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Abstract 
 
Test of the Ogawa ozone (O3) passive samplers were performed in continuously stirred 
tank reactors (CSTR) at controlled O3 concentrations. Concentrations determined with 
passive samplers and Dasibi Model 1003AH active UV absorption monitor were highly 
correlated (R2=0.9949). This linear relationship held up to a dose of 52,500 ppb O3 x h, 
indicating that the samplers are capable of reliable O3 monitoring for at least 477 hours at 
110 ppb. This value is substantially higher than the upper detectable range specified by 
the manufacturer (<168 h at 110 ppb O3) indicating that ~ 3-times longer periods of 
passive sampler exposure can be applied. This finding also means that by extending 
sampler exposure times, costs of O3 monitoring can be significantly reduced.   
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Introduction 
 
In recent years passive sampling of gaseous pollutants have received considerable 
attention (Krupa and Legge, 2000). Passive samplers, mostly for ozone (O3) have been 
widely used for ambient monitoring in Europe (Blum et al., 1997; Bytnerowicz et al., 
2002 a), North America (Brace and Peterson, 1998; Cox and Malcolm, 1999; Ray, 2001; 
Bytnerowicz et al., 2002 b; Frączek et al., 2003) and at a global scale (Carmichael et al., 
2003). Among various types of O3 passive samplers, the Ogawa & Company USA, Inc. 
sampler (Koutrakis et al., 1993) has been probably the most commonly used in the United 
States. Due to a growing interest in passive sampler use by scientists and federal land 
managers (Bytnerowicz et al., 2001), information on their performance and proper use is 
of a high practical value.    
 
Methodology 
 
In the beginning of the exposures, 20 Ogawa Ozone (O3) passive samplers (Koutrakis et 
al., 1993) were placed in the continuously stirred tank reactors (CSTR) with controlled 
concentrations of O3 (24 average between 99 and 146 ppb). Concentrations of O3 were 



monitored with the UV absorption instrument (Dasibi Model 1003 AH) which was 
calibrated against the California Air Resources Board transfer standard instrument. After 
1, 2, 3, 5, 7, 9,11, 13, 15 and 17 days of exposure a single sampler was removed from the 
chamber. Two replicate pre-covered with nitrite (NO2

-) cellulose collection pads (Ogawa 
PS-114) were removed from each sampler immediately after the exposures and placed in 
10 mL Nalgene vials stored at –18oC. Two replicate pads from each exposed sampler and 
four blank, unexposed pads were analyzed. Five mL deionized/distilled H2O were added 
to each vial. Vials were placed on a wrist shaker for 15 min for extraction. One mL of the 
extract was taken from each vial and diluted with 4 mL deionized/distilled H2O. 
Concentrations of nitrate (NO3

-), a product of NO2
- oxidation by O3, were measured with 

Dionex 4000I ion exchange chromatograph. Amount of NO3
- formed on each pad was 

calculated and expressed as µg NO3
-/filter. Ozone exposures were presented as an 

accumulative dose (concentration in ppb multiplied by time of exposure in hours).    
 
Results and Discussion 
 
Throughout the experiment O3 concentrations determined with passive samplers and the 
UV absorption monitor were highly correlated (R2=0.9949) (Figure 1). This linear 
relationship held up to a dose of 52,500 ppb O3 x h, indicating that the Ogawa passive 
samplers can reliably monitor O3 for at least 477 hours at 110 ppb. This value is 
substantially higher than the upper detectable range specified by the manufacturer (<168 
h at 110 ppb) (http://www.ogawausa.com/faq.htm). That means that at least ~ 3-times 
longer periods of passive sampler exposure could be applied. Further tests are needed to 
determine what is the upper limit for what O3 measurement, i.e. at what dose a linear 
relationship between the O3 dose and amount of NO3

- formed on sampler pads ceases.  
 
The samplers showed very high precision of measurements - on the average the relative 
standard deviation (standard deviation/mean value) was 4.8%, with a range of 1.2-22.0%.  
Our finding show that much longer exposure periods can be applied for monitoring 
ambient concentrations of the pollutant with the Ogawa passive samplers.  In our studies, 
typically 2-week long exposure periods have been used even in highly polluted areas of 
Southern California mountains (Alonso et al., 2002; Bytnerowicz et al., 2002, a, b). In 
less polluted areas, even longer periods of exposures could be used assuming that average 
2-week long averages rarely exceed 90 ppb (Frączek et al., 2003). Extending sampler 
exposure times could reduce the costs of O3 monitoring over long time periods.   
 
Acknowledgements 
 
The study was supported by the National Fire Plan and Joint Fire Science research grants.   
 
References 
 
Alonso, R., Bytnerowicz, A., Arbaugh, M. J. 2002. Vertical distribution of ozone and 
nitrogenous pollutants in an Air Qulality Class I Area, the San Gorgonio Wilderness, 
Southern California. TheScientificWorld, 2, 10-26. 
  

http://www.ogawausa.com/faq.htm


Blum, O., Bytnerowicz, A., Manning, W. J., Popovicheva, L. 1997. Ambient 
trropospheric ozone in the Carpathian Mountains and Kiev region. Environ. Pollut., 98, 
299-304. 
 
Brace, S., Peterson, D. L. 1998. Spatial patterens of tropospheric ozone in the Mount 
Rainier of the Cascade Mountains. Atmos. Environ., 32, 3629-3637. 
 
Bytnerowicz, A., Godzik, B., Frączek, Grodzińska, K., Krywult, M., Badea, O., Barančok, 
P.,  Blum, O., Černy, M., Godzik, S., Mankovska, B., Manning, W., Moravčik, P., 
Musselman, R., Oszlanyi, J., Postelnicu, D., Szdżuj, J., Varšavova, M., Zota, M. (2002) 
Distribution of ozone and other air pollutants in forests of the Carpathian Mountains in 
central Europe. Environ. Pollut., 116, 3-25. 
 
Bytnerowicz, A., Krupa, S. V., Cox, R. 2001. Proceedings of the International Symposium 
on Passive Sampling of Gaseous Air Pollutants in Ecological Research: Preface. 
TheScientificWorld., 1, 461-462. 
 
Bytnerowicz, A., Tausz, M., Alonso, R., Jones, D., Johnson, R., and Grulke, N. 2002b. 
Summer-time distribution of air pollutants in Sequoia National Park, California. Environ. 
Pollut., 118, 187-203. 
  
Carmichael, G. R., Ferm, M., Thongboonchoo, N., Woo, J.-H., Chgan, L. Y., Murano, K., 
Hung Viet, P., Mossberg, C., Bala, R., Boonjawat, J., Upatum, P., Mohan, M., Adhikary, 
S. P., Shrestha, A. B., Pienaar, J. J., Brunke, E. B., Chen, T., Jie, T., Guoan, D., Peng L. 
C., Dhiharto, S., Harjanto, H., Jose, A. M., Kimani, W., Kirouane, A., Lacaux, J.-P., 
Riichard, S., Barturen, O., Cerda, J. C., Athayde, A., Tavares, T., Cotrina, J. S., Bilici, E.  
2003. Measurements of sulfur dioxide, ozone and ammonia concentrations in Asia, 
Africa, and South America using passive samplers. Atmos. Environ., 37, 1293-1308. 
 
Cox, R. M., Malcolm, J. W. 1999. Passive ozone monitoring for forest health assessment. 
Water, Air Soil Pollut., 116, 339-434. 
  
Frączek, W., Bytnerowicz, A., Arbaugh, M. J. 2003. Use of geostatistics to estimate 
surface ozone patterns. In: A. bytnerowicz, M. J. Arbaugh, R. Alonso (eds). Ozone Air 
pollution in the Sierra Nevada: Distribution and Effects on Forests. Developments in 
Environmental Science 2, Elsevier, Amsterdam, 215-247. 
 
Koutrakis, P., Wolfson, J. M., Bunyaviroch, A., Froelich, S. E., Hirano, K., Mulik, J. D. 
1993. Measurement of ambient ozone using a nitrite-saturated filter. Anal. Chem., 65, 
210-214. 
 
Krupa, S. V., Legge, A. H. 2000. Passive sampling of ambient, gaseous air pollutants: an 
assessment from an ecological perspective. Environ. Pollut., 107, 31-45. 
 
Ray, J. D. 2001. Spatial distribution of tropospheric ozone in national parks of California: 
interpretation of passive-sampler data. TheScientificWorld, 1, 483-497.  



Ogawa O3 sampler calibration

y = 0.0017x
R2 = 0.9949

0

10

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

10 0

0 10 0 0 0 2 0 0 0 0 3 0 0 0 0 4 0 0 0 0 5 0 0 0 0 6 0 0 0 0

ozone dose (ppb x h)

N
O 3-  f

or
m

ed
 o

n 
a 

fil
te

r (
µ

g)

 
 
Figure 1. Relationship between dose of ozone measured with UV absorption active 
monitor and amount of nitrate formed on the Ogawa passive sampler collection pad. 
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