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“Urea for SCR-based NOx Control Systems and Potential Impacts
to Ground Water Resources

David Layton
Health and Ecological Assessment Division
Energy and Environment Directorate
Lawrence Livermore National Laboratory

One of the key challenges facing manufacturers of diesel engines for light- and
heavy-duty vehicles is the development of technologies for controlling emissions of
nitrogen oxides. In this regard, selective catalytic reduction (SCR) systems represent a
control technology that can potentially achieve the NOx removal efficiencies required to
meet new U.S. EPA standards. SCR systems rely on a bleed stream of urea solution into
exhaust gases prior to catalytic reduction. While urea’s role in this emission control
technology is beneficial, in that it supports reduced NOx emissions, it can also be an
environmental threat to ground water quality. This would occur if it is accidentally
released to soils because once in that environmental medium, urea is subsequently
converted to nitrate—which is regulated under the U.S. EPA’s primary drinking water
standards. Unfortunately, nitrate contamination of ground waters is already a significant
problem across the U.S. Historically, the primary sources of nitrate in ground waters
have been septic tanks and fertilizer applications. The basic concern over nitrate
contamination is the potential health effects associated with drinking water containing
elevated levels of nitrate. Specifically, consumption of nitrate-contaminated water can
cause a blood disorder in infants known as methemoglobinemia.

The source of nitrate in effluents from septic tanks and associated leach lines is
urea (i.e., CO(NH3),) derived from human urine. Urea is a waste product of the

‘metabolism of animal and plant protein in diets. It reacts rapidly with water to form

ammonium, which subsequently undergoes bacterially-mediated oxidation to nitrate (i.e.,
NH,' + 20, © NO; + 2H"' + H,0). The microbial nitrification of ammonium also
occurs quickly and is often largely complete by the time the septic tank effluent has
percolated through unsaturated soils to ground water. Concentrations of nitrate in those
effluents, expressed as total N, typically range from 30 to over 100 mg N/L. The
drinking water standard for nitrate (measured as total N) is 10 mg/L. By comparison, a 32

- wt.% urea-deionized water blend for use in an onboard SCR control system (see Diesel

Fuel News, 9/25/00) would contain 166 g N/L! What this means is that the storage tanks
and dispensing systems for urea must be designed to prevent leaks that would
contaminate soil/ground water resources. Nevertheless, leaking underground fuel tanks
have been a persistent source of ground water contamination in urban areas throughout
the U.S., and leak-free designs have yet to be achieved in practice. Important
infrastructure issues to consider would be the comparative costs/benefits of subsurface vs.
surface storage tanks for urea at diesel-fuel stations. Also, the concerns over possible
ground water contamination will be greater in areas where water supply agencies rely on
ground water for drinking water. Moreover, in locations where there is existing nitrate
contamination, the threat of urea leaks from storage facilities will undoubtedly receive
increased regulatory scrutiny. In the aftermath of the ground water contamination
incidents associated with the fuel additive methyl tertiary butyl ether (MTBE)—an



oxygenate meant to reduce automotive emissions—there is a much greater sensitivity
among water purveyors nationwide of the environmental implications of fuel-related
compounds. . ‘ '

There are other issues that should probably be dealt with in evaluating the role of
urea for NOx reduction. For example, what are the lifecycle environmental impacts of
urea, that is, the potential impacts associated with its synthesis from natural gas;
distribution via barge, tank cars, etc.; storage at dispensing sites; and finally end use in
vehicles. Economic considerations would involve the costs of natural gas and deionized
water plus any other additives that may be necessary to inhibit microbial oxidation in-
tanks. Work performed under the auspices of the U.S. Department of Energy by the
University of California, Lawrence Livermore National Laboratory under contract No.
W-7405-ENG-48.



