
Hydroxyl radical measurements

Jol-IN C. SHEPPARD, RICHARD J. HARDY, and J. FRED HOPPER

Department of Chemical Engineering
Washington State University
Pullman, Washington 99164

This research was directed toward determining the hydroxyl
radical concentration in the mid-January, lower tropospheric
antarctic air. Current thought is that the hydroxyl radical plays a
central role in the Earth's atmospheric photochemistry as an
oxidant of trace gases, including carbon monoxide (CO), meth-
ane (CH,), and methyl chloroform (CH3CC13). Campbell (1980)
has shown that the lifetimes of these trace gases are shortest in
the equatorial latitudes and longest near the poles because of
their inverse dependence on the tropospheric hydroxyl radical
concentration. Thus, most of the photochemical oxidation in the
Earth's atmosphere occurs between the Tropics of Cancer and
Capricorn (22°N to 22°S). Measurement of hydroxyl radical con-
centrations at various latitudes would test this hypothesis.

During the 1981-82 austral summer, Washington State Uni-
versity (wsu) researchers (authors Hopper and Hardy) took
hydroxyl radical measurements at McMurdo Station and at the
South Pole. The carbon-14 tracer method (Campbell, Sheppard,
and Au 1979) used in these measurements involves the injection
of very pure carbon-14 labeled carbon monoxide ( 14C0) into a
100-liter ultraviolet-transparent Teflon reaction vessel, and then
the rapid removal of small aliquots (3 to 14 liters) at reaction
times ranging between 20 and 90 seconds. During this reaction
time, a small fraction of the 14CO is photochemically oxidized to
14CO2 by the hydroxyl radical. Samples containing 14CO2 were
returned to the wsu radiocarbon dating laboratory for addi-
tional purification and were counted in low-level methane pro-
portional counting tubes to determine their 14CO2 contents.
Plots of the fraction of 14C0 converted to 14CO2 as a function of
time yield slopes that are proportional to the hydroxyl radical
concentrations. Because of low-level 14C contamination in some
of the collection tubes, it was necessary to treat the data from the
four McMurdo experiments, conducted under nearly identical

reaction conditions, in a single time-averaged regression analy-
sis. The important reaction conditions—ozone(0 3)water vapor
(H20), temperature, and ultraviolet intensity—were deter-
mined in parallel with each hydroxyl radical measurement. The
supplementary data [03, H20, temperature, and J(O'D), the
photoproduction rate of metastable oxygen] and the results of
four McMurdo and three South Pole hydroxyl radical measure-
ments are summarized in tables 1 and 2, respectively.

Measurements were conducted upwind of local sources of
hydrocarbons, carbon monoxide, and nitrogen oxides (e.g.,
aircraft and vehicular traffic) that could alter ongoing at-
mospheric photochemistry and hydroxyl radical con-
centrations. McMurdo experiments were carried out at a site
just upwind (east) of the radio transmitter station between 10
and 12 January 1982. Atmospheric conditions varied from clear
to high, thin, cirrus clouds with winds gusting between 10 and
15 knots. South Pole experiments were conducted at a site due
west of the Clean Air Facility along the boundary of the clean air
quadrant on 20 January 1982. The sky was clear and the wind
speed was about 4 knots.

Analysis of the data obtained from these hydroxyl radical
experiments indicated that (1) the background 14CO2 signal of
the apparatus was equivalent to 250,000 hydroxyl radicals per
cubic centimeter; (2) the average concentration of midday, mid-
January tropospheric air at McMurdo was less than 400,000
hydroxyl radicals per cubic centimeter, the upper limit value a
result of 14C contamination in the collection system; and (3) at
the South Pole, the measured hydroxyl radical concentration
was between 90,000 and 540,000, with an average of 320,000 for
three determinations. Low-level 14C contamination was also
responsible for the spread in the South Pole data.

Using a simple steady state model, the data in table 1,
Rasmussen, Khalil, and Dalluge's (1980) antarctic CO. and the
probable range of nitrogen oxide (NO,,) concentrations, hydrox-
yl radical concentrations were calculated for each of the re-
ported measurement sites. Table 2 contains these estimated and
measured hydroxyl radical concentrations; for comparison, val-
ues measured at Pullman, Washington, and at Barbados Islands
in the Caribbean are included.

The calculated and measured hydroxyl radical concentrations
at the antarctic sites are in reasonable agreement in view of the
large uncertainties in both the model calculations and in the

Table 1. Supplemental data for antarctic hydroxyl radical experiments

Temperature	 Water vapor	 Ozone (parts	 J(O1D)a
Measurement	 (°C)

	 (mm mercury)	 per billion)	 (10- 6 per second)

McMurdo
MCM-1	 —0.6
MCM-2	 —4.0
MCM-3	 —3.0
MCM-4	 —3.0

Average, MCM	 —2.6 ± 2.3
South Pole (POL-2, 3, 4)	 _30.4c

a Photoproduction rate of metastable oxygen.

	

2.9	 1.0

	

2.2	 0.98

	

2.4	 0.78

	

2.4	 0.98
2.5 ± 0.5	 8.9 ± 0.3'	 0.92 ± 0.18

	

0.32c	 7.1c	 0.51 ± 0.1

bAverage of 31 concurrent ozone measurements.
c oata supplied by Lt. R. G. Williscroft, Station Chief, National Oceanic and Atmospheric Administration, Geophysical Monitoring for Climate Change, South
Pole.
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Table 2. Measured and calculated Hydroxyl radical (OH) concentrations

Measured OH
Measurement site
	 Latitude

	(per cubic centimeter)'

McMurdo Station (combined regression)
	

7790S
	<4 x 10

South Pole
	 900S

	
0.9 x 105 to 5.4 x 10

Pullman, Wash. (average of 6 runs)'
	

46.7°N
	

5.4 ± 1.6 x 106

Ragged Point, Barbados (average of 6 runs) 6	13.50N	12.5 ± 7.6 x 106

"All measurements made under midday, clear-sky, summertime conditions.
b 5upplemental data in table 1 used in these calculations.
cppt = parts per trillion.
dThese data taken from Campbell and Sheppard (in press).

Amount of nitrogen oxide
Calculated OH (per cubic	assumed in	calculation

centimeter)'	 (ppt)c

1.5 x105	0
3.8 x 105	 30
0.12 x 105	 0
0.44 x 10	 30
2.8 x106	0
4.4 x 106	100
5.2 x106	0
9.4 x 106	100

measurement of very low radical concentrations near the detec-
tion limit of a partially contaminated apparatus. Taken as a
whole, these measurements suggest that the summertime,
midday hydroxyl radical concentrations in antarctic tro-
pospheric air certainly are below 500,000 per cubic centimeter,
and probably are lower. We believe with uncontaminated
equipment this measurement method easily could detect hy-
droxyl radical concentrations below 500,000 per cubic centime-
ter, and possibly as low as 30,000. The latter would require
extreme precautions to avoid all forms of 14C contamination.

Comparison of the McMurdo and South Pole data with pre-
vious measurements made at Pullman, Washington, and at
Barbados indicates that the hydroxyl radical concentration is
highest in the tropics, lowest in the antarctic polar region, and
intermediate in the midlatitudes. Obviously, many more mea-
surements must be made to determine clearly the distribution
of hydroxyl radical concentrations in the Earth's atmosphere.
Thus, additional measurements of hydroxyl radical con-
centrations in antarctic air are also desirable.
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Atmospheric measurements were made from the clean air
facility at South Pole Station during the period 21 November to
15 December 1981. Two measuring instruments were used. One
was a high-resolution Fourier transform spectrometer (FTs),
used to record atmospheric absorptions in the solar spectrum in
the 3-5 micrometer and 10-12 micrometer wavelength regions.
The second was a grating spectrometer designed to measure
emission from the atmosphere; for this initial run, it was set to
scan a wavelength range of 17-28 micrometers.

The vrs measurements in the 10-12 micrometer wavelength
region were selected to provide data on the same wavelength
region as measured in previous years, providing a database to
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