [1.11] 
1.13 

23.9 
16.3 

47.8 

35.8[30.6I 

OSLO 
ODP orsvcLP 

1.0 
0.95 t053J 
0.99 (0.981 

0.032 [0.082] 

1.0 
0-595 [0.582] 
0675 [0.668] 

0.221 

DuFDOC 
ODP OMVCLP 

1.0 
1.06 (1X»1) 

0.0*8 t0.O43] 
[0.013] 
[0.034] 
[0.105] 
[0.0542 
[0.016] 
[0.024] 

012 [0.12J 

1.0 
0.665 10635] 

a314 [0^6J 
[0.709] 
[0.793] 
{O.6S0] 
(0.2891 
[0.714] 
[0.370] 

1.032 IL08} 

X> 
I 
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METHYL BROMIDE 

PURPOSE: To provide f o r the phase-out of production and consvunption 
of methyl bromide. 

FINDINGS: The Congress f i n d s the f o l l o w i n g : 

The s t r a t o s p h e r i c ozone l a y e r which p r o t e c t s a l l l i v i n g t h i n g s from 
harmful u l t r a v i o l e t r a d i a t i o n from the sun has been s i g n i f i c a n t l y 
depleted i n n e a r l y a l l areas of the globe due t o the a c t i o n of 
halogenated chemicals. 

Recently, the United Nations/World Meteorological Organization 
I n t e r n a t i o n a l Ozone Trends S c i e n t i f i c Assessment Panel rep o r t e d t h a t 
the d e p l e t i o n i s occuring twice as r a p i d l y as had p r e v i o u s l y been 
measured or p r e d i c t e d ; i s p e r s i s t i n g i n t o the warmer months of the 
year, and has reached s i g n i f i c a n t l e v e l s even i n summer. 

These f i n d i n g s n e c e s s i t a t e a r e a p p r a i s a l of both domestic and 
i n t e r n a t i o n a l p o l i c y on the c o n t r o l of ozone de s t r o y i n g 
chemicals. 

S t r a t o s p h e r i c bromine i s 30 - 120 times more e f f i c i e n t than 
s t r a t o s p h e r i c c h l o r i n e i n d e s t r o y i n g ozone on a per atom basis and the 
major source of s t r a t o s p h e r i c bromine i s methyl bromide. 

Methyl bromide i s not c u r r e n t l y regulated under the Clean A i r Act 
amendment of 1990. 

Reductions i n emissions of methyl bromide would c o n t r i b u t e e f f e c t i v e l y 
t o the r e s t o r a t i o n of the ozone l a y e r . 

PHASE-OUT: E f f e c t i v e January 1, 1996, i t s h a l l be unlawful f o r any 
person t o produce or consume, or import f o r consumption, methyl 
bromide i n the United States, except where such person can be 
demonstrated t h a t any such production or consumption does not r e s u l t 
i n d e s t r u c t i o n of the s t r a t o s p h e r i c ozone l a y e r . 



€>ANGEROUS LIAISONS 
The Alarmins Disclosure Of Methyl Bromide 

BY LINDA AND BILL BONVIE 

W'hen viewed for the first time, the 
neighborhood might appear to be 
just another of those faded resi­

dential/industrial enclaves so characteristic 
of New England mill towns. Upon entering 
Carter Street, a narrow, shady thoroughfare 
whose timeworn frame houses are brightened 
by an occasional splash ol flowers or trellised 
rosebush, your initial impression is apt to tie 
of kids riding bikes. Go a bit further, and just 
beyond the old-fashioned C^ardinal O'Connell 
Elementary School, you'll find yourself looking 
up al what the trees had partially obscured— 
the ivy-blanketed facade of a four-story brick 
factory building. 

Welcome to Spaghettiville, U.S.A. Here, just 
outside downtown Lowell, Massachusetts, 
many ot the pasta products made by the 
Prince Company, a Borden subsidiary (in­
cluding some ot those sold under the Cream-
ettes label and various private ones) are 
processed and packaged for the journey that 
will end at countless American dinner tables. 

Not only are the products turned out here 
of a benign and pleasurable variety, but ad­
jacent to the factory has been created a kind 
ol urban mini-oasis featuring an old-world 
style restaurant (the Prince Grotto) and out­
door terrace, along with gardans and a 
museum. Resplendent with Italian statuary 
and aesthetic touches, it's a natural setting for 
wedding receptions as well as a popular local 
tourist attraction—except on two particular 
weekends each year. At these times in the 
spring and fall, normal operations are sus­
pended while the entire facility is sealed oft 
and the perimeters of the property are posted 
with security guards whose job it is to bar 
everyone from entering. Everyone, lhat is, but 
certain specially licensed individuals equipped 
with protective gear, sell-contained breathing 
apparatus and pressurized steel cylinders. 

Encapsulated in these cylinders is a frigid 
liquid which, when heated, will emerge in Ihe 
form of a gas—an invisible, odorless and 
highly lethal one Over the course of a 24-
hour period more than 9,000 pounds of this 
poison gas will penetrate every nook and 
cranny ol the building, along with the 
packaged foods it contains—circulated by 
fans in order to counteract a tendency to 
sink at room temperatures Then, within a 
shorl time ol having accomplished its pur­
pose—Ihe eradication ol any bugs that might 
have been on the premises—the gas will be 

Illustration: Jill Enslebardt 
vented out of the plant and into the en­
vironment shared by the homes, stores and 
classrooms of Spaghettiville, U.S.A. 

Like all large-scale otiensive operations, 
the war on bugs and other pests is one lhal 
relies heavily on secrecy. In this case, how­
ever, the purpose is not to withhold infor­
mation from an enemy, but rather to keep the 
public as unintormed as possible regarding 
the nature of the chemical weapons involved. 
The less the general populace knows about 
them, the more apt it is to assume lhat the 
government is doing an adequate job of 
preventing "civilian casualties" Irom be­
coming a by-product of that war. 

Increasingly in recent months and years, 
however, that assumption has been called 
into question, and Ihe appearance ol re­
sponsible regulation has had lo be reinlorced 
by sorne type ol action. This has sometimes 
resulted in a substance being deemed ex-
(jendable—one ol the latest exar7iples being 
lhal ol Alar, removed from circulation only 
after "60 Minutes" focused national attention 

on its residues and their carcinogenic 
potential, which had been of concern to 
environmentalists for years. And Alar, it 
should be noted, wasn't even an actual pes­
ticide—merely a ripening agent used to help 
keep red apples on trees and make them 
more appealing to consumers. 

W hen the Federal Food and Drug Ad­
ministration ordered thai millions of 
dollars worth of produce arriving 

from Chile t)e kept off supermarket shelves 
last winter, it appeared to be another in­
dication of Ihe lengths to which the U.S. 
government was willing to go to protect 
consumers. Even though the discovery of 
cyanide that prompted this seemingly drastic 
action involved only miniscule amounts—said 
to be relatively harmless—in exactly two 
grapes, no chances would be taken. With the 
notoriety attached to cyanide, it didn't call for 
a degree in chemistry to know that the grapes 
had somehow come into contact with a dan­
gerous killer. 

The name "methyl bromide," by contrast, 
has no such widespread recognition at­
tached to it. Familiar mostly to exterminators, 
chemists, lexicologists and coroners, it, too, 
signifies an extremely hazardous poison—a 
poison with no known antidote, capable of 
causing symptoms ranging from headaches, 
vomiting and vertigo to psychosis, convul­
sions, delirium, respiratory failure and central 
nervous system depression resulting in death 
II is also one to which a// imported Chilean 
grapes, peaches, plums, apricots, nectarines 
and other agricultural commodities are 
routinely and deliberately exposed—some­
thing the federal government is well aware of, 
but so far has made no move to curtail In 
fact, it's a direct result of standing orders Irom 
an agency of the federal government itself 

As the Department of Agriculture's current 
"chemical of choice" to keep the country 
tree ol alien insect life forms, methyl bro­
mide—or bromomethane, as it is generically 
referred to—has been mandated for use as 
a fumigant on a virtual cornucopia of im­
ported Iruils and vegetables as a condition of 
their entry into the U.S. It is also registered 
lor a variety ol soil, postharvest and structural 
applications by vinue ol its etiectiveness al 
killing bugs, its unusual penetrating power, 
nonllammability and presumed rapid dissi­
pation when aerated. 
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One measure ol jusl how pervasive methyl 
bromide's use has become is the list of 
foodstuffs lhat may be legally treated with it. 
There are 87 raw agricultural commodities 
on the list, including 13 kinds of nuts, 10 
kinds of grains, 36 kinds of vegetables (from 
beans to yams) and 19 kinds of fruit, as 
well as every conceivable variety of pro­
cessed foods 

Another indicator can be found in the Toxic 
Chemical Release Inventory ot the 1986 
Emergency Planning and Community Right 
to Know Act. Under the Bhopal-inspired 
legislation, the compound is listed as one of 
approximately 300 chemicals regarded as 
"acutely toxic (that is, causing serious injuries 
with short-time exposures), possible carcino­
genic, or capable of having a significant 
adverse effect on the environment." Ac­
cording lo the latest data put out at the 
beginning of 1990, some 1,178,517 pounds of 
this odorless, colorless gas—3.3 times as 
heavy as air—were released into.the en­
vironment during 1988 by various reporting 
facilities within U.S., mostly in the form of 
stack and fugutive air emissions. Among 
those operations emitting the chemical were 
the GertDer Baby Food plant in Fort Smith, Ark. 
(22,660 pounds), the Hershey Chocolate plant 
in Hershey, Pa (40,591 pounds), the H B. 
Reese Candy Co., also in Hershey, Pa. 
(13,400 pounds), three Nabisco plants in 
Chicago, Atlanta and Niagara Falls (38,500 
pounds combined), two Borden company 
facilities in Warren, Mich., and Lowell, Mass. 
(32,586 pounds combined), the Quaker Oats 
plant in Kankakee, 111. (33,000 pounds) and a 
Quaker Oats subsidiary. Golden Grain 
Company, makers ot Rice-A-Roni and 
Noodle-Roni products (14,000 pounds). 
These figures exclude any uses that may 
have fallen below the official reporting 
threshold. 

The question of whether such massive 
releases represent a health hazard to nearby 
residents is one that still appears to be 
awaiting some sort of official answer. 
However, when put to Dr. David Groth, a 
Cincinnati-based consultant in occupational 
and environmental health and 24-year 
veteran of the National Institute of Occupa­
tional Safety and Health (NIOSH), he replied: 
"It's reasonable to expect if nobody is allowed 
in the building and venting takes place soon 
after fumigation, the gas is not going lo 
decompose that rapidly, so any people who 
are downwind from the exhaust would be 
affected." Groth estimated that under such 
circumstances, "probably 90%" of the gas 
used in fumigation would actually end up 
being emitted into the environmenj. 

During his career as a homicide detec­
tive with Miami's Metro Dade Police 
Department, Archie Moore has be­

come well inured to all manner ot untimely, 
crime-related deaths. Bul he still hasn't 
forgotten a particular one he investigated 
four years ago. It occurred at the end ol 
October, loilowing a burglary at what he 
describes as a "very nice home" in the city's 
southwest section. 

"This guy took it upon himsell to break into 

a house lhal had an enormous lent on it," 
Moore recalls. "Apparently, he wasn't in there 
very long (when) 1 guess the fumes and stuff 
started to overcome him. When we found 
him, he had collapsed in the back yard a few 
feet from the house." 

For Danilo Leon Zuaznabar, a Venezuelan 
immigrant and petty criminal, this was the one 
offense for which there would be no chance 
of rehabilitation. To police who were sum­
moned to the scene around midnight, 
however, this was not immediately evident, as 
Zuaznabar sat up when they arrived, ap­
pearing "groggy bul coherent," according to 
their report. Then, having been read his rights 
in both English and Spanish, he voluntarily 
told the officers, "I broke into the house—I'm 
gassed." Still, his condition did not seem to 
warrant the services of a fire/rescue unit that 
had also responded. Instead, he was trans­
ported by police car to a special ward of 
Jackson Memorial Hospital reserved for 
offenders. After walking only five or six feet 
from the vehicle, however, Zuaznabar "col­
lapsed on the ground and began experi­
encing whal appeared lo be convulsions." 

The EPA's official 
position is to continue 
to allow all currently 
registered products 

containing the poison 
to be "sold, distributed, 
formulated and used." 

whereupon he was transferred to the 
emergency room. About ten and a half hours 
after being discovered on the lawn, he 
expired—the cause of the death being listed 
by the Medical Examiner's office as methyl 
bromide intoxication. 

In the view ol Dr. Thomas V Briggle, the 
Zuaznabar case isn't all that unusual, but 
rather "follows a pattern" of similar episodes 
during tent fumigation in the slate ol Florida. 
Typically, says the University ol Miami 
epidemiology and public health professor, 
"you'll find the perpetrator lying on the tront 
lawn convulsing." And They're not in (the 
house) for ten minutes." 

But "considering the tact that methyl 
bromide is absorbed through the skin 
as well as inhaled, you get quite an exposure 
going into a tented home," he contends. "I 
mean, these things are robbed by people with 
breathing apparatus . . . and they die . . . it 
gets Ihem either way." 

Briggle, who is currently conducting a study 
in conjunction with the Occupalional Salety 
and Health Administration (OSHA) on 
applicator-related hazards ol methyl bromide. 

says he attempted a few years aqo to 
develop a viable test for exposure lo the 
chemical, using the bodies of such victims 
The effort, however, was unsuccessful due to 
the fact that Ihe chemical "is altered so 
rapidly in the body" and breaks down in the 
bloodstream after only a very short period 
The conventional test for blood bromide 
levels really "doesn't tell you anything," he 
claims, because these can be related to so 
many factors, from bromides in drinking water 
to antacids. 

Relatively high concentrations. Palm Beach 
Medical Examiner Dr. John V Marraccini 
says, can cause victims to undergo seizures 
or exhibit flu-like symptoms, then "Quickly 
develop lung failure." He cites an example of 
a 27-year-old woman who died some years 
ago after the gas leaked into her apartment 
from an adjoining building via a wall opening. 
'At 1 A.M., she was seen by a visiting doctor 
because she tiad abdominal cramps, vomit­
ing, weakness. He decided she had the flu. 
She died in her bed about two and a half 
hours later." Then, there are the "more in­
sidious" effects of chronic exposure to lesser 
amounts—the kind Marraccini claims are 
sometimes found among California agricul­
tural industry workers. These may not only 
resemble liver disease or Reyes Syndrome, 
but can also include "a variety of neurological 
problems and psychiatric disorders"—some 
of them permanent. In other words, "chronic 
low-level exposure can make you look like 
you're nuts." 

Marraccini also has a word of caution for 
homeowners about certain aspects of the gas 
that may elude those whose job it is to test 
atmospheric levels after a fumigated house 
has been vented. While a reading of five parts 
per million supposedly indicates it's safe to 
reenter, he points out that the vapors have a 
tendency to lurk in "pockets" (this hide-and-
seek characteristic was alluded to al a recent 
technical seminar by a fumigation supply firm 
service manager who noted that "we may not 
get any gas in a room, but the drawers or 
closets may be full of methyl bromide"). 
There's also the hidden danger of methyl 
bromide getting into air spaces of foam 
material that's been left in an area under­
going fumigation. 'You could put a child down 
on a mattress and expose him to methyl 
bromide leaking out ol the air cells. That 
potential exists." 

Marraccini contends that cases ol methyl 
bromide poisoning really began "burgeoning" 
in his jurisdiction around 1981. Us pernicious 
tendencies, though, were noted many years 
beiore when it played a somewhat different 
role in protecting structures. "Originally, they 
used it in fire extinguishers," he says, and 
they noticed certain people dropping dead 
when they extinguished fires in closed 
spaces." So it proved less than ideal in 
this capacity. 

"Bul il did kill bugs." 

W'helher methyl bromide should be 
permitted lo go on killing bugs is 
a question lhal the Environmental 

Protection Agency is currently in the process 
ol reviewing. As a compound up lor rereg-
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istration, the safety of its various long-
accepted and officially sanctioned uses 
must now supposedly be proven to the 
agency's satisfaction. 

"If you have an old chemical like methyl 
bromide . . . and you were to look at it under 
the same kind of magnifying glass that you 
use in registering new compounds, it wouldn't 
pass muster." says one EPA researcher. 
"There are a lot of questions which we don't 
know the ansvi«r to. One . . . is whether or 
not you have any residues (in food) because 
it's a gas—won't it go away? Well, that was 
always the assumption . . and no one had 
gotten the residue data to see how much 
persisted. After all, that was the assumption 
with EDB also, and it wasn't true." 

EDB—ethylene dibromide—was the fumi­
gant placed under an emergency ban by the 
EPA in 1983 after it was deemed a strong 
carcinogen and its presence was detected in 
various foods and groundwater. Also an 
organic halide, EDB was, up until then, used 
for many of the same purposes that methyl 
bromide currently is—including Ihe gassing of 
imported commodities. In a report issued the 
year after the ban, however, the American 
Council on Science and Health, which 
opposed the action, termed methyl bromide 
as "more poisonous" and posing a greater 
hazard to the safety of exposed workers 
than EDB. 

Those exposed workers are a prime 
concern of at least one organization, Cesar 
Chavez' United Farm Workers of America 
Methyl bromide's application to the soil 
beneath vineyards, according lo Chavez, had 
caused a number ol them to be poisoned— 
sometimes long after fumigation. As a result, 
an industry ban on Ihe chemical's use is one 
of the stated purposes of the UFW's current 
grape boycott. 

The EPA's own findings lend credence to 
this position. In Calitornia, il ranked Ihe 
compound as one ol the major causes ol 
poisonings and hospitalizations of workers 
from 1982-85. 

In a number of cases, people residing in 
the vicinity of fumigated agricultural land 
appear to also have suffered various ill 
effects One such well-documented episode 
involved the evacuation of about 75 homes 
near Modesto in 1984 loilowing the soil 
treatment of a strawberry field with methyl 
bromide and chloropicrin, another lumigant 
with its own irritating side effects (resembling 
those of tear gas) sometimes added in small 
amounts to give off a "warning odor " The 
incident resulted in some 35 individuals 
having to be treated at local hospitals, 
including several police officers and tire 
fighters called in to assist and a six-year-old 
child who was hallucinating 

It was around the mid-1980s, under a 
USDA quarantine program, that methyl 
bromide residues were lirst detected in 

Calitornia nuts and Florida citrus, according 
to Walter Francis, contact person lor the 
Pesticide Management Team in the EPAs 
Registration Division. "We started getting 
information that organic methyl bromide 
was indeed being found. . . . I think we were 

under the impression at one point that it 
wasn't there." 

That "impression" was one based on the 
long-held belief that, once applied, the 
compound begins to rapidly decompose 
until all traces ot it have either dissipated or 
broken down into relatively benign, inorganic 
bromides. Consequently, residues of such 
bromides are the only ones for which official 
tolerances were ever set, and testing for 
organic—or actual—methyl bromide has 
never been required, although its use in pest 
control dates all the way back lo 1932. 

At present, however, "most reliable 
scientists see no reason to run (tests for) 
inorganic bromides," observes American 
Spice Trade Association Executive Vice 
President Tom Burns. "They are no hazard. 
It's a waste of chemistry, time and money." 
And, having indeed found evidence of organic 
residues, the EPA is now just beginning to 
develop the voluminous data necessary to 
establish tolerances for methyl bromide per 
se in the numerous commodities on which it 
is used—a process whose projected time 
frame EPA representatives would not even 
venture lo guess at. 

In the meantime, any testing for the organic 
chemical in foods would have to be purely 
voluntary and may often not even be feasible. 
While it tests its products for other chemicals, 
for instance, the Gerber Baby Food Company, 
which uses methyl bromide at its Fort Smith, 
Ark., facility, has neither Ihe "facilities" nor 
"analytical capability" to check for residues of 
the poison, according to a spokesman. "At 
this point," he adds, "we've been relying on 
approved use procedures." 

The notion that methyl bromide fumigation 
leaves organic residues on anything is 
one that continues to be denied by the 

pesticide's chief manufacturer. "We have an 
extensive residue chemistry program well 
under way, and I can say without reservation 
that loods as consumed contain no detec­
table levels ol methyl branide," contends Dr. 
Vernon White of Great Lakes Chemical 
Company in West Lafayette, Indiana. "And, of 
course, if there's no exposure, there's no risk." 

But Gary Obenaul, a spokesman for the 
California Raisin Advisory Board, Prune Board 
and Walnut Marketing Board, isn't nearly 
so conlident. Based on preliminary data 
gathered by Ihe California boards, he believes 
that amounts ol the chemical are apt to be 
lound in dried fruits and nuts, "probably in the 
neighborhood ot a tew parts per million." He 
also feels that the tumigant's future use is 
by no means assured. "Because we don't 
have a viable alternative, we're in a very 
precarious situation," he admits. "We don't 
know a lot and there are so many variables 
involved . . . v^e're flying by the seat of our 
pants at Ihis point." 

The variables to which he refers do in­
deed tend to complicate the residue issue. 
There is, lor instance, Ihe question ot when 
and how many times a product may have 
come into contact with the toxin. Then 
there's the matter of temperature at which 
lumigated items are stored, since methyl 
bromide may persist longer under cool con-
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diTions. (USDA regulations, in fact, olten call 
for refrigeration as a prescribed condition of 
use.) Packaging is also a consideration, 
remembering the tendency of the gas to 
become "trapped." Finally, there's the all-
important question of the kinds of com­
modities involved. According to Obenauf, 
products containing high oil and fatty acid, 
such as nuts, are likely to retain the chemical 
longer than others. One result was the in­
sistence of Japanese authorities lhat 
shipments of fumigated nuts be held "for at 
least a month after treatment" before entering 
their country. 

Further muddling the dietary exposure 
picture are the inconsistent ways in which 
corporate users handle methyl bromide in 
food processing plants. A spokesman for the 
Gerber Baby Food plant in Fort Smith, 
Arkansas, for instance, while acknowledging 
that the chemical is used on "most of (its) 
bulk flours and packaging materials," indi­
cated that the company has reservations 
about using it on packaged products, since 
"there's some question of what happens" 
when "something is in the package and the 
package is treated." The Borden Company, 
on the other hand, empties all silos of raw 
material prior to fumigating its Prince 
Spaghetti plant in Warren, Michigan, but 
otherwise has no qualms about exposing 
"everything we make that happens to be on 
the premises"—that is products in corrugated 
boxes—to the gas, according to company 
representative Ottava Mecca. (The building's 
offices, however, are spared from fumigation 
as "it might be dangerous to the computers.") 

Another major company, Kraft, acknowl­
edges using the poison to control cheese 
mites in the storage area tor its Parmesan 
cheese (the kind of product reportedly prone 
to residue retention), which, according to a 
company representative, is tested tor in­
organic bromides in accord with "industry 
practice." (Whether Ihe cheese remains in the 
area during lumigation, however, is a point no 
one seems prepared to clarify.) 

Then there's Pillsbury, whose use of the 
fumigant appears to be tempered by extreme 
reservation. "Methyl bromide is a chemical 
that we don't use on any food products," says 
Pillsbury spokesman Lane Paolocci in 
describing its application at the company's 
grain milling plant in Buffalo. "(It's) usually just 
used on fruits and vegetables, typically not on 
flour because of fhe potentials lor residue 
which is why we only do it on empty 
buildings." (Pillsbury, incidentally, recently 
settled a suit for an undisclosed amount 
against four insurance companies for lost 
business due to negative publicity arising 
Îrom Ihe suspension of EDB in 1983.) 

Other lood processors go beyond mere 
misgivings. The Planters Company—a Na­
bisco subsidiary—neither uses the chemical 
nor "allow(s its) use on the products we sell," 
according to a representative. And a spokes­
man for quality assurance at Kellogg's states 
quite emphatically that methyl bromide use is 
"not acceptable" by Ihe company and is not 
allowed on any of its gram products or around 
any grain it buys—a policy in force prior to 
his joining Ihe company 13 years ago. 

The pest control industry's position, of 
course, is unequivocal. It holds that 
methyl bromide, when used as pre­

scribed, not only poses no significant threat 
to Ihe public, but is a virtually indispensable 
weapon in battling insects. One industry 
source—a spokesman for Western Fumi­
gating—goes a step further in asserting that 
it represents the only means by which 
"the good people" of Chile can keep their 
economy viable and thus "continue their fight 
against communism." 

Such advocacy might seem natural, but it 
is also particularly significant when one 
considers the industry's role in determining 
whether methyl bromide will ultimately be 
allowed to continue in its many existing 
capacities. For while it will require several 
years of extensive testing for the EPA to 
make up its mind, it is not that agency's job, 
however, to conduct such testing itself "We 
put the onus on the registrant to give us the 
data—we don't care ho\\ they get it," says 
Jeff Kempter, an EPA team product manager 
In this case, the registrant is considered to 
be the Methyl Bromide Industry Panel, 
chaired by Dr. White of Great Lakes Chemi­
cal. That organization, in turn, is currently 
looking to others for help—end user groups 
like the National Colfee and Chocolate 
Associations who "find methyl bromide to be 
highly important for their purpose," according 
to Kempter. It has even approached the 
USDA, hoping to "get some money there" 
from research funds, he claims. 

By calling for a broad spectrum ol specilic 
tests, the EPA reportedly hopes to fill what it 
admits are "residue and toxicology data 
gaps" on methyl bromide which currently 
prevent the agency from considering "sig­
nificant new food uses" for the chemical. An 
EPA fact sheet cites chronic toxicity, dietary 
and applicator exposure and groundwater 
contamination as among the areas in need 
ol illumination. 

Until it is provided, however, the EPA's 
otiicial position is to continue to allow all 
currently registered products containing the 
poison to be "sold, distributed, formulated 
and used." Its stated rationale is that the 
agency "does not normally cancel or withhold 
registration tor previously registered use 
patterns simply because data are missing 
or inadequate." 

Just what does the EPA actually know 
about methyl bromide? That all seems 
lo depend on what sources within the 

agency you consult. 
The EPA's registration standard, for in­

stance, relers to the chemical's •demon­
strated mutagenic effects" These are also 
discussed in a report issued by an offshoot 
of its Office of Water and Waste Management. 
Another EPA document, the Prolile lor Ex­
tremely Hazardous Substances, cites such 
efiects ol chronic exposure as "severe and 
permanent brain damage." 

However, lo Waller Francis, the author ol 
the EPA's otiicial pesticide lact sheet on 
methyl brorTiide, such findings seem to some 
as news. "As of this time, 1 don't think any 
of fhe studies would point to lhal," he says. 

Can 
abat 
r̂eally 

help save 
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world? 
Believe it or not, yes. 

Because in addition 
to controlling vast 
numbers of insect 
pests and pollinating 
many of the world's 
most valuable plants, 
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for up to 95% of the 

seed dispersal essential to regeneration of 
tropical rain forests. 

And without rain forests, the world's en­
tire ecological balance would be destroyed. 

However, due to people's fears and 
misconceptions, bats are being randomly 
and brutally exterminated. Many valuable 
species are endangered or already extinct. 

Bat Conservation International (BCl) was 
founded to educate people worldwide about 
these intelligent, useful mammals. As a 
result, many important bat populations 
have been protected. But much more needs 
to be done. And BCl needs additional fund­
ing to implement many of its conservation 
projects. 

Please help BCl by becoming a member 
and making a donation. . 

The bats' survival—and possibly your 
grandchildren's—depends on it. 

Yes, I wish to become a member 
• Regular-$25 
• Family-$35 
• Supporting-$50-$1000 

As a member of BCl, you will receive our quarterly 
publication, "Bats," and a discount on all items in 
our catalogue. 

Name_ 

Address. 

City. _ Stale _ 

L . 

Mail Ihis coupon willi jour check to; 
Bat Conservation International 
RO. Box 162603, Austin, TX 78716 

-Zip_ 

. J 
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Tomorrow's awareness 
In vain too late 

Today's judgement 
Decides earth's fate 

Symbolic gre«n Ts and Sweats to be worn on April 22nd 
or any day. 7 ulor design on quality garments. Also on 
white. Kids: XS, S, M, L - T s $9.95, Sweats $18.95. Adults 
S, M, L XL • Ts $12.95, Sweats $21.95. Shipping & handling 
add $2.55 per order. Call 1 -SOCMSe-LOVE, VC/MC/AmEx 
or mail check/m.o. to Loveartti, Dept BW, 39-29 Bell Blvd., 
Bayside, N.Y. 11361. $1 ol every order donated to an 
environmental organization. If you have a favorite please 
specify. FHEE2 color L0VEA8I1I bumper sticker with any 
order over $25 or $2 each. Call lor brochure with olher 
Lovearth sayings (CJI989 LOVF.ARIH 

C'HCLt NO ?t ON HKADI HStHviCL C 

The Air You Breathe 
Is Our Business. 

For over 15 years our cuslomcrs have 
enjoyed relief from indoor air pollution in 
tfieir liomes, offices, and cars. If you 
suspect you suffer from indoor contami­
nants or from the growing concern over 
"Sick Building Syndrome." call us! 

• A ctivated Carbon Purifiers 
• Foil Vapor Barrier 
• Whole-house Central 

Purification 
• Hepa Filters 
• Face Masks 
• Water Filters 

" The IZxperls Choice . 
New York Tinic: 

Environmcnially Safe . 
No Pla.'ilic.s, Nv Ozone 

says The 

£. JI. *Jotut Go., One. 

HOX 105, in.tvlllUKS I'. I l . l . 60126 

1-800-225-9549 

In fact, his particular sector had so far failed 
to come up with "any adverse effects on 
any of the data we've looked at . . . no type 
of mutagenicity or chronic affects associ­
ated with it." 

Ninety-nine percent of that data, he admits, 
comes from industry sources—meaning Ihe 
Methyl Bromide Industry Panel—since "we 
have no research labs to speak of and we 
can't contract out (for) specific chemicals." 
Manufacturers of the compound are also 
required by law to notify the EPA should they 
become aware of potential adverse effects, 
he points out. "As far as I know, there hasn't 
been anything that's raised a red flag." 

But Francis does suggest that those EPA 
reports, along with evidence of genotoxicity 
cited on Great Lakes Chemical's safety data 
sheet, be submitted to his office. "Othenwise, 
there would be no way for us to know that 
they exist." 

When Dr. L.H J.C. Danse and his 
colleagues from Holland's National 
Institute of Public Health and Envi­

ronmental Protection began a three-month 
study on rats a few years ago, they were quite 
unprepared fpr either the results it would 
produce or the international scientific flap 
that would follow. 

Danse, however, thinks he understands 
why the U.S. government scientists who had 
asked to view the slides from the study were 
in such a hurry to debunk his research 
team's interpretation of them. 

"I knew at the time that there was very big 
interest in the U.S. about methyl bromide, 
because they had just forbid another 
compound (EDB), and they then said that 
methyl bromide was sale. So they were 
embarrassed to see those results." 

By force feeding methyl bromide to rats via 
gavage, the Dutch group had initially hoped 
to establish a "no-toxic effect" level for the 
chemical in the torestomachs ot the test 
animals. In their subsequent report on the 
experience, though, the researchers con­
cluded that "because of the unexpected 
carcinogenic response in this 90-day rat 
study it is not possible to estimate a no-effect 
level based on a threshold dose." They also 
determined the chemical to be a "potent 
stimulus of cell growth which will promote a 
carcinogenic process." This was based on a 
finding of squamous cell carcinomas in 13 of 
20 animals in the highest dose group, with all 
animals in the group exhibiting hyperplasia— 
a marked abnormal cell increase. Less 
pronounced hyperplasia was also observed 
in rats administered lov«r doses 

According to Danse, he and his colleagues 
"were very surprised to lind these tumors in 
such a short study, and at the moment . . 
had no plans ol doing a reversal study." It 
was then, he says, that the group came inlo 
contact with Dr Gary Boorman, chiel of Ihe 
Chemical Pathology Branch of the National 
Institutes ol Health al Research Triangle Park. 
North Carolina, who "asked us as a Triend' 
institute to give (them) the slides and an 
opinion ol these slides." The only discussion 
ol Ihe matter, he claims, involved whetfier "we 
should do that (second) study or they should." 

At no time, he adds, did the Americans 
express doubts about his qualifications or 
"treat me in a way that indicated I did a 
wrong diagnosis." 

Boorman's recollection of events, however, 
is somewhat at variance with Ihe account 
provided by Danse. And while readily ac­
knowledging that to produce such a 
cancerous reaction in just 90 days would 
indeed have been "tremendous," the evi­
dence, he contends, simply wasn't there. 

According to Boorman's scenario, his 
group became involved "after EPA asked us 
to evaluate the Dutch study and we had a 
Iriend ol a friend talk to the person who's 
head ol the Institute lo give us the slides," 
which he then shov^ed to a dozen patholo­
gists from medical schools, pharmaceutical 
and chemical companies and the NIH. 

When "the vote was zero for tumors," he 
contends, "we called them (the Dutch team) 
and asked them to publish a retraction or to 
send a letter saying that on second thought 
maybe it's not quite as strong or something, 
and they relused, so we thought we had no 
choice but to repeat the study. I haven't heard 
from them since." 

"Our conclusion was that (what the Dutch 
researcher observed) was not really carci­
noma; they misdiagnosed that," says Dr. 
Raymond Yang of the National Toxicology 
Program which was involved in the sub­
sequent, somewhat lengthier study. "In such 
a short duration . . . the only thing they had 
seen is hyperplasia; they didn't see any 
cancer per se." In fact, he declares, to have 
a study ol only three months' duration end 
up producing stomach cancer would be 
"highly unusual." 

Which isn't to say that the Boorman group 
had determined "there was no evidence that 
methyl bromide is a rodent carcinogen, as 
the Industry Panel's chairman. Dr. White, 
maintains. 

"I think he (Dr. White) is stretching the truth 
a little bit," says Yang. "As a scientist 
responsible tor methyl bromide in the NTP, I 
certainly would not dare to make that sort of 
comment right at this minute . . . to make a 
blanket statement like that is inappropriate." 

W hat the U.S. researchers did con­
clude was that 100 percent of the 
rats receiving methyl bromide con­

tinuously over a 25-week period developed 
hyperplastic lesions ot the forestomach, a 
condition which "may or may not precede 
cancer," according to Dr Yang Furthermore, 
one rat in the group showed evidence of 
malignancy, the implications ol which, while 
"not statistically significant, cannot be ig­
nored," the published report on the American 
study noted. In fact, hyperplastic responses 
are usually characteristic of carcinogenic 
chemicals, Yang observed. 

It isn't the outcome ol the NTP study ilsell 
that Danse takes issue with, but rather the 
Americans' apparent attempts to discredit his 
own group's research. 

Boorman, tor instance, claims there were 
no pathologists involved in either conducting 
or reviewing the Dutch study—only graduate 
students and a loxicologisl. To Danse. lhal is 
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I "very peculiar and not very correct," as not 
only is he a qualified pathologist, but so were 
several other doctors who concurred with his 
findings—including Dr Groth, the ex-NIOSH 
staffer. Groth confirms his role, recalling that 
"generally 1 agreed with the fact that they did 
produce tumors." And NIOSH, for its part, 
freely admits to having used fhe Dutch results 
in arriving at its own determination that methyl 
bromide is potentially carcinogenic. 

Curiously enough, that's something the 
Dutch government has yet to do. But then, 
it really needn't bother, because, according 
to Danse, methyl bromide's use in the 
Netherlands is currently "restricted to a very 
lew products—and then only at a single part 
per billion." 

That, he says, is because, carcinogenicity 
aside, "it's not such a nice compound," but 
one lhat represents "a very serious risk for 
consumers and users." 

Barb Troy remembers Terry Ray Schneid­
er as a "fun-loving guy . . . real high-
spirited." At 19, Schneider was assistant 

manager of the Village Inn. a popular Iowa 
City pancake house where Troy is employed 
as a waitress. He had been working there 
about eight months and was thinking of 
possibly making the restaurant business his 
permanent career when, sometime before 5 
A.M. on October 6, 1988, any permanent 
career prospects he might have had were 
abruptly ended within the confines of the 
Village Inn. 

With more responsibilities than usual on 
that particular morning, Schneider had been 
the first employee to arrive al work. In addition 
to restarting the computer, he also had to 
remove some plastic tarps from food coolers 
and other items. The tarps had been put 
down as a protective measure while Daven­
port extermination company performed a 
methyl bromide fumigation that had been 
completed shortly beiore midnight. 

"I got here about five, and one of the girls 
was here before I was," Troy recalls. "We 
found his stuff up front—his coat, cigarettes 
and keys—but not him. We could see that 
he'd been in the of f ice" It was at first 
assumed that Schneider was with the 
manager, she says, but when the latter 
showed up, "we didn't think about it again." 
That is, until a few minutes later when a 
cook found him lying on the floor of the 
men's room, where he had vomited and 
collapsed. He was dead on arrival at Uni­
versity Hospital. 

Just how had the Village Inn managed to 
retain levels of methyl bromide sufficient to 
kill Terry Schneider? It had, after all, been 
thoroughly vented immediately following 
fumigation, hadn't it? Well, not exactly, 
according to the report from the Johnson 
County Medical Examiner. That report alleges 
that, in addition lo the ventilation system not 
having been turned back on, some of the 
vents also remained covered with plastic. As 
a result, pockets ol the chemical had 
probably built up in conlined areas—such as 
rest rooms. 

Bul why did Ihe lumigalor tail to detect this 
prior to allowing employees to reenter? As 

James Sargent, an entomologist with Great 
Lakes explains il, "the guy thought he was 
taking gas readings . . . he didn't know that 
he had put the tube in backwards." As lor 
the blocked vents, "he thought that this kid 
had taken the plastic off the roof 'cause he's 
been told to do it. but he apparently didn't 
go up and check on it. . . . He was trying to 
do a job and . . . some unfortunate things 
took place." 

Fumigating in the United States is currently 
a $100,000,000-a-year business, according 
to Joe Kaznicki's estimate. That figure, 
however, could grow even larger if the idea 
now being promoted by the firm for which 
Kaznicki works as an office manager in 
Lester, Pa., should begin to catch on. 

It's an approach that the Western Fumi­
gating Division of Western Termite and Pest 
Control is "just getting into selling" in the 
Northeast. The idea, Kaznicki says, is for free­
standing restaurants to convert from Ihe pest-
control methods traditionally used in the 
region to fumigating with methyl bromide 
instead—a service that the Parsippany, N J -
based company is now attempting to sell to 
the main offices of vanous fast-food chains. 

It's a fairly simple proposition, he explains, 
which can be easily facilitated in a single 
night by tarping the restaurant after closing 
time, then reopening the next morning for 
business as usual. In fact, when dealing with 
a roach problem, he says, tarping may 
actually be unnecessary since not as much 
penetration of the gas is required. 

While this may seem like a relative­
ly expensive method ol eradicating roaches. 
Kaznicki points out that with methyl bromide 
"they don't come back" Besides, "it's 
cheaper than having a customer see a roach 
on the table and walk out. 

The firm has encountered some ini­
tial resistance, of course That, he claims, is 
because in the Northeast where restaurant 
lumigating isn't customary, "people in the 
restaurant business don't like the idea ol a 
deadly poison" being used in their estab­
lishments. To reassure them, however. West­
ern representatives have been including in 
their presentation various testimonial letters 
attesting to customer satisfaction, he says. 

Methyl bromide, after all, is the only fumi­
gant still available that's approved tor use 
around food, Kaznicki points out. And it's also 
one lor which residue testing is unnecessary 
if it's "used according to the label." «ilUii>' 

Linda Bonvie and Bill Bonvie are a miter-
research leam based in Connecticut 

For lurther intormation on methyl bromide, 
contact the loilowing organization: 

United Farm Workers 
Boycott Dept. 

RO. Box 62. Keene, CA 95531 
(805) 822-5571 

For lurther reading on methyl bromide, con­
sult the following publication: 

EPA Pesticide Fact Sheet #98 
Aug. 22, 1986 

(Beauty 
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METHYL BROMIDE (MBr) EMISSIONS 

Total Impact Baseline consumption: 25,000 metric tons (tes) 

Detailed Emissions Estimate 
Use Level Emissions Subtotal 

Pre-plant 60% X 25% = 15% 
Post-harv 30% X 50% = 15% 
S t r u c t u r e 5% X 100% = 5% 
Chemical 5% X 0% 0% 

TOTAL = 35% X 25 

8,750 tes X 0.6 ODP = 5,250,000 kg c a l c l e v e l 

Low Estimate 
8% of pre-plant = 6,250 tes x 0.6 = 3,750,000 kg ca l c l e v e l 
[25% o v e r a l l emissions] 

High Estimate 
40% of pre-plant= 11,250 tes x 0.6 = 6,750,000 kg c a l c l e v e l 
[45% o v e r a l l emissions] 

Currently Controlled Substances 
Baselines i n kg ODP kg c a l c u l a t e d l e v e l 

CFC-11 
CFC-12 
CFC-113 
CFC-114 
CFC-115 

Hal-1211 
Hal-1301 

Group I I I 
Group IV 
Group V 

91,590,222 X 1 = 
146,969,492 X 1 = 
80,341,896 X 0.8 = 
5,682,569 X 1 = 
4,176,000 X 0.6= 

2,961,971 X 3 
4,986,850 X 10 = 

135,948 X 1 = 
67,531,900 X 1.1 = 
31,494,057 X 0.1 = 

91,590,222 
146,969,492 
64,273,517 
5,682,569 
2,505,600 

8,885,913 
40,986,850 

135,948 
74,285,090 
3,149,406 

Best Estimate 
I f 100% of MBr consumption equals emissions, then impact of MBr 
would be roughly 5 times greater than Group V (MCF). Best 
estimate (assuming only 35% t o t a l emissions) i s that impact of 
MBr i s more than 1.5 times greater than that of MCF. 



November 25, 1991 

Robert Watson 

NASA Headquarters 
Washington, D.C. 

Dear Dr. Watson: 

I am quite concerned about the recent fi n d i n g of the WMO/UNEP 
Ozone Trends S c i e n t i f i c Assessment Panel, of which you are a co-chair, 
that "Methyl bromide i s the major source of stratospheric bromine." 
Methyl bromide i s , of course, a potent ozone destroying chemical, and 
the Assessment report as well as other reports i n the s c i e n t i f i c 
l i t e r a t u r e indicate that emissions of methyl bromide are lar g e l y 
anthropogenic i n nature. 

I would l i k e to discuss t h i s issue i n d e t a i l . To that end, I 
would appreciate i t i f you could j o i n me for a meeting i n my o f f i c e on 
December , at . Important issues include the state of our knowledge 
on the sources and sinks of methyl bromide; the volume of methyl 
bromide production and use i n the United States and abroad; the 
pr i n c i p l e uses of methyl bromide; and the a v a i l a b i l i t y of substitute 
chemicals. Dan A l b r i t t o n 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 i n v i t e d to attend. 

The l a t e s t findings on the rate, extent and duration of ozone 
depletion sound a loud warning that we must move ahead quickly i n 
eliminating the production and use of ozone destroying substances. I 
therefore very much appreciate your willingness to p a r t i c i p a t e i n t h i s 
discussion. I have included i n t h i s l e t t e r a copy of d r a f t 
l e g i s l a t i o n that I would also l i k e to discuss at our meeting. 


