
Tel/us (1991 ), 43B, 347-352 

The stability of tropospheric OH during ice ages, 
inter-glacial epochs and modern times 

By J. P. PINTO, Atmospheric Research and Exposure Assessment Laboratory, US Environmental 
Protection Agency, Research Triangle Park, North Carolina 27711, USA, and M.A. K. KHALIL, Global 
Change Research Center, Department of Environmental Science & Engineering, Oregon Graduate Institute, 

Beaverton, Oregon 97006, USA 

(Manuscript received 30 July 1990; in final form 3 May 1991) 

ABSTRACT 

Hydroxyl (OH) radicals remove many man-made and natural gases from the atmosphere and 
therefore play a key role in global tropospheric chemistry. Recent increases in CH4 and CO have 
caused concern that the levels of OH may decrease, thus reducing the capacity of the atmosphere 
to remove and control man-made pollutants. We have calculated OH concentrations over a wide 
range of climatic conditions to examine its long term stability and to determine the major factors 
that may cause changes in its levels. We used a one-dimensional photochemical model, the 
concentrations of CH4 and N 2 0 from polar ice cores and the current understanding of the 
sources and sinks of CO, NOY and other gases involved in OH chemistry. We find that mean 
OH concentrations are stabilized against changes even though the climatic conditions and 
atmospheric trace gas composition change considerably between ice-ages, inter-glacial periods 
and the present. In these transitions, the more rapid destruction of OH from increased CH4 and 
CO is compensated by increases in the production processes. Our calculations indicate that only 
a small part of the 5-fold increase of methane between the present and the peak of the last ice 
age, is due to changes in OH levels. 

1. Introduction 

Measurements of methane in ice cores taken at 
Dye 3, Greenland and Byrd Station in Antarctica 
indicate that atmospheric concentrations of CH4 

were about 350 ppbv during the Last Glacial 
Maximum (LGM) (about 18,000yrs ago) and 
increased to 650 ppbv during the transition from 
glacial to inter-glacial conditions (Stauffer et al., 
1988 ). The longer record from the Vostok ice core, 
which extends back to 160,000 years ago, indicates 
that CH4 values during the penultimate glaciation 
(about 140,000 to 170,000 yrs B.P.) were also 
about 340 ppbv and in the following interglacial 
stage, rose to about 620 ppbv (Raynaud et al., 
1988 ). In the last 300-400 years, methane concen
trations have more than doubled to their current 
background level of about 1,650 ppbv (Khalil and 
Rasmussen 1982, 1985, 1987; Rasmussen and 
Khalil, 1984; Craig and Chou, 1982 ). Ice core 
measurements of N 2 0 show that pre-industrial 
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levels were about 285 ppbv and started increasing 
recently, perhaps after the turn of the century 
(Pearman et al., 1986; Khalil and Rasmussen, 
1988). Concentrations during the LGM are still 
uncertain but were probably around 240 ± 30 ppbv 
(Khalil and Rasmussen, 1988). 

The large changes observed for methane could 
be due to variations in its sources, which may be 
responding to increasing anthropogenic activities 
in recent centuries and changing climatic condi
tions, or in its loss processes or some combination 
of the two (Raynaud et al., 1988; Chappellaz et al., 
1990). The dominant loss for methane is by reac
tion with OH radicals, whose variations in the past 
are largely unquantified. We will attempt to place 
constraints on possible variations in OH levels, 
thereby separating the contributions from sources 
and sinks in determining the observed increase in 
CH 4 . Earlier estimates of the possible changes of 
OH due to anthropogenic activities were reported 
by Thompson and Cicerone ( 1986 ), Levine et al. 












