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Nitrogen remains a ubiquitous pollutant in sur-
face and groundwater throughout the United
States, despite 30 years of pollution control ef-
forts. A detailed multicompartment N balance for
the Central Arizona-Phoenix ecosystem is used
to illustrate how an ecosystem-level approach can
be used to develop improved N management strat-
egies. The N balance is used to demonstrate how
nitrate in pumped groundwater used for crop
irrigation could be used to reduce inputs of com-
mercial fertilizer and decrease N leaching to aqui-
fers. Effectively managing N pollution also will
require an understanding of the complex factors
that control the N balance, including targeted
regulations, individual human behavior, land-use
conversion, and other ecosystem management
practices that affect the N balance. These some-
times counter-vailing factors are illustrated with
several scenarios of wastewater treatment tech-
nology and population growth in the Phoenix
area. Management of N eventually must be
coupled to management of other elements, nota-
bly carbon, phosphorus, and salts. We postulate
that an ecosystem framework for pollution man-
agement will result in strategies that are more ef-
fective, fairer, and less expensive than current
approaches.

KEY WORDS: nitrogen pollution, nitrogen cycling,
biogeochemical cycles, mass balances, nutrient cycling,
groundwater, wastewater treatment
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TABLE 1

Watershed area, km2 12,384

Precipitation, cm/year 18

Population, 1975, million 1.3

Urbanized area, % of watershed 13

Agricultural land, % of watershed 10

Desert, % of watershed 77

Ecosystem N input, Gg/year 98.4

Total ecosystem N output, Gg/year 77.5

Agricultural products, Gg/year 2.5

Export via Gila River, Gg/year 2.6

Export via atmosphere (inc. N2 from 2.6

dentrification),Gg/year

Accumulation, calculated by difference between 20.9

inputs and outputs Gg/year

Accumulation, calculated by sum of fluxes to 17.1

landfills and subsurface, Gg/year
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THE NITROGEN PROBLEM IN PHOENIX
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Utilizing the N in Pumped Groundwater:
Case Study of Information Engineering
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TABLE 2

Adjusted flux, using N in irrigation
water to decrease commercial

Component Current flux, Gg N/year fertilizer application, Gg N/year

Major inputs to fertilized cropland

Commercial fertilizer 14.0 4.1

Alfalfa fixation 7.5 7.5

Manure application to land 7.9 7.9

N added by irrigation with 9.9 9.9

groundwater

Other inputs (wastewater, biosolids, 4.6 4.6

atm. dep.)

Total inputs 43.9 34.0

N removed by crop harvest 17.7 17.7

Loss to river 1.7 1.7

Leaching

Cropland 12.3 7.3

Leaching from urban landscapes 6.2 6.2

Leaching from septic tanks 1.3 1.3

Wastewater recharge 0.1 0.1

Total inputs to subsurface subsystem 19.9 14.9

N pumped upward in groundwater 12.2 12.2

Accumulation in subsurface (inputs-pumping) 8.3 2.7
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Coupled Biogeochemical Systems
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TABLE 3

N entering
Gg N/year the Gila

Raw % treated Gg N/year leached (septic River and Change
wastewater, in from tanks and subsurface, since
Gg N/year WWTPs WWTPs cesspools) Gg N/year 1975, %

1975 (baseline) 7.2 72 2.9 1.8 4.7 —

1995 population, 16.5 72 8.3 1.2 9.5 +102%

with 1975 treatment

(scenario 1)

1995 treatment, with 7.2 92 1.0 1.8 2.8 –40%

1975 population

(scenario 2)

1995 (actual) 16.5 92 2.9 1.2 4.1 –13%

(scenario 3)

1995, with no septic 16.5 100 3.1 0 3.1 –34%

tanks (scenario 4)
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