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Introduction 

Unlike other areas of the world that have experienced lake 
acidification (i.e., Norway, Sweden, southern Ontario-Canada, 
northeastern U.S), the upper midwest of the U.S. has no 
documented cases of lakes being acidified. However, limited 
data on rainfall acidity in northeastern Minnesota' suggest 
that acid rain episodes are commonplace, and acid is depo
sited in a large number of lakes which are susceptible to aci
dification' . The objectives of this project were to determine 
the impact of land use and geology on the acid, major and 
trace element composition of rain and snow, and to provide a 
better assessment of the atmospheric deposition of the above 
components to the sensitive aquatic environment of N.E. 
Minnesota. 

Sampling and experimental 

Event-only rain and snow samples were collected at three 
sites along a west-east transect of northern Minnesota, U.S.A. 
in 1978 79. Aerochem-Metric event precipitation samplers 
were used at each of the above sites with acidwashed, water 
rinsed plastic buckets used as the collector. Snow cores were 
collected ;::t ~even sites along the west-east transect in Jan., 
1979, and care was taken to minimize local contamination. 
The transect spanned - 560 km from the calcareous, prairie
agricultural areas of SW North Dakota to the granitic, slowly
weathering and coniferous forest area ofNE Minnesota. Major 
elements were determined by f1ame atomic absorption (AAS), 
trace elements by graphite furnace AAS, anions by ion chro
matography, NH, by ion-specific electrode and pH by glass 
electrode. 

Results and discussion 

The volume-weighted pH of rain and snow collected in 
1978-79 varied from 5.32 in the agricultural west, 5.00 in the 
forest transition region to 4.64 in the coniferous forest area 
of NE Minnesota. Similarly, the volume-weighted pH of snow 
cores collected in January, 1979 varied from a high of 6.1 in 
the agricultural area, to 4.6-4.8 in the transition area and 
4.3-4.5 in the eastern forest area (Figure 1). Table 1 lists the 
volume-weighted concentrations of major and trace elements 
and acid anions at the three precipitation collection sites in 
the west-ea~t transect. The concentrations of major elements 
(AI, Fe, Mn. Ca, Mg) decreased markedly in rain and snow 
cores going to east. These elements are primarily associated 
with soil particles suspended in the air by wind'. However, 
the trace element concentrations show little variability from 
west to east. and in some cases, actually were higher in the 
eastern forest region. This pattern suggests that the major 
source of major and minor elements in the agricultural area is 
suspended calcareous soil, whi.le the sources to the east are 
less clear. 

Figures 2 and 3 plot the concentrations of Ca, S04 , Pb 
and Ni in snow cores collected over the 560 km transect. As 
noted in Table I, the concentration of Ca (soil-derived) de
creases west to east, and lower in the transition zone. When 
the ratios of element/ AI are plotted. normalizing out the soil 
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contribution, the Ca/Al profile appears relatively constant 
while S04 , Pb and Ni increase west to east. That is, the soil 
contribution to chemical composition of rain and snow de
creases dramatically west to east, while a non -soil source is 
important in the forested eastern area. 

Factor analysis of the rain and snow data for all sites shows 
that the soil-derived elements (AI, Fe. Mn, Ca, Mg, Ni) appear 
in one group while non-soil elements (S04 , Cr, N03 , Pb, Cd) 
occur in another. Cu and Zn are outlyers. Pearson correla
tions for individual sites show that ihajor and minor ele
ments are strongly correlated with particulates in the agri
cultural area but are not in the forest region. In both cases, 
major elements are stwngly intercorrelated but trace ele
ments are not. 

Conclusions 

I. Land-use strongly affects acidity and composition of pre
cipitation. 

2. Forested areas with exposed bedrock experience higher H+ 
inputs than prairie or agricultural areas. 

3. Soil source dominates major and trace element composi
tion of rain/snow in prairie and agricultural areas. 
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4. Non-soil sources dominate trace element composition of 
rain/snow in forested areas. 

5. Snow cores exhibited higher acidity than rain/snow at 
forested, _ea~tern site (pHcores = 4.3 vs pHrai = 4.6). 

6. Strong ac1d mput toNE Minnesota occurs at leve7s known 
to cause deleterious aquatic impacts. (SO. ~ 15 kg ha- 1 

yr- 1
, N03 ~ 11 kg ha- 1 yr- 1 ) 
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Table 1 

Chemicq.l Composltlon of Rain and Snow-uQ/t* 

Element Agricultural Forest Transition Forest 
(west) (east) 

Al 249 103 56 

Fe 165 51 38 

Mn 22 5.6 3. 2 

Ca 2080 680 450 

Mg 330 230 140 

NH
4 1010 619 684 

504 1980 1470 2100 

N0 3 2130 1290 1594 

504 + N03("eq/£) 76 51 70 

Pb s.o 5. 7 7.1 

Ni 3.6 1.5 1.4 

Cu 3.9 2.1 3.5 

Zd 147 99 93 

Cd . 73 .18 .15 

Cr .44 .27 . 24 

*Volume-weighted concentrations 
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