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LANDFARMING OF MUNICIPAL SEWAGE SLUDGE AT OAK RIDGE, TENNESSEE
Monica Lee Tischler, Charles Pergler, Marialice Wilson, David Mabry, and Michael Stephenson

ABSTRACT RECEIvVED
DEC 0 8 {355
The City of Oak Ridge, Tennessee, has been applying municipal sanitary s@g@p? sétes
comprising 90 ha on the U.S. Department of Energy (DOE) Oak Ridge Reservation (ORR) since
1983. Approximately 13,000,000 L are applied annually by spraying sludge (2 to 3% solids)
under pressure from a tanker. Under an ongoing monitoring program, both the sludge and the
soil in the application areas are analyzed for organic, inorganic, and radioactive parameters on a
regular basis. Organic pollutants are analyzed in sludge on a semiannual basis and in the soil
application areas on an annual basis. Inorganic parameters are analyzed daily (e.g., pH, total
solids) or monthly (e.g., nitrogen, manganese) in sludge and annually in soil in application areas.
Radionuclides (Co-60, Cs-137, I-131, Be-7, K-40, Ra-228, U-235, U-238) are scanned daily
during application by the sewage treatment plant and analyzed weekly in composite sludge
samples and annually in soil. Additionally, data on radioactive body burden for maximally
exposed workers who apply the sludge show no detectable exposures. This monitoring program
is comprehensive and is one of the few in the United States that analyzes radionuclides. Results
from the monitoring program show heavy metals and radionuclides are not accumulating to

harmful levels in the soil application areas.
INTRODUCTION

The City of Oak Ridge, Tennessee, has been applying municipal sanitary sludge to land
on the DOE ORR since 1983 under an agreement with DOE and the Tennessee Department of
Environment and Conservation (TDEC). Previous work on the benefits of this sludge
application to sycamore (Platanus occidentalis) and loblolly pine (Pinus taeda) on the ORR

showed that even a single dose application of sludge resulted in a long-term (>10 year) positive
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growth and biomass (Van Miegroet et al. 1991). The majority of the nutrients were retained in
the upper soil, with a significant increase in the total and available nitrogen. This benefit lasted
several years after the sludge applicatio;l, in contrast to another experimental plot where
inorganic nitrogen was leached away within a few months of application (Van Miegroet et al.
1991).

Other researchers have shown the benefits of land application of municipal sludge. For
example, McNab and Berry (1985) found that three species of pine seedlings planted in soil
amended with dried sludge produced approximately 3 X more tree biomass and 8% more wood
as a percentage of total tree weight when compared to trees grown in soil amended with
inorganic fertilizer. Peterson and coworkers (1984) grew poplars in a greenhouse environment
and compared poplars grown in sludge-amended soil with those grown in ammonium nitrate
fertilized soil. The poplars grown in the sludge-amended soil grew faster than those grown in
soil amended with inorganic nitrogen. Peterson et al. (1984) also showed that the trees grown in
sludge-amended soil did not accumulate more of any nutrient or heavy metal than those grown
with inorganic nitrogen.

The City of Oak Ridge sewage treatment plant receives wastewater from both domestic
and industrial sources. The land application consists of spraying sludge (2 to 3% solids) under
pressure from a tanker at a rate of approximately 10 metric tons/ha. Nine sites comprising 90 ha
have been used by the city: four sites comprising 28 ha have been closed following land
application, and five sites comprising 63 ha are still active application sites. Currently, 2 to 6
loads per day (40 to 120 loads/month) of sewage sludge are trucked in a 20,000-L tanker truck to
the application sites and transferred to a 5,300-L field vehicle for surface spray applicat.ion.
Approximately 13,000,000 L/year are applied, resulting in a thin layer of sludge on surface
vegetation.

Sewage sludge typically contains both natural and human-made radionuclides. Because
there are currently no applicable federal sludge radioactivity standards, conservative radionuclide

limits for ORR sludge application have been established (DOE 1994). These limits require that




the resulting average concentration of uranium and other radionuclides with longer decay periods
in the receiving soil will not generally exceed 2X background. In addition, to ensure long-term
acceptability of the Oak Ridge sludge application program, a risk-based model for determining
acceptable radionuclide concentrations in sludge has been established.

Industrial customers of the City of Oak Ridge sewage treatment plant include a DOE
facility and several private companies that use radioactive materials. These customers must meet
U.S. Nuclear Regulatory Commission (NRC) regulations governing sewage discharges to
municipal treatment plants from NRC licensees; however, radioactive materials coming from
medical facilities, such as the local hospital, currently do not have to meet the same program
limits as other standard industrial customers. Because radionuclides may become concentrated
in the sludge during the treatment process, the municipal sludge has been monitored for
radionuclides in addition to other federal- and state-mandated components.

Although there are no federal requirements to test sludge for radionuclides, both the
sludge and the landfarm areas on the ORR are part of an ongoing monitoring program. The
radiological content of municipal sludges is of concern to the NRC and the U.S. Environmental
Protection Agency (EPA); however, DOE's local monitoring program is one of the few programs
in the United States that analyzes radiological content in sludge (GAO 1994). The data compiled
from this comprehensive program provide the opportunity to monitor any potentially harmful

buildup of metals and radionuclides over a long period of time.

METHODS

The City of Oak Ridge, in cooperation with DOE, analyzes organic, inorganic, and heavy
metal parameters in digested sewage sludge and sludge application site soils in compliance with
40 CFR 503.10-503.18, the State of Tennessee Land Application Approval (LAA), and the City
of Oak Ridge National Pollutant Discharge Elimination System (NPDES) Permit #TN0024155.

LAA inorganic parameters in sludge (such as pH, total solids percent and percentage of volatile




solids) are monitored daily (City of Oak Ridge 1994). Other LAA inorganic parameters in
sludge include ammonia, nitrate, nitrite, inorganic nitrogen, total Kjeldahl nitrogen, organic
nitrogen, manganese, potassium, and phosphorus, which are analyzed monthly (City of Oak.
Ridge 1994). Heavy metals in sludge are analyzed monthly, and toxic organic compounds are
analyzed twice a year by both EPA methods 8270 and 8080 (City of Oak Ridge 1994).
Radionuclides (Co-60, Cs-137, I-131, Be-7, K-40, Ra-228, U-235, U-238) are analyzed weekly
in composite sludge samples, and sludges to be hauled and applied on the ORR are scanned
daily. Soils from sludge application sites are analyzed annually for organic, inorganic, heavy
metal, and radioactive chemicals.

Three City of Oak Ridge employees at the sewage treatment plant have the potential for
occupational exposure to the sludge, either at the treatment plant or during spraying operations.
All have been employed at the plant since the land application of the sludge has been in
operation. They have been monitored for exposure to radionuclides through whole body counts

and urinalysis (DOE 1994).

RESULTS

Table 1 shows the highest levels of heavy metals detected in the sludge in 1993 and
compares them with the federal limits under 40 CFR 503.13. In all instances, the heavy metal
concentrations in the sludge were well below the federal ceiling limits for these compounds.
Chlordane (0.55 pg/kg) was the only organic contaminant reported above the detection limit in
the sludge in 1993 (City of Oak Ridge 1994).

Table 2 shows the radionuclide levels in the municipal sludge from 1988 to 1993. The
concentrations of naturally occurring radionuclides such as TBe, 40K, and 226Ra have remained
relatively constant throughout the reporting period. Concentrations of radionuclides that are a
result of nuclear testing fallout (60Co and 137¢s) dropped between 1988 and 1993. Uranium

entering the sewage treatment plant has dropped dramatically since 1988 and is thought to be the




result of improved practices on the part of local industrial customers. The increased use of
medical isotopes by Oak Ridge Methodist Medical Center is seen in the 6-fold increase in 1311
from 1988 to 1993.

Table 3 shows the cumulativg radionuclide loading at five application sites that are
currently active. Although it appears that radionuclides are accumulating to some extent at some
sites (e.g., 137Cs is twice as high at the Scarboro Road application site than in the adjacent
reference site), there is little or no difference between radionuclide concentrations at the
application sites and adjacent reference sites for most radionuclides reported. Radionuclides do
not appear to concentrate and accumulate at the application sites.

Whole body counts and urinalysis of the three municipal workers showed no detectable
radioactivity from occupational exposure to sludge. Quantitative risk assessment using standard
methods in compliance with DOE Order 5400.5 and standard EPA methodologies (EPA 1989
and EPA 1991) has shown no appreciable risks to these workers who would be maximally

exposed to the sludge (DOE 1994).

DISCUSSION

Land application of municipal sludge is a viable option for beneficial reuse of the organic
nutrients and nitrogen contained in the sludge. Studies have shown that sludge application
increases timber yields (Sopper & Kerr 1980, Van Miegroet et al. 1991, Chapman-King et al.
1990, McNab & Berry 1985, and Peterson et al. 1984), and land application can be a cost-
efficient alternative for final disposal (DOE 1994).

There are both practical limits and regulatory limits to the amount of sludge that can be
applied to a land area. Practically, excess nitrogen is harmful. There are legal constraints on
both the daily and cumulative application of both nutrients and heavy metals. DOE has
established conservative loading limits that are below those established by federal law (DOE

1994). Because there are no standard loading limits for radionuclides, buildup of these




compounds is of concern to the public. Extensive monitoring of the land application areas on the

ORR has shown that buildup of radionuclides from municipal sludge is not occurring.

REFERENCES

Chapman-King, R., T. H. Hinckley, and C. C. Grier. 1990. "Growth response of forest trees to

City of Oak Ridge. 1994. "1993 State of Tennessee biosolids management report."
CORSTARE.DOC-REV.0. 4/15/%4.

DOE. 1994. "Environmental assessment for the proposed expansion of the land application of
sanitary sludge on the Oak Ridge Reservation." U.S. Department of Energy, Oak Ridge
Operations, Oak Ridge, TN. ‘

EPA. 1989. "Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation
Manual (Part A)." EPA/540/1-89/002.

EPA. 1991. "Human Health Evaluation Manual, Supplemental Guidance: Standard Default
Exposure Factors." Office of Solid Waste and Emergency Response. OSWER Directive 9285.6-
03. Washington , DC, March 25.

GAO (General Accounting Office). 1994. Report to Congressional Requesters. Nuclear
regulation: action needed to control radioactive contamination at sewage treatment plants. May
1994. GAO/RCED-94-133.

McNab, W. H., and C. R. Berry. 1985. "Distribution of aboveground biomass in three pine
species planted on a devastated site amended with sewage sludge or inorganic fertilizer." Forest
Science 31: 373-382.

Peterson, J. M., S. R. Riha, G. P. Senesac, and L. Naylor. 1984. Nitrogen fertilizer and sewage
sludge effects on hybrid poplars. New York State Energy Research and Development Authority.
NYSERDA Report 85-1.

Sopper, W. E., and S. N. Kerr. 1980. "Potential use of forest land for recycling municipal
wastewater and sludge. In: Proceedings, National Urban Forestry Conference. pp. 392-409.

Van Miegroet, H., H. L. Boston, and D. W. Johnson. 1991. "The role of land application of
municipal sludge in short rotation woody biomass production.” 1991 Southern Biomass
Conference, Louisiana Department of Agriculture and Forestry, Baton Rouge, LA.

DISCLAIMER

agency of the United States

. red by an -
This report was prepared as an account of work sponsored by ney thereof, nor any of their

i i t nor any age :
vernment. Neither the United States Govern{nen of, n¢ ]
Sr:ployces, makes any warranty, express or implied, or assun;w ani(. legal hab;l:ltljs( t'r;:g:ls;r
ili fulness of any information, apparatus,
bility for the accuracy, completeness, OT use ny i o, B e, Rofor-
i ts that its use would not infringe privately o 2
process disclosed, or represen ) Bty O e trademark,
i i t, process, Or service by 2
ence herein to any specific commercial product, s & ; oo,
i ily constitute or imply its endorse
manufacturer, or otherwise does not necessari om
mendation, o; favoring by the United States Government or any agency thereof. The vie

and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof:




Caption List:

TABLE 1. City of Oak Ridge highest heavy metal levels for 1993 vs.
40 CFR 503.13 ceiling concentration limits.

TABLE 2. Historical radiological characterization of Oak Ridge sanitary sewage sludge
(selected radionuclides).

TABLE 3. Cumulative radionuclide loading on active sludge land application sites.

Key Words:

municipal sludge, sewage sludge, landfarm, land application, 40 CFR 503.13, beneficial use,
heavy metals, radionuclides




TABLE 1. City of Oak Ridge highest heavy metal levels for 1993 vs.

40 CFR 503.13 ceiling concentration limits.

40 CFR 503.13
Highest Detected Ceiling Concentration

Heavy Metal Sludge Level in Limits@
19934

Arsenic 25.1 75
Cadmium 15.1 85
Chromium 185 3000
Copper 544 4300
Lead 95 840
Mercury 16.2 57
Molybdenum 33.8 75
Nickel 51 420
Selenium 20.9 100
Zinc 2070 7500

(a) All levels are in mg/kg dry weight.
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