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ABSTRACT 

The purpose of this report is to evaluate the status of 
residuals management in North Carolina especially as it applies 
to Publicly Owned Treatment Works (POTW). This report examines 
what alternatives are available to meet the growing constraints 
and what research is needed by POTWs to maintain sound residuals 
management decisions in the future. 

There are four main practices to manage residuals in North 
Carolina and include land application, distribution and 
marketing, incineration, and landfilling. The leading practice 
appears to be land application because of the strong support by 
the regulatory and agricultural communities. A second practice 
that is receiving a great deal of attention is distribution and 
marketing but is not being utilized at the same rate as land 
application. These two residuals management methods will 
continue to expand in the future based on projections to the year 
2000. Due to the ever-changing public and regulatory climate, 
more than one residuals management option should be utilized to 
avoid problems if one particular practice is no longer viable. 

Research is needed to address questions associated with the 
practices of land application and distribution and marketing 
because of their growth potential as major residuals management 
options. Questions such as: can plant tissue act as a more 
reliable pollution indicator; how can public perception on 
residuals management be gauged; and what possible modifications 
can be made to these practices in order to make them acceptable 
to the public. More education is needed of public officials and 
the public on the benefits of utilizing residuals. 

ii 



TABLE OF CONTENTS 

ABSTRACT ii 

LIST OF TABLES i V 

I. BACKGROUND • • • • • • . • . • . . . • • • • . 1 
I-A. Purpose • ....•.. .•. • .. 1 
I-B. Overview • • . . . . . . . . . . . . . . . • • .. 1 
I-C. Source and Generation . • . . • • . .. 2 
I-D. Characteristics . . . . .. •.••.• 3 
I-E. Current Regulations . • . • . . . . . •. ••• 5 

II. RESIDUALS UTILIZATION/DISPOSAL IN NORTH CAROLINA • • 7 
II-A. Current and Future Utilization/Disposal • • • 7 
II-B. Major Utilization/Disposal Practice . • . 8 
II-C. Projection for the Piedmont . • • • . . . 9 

III. ENVIRONMENTAL IMPACT.. •.. ••••••• 10 
III-A. Land Application . . .. .•.••• 10 
III-B. Landfilling . . . . . . . . . • . •. 11 
III-C. Incineration • • • . • . • . . . • • . • . • .. 12 
III-D. Distribution and Marketing . .. .•.•.• 13 

IV. FUTURE TRENDS AND ALTERNATIVE METHODS. 15 

V. RESEARCH NEEDS • 17 

VI. CONCLUSION 18 

REFERENCES 19 

APPENDIX A. MAXIMUM CONCENTRATION OF CONTAMINANTS . 23 

APPENDIX B. FEDERAL AND STATE REGULATIONS DEALING WITH 
SLUDGE . • •• ..•.....•...•... 24 

iii 



LIST OF TABLES 

Table 1. Residuals Generation: 1992 Estimates • • • • • 2 

Table 2. Characteristics of Municipal and Industrial Residuals 
from North Carolina • • • • • • • • • • • • • • •• 4 

Table 3. septage and Municipal Treatment Residual 
Characteristics • • • • • • • • • 5 

-Table 4. Projected Utilization and Disposal 1992 • 7 

Table 5. Projected utilization and Disposal 2000: • • 8 

i v 



I. BACKGROUND 

I-A. purpose 

The purpose of this report is to evaluate the status of 
residuals management in North Carolina especially as it applies 
to Publicly Owned Treatment Works (POTW). This report will also 
examine what alternatives are available to meet the growing 
constraints and what research is needed by POTWs to maintain 
sound residuals management decisions in the future. 

Because there are no firm figures associated with residuals 
generation and utilization/disposal, only general estimates can 
be made on the limited information that is available, and it is 
difficult to accurately predict trends or evaluate the 
effectiveness of the current regulations. However, it is hoped 
that this report will shed more light on the subject of residuals 
management and focus attention on research that is needed to help 
address the growing number of water resources related questions. 
For the purposes of this report the term sludge will be replaced 
by the new term residuals. 

I-B. Overview 

Residuals are solids or semisolid by-product created by the 
wastewater treatment process. Municipalities, industries, and 
septage producers are faced with the task of managing of this 
material in an economically and environmentally sound manner. 
This task has become more complex with the passage of the 1972 
Clean Water Act and subsequent state and federal regulations that 
are restricting options for disposal. In addition to these 
constraints, residuals management is a major cost to wastewater 
treatment facilities and accounts for approximately 20 to 30 
percent of the capital and operating costs. 

The management of municipal residuals begins with wastewater 
from industrial pretreatment and domestic sources. Wastewater 
from these sources is transported to the POTW for treatment. The 
POTW performs various purification processes so the water can be 
returned to the environment without causing environmental health 
effects or environmental impacts. Some of these treatment 
processes include primary settling, trickling filters, activated 
residuals treatment, and chemical treatment. These processes 
remove volatile solids, nutrients, pathogens, metals and toxic 
organic chemicals from the wastewater and concentrate it as 
residuals. Once residuals is created, a method of treatment to 
stabilize the material is necessary. Some of these treatments 
include digestion, drying, composting, lime stabilization, heat 
treatment, and others. After the treatment is completed, 
residuals needs to be disposed of or utilized. Disposal options 
involve incineration (without energy production) or landfilling 
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while utilization includes land application and distribution and 
marketing as a soil supplement (EPA, 1989a). 

Current practices in North Carolina for management of 
municipal residuals include land application, monofill, 
distribution and marketing, and storage lagoons. Land 
application refers to the spreading of residuals on land having 
cover vegetation at certain recommended rates. Monofill is the 
disposal of residuals in a dedicated area for burial. 
Incineration refers to the burning of residuals at very high 
temperatures and reducing the material to ash. Distribution and 
marketing is a variety of methods utilized to mix residuals with 
a stable material and destroy pathogens so the product can be 
utilized as a soil supplement. A storage lagoon is a temporary 
method of storing residuals in a lagoon for later permanent 
disposal. 

I-C. Source and Generation 

Residuals are produced from three sources in North Carolina 
including municipal, industrial and septage. Based on a 1989 
Division of Environmental Management (DEM) study (Wahab, 1989), 
municipal residuals production is estimated to be 157,000 dry 
tons/year for 1992. The pulp and paper industry is considered to 
be the largest producer of industrial residuals, contributing up 
to 70 percent of the total. Industrial residuals was estimated 
from current pulp and paper production figures (J. Wakild and J. 
Zunzich, Personal communication, March, 1992) to be 300,000 dry 
tons in 1992. A septage figure was derived from a 1982 Division 
of Environmental Health study (Grayson et. al., 1982) and 
estimated to be 18,000 dry tons for 1992. When these sources are 
aggregated, the total volume of residuals produced in North 
Carolina during 1992 comes to approximately 475,000 dry tons 
(Table 1). Industry appears to generate almost twice as much 
residuals as municipal sources. A higher percentage of residual 
generation is expected from industry because more scrutiny is 
being placed on industrial pretreatment programs and the large 
volume that is produced from industrial processes .. More 
treatment and residuals removal by industries will occur to keep 
effluent below toxic levels so POTWs can handle their wastewater. 

Table 1. RESIDUALS GENERATION: 1992 Estimates 

Amount <dry tons) Percentage 

Municipal 157,000 33 

Industrial 300,000 63 

Sept age 18,000 4 

Total 475,000 100 
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The united states' production of municipal residuals in 1984 
was 6.5 million dry tons with projections for the year 2000 to be 
13 million dry tons. The projected doubling of the amount of 
residuals produced in sixteen years will largely be associated 
with increased population and more advanced wastewater treatment 
systems (EPA, 1984). In 1990, 50 percent of the population in 
North Carolina depended on sewer systems for their wastewater 
disposal. Based on EPA's estimate of 56 lbs. residuals/year/ 
person, approximately 82,500 dry tons were produced by the 
sewered portion of the 1990 population in North Carolina. 
Domestic wastewater accounts for about one half of the estimated 
production of residuals from municipal treatment plants. The 
remaining half of the residuals production in POTWs is generated 
from industrial sources that have pretreatment programs and 
discharge into municipal facilities. When the domestic and 
industry pretreatment dry tons are combined, a figure of 165,000 
dry tons/year results. This rough estimate is similar to the 
figure of 157,000 dry tons/year presented in Table 1. 

I-D. Characteristics 

North Carolina regulations define residuals as "any solid, 
semisolid, or liquid waste generated from a municipal, 
commercial, institutional, or industrial wastewater treatment 
plant, or water supply treatment plant, or air pollution control 
facility or any other such waste having similar characteristics 
and effect" (15A NCAC 13B .0101 (35». Municipal and industrial 
residuals is composed of from 60 to 99 percent water, depending 
upon the initial wastewater composition and treatment process 
employed. Due to the variability in the residuals composition, 
median residual values are the most representative and are 
usually reported as percent of dry weight for nutrients and 
milligrams per kilogram for metals. King and Westerman (1983) 
determined concentrations of certain nutrients and metals found 
in municipal and industrial residuals from North Carolina (Table 
2). Based on their samples obtained from municipal and 
industrial sites, all median values of nutrients and metals 
except potassium are lower for industrial residuals. EPA 
estimates that approximately 56 lbs. of residuals is produced 
annually by each person. 

A further study conducted by EPA in 1988-89 evaluated sewage 
residuals quality and management (EPA, 1989b). Sampling and 
analysis were conducted at 208 POTWs, including three in North 
Carolina. The facilities in North Carolina were Rocky Mount, 
Orange Water and Sewer Authority (Chapel Hill area), and 
Whiteville. Pesticides/herbicides, semivolatile organics, and 
volatile organics were the three main groups of potential 
pollutants tested for at these facilities. Compounds measured 'in 
each category were 77 pesticides/herbicides, 175 indicated little 
detection of the particular compound in question. There were 
from 6 to 9 individual compounds detected at each of the three 
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POTWs but none were regulated compounds. The compounds detected 
at more than one POTW include 2,4,5 trichlorophenoxyacetic acid, 
2,4,5 trichlorophenoxypropionic acid, cresol and propanone. 

Table 2. Characteristics of Municipal and Industrial Residuals from North Carolina 

Municipal 
residuals 

Industrial 
residuals 

Constituent Range Median Range Median 

Total N 
P 
K 
Ca 
Mg 

--------------------- X of dry wt. ---------------
0.64 - 7.64 3.55 0.24 - 8.00 
0.29 - 4.17 1.26 0.01 - 3.79 
0.09 - 0.78 0.19 0.01 - 0.40 
0.04 - 4.50 1.00 0.01 - 9.81 
0.07 - 0.33 0.24 0.01 - 0.26 

----------------- mg/kg of dry wt. --------------

1.55 
0.28 
0.21 
0.27 
0.06 

Cu 116 - 6320 510 1 - 490 91 
Zn 139 - 7250 1270 2 - 1800 194 
Ni 14 - 580 35 1 - 155 30 
Cr 40 - 1130 500 1 - 5560 41 
Pb 70 - 880 220 1 - 250 40 
Cd 2 - 97 7 <0.2 - 9 <0.2 

The chemical characteristics of septage are also highly 
variable but ten sources reviewed by Grayson et. al., 1982 found 
the metal content to be from one-half to two orders of magnitude 
less than that found in municipal residuals. Septage in North 
Carolina was also evaluated by Grayson et. ale and they 
determined that septage values were in the same range as a 
municipal wastewater plant for Biological Oxygen Demand (BOD), 
Total Organic Carbon (TOC), and Total Kjeldahl Nitrogen (TKN). 
Metal components were at least a level of magnitude lower than 
municipal plants as seen in Table 3. The results of the study 
were based on septage samples taken from 15 residential systems 
in the Raleigh, North Carolina area. 
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Table 3. Septage and Municipal Treatment Residual Characteristics (mg/l) 

Parameter ~inston-Salem POT~ N.C. Septage Study 

BOO 3830.00 2260.00 
TOC 2898.00 2747.00 
TKN 343.00 544.00 
NH3-N 80.00 
TP 112.00 
Cu 16.87 0.06 
Zn 24.20 0.09 
Ni 0.80 <0.05 
Cr 0.44 <0.05 
Pb 2.04 <0.05 
Cd 0.15 <0.01 

Currently one test is used to exclude waste from the 
hazardous waste disposal regulation (15A NCAC 13A .0006). This 
test is referred to as the Toxicity Characteristic Leaching 
Procedure (TCLP) and is the standard test to determine if a waste 
is hazardous. The TCLP test simulates field conditions. A 
sample is placed in a closed vessel and pressure is applied, 
ambient temperature is maintained and the vessel is rotated for 
18 hours. The resulting leachate is measured for pollutants. 
There are a total of 39 regulated pollutants that are evaluated 
including 25 volatile or semi-volatile organic chemicals, 8 
metals, and 6 herbicides/pesticides. A listing of the parameters 
including their hazardous level, and landfill maximum contaminate 
level are given in Appendix A. 

I-E. Current Requlations 

state regulations are found in the North Carolina 
Administrative Codes (NCAC) 15A NCAC 2H, 2L, 2D, 13A, and 13B. 
They are administered by the Division of Environmental Management 
and the Division of Solid Waste Management within the Department 
of Environment, Health and Natural Resources. There are 6 sets of 
regulations that fall under the headings of water discharge 
systems, non-discharge systems (coastal waters and groundwater), 
emission control, toxic emission control, hazardous. waste and 
solid waste. These regulations can be described as: the standard 
NPDES regulations, non-hazardous residuals disposal (landfills, 
storage lagoons and land application), ambient air quality 
standards for six pollutants (residuals incineration and heat 
drying), new source performance standards and hazardous air 
pollutant standards (residuals incineration and heat drying), 
hazardous waste management systems (hazardous or non-hazardous 
test - TCLP) , and RCRA disposal regulations (restrictions for 
hazardous residuals). Appendix B compares federal and state 
regulations that cover the same areas. 

Federal regulations and guidance on residuals management 
have evolved from site selection to pathogen and toxicant limits. 
Current federal regulations have been mainly developed by the 
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Environmental Protection Agency (EPA) with 15 of the main 
regulations found in the Code of Federal Regulations (CFR) Number 
40, from Part 50 through 761 as seen in Appendix B. The 
individual Parts cover such topics as state authority, sampling, 
permitting, standards, identification and terms. Some of the 15 
CFR Parts that currently deal with residuals management will soon 
be incorporated into one new Part referred to as section 503. 
The new section will be released some time in November, 1992, and 
will focus on sewage residuals use and disposal standards. These 
new federal regulations refer to sludge as biosolids. 

Currently, wastewater treatment residuals can only be used 
at sanitary landfills as a soil conditioner added into the final 
two feet of cover during closure. This Division of Solid Waste 
Management regulation (15A NCAC 13B .0505 (11) (e» became 
effective on February 1, 1988, to address problems with multiple 
long-term violations and uneven surface slumping of co-disposal 
materials in unlined landfills (Myers, 1989). Residuals can 
still be disposed in dedicated landfills or monofillsj however, 
there are very few dedicated or monofill sites in North Carolina 
and this falls under the Division of Environmental Management's 
regulations. 

One main alternative to landfilling that is currently being 
utilized is land application. This is regulated by the North 
Carolina Department of Environment, Health and Natural Resources 
-Division of Environmental Management (DEM) through the 
administrative code dealing with waste Not Discharged to Surface 
Waters (15A NCAC .0200). New amendments to the existing 
regulations will be voted on in December, 1992 by the 
Environmental Management Commission. The proposed new 
regulations would require a source reduction or recycling plan, 
residuals management plan, marketing and distribution plan if 
residuals are sold; and any application site will be required to 
have a detailed site evaluation and receiver management plan. 
These proposed state regulations replace the word sludge with the 
term residuals. 

The current Division of Environmental Management's residual 
regUlations cover any wastewater and the resulting utilization/ 
disposal product. These products include the practices of land 
application, monofill, composting and lagoons. Regulations also 
include any non-water residuals that is non-hazardous. 
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II. RESIDUALS UTILIZATION/DISPOSAL IN NORTH CAROLINA 

II-A. Current and Future utilization/Disposal 

The estimated percentage of a particular utilization/ 
disposal practice utilized by POTWs in 1992 was obtained from a 
survey of OEM staff. These percentages were converted to dry 
tons of residuals utilized by a particular method based on the 
total municipal residuals generation figure that was presented in 
Table 1. OEM staff chose land application as the method of 
choice, with 69 percent of the total residuals produced by 
municipals utilized this practice. Monofills and landfill cover 
make up 20 percent of the total disposal practices utilized by 
POTWs. Incineration and composting make up only 6 percent of the 
methods utilized by POTWs because of the small number of 
facilities in the state. There are only four POTW incineration 
facilities, namely Greensboro, Rocky Mount, Concord, and Bumcombe 
County. There are five composting facilities: Sylva, Lexington, 
Hickory, Morganton, and Valdese. The final category of 
lagoon/storage appears to hold 5 percent of the residuals that is 
produced but only on a temporary bases. Table 4 supplies further 
information on utilization/disposal practices utilized in North 
Carolina. 

Table 4. Projected Utilization and Disposal 1992 

Method NC Amount ,dr~ tons2 NeX USX 

Land Appl i cat ion 108,330 69 34 

Inc i nerat ion 4,710 3 14 

Landfilling 31,400 20 22 

Distribution! Marketing 4,710 3 6 

Storage Lagoons 7,850 5 12 

TOTAL 157,000 100 * 88 

* Some categories in EPA study are not the same as NC and have been omitted. 

Residuals management practices utilized in North Carolina 
during 1992 compared favorably to the percentages observed in a 
National Sewage Sludge Survey conducted by EPA in 1988-89 (EPA, 
1990) seen in Table 4. Of the practices that were present in 
both lists, land application, and incineration were the two 
practices in which the percentage varied more than 7 percent. 
North Carolina appears to have 35 percent more residuals being 
land applied while having 11 percent less being incinerated 
compared to the rest of the country. This would stand to reason 
because North Carolina still is very agriculturally oriented and 
has approximately 25.7 percent of land in production (USDA, 
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1987). Land application should be an attractive beneficial 
practice for the agricultural community, providing fertilizer and 
soil conditioner. Incineration (without energy production) as a 
means of residuals disposal appears to be limited to larger 
municipalities in North Carolina because of the high cost 
associated with starting up a facility and the fuel cost. 

When the 1992 North Carolina POTW residuals utilization/ 
disposal figures are projected for the year 2000, a distinct 
trend is evident (Table 5). The percentage for each disposal 
~ethod in the year 2000 was again generated from a survey of DEM 
staff. _ Both land application and distribution/marketing 
practices have increased. Total residuals generation from POTWs 
is projected to grow to approximately 210,000 dry tons for the 
year 2000. This trend was seen in the National Sewage Sludge 
Survey, with the greatest change in practice being land 
application and distribution and marketing (EPA, 1990). Since 
DEM and EPA are strongly promoting the beneficial use of 
residuals these practices should continue to expand. 

Table 5. Projected Utilization and Disposal 2000 

Method Amount ~dr~ tonsl~rl Percentage 

land Appl ication 162,000 77 

Incineration 6,000 3 

landfilling 21,000 10 

Distribution/Marketing 19,000 9 

Storage lagoons 2,000 

TOTAL 210,000 100 

II-B. Major utilization Practice 

Since land application appears to be the primary method for 
management of residuals in North Carolina a more detailed 
evaluation of this practice is warranted. The Division of 
Environmental Management requires a permit to land apply 
residuals in North Carolina. Several criteria must be addressed 
before a permit is issued including: 1) a determination that the 
material is non-toxic; 2) development of a non-hazardous, sound 
operation and site plan; and 3) defining specific buffer set
backs. After the permit is issued several other factors must 
also be addressed. These include annual soil tests and pH 
adjustments, continuous monitoring of waste and site, annual 
toxicity test, retention of records for five years, and a process 
to significantly reduce pathogens. On some sites groundwater 
monitoring may be required based on a concern for a contaminant 
in the residual or some specific site concern. The DEM permit 
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also prohibits crop grown for direct human consumption and the 
grazing of cattle can not occur before 30 days since the last 
application. 

Currently there are approximately 73,000 acres of land that 
are permitted for residuals application. However, there is 
usually 3 to 4 times more land permitted than is actually needed 
for land application. This is due to the time needed to get the 
individual permit and a margin of safety for possible change in 
regulations (Frank Post, Personal communication, AMSCO 
Incorporated, June, 1992). Most of the permitted land is 
private, and residuals application is done by contract. There 
are currently no known sites in North Carolina that have 
residuals applied at greater than agronomic rates except for a 
possible dedicated or reclamation site. DEM permitted rates of 
application are based on the agronomic rate of the particular 
cover crop grown and regulated on an annual basis. Average 
residuals application rates in North Carolina vary from 3 to 5 
dry tons/acre/year. Life expectancy of a site is based on the 
maximum contaminant level of regulated components that build up 
in the soil. The permit is usually based on a five year period 
but the "actual site life" is quite variable and depends on the 
metal that reaches the maximum contaminant level first. In most 
cases the metals of lead, zinc, copper, nickel, and cadmium 
determine the life expectancy of a particular site. In North 
Carolina, zinc, copper and cadmium have been of particular 
concern. 

II-C. projection for the Piedmont 

The Piedmont physiographic region of North Carolina contains 
more than 50 percent of the state's population and permitted land 
for residuals application. In the year 2000, there will be a 
need for 2 percent of the approximately 2.8 million acres of 
Piedmont land in agricultural production (USDA, 1987) for 
municipal residuals application. This figure is based on current 
land application rates and projected to the year 2000. 
Therefore, obtaining agricultural land for residuals application 
in the near future does not appear to be a problem for Piedmont 
North Carolina. The only limitations appear to be the distance 
to the land application site, length of growing season, the 
amount of agricultural manure present, and the type of cultivated 
crop. Distance to the application site can be a strong economic 
factor. Length of the growing season can restrict the amount and 
timing of residuals application. The amount of agricultural 
manure produced and needing disposal must be taken into 
consideration and will dependent on the number of animals present 
in a certain region. The type of cultivated crop can not be 
grown for direct human consumption. Future use of Processes to 
Further Reduce Pathogens (PFRP) and forest application should 
also expand in many Piedmont communities as an alternative to 
agricultural land application. 
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III. ENVIRONMENTAL IMPACT 

III-A. Land Application 

The following section is a review of the environmental 
impact of the four main residuals management practices utilized 
in North Carolina. These practices include land application, 
landfilling, incineration, and distribution and marketing. Land 
application appears to have the largest number of investigations 
into this practice. Tillage effects on runoff water quality from 
~esidual-amended soils were investigated by Mostaghimi et ale 
(1989) •. Residuals application significantly reduced runoff, peak 
runoff rates, sediment concentration, and sediment yields. 
Groundwater and crop issues that were associated with land 
application of alum residuals was investigated by Knocke et ale 
(1991). Findings indicate that no significant impact to ground-
water quality could be associated with alum residuals in the 
soil. The most important elements in mobility of aluminum 
residuals was soil and leachate pH conditions. Effects of sewage 
residuals and sewage compost applied to soil were studied by 
Epstein, Taylor and Chaney (1976). The researchers determined 
heavy metals were more available to plants as soil pH decreased 
and phosphorus concentrations in the soil were higher than needed 
for good crop factors. Nitrate levels were highest at the 15 to 
20 centimeter depth and dramatically decreased at lower soil 
depths. 

Concerns about health effects of residuals application have 
been raised many times. Wolman (1977) reviewed the history at 
Baltimore, Maryland, where residuals has been applied for over 
100 years. As long as certain guidelines were closely followed, 
application of wastewater or its derivatives to land was a 
practicable means of disposal. A more comprehensive review of 
health effects of land application of municipal residuals was 
conducted by Kowal (1985). There is a potential health risk 
because of the large number of health effects from the many 
organic chemicals that may be present in residuals. Cadmium 
appears to be the only trace element that may be a health concern 
because of possible exposure through food plants or meat. The 
following recommendations were made: - due to potential exposure 
from aerosolized bacteria and viruses, public access to the 
application site should be limited; - a recommended waiting 
period for harvest of plants should be established based on the 
probable pathogenic soil contamination; - and little threat of 
pathogen, organic or trace metal contamination of groundwater is 
likely if the residuals application site is properly designed. 

A comprehensive study covering 14 years of applying 
municipal residuals to a terraced watershed was conducted by 
Knuteson et ale (1988). Some of the findings were in the areas 
of vegetation type, trace metal uptake by crops, surface water 
quality, and groundwater resources. Vegetative cover of grass 
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was more efficient in removing nutrients than corn. Trace 
element uptake was found to be negligible by crops grown on 
residuals. However, copper and chromium concentrations were 
slightly elevated above that of grass grown with commercial 
fertilizer. Surface water quality was protected when adequate 
soil erosion control measures were utilized at the site. In this 
part of the county (Minnesota) snow melt was an important source 
of runoff, and application to sloping land in the winter was not 
recommended. Nitrate concentration in the groundwater could be 
affected by residuals and fertilizer application rates that 
exceed rates for crop uptake. Overall, if proper soil 
conservation and nutrient management methods were utilized then 
the water resources of the watershed could be protected. 

Land application at the Raleigh POTW was evaluated by King 
et ale (1989). The research team found that soil pH was below 
the EPA recommended 6.5 level and soil metals appeared to 
correlate closely with metal concentration in residuals. Metal 
concentrations were below maximum allowable levels in animal feed 
for all plants grown except excessive cadmium in Bermuda grass. 
There was poor correlation between plant and soil metal 
concentration, indicating that soil testing is not a reliable 
indicator of metal buildup. Rubin and Zublena (1992) draft 
report studied soil and plant tissue analysis from 11 municipal 
residuals application sites in North Carolina. In general, soil 
samples from the application sites had increased concentrations 
of phosphorus, zinc, copper, nickel, lead and cadmium compared to 
untreated sites, but the increased concentrations were only 
evident in the surface to 0.5-1.0 foot level. Concern was 
expressed because all but one site had pH below the recommended 
6.5 level and could cause more mobility of metals in the soil. 

This practice of land application appears to be gaining 
support not only from the regulatory community and municipalities 
but the agricultural community as well. Farmers are beginning to 
view wastewater residuals as a benefit to their crop production 
as a supplemental soil and fertilizer source. 

III-B. Landfillinq 

Currently, there are 152 sanitary landfills in North 
Carolina with 95 of them municipal and 57 industrial. In 1998 
all new sanitary landfills will have to be lined at a cost of 
$100,000 to $300,000 per acre (Myers, 1992). A study conducted 
by Borden and Yanoschak (1989) investigated leachate generation, 
management, and water quality impacts in sanitary landfills in 
North Carolina. The researchers found that a typical unlined 
sanitary landfill in 1986 was from 50 to 250 acres in size and 
receives from 100 to 500 tons of solid waste each day. 
Violations of groundwater standards for organic and/or inorganic 
pollutants were detected at 53 percent of the landfill sites that 
were examined in the study. stamm and Walsh (1988) examined the 
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environmental impact of residual landfilling, utilizing a 
residual landfill simulator over a four year period. study 
results indicated that codisposal of anaerobically digested 
residuals should produce lower leachate strength than codisposal 
with lime-treated residuals, and residuals cake loading ratios of 
less than 20 percent should exert little effect on the strength 
of the leachate generated. The increased rate of infiltration 
will not cause a corresponding increase in leachate strength and 
this appears to hold true for certain priority pollutants as 
well. However an increase in infiltration does cause an increase 
in the rate of decomposition in refuse-only cells. 

Currently, there is an ongoing study by Barlaz et ale (1991) 
to evaluate lime treated wastewater residuals as a suitable 
material for daily cover in solid waste landfills. The research 
is examining the physical and hydrogeological characteristics, 
leaching of soil-residual mixture, and impact of cover material 
on refuse biodegration. If this disposal method is approved by 
state regulators, then landfills will again become an important 
disposal site. 

Landfilling is a permanent disposal practice with no 
beneficial use. The largest problem currently associated with 
landfills in North Carolina is the difficulty of obtaining a 
permit to construct a new landfill. Local citizens have often 
opposed siting for landfills in their communities. 

III-C. Incineration 

Incineration is not really a residuals disposal practice but 
rather a treatment method that burns the volatile materials in 
residual solids and reduces the original volume to about 20 
percent (EPA, 1984). One chief concern with incineration is 
whether air emission standard can be met for heavy metals and 
toxic organics. A study by Gerstle and Carvatti (1989) that 
evaluated scrubber-controlled incinerators determined that 50 
percent of organic emissions are reduced by a conventional 
imp inger-type scrubber. Heavy metals including arsenic, cadmium 
and lead compounds tend to increase with higher incinerator 
temperature and are not well controlled by a conventional 
scrubber. Niessen (1989) developed a fluid bed model to test the 
problems associated with toxic emissions. His study suggested 
that a condensation scrubber would trap the submicron particles 
by condensation of water vapor on to the particles and remove the 
finely dispersed fumes of metal compounds. A study of emissions 
of residual incinerators was carried out to provide data for 
regulation development by Vancil et ale (1991). The 
investigation found lead, chromium, and nickel were in the 
greatest concentrations in the residuals, and the highest 
emissions rate was of lead and chromium. Chromium, arsenic, and 
nickel were the metals most effectively removed by scrubbers. 
Volatile species highest in the residuals was toluene while 
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acrylonitrile, benzene, toluene, chloroform, and vinyl chloride 
were highest in the emissions. One interesting study by Stark 
(1991) involved blending ash from incineration with water 
treatment lime residuals and producing a soil conditioner 
referred to as NutraLime. This process was found to be a 
beneficial use of ash and the cost was from $10 to $50/ton less 
than landfill disposal. 

The treatment method of incineration appears to be utilized 
by only large POTWs because of the high start up and maintenance 
costs. Concern over heavy metals and toxic organics air 
emissions usually can be controlled with scrubbers but is 
dependent on the particular toxicant in question. 

III-D. Distribution and Harketinq 

Of all the practices utilized in residuals management, 
distribution and marketing of residuals products has recently 
drawn the most attention in North Carolina. Since some of these 
products will come in direct contact with humans, there is a 
concern about pathogens because of infection and disease they can 
cause. Therefore, processes have been developed to reduce 
pathogen levels and can be divided into two groups based on their 
level of pathogen control. The first process is referred to as a 
Process to Significantly Reduce Pathogens (PSRP) and reduce 
pathogens to levels comparable to well-run anaerobic digester. 
Regulations minimize the potential for direct and indirect 
contact through control of public access, growth of human food 
crops and grazing by dairy and meat producing livestock. The 
second process is referred to as a Process to Further Reduce 
Pathogens (PFRP) and reduce pathogens below detectable levels. 
This is the primary PFRP processes use for distribution and 
marketing products. Methods include aerobic digestion, 
anaerobic digestion, lime stabilization, air drying, and 
composting (EPA, 1989a). Christy (1991) describes a lime 
pasteurization process that combines heat to 70 C with the 
addition of lime to increase the pH and reduce pathogens to PFRP 
levels. The heat generated from the reaction with Jime is 
utilized to supplement the external heat source and thus reduce 
the cost of lime and fuel. This method, when compared to in
vessel composting and cement kiln dust, appeared to be the least 
expensive with costs of $10/wet ton or less. The development of 
the largest in-vessel composting facility in the united States 
that can handle up to 75 dry tons/day is discussed by Donovan and 
Kowalczyk (1991). Components include residuals at 22 percent 
solids, sawdust amendment at 70 percent solids, and a product at 
55 percent solids. Total volumetric detention time of the 
compost in the two-stage process is 21 days. A qualitative 
analysis indicated that no health risks are expected when 
composting is monitored and the product is used in the 
appropriate manner. A final study by stone et ale (1991) 
evaluated four alkaline stabilization processes including N-Viro, 
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Chemfix, Envessel pasteurization, and Biofix. The authors found 
that Envessel pasteurization and Biofix did not have any full 
scale operations during their study and could not be fully 
evaluated. Chemfix is mainly used as a cover material and 
requires only PSRP treatment while N-Viro is an agricultural 
liming agent and requires PFRP treatment. Alkaline stabilization 
processes were found to be an effective residuals management 
option because of short start up time, low capital cost, and 
flexibility. 

There are many distribution and marketing practices that are 
currently available. Most of the methods involve combining 
materials with residuals to create a compost that can be used as 
a soil supplement. The real question is which method will best 
satisfy a particular need. 
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IV. FUTURE TRENDS AND ALTERNATIVE METHODS 

Factors such as residual treatment requirements, community 
size, land requirements, storage, good practices, residual 
quality, public acceptance, transportation requirements, energy 
usage, state/federal regulatory approval and cost all have to be 
considered when determining the best methods to utilize for a 
specific community (EPA, 1984). Problems in North Carolina 
associated with land application are public acceptance of this 
management practice and availability of suitable land. However, 
depending on the specific application, many studies have found 
-this to be one of the most cost effective options if residuals 
are applied only at agronomic rates. Due to changes in the co
disposal rule in February 1, 1988, by the North Carolina Division 
of Solid Waste Management, wastewater residuals are now 
prohibited in municipal landfills except as a soil conditioner in 
the final two feet of cover as part of the closure plan. This 
current restriction rules out co-disposal of residuals in unlined 
sanitary landfills as a residuals management practice unless the 
landfill complies with Sub-Part D requirements of 40 CFR Part 
258. Incineration has the advantage of reducing the original 
volume of residuals by 80 percent and turning it into ash. This 
can be a very effective disposal method for large producers; 
however, the system is very complicated and expensive to run, and 
well trained operators are needed to keep the air emissions 
within compliance standards. Residuals distribution and 
marketing is a newer method that is receiving a great deal of 
attention. This method creates a stable product that can be use 
as a beneficial soil conditioner. However, keeping odors 
associated with composting under control and developing a ready 
market for the products could be problems. The final method of 
storage lagoons is only a temporary means of holding the 
residuals. When the lagoon's maximum holding capacity is 
reached, one of the above methods must be utilized for permanent 
disposal. DEM is discouraging any further development of lagoon 
storage. 

Of the four main residuals utilization/disposal practices 
that are used in North Carolina, incineration and landfilling do 
not appear to have as much growth potential as land application 
and distribution and marketing. This difference is due to high 
construction costs and prohibition of residuals in sanitary 
landfills. Since land application is strongly supported by the 
regulatory and agricultural communities in North Carolina, this 
practice should continue to expand as an attractive option to 
POTWs. The second option of distribution/marketing is a newer 
practice but is gaining a great deal of support lately and should 
grow. Lime stabilization is a method that is currently being 
evaluated closely by many municipalities because of the potential 
of utilizing this product as daily cover for sanitary landfills. 
The Division of Waste Management will have to decide whether this 
method is acceptable to them from a long term stabilization 
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standpoint as a viable utilization/disposal practice. There are 
other new practices that have been developed but not tested fully 
and these might offer attractive options in the future. Land 
application and distribution/marketing appear to be the two 
residuals management practices in North Carolina that will be 
utilized the most in the near future. The main limitation with 
both practices will be public acceptance of these residuals 
utilization techniques. 

All of the practices that have been discussed have their 
particular applications, however, one option alone does not 
provide the flexibility POTWs need to operate within the ever 
changing federal and state requirements. This was the case for 
24 POTWs in the Greater New York/New Jersey Metropolitan Area 
that relied almost exclusively on sea disposal as indicated in a 
case study by Coker (1991). When the well-publicized incidents 
of beach pollution occurred in 1987-88 along the north-central 
New Jersey coast there was a public outcry to eliminate sea 
disposal of residuals. The problem of floating solid and medical 
wastes on the beaches was not from sea disposal but rather from 
combined sewer overflows. However, this was overlooked by the 
public, and the New Jersey legislature enacted the Ocean Sludge 
Dumping Elimination Act in July of 1988. Federal action quickly 
followed and in November of 1988 the Ocean Dumping Ban Act was 
signed into law. The POTWs had to scramble to find alternatives 
other than sea disposal in a very short time frame and millions 
of dollars were wasted in New Jersey because of the arbitrary and 
unrealistic schedule that was placed on them. Currently, plans 
are being developed to ship the residuals by rail car to Texas 
and Oklahoma for land application. 

In contrast to the 24 POTWs in the Greater New York/New 
Jersey Metropolitan Area, Raleigh's POTW undertook an evaluation 
of seven alternative residuals handling and disposal methods in 
1986. The study found the current aerobic digestion and 
residuals land application to be the least expensive method. 
However, Raleigh does not plan to continue and rely solely on 
this one successful land application method but combined it with 
in-vessel composting and alkaline stabilization processes (Crisp 
and Berndt, 1991). By combining these residual management 
practices along with ongoing planning, Raleigh should not find 
itself in the same situation as the 24 New York/New Jersey POTWs. 
Therefore, based on this scenario, it is prudent to plan well in 
advance of any potential economic or regulatory change and leave 
all residuals management options open in order not to get caught 
with only one or no options available. 
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v. RESEARCH NEEDS 

Based on the practices that have the greatest growth 
potential, land application and distribution and marketing, 
research needs should be focused on these two practices. 
Findings from two research studies point out that soil testing 
alone would not be sufficient and testing the plant tissue would 
be a valuable method of assessing pollutant loading. More 
research into plant tissue monitoring as an indicator of 
contamination and human health risks is needed. Life-time limits 
on cadmium and nickel concentrations in the soil need to be more 
'closely examined, particularly as these levels might apply to 
plant tissue. Nitrate and other groundwater contaminate movement 
through the soil at land application sites is poorly understood. 
Further research into contaminant movement through the substrate 
to the groundwater table, including modeling techniques is 
greatly needed. Also long-term watershed studies of land 
application sites in North Carolina is needed to gain a better 
understanding of the potential long term impacts to the 
surrounding environment. 

Distribution and marketing of residuals has many approaches 
that need to be explored. What is the public's perception about 
the reuse of residuals and what improvements can be made to 
attract a wider consumer group? How can the odor problem 
associated with the various composting techniques be eliminated? 
There are many methods being developed and a standardized review 
of each method detailing the strengths and weaknesses of each 
would be valuable. In addition, other methods that are feasible 
that have not been fully explored may be worthy of attention. 

Public acceptance in the form of values, attitudes and 
beliefs is also an important area of research. Public acceptance 
and education is the key to any successful residuals management 
program and without this element, many unnecessary hurdles would 
be encountered. 

The lack of accurate information concerning the amount of 
residuals that is generated and the utilization/disposal 
practices employed still exists. A detailed study to compile 
actual generation and disposal figures would be valuable in 
determining present and future needs. 
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VI. CONCLUSION 

There are a limited number of practices that are available 
to manage residuals. Four practices of land application, 
distribution and marketing, incineration, and landfilling are the 
main practices utilized in North Carolina at the present time. 
Land application appears to be leading practice because of the 
strong support by the regulatory and agricultural communities. 
Based on 1992 and 2000 estimates this practice will continue to 
expand in the future. A practice that is receiving a great deal 
of attention lately is distribution and marketing, but it is 
being utilized at a much lower rate than land application. This 
practice shows a great deal of promise due to low start up time 
and cost outlay and should become more widespread in the near 
future. Due to the ever-changing public and regulatory climate, 
more than one residuals management option should be utilized to 
avoid problems if one particular practice is no longer viable. 

Research is needed to address questions associated with the 
practices of land application and distribution and marketing 
because of their growth potential as major residuals management 
options. There is a need to answer questions, such as: can plant 
tissue act as more reliable pollution indicator; how can public 
perception on residuals management be gauged; and what possible 
modifications can be made to these practices in order to make 
them acceptable to elected officials and the public. More 
education of public officials and the public is also needed on 
the benefits of utilizing residuals. 

18 



REFERENCES 

Barlaz, M.A., A.R. Rubin, and A. Amoozegar. 1991. Use of Lime 
Treated wastewater Sludge - Soil Mixtures for Daily Cover in 
Solid Waste Landfill. Water Resources Research Institute. 
Proposal to the City of Charlotte. October, 1991. Raleigh, 
North Carolina. 

Borden, R.C. and T.M. Yanoschak. 1989. North Carolina Sanitary 
Landfills: Leachate Generation, Management and Water Quality 
Impacts. Water Resources Research Institute. Report No. 243. 
Raleigh, North Carolina. 

Christy, P.G. 1991. Lime Pasteurization, An Extended EvaluationG 
In: AWWA/WPCF Joint Residuals Management Conference: 
Residuals Management After 1991; August 11-14, 1991, Durham, 
North Carolina. session 4a. 

Coker, C.S. 1991. Impact of the Ocean Dumping Ban Act. In: 
AWWA/WPCF Joint Residual Management Conference : Residuals 
Management After 1991; August 11-14, 1991, Durham, North 
Carolina. Session 7e. 

Crisp, H.D. and R.A. Berndt. 1991. Sludge Management Plan and 
Case History of Sludge Land Application for the city of 
Raleigh Neuse River WWTP. In: AWWA/WPCF Joint Residuals 
Management Conference: Residuals Management After 1991; 
August 11-14, 1991, Durham, North Carolina. Session 2b. 

Donovan, J.F. and J.S. Kowalczyk. 1991. Experience At Hartford's 
In-Vessel composting Facility. In: AWWA/WPCF Joint Residual 
Management Conference: Residuals Management After 1991; 
August 11-14, 1991, Durham, North Carolina. Session 8e. 

Environmental Protection Agency. 1984. Environmental Regulations 
and Technology: Use and Disposal of Municipal Wastewater 
Sludge. EPA 625/10-84-003. 

Environmental Protection Agency. 1989a. Environmental Regulations 
and Technology: Control of Pathogens in Municipal Wastewater 
Sludge. Center for Environmental Research Information. 
EPA/625/10-89/006. Cincinnati, Ohio. September 1989. 

Environmental Protection Agency. 1989b. National Sewage-Sludge 
Survey Facility Analytical Results. Volume 2. Office of 
Water. October, 1989. 

Environmental Protection Agency. 1990. The National Sewage-Sludge 
Survey. Federal Register Vol. 55, No. 218, Friday, November 
9, 1990. 

19 



Epstein, E., J.M. Taylor and R.L. Chaney. 1976. Effects of Sewage 
Sludge and Sludge Compost Applied to Soil on Some Soil 
Physical and Chemical Properties. Journal of Environmental 
Quality. 5(4):422-426. 

Gerstle, R. and J. Carvatti. 1989. Sludge Incineration and 
Hazardous Air Pollutants. In: Proceedings of the National 
Conference held May 27-29, 1987 in Boston, MA. Sludge 
Management Series No. 17. Hazardous Material Control 
Research Institute. Silver Spring, Maryland. 

Grayson, S.C., D.F. Olive, and S.J. steinbeck. 1982. The North 
Carolina Septage study: July, 1982. North Carolina 
Department of Health Resources - Division of Health 
Services. 

King, L.D. and P.W. westerman. 1983. General Guidelines for Land 
Treatment of Sludge. water Resources Research Institute 
Report No.3, Land Treatment Series. August, 1983. 

King, L.D., C.W. Welby, L.M. Safley, M. Hoover, R. Heath and R. 
Borden. 1989. Evaluation of Land Application of Sewage 
Sludge at the Neuse River Wastewater Treatment Plant. Water 
Resources Research Institute. Special Report to the city of 
Raleigh. Volumes I and II. Raleigh, North Carolina. June 1, 
1989. 

Knocke, W.R., J.T. Novak, J. Lucas, J. Kupar, R. Reneau and T. 
Dillaha. 1991. Groundwater and Crop Growth Issues Associated 
with water Treatment Residuals. In: AWWA/WPCF Joint 
Residuals Management Conference: Residuals Management After 
1991; August 11-14, 1991; Durham, North Carolina. Session 
2a. 

Knuteson, J., C.E. Clapp, R.H. Dowdy, and W.E. Larson. 1988. 
Sewage Sludge Management: Land Application of Municipal 
Sewage Sludge to a Terraced Watershed in Minnesota. 
Minnesota Agricultural Experiment station. Miscellaneous 
Publication 56-1988. st Paul, Minnesota. 

Kowal, N.E. 1985. Health Effects of Land Application of Municipal 
Sludge. u.S. Environmental Protection Agency. Health Effects 
Research Laboratory. EPA/600/1-85/015. Research Triangle 
Park, North Carolina. 

Mostaghimi, S., M.M. Deizman, T.A. Dillaha, C.D. Heatwole, and 
J.V. Perumpral. 1989. Tillage Effects on Runoff Water 
Quality from Sludge-Amended Soils. Virginia Water Resources 
Research Center. Bulletin 162. Blacksburg, Virginia. 

20 



Myers, W.M. 1989. Leachate Characteristics and Generation in 
Sanitary Landfills. In: Sludge Disposal in North Carolina: 
An Update on Regulations and Trends. Professional Engineers 
of North Carolina. Sludge Disposal Workshop Handbook. 
Raleigh, North Carolina. 

Myers, William. 1992. Solid and Hazardous Waste Management Rules 
and Regulations Governing Landfills in North Carolina. 
Presentation given at the Groundwater and Associated 
Environmental Concerns Conference. March 17-18, 1992. 
Raleigh, North Carolina. 

Naylor, L.M., G.A. Kuter, and D.J. Hagen. 1991. Composting Low 
Volatile Solids Wastes. In: AWWA/WPCF Joint Residual 
Management Conference: Residuals Management After 1991; 
August 11-14, 1991, Durham, North Carolina. Session 8a. 

Niessen, W.R. 1989. Air Emissions from Thermal Processing of 
Wastewater Sludges, Conflict in Priorities. In: Proceedings 
of the National Conference held May 27-29, 1987 in Boston, 
MA. Sludge Management Series No. 17. Hazardous Material 
Control Research Institute. Silver spring, Maryland. 

North Carolina Department of Environment, Health, and Natural 
Resources. 1991b. North Carolina Hazardous Waste Management 
Rules and Solid Waste Management Law. Division of Solid 
Waste Management. Raleigh, North Carolina. November 1991. 

Rubin, A.R. and J.P. Zublena. 1992. Assessment of Municipal 
Sludge Management Practices in North Carolina. Water 
Resources Research Institute. Draft Report Dated February, 
1992. Raleigh, North Carolina. 

stamm, J.W. and J.J. Walsh. 1988. pilot Scale Evaluation of 
Sludge Landfilling: Four Years of Operation. Environmental 
Protection Agency. Water Engineering Research Laboratory. 
EPA/600/S2-88/027. Cincinnati, Ohio. July, 1988. 

Stark, S.A. 1991. NUTRALIME: An Agricultural Soil Amendment 
Composed of Sewage Sludge Incinerator Ash and Water 
Treatment Lime Sludge. In: AWWA/WPCF Joint Residuals 
Management Conference: Residuals Management After 1991; 
August 11-14, 1991, Durham, North Carolina. Session 12c. 

Stone, L.A., C.S. Coker, D.W. Oerke and S.M. Rogowski. 1991. 
Detailed Case Study Evaluation of Alkaline Stabilization 
Processes. In: AWWA/WPCF Joint Residual Management 
Conference: Residuals Management After 1991; August 11-14, 
1991, Durham, North Carolina. Session 4d. 

21 



u.s. Department of Agriculture. 1987. National Resources 
Inventory. Subbasins in North Carolina. Soil Conservation 
Service. Raleigh, North Carolina. 

Vancil, M.A., C.R. Parrish, and M.A. Palazzolo. 1991. Emissions 
of Metal and Organics from Municipal wastewater Sludge 
Incinerators. Environmental Protection Agency. Rick 
Reduction Laboratory. EPA/600/S2-91/007. Cincinnati, Ohio. 
July, 1991. 

Wahab, A.T. 1989. A Paper Describing Results of a Municipal 
- Sludge Inventory. Division of Environmental Management. 

September 14, 1989. 

Wolman, A. 1977. Public Health Aspects of Land utilization of 
Wastewater Effluents and Sludge. Journal Water Pollution 
Control Federation, Vol. 49, No. 11, pp.2201-2218. 

22 



Appendix A. MAXIMUM CONCENTRATION OF CONTAMINANTS 

Toxicity Characteristic Leaching Procedure 

CONTAMINANT 
EPA HAZARDOUS 
LEVEL (mg/l) 

METAL 
Arsenic 
Barillll 
Cac:tnillll 
Chromillll 
Lead 
Mercury 
Selenillll 
Silver 

5.0 
100.0 

1.0 
5.0 
5.0 
0.2 
1.0 
5.0 

HERBICIDES & PESTICIDES 
Chlordane 0.03 
Endrin 0.02 
Heptachlor 0.008 
Lindane 0.40 
Methoxychlor 10.00 
Toxaphene 0.50 
2,4-D 10.00 
2,4,S-TP Silvex 1.00 

ORGANICS 
BENZENE 0.50 
CARBON 

TETRACHLORIDE 0.50 
CHLOROBENZENE 100.00 
CHLOROFORM 6.00 
O-CRESOL 200.00 
M-CRESOL 200.00 
P-CRESOL 200.00 
1,4-

DICHLOROBENZENE 7.50 
1,2-

DICHLOROETHANE 0.50 
1,1-

DINITROTOLUENE 0.70 
2,4-

DINITROTOLUENE 0.13 
HEXACHLOROBENZENE 0.13 
HEXACHLORO-1,3-

BUTADIENE 0.50 
HEXACHLOROETHANE 3.00 
METHYL ETHYL 

KETONE 200.00 
NITROBENZENE 2.00 
PENTACHLORO-

PHENOL 100.00 
PYRIDINE 5.00 
TETRACHLORO-

ETHYLENE 0.70 
TRICHLOROETHYLENE 0.50 
2,4,5-

TRICHLOROPHENOL 400.00 
2,4,6-

TR I CHLOROPHENOL 2.00 
VINYL CHLORIDE 0.20 

Source: EHNR, 1991 
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NC LANDFILL 
MAXIMUM (mg/l) 

0.50 
10.00 
0.10 
0.50 
0.50 
0.02 
0.10 
0.50 

0.003 
0.002 
0.0008 
0.04 
1.00 
0.05 
1.00 
0.10 

0.05 

0.05 
10.00 
0.60 

20.00 
20.00 
20.00 

0.75 

0.05 

0.07 

0.013 
0.013 

0.050 
0.300 

20.00 
0.20 

10.00 
0.50 

0.07 
0.05 

40.00 

0.20 
0.02 

.. 



.. 

Appendix B. FEDERAL AND STATE REGULATIONS DEALING ~ITH SLUDGE 

40 eFR 122, 123, 124 

40 eFR 257, 501 

40 eFR 50, 51 

40 efR 60, 61 

40 CFR 260, 261, 262 

40 eFR 266, 268, 761 

15A NCAC 2H .0100 
(~ater discharge) 

1SA NCAt 2H .0200 
(Non discharge) 

1SA NtAC 2H .0400 
(Coastal ~aters) 

1SA NCAt 2L .0100 
.0200 

(Groundwater) 

1SA NCAt 2D .1100 
(Toxic emissions) 

15A NeAe 20 .1200 
(Emission control) 

1SA NeAC 13A .'100 

• 1200 
(Hazardous waste) 

15A NCAC 138 .0100 
.0100 

(solid waste) 

Description 

Standard NPDES regulations 
(wastewater discharge) 

Nonhazardous sludge disposal 
(landfills, storage lagoons 
and land application) 

Ambient air quality standards 
for six pollutants 
(incineration and heat drying) 

New source perform. standards 
(sludge incineration and 
heat drying) 

Hazardous waste 
mgmt. system 
(hazardous or nonhazard • 
test) 

RCRA land disposal 
regulations (restrictions 
for hazardous sludge) 

* main federal and state regulation in each category ere underlined 

40 eFR 220-228 

40 CFR 258 

40 en 503 

Prohibited after 
12/31/91 

Pending regulation 
(Some sub-parts have 
been publ ished) 

Pending regulation 
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Ocean disposal 

Co-disposal of sludge and 
solid waste 

Technical requirements for 
sludge use end disposal 




