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PAN over the Atlantic 
and the smell of clean linen 
OzoNE, at concentrations in excess of 0.1 parts per million 
(p.p.m.), has been observed in the summertime air over 
southern England1• The most probable source is photo
chemical reaction among air pollution products. We 
therefore sought the presence of another characteristic 
product of urban atmospheric photochemistry2

, peroxy 
acetyl nitrate (PAN). Preliminary measurements (S. A. Pen
kett ·and F. J. Sandalls, personal communication) show that 
PAN is present in the air over southern England. During 
episodes of increased ozone and other atmospheric pollution 
indicators the concentration increased, but as with ozone 
there was always a background concentration of PAN even 
in clean air arriving from the Atlantic. The voyage of the 
German Research Vessel Meteor from Hamburg to Santo 
Domingo in October 1973 presented an opoprtunity to dis
cover whether or not there is a natural background of PAN. 

Analysis was by gas chromatography using an electron 
capture detector. Air samples wer~ collected at ~he bows 
of the ship by drawing 5 ml of air mto a glass synnge; the 
sample was then quickly injected into the gas chromato
graph. The apparent concentration of PAN during the 
voyage is shown in Fig. 1. Concentrations of CChF are al~ 
included because increases in the background level of th1s 
compound indicate the presence of air from urban industr~al 
regions3. The term 'apparent' is used because it ~as diS
covered during the voyage that the unexpectedly high con
centrations over the Atlantic were not pre.sent in the air, 
as such but had formed by reaction on the glass surface 
of the ~amp ling syringe. No PAN could be detected in air 
collected in polypropylene syringes, but the addition of a 
twist of glass wool to such syringes before the air _w~s 
drawn into them restored the concentration to levels simi
lar to those found with glass syringes. One-litre samples of 
fresh air were also drawn through plugs containing 1 g of 
glass or cotton wool, and these were found to be strong 
sources of PAN and of peroxy proprionyl nitrate (PPN). 
In addition the wools possessed the characteristic bleac_h
like odour of linen after it has been dried in the open a1r. 
The PAN potentials of Fig. I are approximate and prob
ably too low. No corections were made for losses by 
adsorption or for the extent to which the detector was 
not coulometric. 

The potential for formation of PAN was most marked 
on days of unobstructed sunshine (see Fig. 1). Oct~ber 13 
and 14 when the .ship passed through a polluted au mass 
(which 'was indicated by the high concentrations of CCh~) 
were exceptions. PAN formation was greatest at approxi
mately 1400 h and was between 3 and 10 times lower at 
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dawn and in the evening. Simultaneous measurements from 
the ship, of the aerial concentration of atmospheric hydro
carbons, indicated levels of betwen 0.1 and 2 parts per 109 

(p.p.b.) for the lower unsaturated hydrocarbons (R . A. 
Rasmussen, personal communication). The sea was ap
parently the most probable source. The concentration of 
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Fig. 1 PAN from the air over the Atlantic. Average daily 
concentrations of 'apparent' PAN x IQ-9 (a) and 
CC13F x I0-12 (b) by volume. Shaded columns indicate days 

with less than 50 % cloud cover. 

the other ingredients necessary to form PAN by photo
chemical reaction were not measured. Ozone is ubiquitous 
and can be presumed to have been present in at least its 
background concentration of about 50 p.p.b. 

These preliminary observations suggested that PAN and 
similar compounds can be formed in the clean air of 
remote maritime regions by heterogeneous reaction if a 
suitable surface is provided. They raise some interesting and 
important questions. What are the mid-Atlantic precursors? 
Is PAN formation in urban photochemical smog also 
by heterogeneous reaction? If so what is the surface on 
which it forms? Finally the quantities of PAN observed 
suggest the presence of a high background concentration 
of NO, or of some related molecular species. 
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