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Ammonium transport and reaction in contaminated groundwater:
Application of isotope tracers and isotope fractionation studies
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[1] Ammonium (NHy) is a major constituent of many contaminated groundwaters, but its
movement through aquifers is complex and poorly documented. In this study, processes
affecting NH; movement in a treated wastewater plume were studied by a combination of
techniques including large-scale monitoring of NHy distribution; isotopic analyses of
coexisting aqueous NH,, NO3, N, and sorbed NHy; and in situ natural gradient SNH;
tracer tests with numerical simulations of >’NHj, '>NO3, and '°N, breakthrough data.
Combined results indicate that the main mass of NH; was moving downgradient at a rate
about 0.25 times the groundwater velocity. Retardation factors and groundwater ages
indicate that much of the NHj in the plume was recharged early in the history of the
wastewater disposal. NO3 and excess N, gas, which were related to each other by
denitrification near the plume source, were moving downgradient more rapidly and were
largely unrelated to coexisting NHj. The 6'°N data indicate areas of the plume affected by
nitrification (substantial isotope fractionation) and sorption (no isotope fractionation).
There was no conclusive evidence for NH,;-consuming reactions (nitrification or
anammox) in the anoxic core of the plume. Nitrification occurred along the upper
boundary of the plume but was limited by a low rate of transverse dispersive mixing

of wastewater NH and O, from overlying uncontaminated groundwater. Without induced
vertical mixing or displacement of plume water with oxic groundwater from upgradient
sources, the main mass of NHy could reach a discharge area without substantial
reaction long after the more mobile wastewater constituents are gone. Multiple approaches
including in situ isotopic tracers and fractionation studies provided critical information
about processes affecting NH; movement and N speciation.
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1. Introduction NH,, there are few studies documenting NH} transport and
reaction processes in aquifers.

[3] Ammonium movement may be retarded by physical-
chemical processes such as sorption (including cation ex-
change), or biological processes such as microbially
induced transformations (Figure 1), depending on aquifer
geochemistry and the nature of the groundwater flow

. +
served in aquifers contaminated by landfill leachate and system. Retardation of NHy transport has been observed

concentrated wastewater disposal practices [Baedecker and 10 contaminated groundwaters [Ceazan et al., 1989
Back, 1979: LeBlanc, 1984: Cozzarelli et al., 2000; DeSimone and Howes, 1998; van Breukelen et al., 2004],

Christensen et al., 2001; Heaton et al., 2005]. Septic and it may lead to much longer aquifer flushing times for

. . : ;
systems and agricultural practices also may result in locally Va4 than for other more mobile aqueous species, with
elevated recharge rates of NHJ. NH; in aquifers can cause relative retardatlog factorSS potentially ranging over 3 orders
degradation of groundwater quality and usability, it can have of.rélagmtude (10" to 10 )1 [B,”SS et .al., ,2003]', ﬁ;mmon&um
substantial effects on water-rock interactions, and it can be a  0Xidation occurs commonly in conjunction with O, reduc-
substantial source of N in surface waters receiving ground-  tion (nitrification) and possibly may be associated with Mn-

water discharge. Despite the environmental importance of ~©0Xide reduction [Luther et al., 1997; Hulth et al., 1999].
Nitrification results in production of NO, followed by

NO3:

[2] Ammonium (NH) is present in groundwater naturally
as a result of anaerobic degradation of organic matter and
artificially as a result of organic waste disposal. Anthropo-

. + . . . .
genic NHy is one of the major dissolved components in
some types of groundwater contaminant plumes. NH, con-
centrations of the order of 1-10 mmol/L have been ob-
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