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During studies in August 1976 that were part of the Multi-State Atmospheric Power Produc

tion Pollutant Study (MAP3S), Alkezweeny et al. (1977) noted that in the Milwaukee urban 

plume, layers of relatively high sulfate concentrations occurred at high altitudes with 

respect to the boundary layer. This paper represents a progress report on studies undertaken 

to investigate possible causes for a bimodel vertical profile of sulfate concentrations. 

Data presented by Alkezweeny et al. (1977) serve as a basis for this study. Data from 

August 23, 1976, and August 24, 1978, indicate concentrations relatively high in sulfate, at 

1000 and 6000 ft, respectively, with lower concentrations at lower altitudes. Concentrations 

of trace metals also indicate no peaks in the vertical concentration profiles above the 

surface. Initial studies of the high, elevated sulfate concentrations have centered on the 

August 23 measurements taken over southeast Wisconsin using synoptic data from the national 

weather service, emissions data from the national emissions data bank system (EPA), air 

quality data from the national air surveillance network (EPA), and satellite photographs from 

the EROS Data Center (U.S.G.S.). 

The following describes the synoptic situation for the Aug~st 23 to 24 period and presents 

observations on the study to date as well as plans for future analysis. 

The synoptic situation for the August 23 
to 24 Lake Michigan experiment is depicted 
in Figure 1.16. On the day prior to the 
experimental flight, prevailing visibility 
throughout most of the Great Lakes was 10 
km (6 mil or less due to haze and fog. 
During the preceding period, frontal pas
sage was dominated by a stagnating anticy
clone typical of one type of high sulfate 
episode identified by Hidy (1976) and Tong 
and Batchelder (1978). During the 22nd 
and 23rd, a weak polar front from Canada 
moved southward over the Great Lakes area 
at approximately 22.5 km hr- 1 (14 mi hr- 1 ) 

and was located just south of Lake Michigan 
on the 23rd at 127(07 EST). This weak cold 
front and associated polar air mass had a 
tendency to improve the horizontal visibil
ity behind the front, but haze and smoke 
layers were still reported at higher eleva
tions. Prevailing visibility south of the 
front was still poor (see Figure 1.16). 

A north to south vertical cross section 
of the frontal system is depicted in 
Figure 1.17. Above the 950 MB pressure 
level, the frontal system was located 
between Chicago and Green Bay. In the 

lower levels the front appears to merge 
with the nocturnal temperature inversion 
layer. Upper-air reports south of the 
front indicated that the top of the haze 
layer was between 800-750 MB levels or 
around 2134 m (7000 ft) MSL. Figure 1.17 
indicates that the elevated sulfate layer 
at 3000 m (10,000 ft), as observed by the 
Lake Michigan experiment, was located in 
the frontal transition zone. 

Observations of sulfate concentrations 
of 7 to 9 ~g m- 3 at high altitude are 
within the range of typical surface concen
trations (Hidy 1976), but their existence 
above the mixed layer appears possible 
only by an injection of concentrated 
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sulfate mass into the elevated layers (see 
Table 1.9). A number of hypothetical 
mechanisms for this injection are presented: 

1) direct emission and subsequent trans
formation of sulfur dioxide into the 
layer, 

2) broad lifting of a surface layer with 
high sulfate concentrations, 
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FIGURE 1.16. Surface Synoptic Data and Winds for 2300Z, August 19, 1976 
(contours are isolines of prevailing visibility, i.e., 3, 6 and 15 miles) 
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FIGURE 1.17. A North to South Cross Section of Potential Temperature (solid lines) and 
Temperature for 1200Z, August 23, 1976 (broken lines are isotherms in 0c) 
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3) trapping of sulfate in a stable inver
sion layer after the suppression of 
mixing at night or after a frontal pas
sage. 

No conclusion, but the following observa
tions, have been made concerning these 
mechanisms: 

• Direct emissions of sulfur oxides at 
heights greater than 2000 ft are 
normally expected only in the Upper 
Ohio River Valley (western Pennsylvania), 
Ontario, and in Tennessee (Hidy 1976). 
Considering the character of sulfate 
formation as a secondary pollutant from 
sulfur dioxide and the dilution of 
plumes with distance, concentrations 
on the order of 10 wg m- 3 would be 
expected within 100 to 200 km of an 
individual source. 

• A broad area of low visibilities (see 
Figure 1.16) and probably high pollutant 
concentrations accompanied the stagna
tive anticyclone preceding the weak but 
dry frontal passage with the haze layer 
top near 6000 ft (see Figure 1.17). 

Local to the observation area, high 
surface concentrations of both ozone and 
sulfur dioxide (Table 1.10) drop off 
rapidly on August 23 as the surface 
front passes through the area. The 
surface pollutant layer was either 
transported out of the area or lifted 
with the frontal passage. The air in 
the 10,000-ft layer on August 23 does 
not appear to be surface air as a result 
of the low concentrations of trace metals 
(Table 1.9) measured. 

• Pollutants in the deep mixed layer 
expected in a stagnation situation are 
normally distributed in a uniform manner 
except in the immediate vicinity of 
emission sources. Building of a surface
based inversion may isolate a portion of 
the mixed layer. 

Future studies will make use of trajec
tory analyses and satellite photographs in 
an attempt to identify possible source 
regions. Further analysis of the August 24 
cases and other time periods may contribute 
to identifying the reason for formation of 
these pollutant layers. 

TABLE 1.9. Sulfate and Trace Metals Upwind of Milwaukee. 

Altitude Sulfate, Ca, Mn, Fe, Pb, 
Date in feet /lg/m3 ng/m3 ng/m3 ng/m3 ng/m3 

August 23, 1976 1,500 1.6 239 6.3 159 7.1 

10,000 7.4 28 ND(b) 17 4.4 

August 24, 1976 1,500 5.4 3,140 25.6 614 46.0 

6,000 9.0 88 3.4 73 24.0 

8,000 NO ND NO ND NO 

August 29, 1976(a) 1,000 to 0.3 79 1.7 54.9 3.6 
6,000 

August 30, 1976 5,000 0.9 535 17.3 539 NO 

(a) Over lake Michigan, wind from the north 
(b)ND = not detected 
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