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issue] of the relationships observed between ozone and its 
precursors indicated that photochemical production of ozone 
was an important factor shaping the ozone distribution in this 
region throughout the range of altitudes investigated. 

A wide variety of air masses were observed in measurements 
made from the NRCC Twin Otter operating near the southern 
tip of Nova Scotia [Kleinman et al., this issue (a)]. The 
chemical composition reflected the location of upwind 
emission sources. Plumes containing high concentrations of 
03 and other anthropogenic pollutants were generally found 
either immediately above the ocean within the near-surface 
inversion layer or, more commonly, in layers located somewhat 
above the surface inversion. Additional ozone strata were 

found at higher altitudes. For a subset of these layers in which 
the 03 was high and the water vapor low, a strong correlation 
between 03 and NO y was observed, as well as elevated levels of 
CO and aerosols, suggesting an anthropogenic source for this 
03. However, for this subset, the slope of a linear fit to the 
correlation between 03 and NOy was much higher than 
observed for the boundary layer plumes. In addition, at higher 
altitudes, 03 layers were observed that had little correlation 
between 03 and anthropogenic tracers, suggesting a natural 
origin for 03. 

The measurements aboard the NRCC Twin Otter indicated 

that the concentrations of the carbonyls decreased with 
increasing altitude [Lee et al., this issue]. The photochemical 
products and multioxygenated carbonyls of formaldehyde, 
glycolaldehyde, glyoxal, and methylglyoxal were found to be 
correlated. By contrast the acids glyoxylic acid and pyruvic 
acid were correlated but exhibited a distinct diurnal pattern 
decoupled from photochemical reactivities. 

Measurement of the chemical composition of aerosols made 
aboard the NRCC Twin Otter [Li et al., this issue] indicated the 
presence of watersoluble inorganic and organic compounds. 
Although SO4 -- and NO3- were found in abundance on the 
aerosols, formate, acetate, propionate, methanesulfonate, 
glyoxylic acid, and formaldehyde accounted for a significant 
portion of the total aerosol mass (20% on average). Trajectory 
analysis showed that these compounds were associated with the 
oxidation products of anthropogenic compounds transported 
from major source regions on the continent. 

Filter samples of air and cloud water samples from these 
flights [cf. Chylek et al., this issue] indicated that the highest 
black carbon concentrations over southern Nova Scotia were 

located between 1 and 3 km. In these layers the average carbon 
concentration was approximately 0.22 gg/m3 compared to the 
average concentration of 0.06 gg/m3 below 1 km and 0.11 
gg/m3 near the surface at Chebogue Point. The black carbon 
concentration in continental air masses was 0.23 gg/m3 , 
compared to 0.03 gg/m3 for maritime air. Sulfate and nitrate 
were the dominant anions measured in the cloud water samples 
collected in marine stratus [Leaitch et al., this issue]. The 
correlation of the cloud water concentrations of sulfate and 

nitrate and the droplet density in these strataform clouds was 
found to depend on the presence of weak turbulent mixing in 
the cloud. 

The DOE Grumman G-1 aircraft flying from Halifax 
sampled plumes of photochemical pollutants over the North 
Atlantic Ocean at distances up to 1000 km downwind of the 
industrialized regions of the northeastern United States and 
eastern Canada [Berkowitz et al., this issue; Daum et al., this 

issue]. These plumes were found in well-defined layers up to 1 
km thick in the lowest 2 km of the atmosphere, and under some 
conditions were sampled for distances in excess of several 
hundred kilometers. Plume composition was consistent with 
the occurrence of extensive photochemical processing during 
transit from source regions as indicated by high 03 
concentrations (03 max---150 ppbv), high fractional 
conversion of NOx to its oxidation products (> 85%), and 
generally high peroxide concentrations (median 3.6 ppbv, 
max 11 ppbv). 

These plumes exhibited strong correlation between CO and 
03 concentrations, between CO and accumulation mode 

particle number densities, and CO and NOy. 03 was found to 
depend nonlinearly on the NOx oxidation product 
concentration. At low concentrations of (NOy- NOx) the slope 
(14) was within the range of values measured previously in 
photochemically aged air masses; at higher concentrations the 
slope was much lower (4.6). The low slope at high 
concentrations is attributed to reduced loss of NOx oxidation 

products by gas phase surface deposition during transport 
because of strong atmospheric stability imposed by transport 
over cold North Atlantic waters. 

Measurements made in the marine free troposphere during 
periods when backtrajectories indicated that the sampled air 
masses were transported from the southwest and west (i.e., over 
regions containing large continental sources) indicated 
elevated mixing ratios of 03 and compounds usually 
associated with human sources such as nss SO4 = and HNO3. 

For air masses with back trajectories indicating transport from 
the north and east (i.e., over maritime regions or continental 
without significant human sources), the 03 and the 03- 
precursor mixing ratios were typically lower. 

Peroxide concentrations measured on the Grumman G-1 

were found to vary between the detection limit and ---11 ppbv 
[cf. Weinstein-Lloyd et al., this issue]. The highest 
concentrations occurred above the surface inversion in well- 

defined layers of photochemical pollutants that had been 
advected to the sampling region from the North American 
continent. In clean free tropospheric air, a strong correlation 
between H202 and the product H20'O3 was observed that 
appeared to depend predominantly on variations in water 
vapor concentration. In plumes of photochemical pollutants, 
this correlation was lower and depended most strongly on the 
variation in the 03 concentration. In plumes a strong linear 
correlation was found between 03 and the concentration of 

radical sink species as represented by the quantity ((NOy- 
NOx) + 2 H202). This correlation indicates that 03 photo!ysis 
is the principal source of radicals in the sampled air. 

3.3.4. Analysis concerning photochemical age. 
Measurements of C2-C7 hydrocarbons that were made at several 
locations during the course of the study were used to determine 
the systematics of the photochemical aging of air advected 
from the North American continent [Jobson et al., 1994]. The 
sampling locations include aerial surveys, ground-based 
locations at Chebogue Point, Sable Island, Kejimkujik, 
Acadia, and the Azores, and on the Malcolm Baldridge. 
Because of the effects associated with atmospheric mixing and 
diffusion the ratio of hydrocarbon concentrations derived 
from these measurements cannot be reproduced using the 
simple kinetic ratios that are inferred from HO reaction 
kinetics. However, it is found that a simple analytic expression 
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Table 5a. Results of Field Calibration Standard Intercomparsion 

King Air, Ground site, Twin Otter, 
Gas Portland Chebogue Yarmouth 

G-11 
Halifax 

NO, ppmv 3.96+. 11 3.80 4.10 3.84 
HNO3, ng/min 34.3 (300øC) 27.2 (300øC) 57.3/40a 27.22 
COb, ppmv 42.1+2.5 42.3 42.6+4.8 41.4/45.3 
SO2, ppmv NA 85.5 93.5 75.2 

a signal stable for 45 min, then sudden drop to new level. 
b Thanks to Al Fried (NCAR) for providing the standard. 

can be derived assuming a Gaussian distribution of 
photochemical ages that reproduces the results obtained at the 
various sites. 

Hydrocarbon measurements from the NRCC Twin Otter 
were used to examine the data in the context of the 

photochemical age [Kleinman et al., this issue (b)]. 
Hydrocarbon concentration ratios were interpreted with due 
consideration given to the effects of dilution (above) on the 
compounds in the transported air masses. Four age groups were 
defined and the vertical profiles and relations between ozone 
and other trace species were examined as a function of their 
age. Hydrocarbon samples taken above 2.5 km were all in the 
older half of the data, as were all samples with dew points < 
0øC. Boundary layer plumes having high dew points and high 
(>85 ppbv) concentrations of 03 and related species were 
found to have the lowest photochemical ages. Air masses with 
moderately elevated concentrations of 03 (60-85 ppbv) were 
found to exhibit a wide range of photochemical ages 
consistent with transport times of 1-4 days. 

Appendix 

The accurate measurement of ambient trace gas 
concentrations relies most often on calibrations by standard 
addition. Since the instruments need to be calibrated close to 

ambient concentrations, standards with low concentrations are 
involved. These standards are difficult to handle and in the 

past have been shown to have different concentrations than 
that certified by their commercial vendors. Therefore 
calibration standards similar to those used by the different 
groups were intercompared in the field with the 
instrumentation that was deployed by the different groups 
during the NARE intensive. In early August, Standard 
Reference Materials (SRMs) of NO, CO, and SO2 prepared by 
the National Institute for Standards and Technology (NIST) in 
small cylinders and a temperature stabilized HNO• permeation 
source were brought to a ground site and to the various bases of 
aircraft operation (Chebogue Point, Yarmouth, Halifax, and 
Portland). 

Tables 5a and 5b summarizes the results of the 

intercomparisons. While the agreement for NO and CO is 

Table 5b. Results of Laboratory Calibration Standard 
Intercomparison 

Standard KFA, Jtilich NOAA Aeronomy Lab 
NO, ppmv 9.16 _+. 0.1 9.33 ppmv + 4% 

good, there are discrepancies in the SO2 and HNO3 
determinations. It is well known that HNO3 is very difficult to 
handle at low concentrations. The differences in SO2 were not 

expected. 
The Jtilich group, responsible for reactive odd nitrogen 

measurements aboard the UKMO C-130, sent a NO standard 

after the field measurement to the NOAA Aeronomy Lab where 
it was compared with several standards from NIST. 

Aircraft instrumentation can only be truly intercompared in 
flight. The NRCC Twin Otter and the Grumman G-1 usually 
conduct their research flights at significantly different speeds. 
Since inlets and operating conditions of instruments are 
tailored to normal aircraft research speeds, no side-by-side 
intercomparison was attempted. Instead, the aircraft were 
directed to fly consecutively through the same air mass. Dew 
point and ozone measurements showed that significant 
atmospheric variability was encountered by both aircraft. Yet 
together they indicate good consistency of the measurements. 
The differences in total peroxide were larger than expected. A 
comparison of the NO and NOy instruments was not possible 
due to instrument failure on this flight. 

For the in-flight intercomparison the King Air and UKMO 
Hercules C-130 flew wingtip to wingtip at four different 
altitudes. They simultaneously encountered the same air 
masses. Temperature and dew point data from both platforms 
track each other very well. The NO data show good agreement. 
The Hercules NO data show larger scatter, reflecting a higher 
detection limit and lower sensitivity of the Hercules NO 
instrument. The Hercules NOy instrument consistently reported 
significantly lower values. A two-sided linear regression of the 
averaged NOy data shows a slope of less than 1 and a large 
offset. The small slope can be rationalized as a result of tests 
that found significant losses of HNO3 in the used Hercules 
inlet. The offset could be due to a high "NOy artifact" (about 
400 pptv) that was subtracted from the Hercules data. Both 
aircraft experienced problems with air conditioning on this 
flight leading to unusually high cabin temperatures and 
failure of NMHC and CO instrumentation. 

Additional comparison of measurement techniques was also 
made in connection with Oxidizing Capacity of Tropospheric 
Atmosphere. A formal intercomparison of the different peroxy 
radical measurement methods was organized at the 
Kernforschungsanlage's field observatory at Schauinsland in 
1994. Five chemical amplifiers (CAs) from the United States 
and European countries and a MIESR participated in this 
campaign. In general, for atmospheric measurements the 
instruments agreed within a factor of 2. When comparing the 
results of the CAs with those of MIESR, there were indications 

for a reduced sensitivity of most CAs toward organic RO2, 
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which is not fully explained by our current understanding of 
the chemical processes involved. 
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