Reports

Tropospheric Halogen Gases: Inorganic and Organic

Components

Abstract. Inorganic and organic components of the gaseous tropospheric halo-
gens chlorine, bromine, and iodine have been simultaneously measured. At four di-
verse remote locations the organic component contained the bulk of the halogen
mass, varied less than the inorganic component, and was comparable in concentra-
tion to the independently measured halocarbon component.

Interest in atmospheric halogen gases,
particularly those containing chlorine
and bromine, has increased dramatically
because of concern that halomethanes
may affect the stratospheric ozone layer
(I). A series of gas chromatographic
measurements since 1971 indicated that
several halomethanes and more complex
halogenated hydrocarbons are routinely
present at widespread locations in the at-
mosphere (2—4). These studies showed
the following halocarbon concentrations
[nanograms per standard cubic meter
(ng m~3 STP)]: Cl, 2200 to 4500; I, 7 to
< 30; and Br, < 18. As a result of these
findings, considerable attention is now
being focused on the organic species of
the gaseous atmospheric halogens.

Although there is certainly a signifi-
cant reservoir of organic halogen gases,
the possibility that there is a comparable
inorganic halogen reservoir is not ex-
cluded by the available data. Several
models have been developed for the
chemistry of various inorganic halogen

species in the troposphere (5). In addi-
tion, species such as HX and X,
(X = halogen) were postulated in the old-
er literature to account for the relatively
large concentrations of ‘‘total’’ gaseous
halogens measured at diverse locations
(6-8). However, individual inorganic
halogen gases have not been identified in
the troposphere. Knowledge of the rela-
tive sizes of both reservoirs would aid in
understanding the overall geochemical
cycles of the halogens, and could pro-
vide a better perspective for considering
perturbations on the global system.

To bridge the gap between the two sets
of data for tropospheric halogen gases—
the older total data, which include no in-
formation about species, and the newer
gas-chromatographic data, which quan-
tify certain organic species but not total
halogens or any inorganic species—we
have developed a technique to separate
inorganic from organic gaseous halogens
and quantitatively determine their
masses. The sampling system consisted

of a 0.4-um Nuclepore filter 47 mm in di-
ameter for particulate collection, fol-
lowed by one to three 47-mm Whatman
No. 41 cellulose filters impregnated with
1.0N LiOH in a 10 percent glycerol-wa-
ter mixture, followed by five to seven
0.5-g beds of 10- to 12-mesh activated
charcoal. Flow rates were 17 to 23 liter
min~!. Laboratory tests showed that
common inorganic halogen gases such as
HX and X, were retained with high effi-
ciencies by the impregnated filters,
whereas halocarbons such as CCl1, and
CH;l passed through to the charcoal,
where they were collected with high effi- -
ciencies. Mean blank values per LiOH
filter were Cl, 3.4 ug; Br, 53 ng; and I, 12
ng; blanks per gram of activated charcoal
were Cl, 2 ug; Br, < 12 ng, and I, 50 ng.
Sample/blank ratios were generally great-
er than 1 and are listed in Table 1.

Analysis was by nondestructive neu-
tron (n) activation, using the 2-Mw nucle-
ar reactor of the Rhode Island Nuclear
Science Center. Samples were irradiated
for 2 to 20 minutes at a thermal flux of
4 X 102 n cm™2 sec™!, allowed to decay
for 6 minutes, and then counted by using
a Ge(Li) detector coupled to a 4096-
channel analyzer for 800 seconds live
time. Analytical uncertainties were gen-
erally 10 to 20 percent.

We report here on field tests at four
semiremote to remote sites: Fort Smith,
Northwest Territories, Canada; Hays
Agricultural Experiment Station, Kan-
sas; Organ Pipe Cactus National Monu-
ment, Arizona; and Bermuda. Sample
collections were made during June to Oc-
tober 1974 and were 2 to 4 days in dura-
tion (the average volume was 100 m?
STP). The main features of the results are
presented in Table 1.

The inorganic gas concentrations
showed greater variability than the or-
ganic gas concentrations, as shown in

Table 1. Halogen data from the four sampling sites. Inorganic gas was collected on LiOH-impregnated filters. Organic gas was collected on
activated charcoal. The number of samples is given in parentheses for each site.

Arithmetic mean (ng m™ STP)

Total gas/particulate

Inorganic gas/

. total gas
Inorganic gas Organic gas (mass ratio) (mass %)
Cl Br I Cl Br I Cl Br I Cl Br I
Locality
Arizona(N = 7) 570 11 11 680 17 5 19 8 12 45 38 67
Bermuda (N = 1) 380 24 17 1030 68 28 2.2 7 12 27 26 38
Kansas (N = 3) 170 8 5 1380 39 12 47 4 6 11 17 31
Northwest Territories N = 5) 80 0.4 0.4 1180 14 56 38 15 6 3 13
Analyses of data
Analytical uncertainty, single
sample (%) 10 15 20 15 10 20
Sample/blank 1-6 0.3-15  1-50 1020 > 30 2-16
Geometric mean, all stations 240 5.3 4.3 1040 29 8.1 18 10 11 17 15 32
Geometric standard deviation,
all stations 2.4 6.0 5.4 1.4 2.1 2.8 4.4 2.6 1.5 2.5 3.1 2.0
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Table 2. Estimated residence times for the various components of the tropospheric halogens.

Residence time (days)

Particulate Total gas
Halogen - Inor- .
- Organic ;
This Rahn ~ ganic s This  Literawre
gas
report 13) report 6-8)

Chlorine 11 6 21 38 46 30
Bromine 10 7 8 25 24 16
lodine 14 8 10 18 17 19

Table 1 by comparing geometric mean
concentrations at the four locations and
the standard deviations of these geomet-
ric means. Inorganic gas, expressed as
percentage of the total inorganic and or-
ganic gas, averaged about 15 percent for
Cl, 15 percent for Br, and 30 percent for
1. For each halogen the percentage of
inorganic gas decreased in the order
Arizona > Bermuda > Kansas > North-
west Territories. The same order is ob-
served for the average summer in-
solation at each site, which suggests that
photochemical reactions may play a sig-
nificant role in organic-inorganic halogen
equilibria in the atmosphere. A similar
conclusion was reached on theoretical
grounds by Zafiriou (9), who proposed
that much of the atmospheric chemistry
of the halogen gases, at least in marine
areas, should be photochemically con-
trolled. The concentration of organic
halogen gases observed in this study falls
in the range of halocarbon concentra-
tions observed previously.

Our data may be used to estimate resi-
dence times of organic and inorganic
halogen gases and halogens on particles
in the lower troposphere. Junge (/0)
showed that the residence times (Tyes,
years) of a wide variety of atmospheric
gases are inversely related to their rela-
tive standard deviations of concentration
((rrcl) by

TresUrel = 0.14 year
Using the geometric standard deviations
of concentration based on our own and
other published data, we have calculated
residence times for gaseous and particu-
late halogens; the results are presented
in Table 2. Although annual average con-
centrations from many points over the
entire troposphere should be used for the
most precise calculations, our data can
at least suggest approximate relative resi-
dence times. When data from only this
study are considered, residence times
vary in the following order: for CI, par-
ticulate < inorganic gas < organic gas <
total gas; for Br and I, particulate ~
inorganic gas < organic gas = total gas.
Residence times calculated from inde-
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pendent larger sets of data, which were
available for particulate and total gaseous
halogens, were generally somewhat
shorter than those calculated from our
data only.

The calculated residence times are rea-
sonable in several respects: (i) the partic-
ulate residence times of a few days agree
with current estimates for aerosols ob-
tained by other means (/1); (ii) the gener-
ally longer residence times of the gases
than of the particulates agree with the
general trend of atmospheric trace gases
compared to particulates and with the
specific findings of Moyers and Duce (7)
for Br at Hawaii and of Duce et al. (8) for
Br and I in Antarctica; (iii) the charcoal-
captured organic halogens should be less
reactive (longer-lived) than the hydrox-
ide-captured inorganic halogens; and (iv)
the total gaseous halogens, being a mix-
ture of inorganic and organic com-
ponents, should have calculated resi-
dence times between those of their two
components if the components are inde-
pendent or longer than the residence
time of either component if one is the pre-
cursor of the other. The data in Table 2
suggest that either organic or inorganic
Cl is the precursor of the other, but this
appears not to be the case for I and Br.

Data from all compilations indicate
that gaseous Cl in all forms has a signifi-
cantly longer residence time than either
Br or I. This agrees qualitatively with
what one would expect for Cl and I if
CH.CI and CH;I were the principal gas-
eous tropospheric species (3, 4) because
CH,l is rapidly photolyzed whereas
CH,Clis not (9, 12). For both determina-
tions of particulate residence time, I has
the largest values. This is in accord with
a recent compilation (/3), which shows
particulate I to have a typical mass-medi-
an diameter of 0.6 wm, smaller than ei-
ther Br (0.9 wm) or Cl (0.6 to 5 um).

In summary, Cl, Br, and I are pre-
dominantly organically bound in the gas
phase in the lower troposphere at all four
locations investigated to date. Approxi-
mately 85 percent of the Cl and Br and 70
percent of the 1 appear to be organically
associated. Thus, anthropogenic per-

turbations of the organic gaseous halo-
gen component, such as the buildup of
Freons, constitute nearly equivalent per-
turbations of the total gaseous halogen
reservoir. The percentage of organic gas
for each halogen decreases with increas-
ing solar radiation, suggesting that pho-
tochemical interactions play a significant
role in their atmospheric chemistry. Cal-
culated atmospheric residence times are
1 to 2 weeks for particulate and inorganic
gaseous components and 2 to 6 weeks for
the organic gaseous components. Gas-
eous Cl has a longer residence time than
gaseous | or Br.
KENNETH A. RAHN
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