Nitrate-N values range from 0 to 13.52 mg/L with a mean level of 5.07 mg/L. Nitrate-N levels above 10 mg/L
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Abstract

Over the past four years undergraduate students from Carleton College have compiled extensive

surface water chemistry data for Rice County, Minnesota. However, there is limited information
available on groundwater chemistry. To address this samples were collected from a total of 19

private wells and springs and studied for their major ions, isotopes, and dissolved CFC concentrations.
The major ions measured were fluoride, chloride, nitrite, nitrate, phosphate, and sulfate. By
determining the dissolved gas concentrations of chlorofluorocarbons (CFC-11,CFC-12 and CFC-113)
the age of the water in the wells and springs was determined.The groundwater displays d180 ranging
from 8.67 to 9.80 and dD ranging from 54.00 to 75.00, consistent with regional meteoric

recharge. Recharge dates range from 1940 for waters from the Jordan Formation to 1970 for the

Shakopee Formation, while shallow wells show recharge within the last 2-3 years. Major ion
concentrations indicate a likely anthropogenic input of chloride and, more importantly, nitrate in the

shallow wells. Bromide and phosphate were not detected, nitrite was rarely found, and sulfate,

chloride, and fluoride were always detected. Nitrate concentrations show a direct correlation with
the recharge dates, with many recently sourced wells showing nitrate concentrations above the EPA

standard for drinking water.
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Figure 1 - Sample site locations and indication of nitrate-N levels in
northeastern Rice county (location 16 is outside the county)

Nitrates-N

are alarming as this leads to health risks (MPCA, 1998). There are four wells in our study area where
dangerous waters are located, (Figure 1). The Minnesota Department of Health has established a

health risk limit of 10 mg/L for daily ingestion (MPCA, 1998). The major health danger of excess nitrates
in drinking water is "blue baby syndrome" or methemoglobinemia, which occurs when bacteria in the
stomach converts nitrate into nitrite, which reduces the blood's capacity to carry oxygen to vital organs
(MPCA, 1998). Children and adults older than six months of age usually have enough stomach acid to
inhibit methemoglobinemia-causing bacteria (MPCA, 1998). Further investigation of nitrate levels is
warranted, especially correlating presence of nitrate with well depth; until then, local residents should
be careful about well water consumption. The majority of the samples we obtained are located in what

is assessed as a "very high" risk aquifer zone, where it can only take between hours and months of
estimated vertical travel time before water-borne surface contamination could reach the aquifer

(Campion, 1997). The main source of nitrates in water is anthropogenic, mostly from fertilizers, but
also from improperly working septic systems (MPCA, 1998).
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Figure 2 - lon concentrations by well.

Sodium/ Chlorine comparison
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The Rice County groundwater chloride data
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range from 0.08 mg/L to 72.54 mg/L.The primary

source of chloride is halite in rocks, while the
anthropogenic source is mainly road salt.
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Figure 3 - Sodium concentration versus chloride

concentration

CFC's

Using the estimated concentrations of CFC-11, CFC-12,and CFC-113 (Figure 2) as well as the
Henry's Law solubilites of each species, the concentrations of each of the three CFCs can
show the time since the water was isolated from the unsaturated zone

(Busenburg and Plummer, 1992). See Table 1 for the calculated recharge dates based on
each CFC species. For five of our wells, the calculated recharge dates from all three CFC
species were comparable. Most likely, these dates are reliable indicators of how recently

the water was recharged. For the rest of the wells, the dates did not agree. Possible reasons
include: differences in sorption between the species, preferential microbial degradation, or
VOC contamination.

Sample ID CFC-11 CFC-12 CFC-113

600
recharge recharge recharge

n date date date
S 1 1967 1968 1940
© 2 1969 1967 1972
e 3 1973 1970 1974
87 400 | 3 1981 2004 1983
= 4 1975 2004 1979
e 5 1968 1963 1940
(EJ Qa0 b 6 1981 2004 19084
= = Cre1s 7 2004 2004 1990
o 8 1991 2004 1989
Q. 9 1969 1969 1973
a 10 1985 1985 1986
<R 11 1971 1968 1940
Z 12 1986 2004 1978
13 1966 1961 1940
0 ‘ ‘ ‘ ‘ ‘ 14 1967 1968 1940
1940 1950 1960 1970 1980 1990 2000 1 5 1 987 1 989 1 988
Year 16 2004 2004 1988
_ _ _ CRWP 1969 1967 1974

Figure 4 - Atmospheric CFC concentrations Table 1 A Chlorofluorocarbon

determined dates of water samples

Stable Isotopes

Sample ID §°0 8D

The groundwater displays 180 ranging from -8.67 to -9.80 1.00  -8.33 -64.50
and D ranging from -54.00 to -75.00, consistent with S0 oos ol
regional meteoric recharge. According to data compiled 3.00 -9.46 -72.00
by Friedman (1964),d180 and dD values fall within the 2:88 ] :g?jgg
range for meteoric waters in this region of the country. 3-88 - -gg-‘;g
These values agree with the relatively young apparent 5,00 . 6B.00
ages of the water and suggest a regional or local recharge 9.00 -~ -54.90

10.00  -9.70 -70.40
area. 11.00 - -75.70

12.00 -9.21 -61.00
13.00 -8.92 -57.00

15.00 - -71.00
16.00 - -66.20
CRWP
Spring -8.97 -66.70
CRWP

Spring -8.73 -
Table 2 i Stable oxygen and hydrogen

isotope ratios relative to SMOW (parts
per mil)

50

Conclusions

Oxygen and Hydrogen isotopic signatures and CFC content indicate that the surveyed Rice County
wells are recharged from young meteoric sources. Wells recharged within the last 25 years show
high nitrate levels, likely from anthropogenic sources. These levels excede Mnnesota depatment of
Health recomendations for nitrate content in drinking water.

Future studies could be aided by a number of procedural modifications. The accuracy and precision
of CFC dating can be improved by recording the water temperature during sample collection.
Corroboration with the Tritium signature and SF6 content could prove useful for confirming the
accuracy of CFC dating.
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