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A Better Title!

How I spent my
winters chasing
nitrates around the
Coastal Plain.
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Typical Appalachian Haul-Back Contour Mine

Biosolids plus Woodchips @
140 Mg/ha on Rocky Spoils
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Over a five-year
period, a 150 ha
application of 140
Mg/ha of biosolids +
woodchips (C:N = 30)
had no effect on
ground water NO3
levels.
In fact, NO3 levels
were highest before
application due to the
use of NH4NO3
explosives!

Powell River Project area 10 years
after application with biosolids.
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History and Background
In 1995, the State of Virginia Dept. of
Mines, Minerals, and Energy developed
guidelines for the application of biosolids
to coal mined lands (VDMME, 1995)
with Virginia Tech’s assistance. These
guidelines capped loading rates at 75
Mg/ha (dry) for biosolids cake and at 115
Mg/ha when the C:N ratio of the applied
product was 25:1 or greater.

History and Background
Application of higher than agronomic rates
of biosolids to very gravelly and coarsetextured mine soils with shallow ground
water regimes within the Chesapeake
Bay watershed raised significant
regulatory concerns with regard to longterm effects on nutrient loadings to
ground water
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Biosolids cake (C:N = 8)
land-applied on gravel
mine at 42 Mg/ha.

Shirley Plantation Experiment
At Shirley, we evaluated a range of
biosolids loading rates (1x to 7x)
agronomic rate of 14 Mg/ha with and
without added sawdust (to adjust the
applied C:N ratio to approximately 20:1)
on a reclaimed gravel mined soil between
1996 and 1999. The mine soils utilized
had been reclaimed for ten years and
were in rowcrop production.
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Corn Response to Nitrogen!

Well!

Sampling from
zero-tension
lysimeter @ 1 m.
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Nitrate Nitrogen (ppm)

Figure 1. Shirley Plantation
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Nitrate Nitrogen (ppm)

Figure 2. Shirley Plantation
Lysimeters:Biosolids + Sawdust
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Nitrate-N leached over two seasons
without sawdust added:
Treatment

Total-N Applied

NO3-N Lost % App.

---------------- kg/ha ------------------Control

0

5.9 c

N.A.

Fertilized

269

7.6

2.8

1X Biosolids

626

19.2

3.1

3X Biosolids

1252

37.4

3.0

5X Biosolids

3130

28.2

0.9

7X Biosolids

4382

59.8

1.4
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Nitrate-N leached over two seasons
with sawdust added:
Treatment

Total-N Applied

Nitrate-N Lost

% App.

---------------- kg/ha ------------------Control

0

5.9 c

N.A.

Fertilized

269

7.6

2.8

1X + Sawdust

626

4.9

0.8

3X + Sawdust

1252

7.6

0.6

5X + Sawdust

3130

58.4

1.9

7X + Sawdust

4382

31.9

0.7

Findings at Shirley
• Root zone leachates (@ 75 cm) showed
enhanced nitrate-N leaching potentials
the first winter after biosolids application
that were directly related to loading rate
and C:N ratio.
• Treatment effects were only noted the
first winter after a spring application.
• Four adjacent shallow ground-water
wells showed no effects of the loadings.
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Aylett Sand & Gravel Mine in October 1998

Overall Objective for Aylett
Sand and Gravel Mine Study
To determine the water quality effects
of operational-scale higher than
agronomic rate land application of
biosolids to a minimally reclaimed
sand and gravel mine in Virginia
utilizing conventional revegetation
species
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Mattaponi R.

Adjacent
Agricultural
Fields

Treatment Application
• Water quality wells (shallow and deep) were installed
at the site over the summer of 1998, and were
monitored monthly for water level, NO3-N, NH4-N, pH
and electrical conductance (EC) through January, 2001
• In the fall of 1998, a mixture of Zimprotm processed
PVSC biosolids and Blue Plains lime-stabilized
biosolids was applied to the majority of the site (except
Areas A, B and C in Fig. 1) at an average loading rate
of 78 Mg of PVSC and 34 Mg of Blue Plains per ha.
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Area A after application of 3x agronomic
rate of Blue Plains lime-stabilized biosolids in
April 1999. Mattaponi River is in trees in
background.

Western portion of site in April of 1999 following fall
1998 application of mixed PVSC and Blue Plains
biosolids at 78 and 34 Mg/ha, respectively.
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Overall
estimated
groundwater flow
regime for
Sept., 1999.
Flow paths
in the
spring were
similar.

Well upgradient from all
biosolids applications.
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Overall Hydrology and Water
Quality Results
• Of the 11 well clusters installed within the treated area
boundary, only three showed significant NO3-N
elevations, even though the vast majority of them were
either directly under or downgradient from biosolids
treated areas
• Nitrate-N levels in two wells (SW 1 and 3) directly
adjacent/downgradient to areas receiving the 3X
biosolids slowly increased in the fall of 1999, peaked
around 40 to 50 mg/L in late winter/early spring of
2000 (Fig. 5), dropped under (10 mg/L) by May 2000,
and remained < 2 mg/L through the winter of 2001.

Well immediately
downgradient from 3x cell
applied in April 1999.
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Well downgradient of cell
receiving 1.5 x treatment
in fall 1998

Area upgradient
from well was
graded in 8/99!
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Overall Hydrology and Water
Quality Results
• No treatment effects were observed
in the surface water on site (sampled
at staff gauge and discharge pipe) or
the two well between the mine dike
and the Mattaponi River that were
clearly downgradient.

What’s Going on with Nitrate-N?
Overall, it does appear that NO3-N
leaching potentials across a site such as
this are quite diverse spatially, varying
with local differences in soil wetness/
redox, texture and permeability, biomass
N uptake, and other unknown factors.
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Iluka Resources Project
• Large (2000 ha) mineral sands mining
operation in upper Coastal Plain.
• Lime-stabilized biosolids were applied to
10 ha mining pit reclaimed without
topsoil in August of 2002.
• Water quality monitored monthly at 6
ground water wells and 2 surface water
discharge points.
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Overall Conclusions
Overall, these data support our earlier
findings that while application of
biosolids at higher than agronomic rates
will lead to an ephemeral (first winter)
leaching loss of NO3-N, that the impact to
ground water is highly localized, small in
magnitude, and relatively short lived.
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Overall Conclusions
The long-term ground water monitoring
data for several sites appear to indicate
that the background addition of NO3-N
from offsite agricultural sources is
significantly greater over time than any
short-term effects from reclamation
related biosolids utilization

Acknowledgments
We gratefully acknowledge the support of
Synagro, Shirley Plantation/Weanack and
Iluka Resources over time. Rich Whitttecar’s
assistance with hydrologic interpretations is
gratefully acknowledged.
Ron alls, Charles Carter, Mike Creek, Katie
Haering, Steve McMahon, Zenah Orndorff,
Bob Peer, Mike Schmidt, and Chris Wyatt have
all assisted in this work.

19

