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Since the early 1950s, after Arie Jan Haagen-Smit discovered that the main element of the 15 

photochemical smog in the cities is ozone, scientists’ efforts in monitoring ozone and its precursors, 16 

have been constantly growing[1]. Enormous progresses have been made, in the last sixty years, in 17 

the understanding of the way in which ozone builds up in the lower atmosphere. Networks of 18 

observation sites around the world and a number of intensive campaigns have been made to study in 19 

detail the mechanisms that control surface ozone. Although the advancements achieved so far[2], 20 

several evidences suggest that we are not completely understanding all the mechanisms involved in 21 

the production of ozone. Inconsistent results in control strategies, like strong changes in the ozone 22 

precursors concentrations not followed by changes in the ozone levels, suggest the need for other 23 

approaches in ozone studies [2,3,4,5,6]. Observations carried out with a recently developed instrument, 24 

which directly measures the ozone production rate, seems to be promising to improve our 25 
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knowledge of ozone chemistry. This new system can be potentially integrated in the existing 26 

network of observation sites and contribute to increase the value of the control strategies of ozone 27 

precursors [3]. 28 

Unlike many other air pollutants, ozone is not directly emitted in the atmosphere neither by 29 

natural processes nor by human activities: it is a secondary pollutant formed from photochemical 30 

reactions of nitrogen oxides (NOx), which can be directly emitted in the atmosphere or produced in 31 

the oxidation chains of carbon monoxide, methane and volatile organic compounds (VOC). The 32 

ambient ozone level in a site is the result of the local photochemical production, the surface 33 

deposition, and vertical and horizontal exchanges[4]. The photochemistry is driven by the nitrogen 34 

oxides level with a strong non-linear dependence of the ozone production rate on nitrogen oxides 35 

concentrations, whereas transport and deposition are triggered by meteorological conditions.  36 

Because ozone is not directly emitted in the atmosphere, the control strategies have been based 37 

on the reduction of the emissions of NOx and VOC, which are the ozone main precursors. These 38 

reductions have resulted in a strong drop of ozone precursors: more than a third of NOx emissions 39 

between 1990 and 2005 in Europe [4]., and about 52% between 1980 and 2010 in the USA [6]. This 40 

decline has not regarded countries with a growing economy like Asia and China where, between 41 

2001 and 2006, it has been reported an increase of NOx emissions of 44% and 55%, respectively[7]. 42 

Controversial effects on the ozone concentrations have been observed around the world: there are 43 

sites where the precursors control has resulted in a contraction of the ozone levels, but also several 44 

sites where, unexpectedly, ozone has not changed or even increased[2,4,8]. This occasionally 45 

ineffective control of the ozone precursors is one of the evidence that concomitant processes 46 

contribute to the production of ozone, and this is why it is challenging connecting ozone 47 

concentrations with those of its precursors. Ozone concentrations measurements are not indicative 48 

of its sources because it could be locally produced and/or imported from other areas. For this reason 49 

a system for the measurement of the ozone production rate (P(O3)) could help to understand the 50 
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local ambient ozone formation and its evolution, and could help to split-up the contribution due to 51 

the local photochemical production from the transported one[3]. 52 

A technique able to measure the ozone production rate was proposed in the early 70s by Harvey 53 

Jeffries (University of North Carolina, USA) but it has never been used in atmospheric observations 54 

and remained unnoticed for decades. Independently from Jeffries’s works, a sensor for the ozone 55 

production rate, called MOPS (Measurement of Ozone Production Sensor), has recently revived 56 

thanks to Prof. Brune’s group at the Pennsylvania State University. It uses two identical chambers 57 

where ambient air is pulled: one where all the chemical processes of the atmosphere are permitted 58 

(including ozone formation) and another one where ozone formation is forbidden thanks to a UV-59 

blocking film that cuts short wavelengths of the Sun radiation, those needed to produce ozone 60 

photochemically. The O3 production rate is the difference between the O3 + NO2 signals detected at 61 

the end of each chamber[3,9]. Observations during recent field campaigns show a good agreement 62 

among the measured ozone production rate and what calculated using the measured nitric oxide, 63 

hydroperoxyl and hydroxyl radical. On the other hand, the comparison between measured and 64 

modelled P(O3) using a detailed chemical model, shows that the model underpredicts observed 65 

P(O3) by more than 50%[3,8]. This discrepancy has implications on our understanding of the 66 

atmospheric chemistry, but it has even more repercussions on control policies of ozone precursors 67 

that use models to estimate the ozone budget and to find a link between precursors emissions and 68 

the ozone observed concentrations. 69 

Air quality models, even those very detailed and complex, suffer from emission inventories and 70 

transport uncertainties and, sometimes, parts of their chemical schemes need revision and 71 

upgrades[10,11]. The system, recently developed to measure the ozone production rate (a key 72 

parameter not observed yet), is promising in giving a new chance to make progresses in our 73 

knowledge of the atmospheric pollution buildup. In fact, P(O3) measurements can be used to tell 74 

apart local production from transport by comparing the rate-of-change in ambient ozone against 75 

P(O3). Moreover, measured P(O3) can be used to determine if the ozone production is NOx-limited 76 
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or VOC-limited and this information can be used to reduce model uncertainties in simulating ozone 77 

concentrations. Observations in other sites and more instrument characterizations are needed to 78 

confirm the results reported so far. From these new measurements we expect possible 79 

improvements in the study of surface ozone chemistry and its control strategies, that may have 80 

implication on the quality of our life, on ecosystems and economy. 81 

 82 

References  83 

[1] A. J. Haagen Smit, Chemistry and Physiology of Los Angeles Smog. Ind. and Eng. Chem. 1952, 84 

44, 1342 85 

[2] D. D. Parrish, H. B. Singh, L. Molina, S. Madronich, Air quality progress in North American 86 

megacities: A review. Atmos. Environ. 2011, 45, 7015 87 

[3] M. Cazorla, W. H. Brune, Measurement of Ozone Production Sensor. Atmos. Meas. Tech. 2012, 88 

3, 545 89 

[4] The Royal Society, Ground-Level Ozone in the 21st Century: Future Trends, Impacts and Policy 90 

Implications. 2008. Royal Society policy document 15/08 91 

[5] C. N. Hewitt, A. R. MacKenzie, P. Di Carlo, C. F. Di Marco, J. R. Dorsey, M. Evans, D. Fowler, 92 

M. W. Gallagher, J. R. Hopkins, C. E. Jones, B. Langford, J. D. Lee, A. C. Lewis, S. F. Limg, J. 93 

McQuaid, P. Misztal, S. J. Moller, P. S. Monks, E Nemitz, D. E. Oram, S. M. Owen, G. J. 94 

Phillips, T. A. M. Pugh, J. A. Pyle, C. E. Reeves, J. Ryder, J. Siong, U. Skiba, D. J. Stewart, 95 

Nitrogen management is essential to prevent tropical oil palm plantations from causing ground 96 

level ozone pollution. Proc. Natl Acad. Sci 2009, 106, 18447 97 

[5] Environmental Protection Agency (EPA), 2011a. Available at: 98 

http://www.epa.gov/glo/actions.html 99 

[6].Environmental Protection Agency (EPA), 2011b. Available at: http://www.epa.gov/air/airtrends/. 100 

http://www.epa.gov/air/airtrends/nitrogen.html


5 
 

[7] Q. Zhang, D. G. Streets, G. R. Carmichael, K. B. He, H. Huo, A. Kannari, Z. Klimont, I. S. Park, 101 

S. Reddy, J. S. Fu, D. Chen, L. Duan, Y. Lei, L. T. Wang, Z. L. Yao, Asian emissions in 2006 102 

for the NASA INTEX-B mission. Atmos. Chem. Phys. 2009, 9, 5131 103 

[8] G. Tang, X. Li, Y. Wang, J. Xin, X. Ren, Surface ozone trend details and interpretations in 104 

Beijing, 2001–2006. Atmos. Chem. Phys. 2009, 9, 8813 105 

[9].M. Cazorla, W. H. Brune, B. Lefer, Direct measurement of ozone production rates in Houston in 106 

2009 and comparison with two estimation methods. Atmos. Chem. Phys. 2012, 12, 1203 107 

[10] W. Wu, L. J. Mickley, D. J. Jacob, J. A. Logan, R. M. Yantosca, D. Rind, Why are there large 108 

differences between models in global budgets of tropospheric ozone? J. of Geophys. Res. 2007, 109 

112, 5302 110 

[11] A. B. Gilliland, C. Hogrefe, R. W. Pinder, J. L. Godowitch, S. T. Rao, Dynamic Evaluation of 111 

Regional Air Quality Models: Assessing Changes in O3 Stemming from Emissions and 112 

Meteorology, Atmos. Environ. 2008, 42, 5110 113 

 114 

View publication statsView publication stats

https://www.researchgate.net/publication/289993242

