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Chapter 9

Managing Municipal Effluent and Sludge

OVERVIEW

The treatment of municipal wastes generates two
products: sewage sludge (the mostly solid material
separated from the original waste) and effluent (the
liquid remainder). Large quantities of these prod-
ucts are disposed of in marine waters. The treat-
ment of municipal wastes and the management of
these products raise many concerns, for example:

●

●

●

●

●

the dumping of sewage sludge in coastal and
open ocean waters;
the impacts of toxic pollutants (in particular,
metals and organic chemicals from industrial
discharges into sewers) in sludge and effluent
on marine resources;
the constraints imposed by the presence of
toxic pollutants on the beneficial use of sludge
and effluent;
the impacts of conventionized pollutants (includ-
ing solids and fecal bacteria), other microor-
ganisms (e. g., viruses), and nonconventional
pollutants (e. g., nutrients) in sludge and ef-
fluent on marine resources; and
whether current levels of municipal treatment
will be maintained as Federal funding for the
construction of treatment plants declines.

Municipal waste management in the United
States has been shaped by events that occurred dur-
ing the past 150 years. In the 19th century, the in-
creased use of water delivery systems and flush toi-
lets dramatically increased the amount of rinsewater
and raw sewage flowing from households (1 75,551).
The rinsewater and sewage was usually diverted
into cesspools or existing stormwater drains, but
these often were unable to handle the increased flow
and health problems arose from the contamination
of soil and wellwater.

In response, cities began channeling wastewater
into newly built sewers that discharged into sur-
face waters, including marine waters (175,551). Ini-
tially,
cause
would

these discharges received no treatment be-
people assumed that the receiving water
dilute the waste and prevent health prob-

lems. In 1909, almost 90 percent of wastewater car-
ried in sewers received no treatment. However, it
was soon discovered that discharges into rivers con-
taminated drinking water supplies in downstream
communities, causing major public health problems
such as epidemics of typhoid fever.

Cities then began to develop processes to filter
wastewater and treat bacteriological contamination
prior to discharge (1 75,551). Many processes de-
veloped between 1900 and 1935 are still important
components of current municipal treatment (318).
One problem arises, however, regarding the na-
ture of the wastes being treated. The original proc-
esses were not designed to treat metals and organic
chemicals, yet industries discharge wastewater con-
taining these pollutants into municipal sewers. Thus
the sludge and effluent products left after treatment
are often contaminated with these substances.

The initial responsibility for developing large and
efficient disposal systems was usually carried at the
municipal level; suburban areas often were annexed
and special district agencies (e. g., the Boston Met-
ropolitan Sewerage Commission) were created to
facilitate such development. However, the institu-
tional structure to regulate sewage treatment and
disposal has grown rapidly and has gradually passed
to the State and Federal levels. The Federal Gov-
ernment, for example, spent over $40 billion in the
last 15 years to help local sewerage authorities build
or upgrade municipal treatment plants (569). The
current legal framework for managing municipal
effluent and sludge is described in box U.

The generation of both sludge and effluent is ex-
pected to increase in coastal areas as populations
increase and as more communities are serviced by
municipal treatment plants. Effluent discharges into
marine and fresh waters probably will increase ac-
cordingly because this is the only means currently
available for large-scale disposal. In some situations,
water conservation or the re-use of effluent (e. g.,
via water reclamation for irrigation or groundwater
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recharge) could reduce the need for discharges. Sev- cause the use of other options may be constrained
eral management options are feasible for sludge, by regulatory and social factors and because dump-
including, for example, dumping in marine waters ing sometimes may be economically and even envi-
and beneficial use on cropland. The demand to ronmentally preferable when compared with other
dump sludge in marine waters could increase, be- options.

TREATMENT PROCESSES AND PRODUCTS

General Wastewater Treatment Processes

About 70 percent of domestic wastewater in the
United States is channeled into publicly owned
treatment works (POTWS)] for treatment (1 59).
The remainder is discharged into private septic sys-
tems or, in some cases, discharged without treat-
ment into various waterbodies. These wastestreams
are complex mixtures, generally composed of water,
suspended solids, organic material, oil and grease,
dissolved nutrients, microorganisms, and metals
and organic chemicals.

The exact composition of wastewater entering
POTWs is highly site-specific and complex because
its components can come from a variety of sources:
household chemicals, human wastes, industrial and
commercial discharges into sewers (box V), and
rainwater and street runoff from combined sewer
systems (figure 33). In addition, about 60 percent
of the material periodically cleaned from septic
tanks is transported to and treated in POTWs
(638). Composition also varies with time, particu-
larly in systems that receive large inputs from com-
bined sewers or seasonal industrial discharges.

POTWs treat raw wastewater by removing or
degrading organic materials or, in the case of some
bacteria, by destroying them. Most of the remain-
ing solid organic and inorganic material is removed,
forming a sludge. The remaining liquid effluent
typically contains much less than 1 percent solids,
while sludge contains from 1 to 7 percent solids
(prior to further dewatering).

Treatment levels are defined primarily on the ba-
sis of the percentages of two conventional pollut-

]‘1 ‘hc trrrns ‘‘mu n I( I pa]  t r(.d[  mcn t pl,int  J‘ and ‘‘ put)]  I( lt o>* n{+
tI (’dt  ITl(’Tlt  W(lrk\  ‘ . drc u w>(i i ntcr(  hdngcab]t  hc’rc.

ants—biochemical oxygen demand (BOD) and total
suspended solids (TSS)—that are removed from the
wastewater. At the first or “primary” treatment
level, debris is physically screened, and some sus-
pended solids settle in sedimentation tanks. Typi-
cally, up to about 60 percent of the suspended solids
are removed during primary treatment (633).

‘ ‘Secondary’ or biological treatment uses micro-
organisms to destroy or remove additional amounts
of B0D and TSS. Any additional suspended solids
that are removed are added to the sludge, so sec-
ondary treatment produces more sludge than pri-
mary treatment. More advanced, or ‘ ‘tertiary,
treatment generally is used to remo~e additional
suspended solids or nutrients (table 20). It often
entails the use of chemicals (e. g., aluminum sul-

fate, ferric chloride, polyelectrolytes) to precipitate
the target pollutants (633,634).

Technologies developed in the early 20th cen-
tury to treat municipal wastewater still are used,
though they have been modified and improved, as
the basis for treatment at most municipal plants.
One example is anaerobic digestion. Many new.
technologies have been developed in the last few
decades, particularly for sludge treatment (e. g.,
physical-chemical treatment, pure oxygen-activated
sludge systems, and ammonia stripping), but few
are widely used in municipal treatment plants (318).

The costs for building and operating municipal
treatment plants vary with the particular combi-
nation of processes used to achieve a specified treat-
ment level. Costs can escalate rapidly as the re-
quired level of treatment is increased, in part
because of additional costs for sludge treatment
processes (not to be confused with sludge disposal
techniques), but economies of scale can counter this
to a degree (650,661).
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Figure 33.—Generation, Treatment, and Disposal of Municipal Effluent and Sludge
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(Washington, DC September 1984)

Table 20.—Definitions of Municipal Treatment Levels

Treatment level Treatment requirements

Primary . . . . . . . .

Secondary . . . . .

Tertiary . . . . . . . .

Approximately 30°/0 removal of BOD
and 60°/0 removal of TSS

Removal of both BOD and TSS to
levels of 25-30 mg/1, but not less than
85°/0 removal; pH between 6.0 and 9.0

Removal of both BOD and TSS to
levels less than 9 mgjl, or removal of
over 95°\0 of BOD and TSS; additional
requirements for removal of nutrients
(e.g., nitrates, phosphates) on site-
specific basis

ABBREVIATIONS: BOO = biological oxygen demand
TSS = total suspended solids

~reatment levels  required by the Clean Water Act and codified at 40 CFR Part 133

SOURCES Off Ice of Technology Assessment, 1987, based on 40 CFR Part 133,
and Sctence  Applications International Corp , Overview of Sewage
S/udge  and Eff/uenf  Management ,  contract prepared for U.S
Congress, Office  of Technology Assessment (McLean, VA 1986)

not very effective against parasites (e. g., protozoan
cysts).

Furthermore, the densities of bacteria in effluent
(even including the fiftyfold dilution factor) are usu-
ally still too high to achieve compliance with water
quality standards for recreational and shellfish-
growing waters. In addition, both viruses and bac-
teria tend to become concentrated in sludge because
of their tendency to associate with solid material
(although large numbers remain in the effluent, as
well). For these reasons, ‘‘disinfection’ techniques
(table 21) are often used to further reduce microor-
ganism levels in effluent prior to disposal.

Chlorination is the most commonly used effluent
disinfection technique in the United States. It has



Table 21.—Advantages and Disadvantages of Selected Effluent Disinfection and Sludge Treatment Processes

Technique Used fora Advantages Disadvantages

Effluent disinfection:
Chlorination. . . . . . . . . . . . . . . . . . . .

Ozonation . . . . . . . . . . . . . . . . . . . . . .

UV radiation . . . . . . . . . . . . . . . . . . . .

Gamma radiation . . . . . . . . . . . . . . .
Heat . . . . . . . . . . . . . . . . . . . . . . . . . .
Chlorine dioxide . . . . . . . . . . . . . . . .

Sludge treatment
Aerobic digestion . . . . . . . . . . . . . . .

Anaerobic digestion . . . . . . . . . . . . .

Thermophilic aerobic digestion . . .

Air drying . . . . . . . . . . . . . . . . . . . . . .

Heat drying . . . . . . . . . . . . . . . . . . . .

Heat treatment (under pressure) . .
Liming . . . . . . . . . . . . . . . . . . . . . . . . .

Chlorination . . . . . . . . . . . . . . . . . . . .

Comporting . . . . . . . . . . . . . . . . . . . .

DI

DI

DI

DI
DI
DI

ST,DI

ST,DI

ST,DI

DW,DI

DW,DI

DW,DI
ST,DI

DI

DI

Commonly used; 98 t0 99% destruction for
bacteria; high removals of viruses and
cysts

99% removal of fecal coliform; high removal
of viruses; destroys phenols, cyanides,
trihalomethanes; no chlorinated byproducts

Initially effective on all microorganisms

Penetrates deeper than UV radiation
Destroys most pathogens
98 to 99°/0 bacteria removal; high virus

removal; no chlorinated compounds; small
measurable residual

Removes up to 85°/0 of microorganisms and
40% of volatile solids; more rapid, simpler,
less subject to metal upset than anaerobic
digestion, PSRPb

Removes >85% of microorganisms and 40°/0
of volatile solids; easier to dewater;
preferred at larger plants; commercial gas
byproducts; PSRP

Faster than aerobic; near complete
destruction of bacteria and viruses; heat
self-generated; PFRPb

Reduces some solids and microorganisms;
PSRP

Significant reduction in volume; destroys
most bacteria; useful for distribution and
marketing products; PFRP

Sterilization; readily dewatered; PFRP
Destroys bacteria; binds metals, so less

leaching; PSRP
Free of odors; dewaterable

PSRP and PFRP

Low removal of bacterial spores; formation of
chlorine residuals and chlorinated hydrocarbons;
residual test not correlated with concentration of
microorganisms

Toxic gas; requires onsite generation; expensive;
removal of spores and cysts unknown

Only penetrates a few centimeters; microorganisms
sometimes reactivated; potential microorganism
mutagenesis; unpredictable

High costs; worker safety
High energy costs
Three times cost of chlorination; unstable,

sometimes explosive; requires onsite generation

Costly (requires oxygen); susceptible to upset by
pH, organic chemicals, metals; slower at cold
temperatures; not always easy to dewater; no
commercial gas byproducts

More susceptible to upset than aerobic digestion;
gas explosions; higher capital costs

Requires solids content > 1.5°/0 and heat retention
equipment; only in emerging/development status

Requires long time (>3 months)

Subject to putrefaction; requires associated
digestion; needs prior costly dewatering

Expensive
Sludge solids not destroyed, so microorganisms

can regrow if pH falls prior to total drying
No significant solids reduction; requires lime to

neutralize pH; chlorinated byproducts
Requires large space

= disinfection; DW = dewatering, ST = stabilization.
bpSRp = process to Significantly Reduce Pathogens; PFRP = Process to Further Reduce Pathogens (see text for  details).

SOURCE: Office of Technology Assessment, 1987; after Science Applications International Corp., Overview of Sewage Sludge  and  .Eff/uent  Management, prepared for U S. Congress, Office of Technology As.
sessment  (McLean, VA: 1986).
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been considered economical and effective and it
usually destroys virtually all fecal coliform bacte-
ria in effluent. Several concerns, however, have
been raised about chlorination. First, it may only
temporarily inactivate, rather than destroy, micro-
organisms present in effluent. Second, it is not as
effective against pathogenic viruses as it is against
fecal coliform bacteria. 3 Finally, chlorinated hydro-
carbons can be formed as byproducts of the proc-
ess and pose significant risks to organisms in the
vicinit y of municipal discharges, although informa-
tion on chlorine byproducts in municipal wastewa-
ter is limited (503,636).

Alternative effluent disinfection methods such as
ozonation and ultraviolet light treatment may be
more effective than chlorine against viruses. These
methods have rarely been used in the United States
for drinking water or municipal wastewater treat-
ment, although ozonation has been widely used in
Europe to purify drinking water (142,503). Both
methods are hard to apply and expensive, so chlo-
rination may be the only practical means of disin-
fection in most locations. To combat chlorine’s dis-
advantages, long outfalls that discharge into deep
and dispersive ocean waters have been used to di-
lute pathogen concentrations sufficiently to meet
water quality standards.

Sewage sludge also can undergo additional treat-
ment or ‘ ‘conditioning. In particular, sludge that
is to be disposed of on land is required to undergo
certain technology-based processes to reduce micro-
organisms; these processes involve varying types
of disinfection, stabilization, or dewatering (table
21) (650).4 Some processes, such as anaerobic diges-
tion, have been in use for over 60 years (318).
Others have been developed recently; for example,
ionizing radiation has been used on a pilot scale
in Boston and on a commercial scale in Miami
(59,503).

These sludge treatment processes are grouped
into two categories, Processes to Further Reduce
Pathogens (PFRP) and Processes to Significantly

‘“rhe  use  of fecal collforrn  bacteria as an indicator spcclcs  is ciis-
cussed in rh, 6

4 Dis in fcc  t ion reduces odor,  as well as bacterial densities; stabil iza -
tion reduces organic material and, corrcspondingl~,  the Ie\’cl  of
microbial acti~ ity, thus reducing Ic\cls  of odor and microorganisms;
dcwatering and some type~  of stabilization can also reduce \rolumc
of sludge.

Reduce Pathogens (PSRP). If food crops are to be
grown within 18 months of land application, the
Environmental Protection Agency (EPA) regula-
tions require that a PFRP be used. PFRPs destroy
most bacteria and viruses by subjecting sludge to
elevated temperatures over a specified time, but
again the actual reduction is variable; in addition,
some parasites such as protozoan cysts are not read-
ily destroyed (205). If no food crops are involved,
sludge treated by a PSRP can be applied to land,
subject to certain restrictions (e. g., on public ac-
cess, grazing, pH, and metals and polychlorinated
biphenyls (PCB) content).

Other sludge treatment techniques include chem-
ical fixation and encapsulation for sludges contain-
ing high levels of contaminants, earthworm con-
version, and emerging processes such as anaerobic
fixed-film biological treatment.

Incidental Removal of Metals
and Organic Chemicals

POTWs are designed specifically to remove con-
ventional pollutants from wastewater, but not to
remove metals and organic chemicals. As some of
these pollutants pass through POTWs into receiv-
ing waters, they sometimes upset the efficiency of
POTW treatment systems.5 Not all metals and or-
ganic chemicals pass through POTWs, however,
because treatment processes do result in the unin-
tentional or ‘ ‘incidental removal or degradation
of some of these wastewater pollutants.

Incidental removal can take several forms—
volatilization, removal to sludge, or biodegradation.
The metals that are incidentally removed tend to
be incorporated into sludge (637), and some organic
chemicals also can be incorporated into sludge,
from which they often are volatilized during sub-
sequent sludge treatment. 6 Municipal treatment
—.

5’ 

( 
Upsets’ refer to large or sudden c hang-es in the concentrations

of metals or organic chcm icals  that kill the m icroorganlsrns  used in
treatment processes; as a result, municipal effluent can be discharged
without adequate treatment (503), For example, an upset at a POT\$’
in Rhode Island, and subsequent discharge of efllucnt  with excess IK)D
levels, was attributed to the dumping of cyanldc into the municipal
sewers (+97).

6For  biodegradation of c hem icals  to occur, however, m icroorgan -
isms In the treatment plant generally must be acclimated to a small
but constant input of the chemicals. Howc\rer,  \rariab]e  inputs arc prob-
ably more common and hinder acclimation; thus, many cheml(  als
that could in principle be incidentally rcmo~ed  through }>lodc~racla-
tion will instead pass through to receiving waters (503),
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processes thus destroy some pollutants and redis-
tribute the remainder.

The degree of incidental removal varies greatly
among POTWs, particular treatment techniques,
and individual pollutants (637,666). According to
one study of 50 POTWs, different treatments
showed a range of efficiencies for incidental removal
for some selected priority pollutants (637). For ex-
ample, POTWs with primary treatment removed
10 to 57 percent of metals and O to 62 percent of
organic chemicals, while POTWs with secondary
treatment removed 34 to 85 percent of metals and
40 to 94 percent of organic chemicals.

These results suggest that 15 to 66 percent of the
metals and 6 to 60 percent of the organic chemi-
cals could pass through POTWs with secondary
treatment. This study has been criticized, however
(94). In particular, critics noted that if the pollut-
ant in question was not detected (i. e., its concen-
tration was below the minimum detection level),
the concentration was recorded as being at the min-
imum detection level, This procedure, in combi-
nation with other factors, could underestimate ac-
tual removal efficiencies.

Effluent and Sludge Composition

Numerous studies have documented the compo-
sition of different effluents and sludges (101, 173,
524,637,638,639,650,666). The composition of both
products is highly site-specific and variable over
time, depending on the nature of sources discharg-
ing into municipal sewers and on the destruction
and redistribution (i. e., incidental removal) of pol-
lutants during treatment processes.

Whatever the degree of incidental removal, how-
ever, both effluent and sludge will almost always
be contaminated to some degree with metals and
organic chemicals (637). In one study of POTWs
in New Jersey (including some that dump sludge

in marine waters), for example, an average of 27
percent of Clean Water Act (CWA) priority pol-
lutants were present in effluent and sludge (160).

Some waste treatment processes can further alter
the composition of sludge and effluent. In particu-
lar, the use of chlorination to disinfect effluent prior
to discharge can create and increase chlorinated
hydrocarbons in the effluent; in one study, the con-
centration of chloroform in effluent increased by
70 percent (704). In general, though, the majority
of chlorine apparently ends up as chloride ions
rather than in chlorinated organic compounds
(636). In addition, metals tend to associate with
solid material, so sludge tends to have higher con-
centrations of metals than does effluent from the
same plant (503).

Although treatment processes destroy high levels
of some bacteria, remaining bacteria and other
microorganisms can be distributed in both effluent
and sludge. Under the right conditions, these
organisms can proliferate in effluent and sludge and
constrain subsequent management. Furthermore,
some bacteria cannot be detected with traditional
techniques but apparently can remain viable in ma-
rine waters for extended periods of time (in some
cases, years) (ch. 6). The apparent absence of hu-
man pathogens at or near sludge disposal sites in
the open ocean, for example, may actually reflect
our inability to detect such organisms rather than
their actual absence.

Given the numerous pollutants that have been
or could be detected in sludge and effluent, EPA
and others have attempted to determine which com-
ponents are ‘‘most important’ or of ‘greatest con-
cern. ” For example, as part of an effort to develop
new regulations for sludge management, EPA iden-
tified a list of about 50 metals and organic chemi-
cals that could cause environmental or human
health impacts and these could be the focus of fu-
ture regulatory efforts (31 1,643).
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AMOUNTS OF EFFLUENT AND SLUDGE
GENERATED AND DISPOSED

Effluent and Sludge Generation

Over 15,000 POTWs currently operate in the
United States and each year they treat and dis-
charge approximately 9.5 trillion gallons of waste-
water. More than 2,200 POTWs are located in
coastal counties, and they discharge about one-third
of the Nation’s municipal effluent (503,608).
POTWs also produce increasing amounts of sew-
age sludge. The total amount generated by all
POTWs more than doubled during the last dec-
ade, and almost 40 percent originates from POTWs
located in coastal counties (table 22).

By the year 2000, total sludge production could
increase to over 10 million dry metric tons (377,
503). The amount of effluent is expected to increase
to between 13 and 16 trillion gallons per year. These
increases will result from expanded use of second-
ary and advanced treatment processes, which pro-
duce more sludge, and increases in population,
sewerage hookups, and numbers of POTWs (654).

Land-Based Management Technologies
for Effluent and Sludge

Only about 2 percent of the Nation’s total ef-
fluent is not discharged into surface waters (503).
Instead, it is used to irrigate or fertilize agricultural
and forest land, or for groundwater recharge, in-
dustrial uses, aquiculture, and underground injec-
tion to prevent saltwater intrusion. In Los Angeles
County, for example, water reclaimed by five mu-
nicipal treatment plants is used for landscaping, ir-
rigation, groundwater recharge, and industrial
processes (503).

The choice of disposal or treatment options gen-
erally is driven by site-specific factors such as
POTW size and location, regulatory climate, State
policies, qualitative assessments of impacts, and
costs (502). Most land-based disposal or treatment
of sludge involves land application, the use of the
sludge as a commercial product for household or
municipal use (known as distribution and market-

Table 22.–Amounts of Effluent and Sludge Generated by Municipal Treatment Plants (POTWs)

POTWs discharging POTWs discharging

Product and All POTWs into estuaries into coastal waters

treatment Ievela N u m b e r  A m o u n tb P e r c e n t c Number Amount Percent Number Amount Percent

Effluent:
No discharge . . . . . . . . 1,577 0.49 1.9 0 0.00 0.0 0 0.00 0.0
Primary . . . . . . . . . . . . . 1,023 2.35 9.1 55 0.94 17.1 11 0.15 18.2
Advanced primary . . . . 2,102 2.81 10.8 52 1.22 22.2 6 0.35 42.7
Secondary. . . . . . . . . . . 8,005 10.47 40.3 272 2.43 44.2 46 0.31 38.4
Tertiary . . . . . . . . . . . . . 2,775 9.84 37.9 121 0.91 16.5 7 0.01 0.7

Total . . . . . . . . . . . . . 15,482 25.96 – 5ood 5.50 – 70 0.82 –
Sludge:
No discharge . . . . . . . . 1,577 0.00 0.0 0 0.00 0.0 0 0.00 0.0
Primary . . . . . . . . . . . . . 1,023 0.40 5.9 55 0.18 11.8 11 0.03 15.0
Advanced primary . . . . 2,102 0.75 11.0 52 0.35 23.1 6 0.09 45.0
Secondary. . . . . . . . . . . 8,005 2.85 41.5 272 0.71 46.7 46 0.08 40.0
Tertiary . . . . . . . . . . . . . 2,775 2.86 41.6 121 0.28 18.4 7 0.002 <1.0

Total . . . . . . . . . . . . . 15,482 6.86 – 500 1.52 — 70 0.20 –
aTreatment levels are defined in table 20; except no discharge = no discharge into waterbodies, and advanced primary = 10VOIS intermediate between PrimaV  and

secondary levels.
b For effluent, amounts are in billion gallons per day, For sludge, amounts are in million dr_Y mOtriC  tOnS Per Year.
c percent  of total  amount  (of effluent  or sludge, as appropriate).
dTh e total  of 570 pol-w~ (~ into estuaries  and 70 into coastal  waters) differs slightly from the total of 578 cited in ch. 3, because Of differences in the  Way POTWS

were classified during different analyses of data available from EPA

SOURCE  Office of Technology Assessment, 1987, after Science Applications International Corp., Overwew  of Sewage S/udge  and  Eff/uerrt  Management, prepared for
U.S Congress, Office of Technology Assessment (McLean, VA: 1986).



  

ing), landfilling, and incineration (650). Other ap-
proaches used for significantly smaller amounts of
sludge include incorporation into construction ma-
terials (e. g., brick, asphalt) and animal feed, and
degradation by earthworms.

Land application usually involves spreading
sludge on agricultural and forest land or using it
in reclamation projects (e. g., on strip-mined land),
and it has been the subject of much research (429,
525,591 ). Distributing and marketing sludge com-
mercially involves using or selling composted or
heat-dried sludge as a nutrient enricher and soil
conditioner. Landfilling consists of placing sludge
in an area dedicated solely to disposal and then cov-
ering it with soil, Incineration includes burning
sludge alone, co-combustion with municipal waste

(to yield usable energy), and emerging technologies
such as gasification and liquefaction (660). In gen-
eral, it is used for sludges with a very high organic
content where land is scarce (3 18); about 150 in-
cinerators or co-combustion facilities now operate
in the United States (660).

Together, these land-based options are used to
treat or dispose of about 90 percent of the sludge
generated in the United States. Up to one-half of
all sludge is landfilled or put in surface impound-
ments, about one-fifth is incinerated, and about
one-fourth is applied to the land (including distri-
bution and marketing) (503,634). 7 The use of these

7A more   account  of the     
 options is  possible because  inconsistencies in how 
  report data.    not report methods, some
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options varies geographically and with POTW size.
In 1980, for example, coastal POTWs landfilled
54 percent, ocean-dumped 22 percent, and land-
applied 5 percent of their sludge. Small POTWs
use land application or landfilling to dispose of
almost three-fourths of their sludge, while larger
POTWs use a greater variety of methods, includ-
ing incineration.

Marine Disposal of Effluent

The most common way to dispose of effluent is
to discharge it through pipelines into nearby waters.
Almost 600 POTWs discharge effluent directly into
estuaries or coastal waters (table 22). Although these
POTWs represent only 4 percent of the Nations’s
total, they account for about one-fourth (2.3 tril-
lion gallons annually) of all municipal effluent be-
cause many of them serve large urban areas. Of
this, about 2.1 trillion gallons of effluent are dis-
charged annually into estuaries (503). About three-
fifths of the effluent discharged into marine waters
receives secondary or greater treatment; effluent
discharged into estuaries generally receives greater
treatment than does effluent discharged into coastal
waters. 8

Pipelines can be designed so that discharges are
more likely to meet specified water quality goals.
For example, the use of very long pipelines, in com-
bination with design features such as large multiport
diffusers, g can result in effluent discharges that are
highly diluted and far from shore (375,387).

report mult ip]c  rncthods  }t]thout  dlst ingu]shiny  amounts, and In[mt
da not  11s( distrihutmn  and rnarkct  ing  as a separate option ( R f3as-
tian, L’ S  EP.A, pcrs comrn., Scptcmbcr  1985).

“In add it ion to treated wwa~c cffl  ucnt,  ra}~  scwa,qc  also enters ma-
rine  w atcrs from rout i nc discharges and c ombincd  sewer OY crflows
(( JSCIS)  For example, about 40 million  ~al]ons  of raw, un[rcatcd  scw -
a~c  is d i w har~cd  da i] } Into tht’ NCW }rork  Bight. C S0s u suall} occ  u r
ciurin~  storms  and result In was[cs  flowing untreated into rc(  cii]ng
waters, and thcv arc a major prob]cm in certain areas. I n Seattle, fnr
cxarnplc,  about 2 billiun  gallons of wastewatcr  o~’crflows  annuall)’  and
rm  cl~t’s  no t rcatrncn  t (460,.503) h lorcoter.  any industrial waste Ma-
tc>r ( {)ntalncd  in [hcsc  o~cr!lows  nc~’cr  rc( ci~cs  the ‘‘ ln( i(icntal  treat-
ment pro~]cfcd  by P()”I’W’S  1 n Boston, CSOs  dis(  hargc  ahou[  !3 bil-
lion gallons and are t onsicfcrcd  (afong  with slucfgc  and industrial wastes)
one  of the major sour{  cs of pollutants in Boston  Harbor,

“A ‘‘multiport diffuser’ is a pipcl  ]nc  [hat  has sc~cral  ports or op{’n  -
] nqs,  I(x  atcd at \arious  polnrs  along the pipeline, from which cf’fluent
( an be disc harqcd.  ,4s a result, cf”flucnt  is d is[hargcd  in mult  iplc lma -
tions  rather than only  one,  which allows  ~rcatcr  mlxins with \urr(mnd-
i n q wd[t.]  and ~rcatcr  dilu  t ion

Marine Disposal of Sewage Sludge

Sludge is disposed of in marine environments in
two ways, by dumping from barges or ships or by
discharge from pipelines. Discharges of sludge into
estuaries and coastal waters take place only in
southern California and Boston and total about
110,000 dry metric tons of sludge or solids each
year10 (503). The discharge of sludge by the City
of Los Angeles will cease when a sludge dehydra-
tion/incineration facility is completed in 1987. Un-
der court order, Boston is developing secondary
treatment facilities and alternative sludge manage-
ment options (148, 166). Sludge discharges into Bos-
ton Harbor could continue until these improve-
ments are in place in the mid- 1990s.

The amount of sludge that is dumped in marine
waters has increased steadily, from over 2.5 million
wet metric tons in 1959 to about 7.5 million wet
metric tons in 1983 (648). This equals about 7 to 10
percent of all sludge generated in the United States
(503). After the 1977 Clean Water Act amendments
banned the dumping of sludge that would “un-
reasonably degrade’ the ocean, over 100 small mu-
nicipalities stopped dumping at sea, but these ac-
counted for less than 5 percent of all dumped
sludge. Because of a 1981 court decision (City of
New York v. United States Environmental protec-

tion Agency; see ch. 7), nine sewerage authorities
in New York and New Jersey have centinued to
dump sludge at the 12-Mile Sewage Sludge Dump
Site in the New York Bight, which has been used
since 1924 (table 23) (306,503).

The use of the 12-Mile Sewage Sludge Dump
Site is now being phased out and sludge dumping
is being moved to the Deepwater Municipal Sludge
Site (ch. 3). As of November 1986, Nassau and
Westchester Counties had shifted all dumping to
the deepwater site; New York City had shifted 10
percent; and the sewerage authorities in New Jer-
sey had shifted 25 percent (F. Czulak, U.S. EPA
Region II, pers. comm. November 1986). New
York City has indicated that it will not be able to
move all its dumping to the deepwater site prior
to 1988 (502).

— . —
“’rI’hc LOS Angeles Count} Sanitation Districts mixci ‘‘t tntrat(’

(solid  particles  dcri~cd  from ccntnfugc  pr[x  csw~,  these c~wntl<dl~  art
slucfgc  part i( lcs but arc not  t~>t  hni~  all>  termed ai iu[ h) v. ([h  IIs t>t’-
flucn[  ciisrhargc.

63-983 - 87 - 8 : QL 3
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Photo credit: National Oceanic and Atmospheric Administration

After sludge is produced at municipal treatment plants, it can be managed in several ways, including land application, Iandfilling,
incineration, distribution and marketing, and marine dumping. When dumped, sludge is loaded onto barges (like those shown

here, which are loaded with municipal waste and debris) or ships for transport to the dumping site.

Table 23.—Costs of Dumping Sludge at the 12-Mile Sewage Sludge Dump Site
and the Deepwater Municipal Sludge Site

Amount dumped Total cost, Total cost Ratio of costs,
Permittee in 1985a 12-mile siteb deepwater siteb deepwaterH2-mile

New York City, NY . . . . . . . . . . . . . . . 3.03 4.0 18.6 4.6
Middlesex County, NJ . . . . . . . . . . . . 0.94 3.3 11.5 3.5
Passaic Valley, NJ. . . . . . . . . . . . . . . . 0.80 2.4 13.2 5.5
Nassau County, NY. . . . . . . . . . . . . . . 0.52 0.7 2.5 3.5
Westchester County, NY . . . . . . . . . . 0.43 1.3 3.5 2,7
Essex-Union Joint Meeting, NJ. . . . . 0.31 0.8 2.1 2.7
Bergen County, NJ . . . . . . . . . . . . . . . 0.28 0.9 2.6 2.9
Rahway Valley, NJ. . . . . . . . . . . . . . . . 0.17 0.8 2.3 3.0
Linden-Roselle, NJ . . . . . . . . . . . . . . . 0.09 0.2 1.9 c

Total or average. . . . . . . . . . . . . . . . 6.57 14.4 58.2 4.od
In millions of wet metric tons.

  of dollars, adjusted to 1982 dollar values.
cNot available.

 average ratio for entire New York Bight, excluding 

SOURCES: F.  U.S. Environmental Protection Agency Region 2, personal communication, Dec. 18, 1988; and   and   “Economic and
Operational Considerations of Offshore Disposal of Sewage Sludge,”   The Ocean,  5,   et al.  (New York: John Wiley &
Sons, 1985), pp. 287-315.
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Future Demand for Marine Disposal
of Sludge

It is difficult to predict the future demand for ma-
rine disposal of sludge. Many municipalities would
probably be interested in dumping sludge in ma-
rine waters if the regulations are changed to allow
increased dumping. Several large coastal munici-
palities (e. g., Baltimore, Boston, Washington, DC,
Jacksonville, Philadelphia, San Diego, San Fran-
cisco, and Seattle) have expressed interest in main-
taining dumping as a potential option should other
options fail (32,532). In addition, Orange County,
California, has proposed that it be allowed to dis-
charge sludge into deep ocean waters on an exper-
imental basis (see box W).

Estimating the amount of sludge that might be
dumped in marine waters in the future is extremely
difficult because:

. it is unclear whether current relatively restric-
tive Federal policies will change;

. it is unclear how many east coast communi-
ties would find it economically feasible to
dump at the Deepwater Municipal Sludge
Site;

● land-based disposal options could often be
more attractive, especially if levels of toxic pol-
lutants in sludge are reduced; and

● the granting of waivers from secondary treat-
ment requirements (under Sec. 301(h)) could
result in less sludge being produced by coastal
municipalities, since lower treatment levels
generate less sludge.

Costs of Sludge Disposal

The costs of sludge disposal and management op-
tions are determined primarily by sludge treatment
requirements; economies of scale; land acquisition
costs; capital, operating, and maintenance costs;
transportation costs; and energy requirements (138,
504,635,639). Transportation alone can account for
most of the costs associated with land application,
landfilling, and ocean dumping.

The relative costs of dumping sludge at the 12-
Mile Sewage Sludge Dump Site and of land-based
disposal will vary. Dumping in marine waters gen-
erally is less costly, because it does not require the
sludge to be dewatered, as is necessary for land ap-
plication and incineration (306). Dumping will cer-
tainly be more costly at the Deepwater Municipal
Sludge Site than at the 12-mile site. On average,
dumping at the deepwater site is expected to cost
four times more than dumping at the 12-mile site
(table 23). These estimates largely reflect short-term
transportation costs, but they may underempha-
size the degree to which future capital investments
reduce long-term costs. Dewatering, for example,
would reduce the volume of sludge produced, which
would reduce the number of trips to the deepwater
site and decrease transportation costs, but it would
also increase treatment costs prior to disposal (306).
Dumping at the deepwater site generally could be
less costly than land-based disposal for most mu-
nicipalities currently dumping sludge (553).

GENERAL FATE OF SLUDGE AND EFFLUENT

Dumped Sludge more after 4 hours (385,387). Dilution is greater

The potential for impacts from municipal waste if the material is released in many smaller amounts

disposal depends on what happens after disposal.
rather than a few large ones (280). Subsequent di-
lution is much slower, so initial dilution greatly in-When dumped from barges or ships, sludge is inf-
luences the concentration of sludge components totially diluted11 by currents and by turbulence from

the wake, typically by a factor of several. hundred which marine organisms will be exposed (387).

within a few minutes and by a factor of 5,000 or After initial dilution, most of the particles in
sludge are still denser than the surrounding sea-

] ]‘ Initial dilution is considered to occur until a discharge ceases water and tend to descend as a large ‘ ‘cloud’ at
rising in the water column (i. e., until it reaches water of equal den-
sity), or until dumped material either ceases moving in the water a rate dependent on size and density. When it
column or reaches the bottom (280). reaches water of equal density, the cloud tends to
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spread horizontally (385, 387, 503). Individual par-
ticles then slowly disperse and may settle toward
the bottom.

The rate at which particles accumulate on the
bottom is influenced by factors such as volume,
dumping rate, type and size of particles, and phys-
ical and chemical processes. Large particles, for ex-
ample, settle more rapidly than small ones; further-
more, the y can be formed when small particles
aggregate, a process enhanced when freshwater
waste such as sludge mixes with saltwater. How-
ever, this tendency is decreased somewhat by di-
lution, which makes particles less likely to collide
and aggregate (387).

The extent of settling—in terms of amount of
material and area covered—varies significantly
among different sites. In enclosed and shallow envi-
ronments with little tidal action (e. g., many estu-
aries), material can accumulate on the bottom in
the general vicinity of the dumpsite when sludge
is dumped over a long period (85,87 ,400). These
types of marine waters, however, are not used for
sludge dumping in the United States.

In contrast, in more open and well-mixed waters
such as are used in the United States, most partic-
ulate material (perhaps as much as 90 percent) is
transported out of the immediate area by currents
and may disperse over an area of several hundred
square kilometers (387). In the New York Bight,
for example, most particles disperse away from the
immediate dumping area over the course of days
or weeks; some particles and associated pollutants
move into and accumulate in other areas of the
Bight such as Christiaensen Basin (located north-
west of the dumpsite).

The decomposition of the organic material in
dumped sludge depends on the activity of microor-
ganisms. Initially, much of the decomposition is
performed by microorganisms that are present in
the sludge before it enters marine waters. These
microorganisms are adapted to survive in fresh-
water (the main component of sludge) and they may
not survive when the sludge enters marine waters,

thereby reducing the initial decomposition of or-
ganic material, Some decomposition also occurs af-
ter the material settles on the bottom, but it tends
to be slower in the conditions typical of bottom sedi-
ments and for sludges with low organic content.
It also tends to be slower in waters that have low
oxygen levels, since many or most of the decom-
pose microorganisms require oxygen. Some ob-
servers suggest that decomposition could be en-
hanced by ‘ ‘seeding’”’ sludge with microorganisms
developed (e. g., by genetic engineering) to survive
in both fresh and marine water (R. Colwell, Univ.
Maryland, pers. comm., October 1986; also see ref.
105).

Discharged Effluent

When discharged from a pipeline, effluent is pri-
marily fresh, buoyant water which tends to form
a “plume” that rises in the water column. The
plume rises, entraining saltwater in the process, un-
til it reaches either water of equal density or the
surface; the plume can spread horizontally at ei-
ther point. The particles in the effluent, already
present at a concentration of less than 1 percent,
are diluted as they mix with the denser saltwater,
but the degree of initial dilution varies greatly. For
pipelines that discharge into shallow water and that
are not equipped with diffusers, dilution is only
about a factor of 10 (280). In contrast, large out-
falls that discharge in relatively deep water and that
are equipped with long mulitport diffusers can
achieve initial dilution of up to a thousandfold
(280). Individual particles begin to sink slowly af-
ter this initial plume rise and dilution.

As with sludge, the fraction of particles in effluent
that disperses from the discharge point varies
markedly under different conditions. In the rela-
tively dispersive conditions in the Southern Cali-
fornia Bight, for example, only about 10 percent
of the particles may settle in a well-defined zone
around the discharge point (350), although accumu-
lation of these particles can still result in significant
Impacts.
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IMPACTS FROM EFFLUENT AND SLUDGE DISPOSAL

Marine Impacts From Particulate
Material, Microorganisms, and Nutrients

Pollutants such as particulate material (sus-
pended solids, organic material), fecal coliform bac-
teria and other microorganisms, and nutrients in
sludge or effluent can cause a variety of beneficial
and adverse impacts on marine environments.

Some observers argue that the beneficial nature
of sludge and effluent disposal in marine waters has
not been appreciated by the public (509,638). In
estuaries and coastal waters, nutrients such as ni-
trogen and phosphorus can stimulate phytoplank-
ton productivity, and in turn possibly enhance com-
mercial fisheries. In the open ocean, nutrients from
sludge dumping could stimulate increases in pro-
ductivity, since lack of nutrients is a major con-
straint on productivity in most of these waters.
Overall productivity, however, would still remain
low relative to estuaries and coastal waters.

In contrast, the adverse impacts associated with
dumping and discharges of sewage wastes have re-
ceived considerable attention. One common prob-
lem is that particulate material can accumulate in
the disposal area, especially if the activity is con-
tinuous or frequent, and alter bottom (i. e., ben-
thic) habitats. This can lead to changes in popula-
tion sizes or the diversity of marine organisms. The
major change in species composition that typically
occurs is a shift from communities dominated by
suspension feeders, such as crabs and mollusks, to
ones dominated by deposit feeders, such as worms
(350).

These types of impacts are present in a range of
sites around the country. In southern California
coastal waters, for example, pollutants including
suspended solids, and some metals and organic
chemicals have affected about 5 percent of the ben-
thic communities to some degree (350,387). One
small area (less than 10 km2) around two outfalls
was severely affected and up to about 85 km2 of
surrounding areas was moderately affected. At one
dumpsite near Delaware Bay, once used by Phila-
delphia, gradual accumulation of material to the
south and west of the site seems to have caused
changes in benthic species abundance and diver-

sity (686). In the New York Bight, the most severely
degraded areas (about 10 to 15 km2) occur just west
of the dumpsite, on the margin of Christiaensen
Basin (387).

Excessive inputs of nutrients and organic mate-
rial (i. e., eutrophication) can lead to hypoxia—
low dissolved oxygen levels—and other serious con-
sequences. In some shallow and enclosed marine
waters, these impacts have been caused at least in
part by effluent discharges. Both problems, how-
ever, also are caused by other factors. Seasonally
recurring episodes of extreme hypoxia in the New
York Bight, for example, are caused by a Combi-
nation of factors: natural stratification of the water
prevents the mixing and reoxygenation of bottom
waters; nutrients from a wide variety of sources,
including raw sewage and municipal effluents car-
ried by the Hudson and Raritan rivers, increase
plant life, which can lead to reduced oxygen sup-
plies when the plants die and are decomposed by
microorganisms (416,548,632). 12

Pathogenic microorganisms present in effluent
and sludge can cause a variety of impacts, too, such
as the contamination and closure of shellfish beds.
Some cases of shellfish contamination have been
unequivocally linked to sludge dumping, for exam-
ple, at the old Philadelphia dumpsite (595). Such
contamination may be partially reversible; 3 years
after dumping ceased at the Philadelphia dump-
site certain pathogenic microorganisms were rela-
tively rare, although still detectable (595). Although
contamination by pathogenic microorganisms is
common in the vicinity of effluent discharges, the
microorganisms can also come from raw sewage,
combined sewage overflows, and runoff. Some vi-
ral pathogens present in effluent discharges (e. g.,
enteric viruses) have high survival rates in marine
waters and, if ingested, may adversely affect hu-
man health by causing gastrointestinal disorders
and other diseases.
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Marine Impacts From Metals and
Organic Chemicals

The potential for metals in both sludge and ef-
fluent to cause adverse impacts depends on many
chemical and physical factors (ch. 4). Organisms
can ingest certain metals that sometimes cause im-
mediate toxic effects (including death). Further-
more, because metals are persistent they can bio-
accumulate within organisms and cause further
impacts (e. g., impair growth or reproduction in fish
and benthic invertebrates) (55). Most metals do not
biomagnify in successive levels of the food chain.
However, mercury—a common pollutant in sludge
—can be converted by marine organisms to a form
that has direct acute toxic effects on the organisms,
biomagnifies in the food chain, and is toxic to
humans.

Many organic chemicals also are persistent in the
environment and often bioaccumulate. In contrast
to metals, however, many also can biomagnify.
These chemicals can cause severe sediment con-
tamination problems, and a variety of short- and
long-term effects on organisms.

Information on the potential impacts of metals
and organic chemicals in effluent discharges has
been summarized for 25 of the 30 largest coastal
POTWs that applied for Section 301(h) waivers
(503,649). If these POTWs were allowed to con-
tinue to provide less-than-secondary treatment, 12
were considered to have the potential to cause sig-
nificant impacts because of large quantities of
metals (e. g., copper, nickel, thallium, zinc) and or-
ganic chemicals (e. g., naphthalene, pentachloro-
phenol) in their effluents. Potential and observed
impacts included contamination of sediments and
organisms; fish disease and reproductive failure;
degradation of benthic and plankton communities;
and closures of shellfisheries and fisheries (503). Ef-
fluents from the other 13 applicants were consid-
ered to lack this potential (649).

Toxic pollutants in combined sewer overflows
(CSOs) also have caused major impacts in marine
waters (503,647). 13 For example, overflows into

13The  water Qu~ity  Act of 1987  set aside some Construction Grants
funding for the correction of CSOS that cause water qualit  y problems
in marine waters; the amount set aside is not to exceed 1 percent of
the Construction Grants funding for fiscal years 1987  and 1988 and
1.5 percent for fiscal years 1989 and 1990.

Puget Sound have contributed to toxic ‘‘hotspots’
in Elliot Bay, where the sediments have average
concentrations of metals and organic chemicals
greater than sediments from the deep central part
of the Sound. Elevated levels of copper and lead
also were found in fish exposed to the overflows and
sediments. In San Francisco Bay, sediments located
near CSOs had elevated concentrations of numer-
ous pollutants, including many metals, and the sedi-
ments were considered unsuitable to support the
normal diversity and abundance of organisms (233,
503). In contrast to Puget Sound, however, fish
near the CSOs in San Francisco Bay did not ex-
hibit elevated amounts of metals.

Impacts From Land-Based Disposal

Land applied sludge can be used beneficially as
a fertilizer or soil conditioner on agricultural and
forest lands (34,429,502,525). Seattle, for exam-
ple, has applied sludge to forest lands and recently
determined that revenues from the sale of sludge
for forest application will at least partially offset the
costs of sludge treatment and other management
options (P. Machno, Seattle Metro, pers. comm.,
1985; ref. 469).

Controversy surrounds many land application
projects, however, because pathogens, metals, or-
ganic chemicals, and even nutrients in the sludge
can cause adverse impacts (167). Nutrients such
as organic nitrogen and ammonia, for example, can
be converted by microorganisms into nitrates,
which can leach into and contaminate surface water
or groundwater.

Because of public health concerns, the presence
of pathogens is a major factor limiting land appli-
cation. Modern treatment processes can reduce the
densities of most bacteria and some viruses, but not
parasites, and sludges subjected to these processes
are allowed to be land-applied in certain situations.
Additional reduction of pathogens results from sun-
light and drying after application. Despite this, bac-
teria, viruses, and parasites can survive in soil for
months, depending on soil temperature, pH, or-
ganic content, and other factors. Viable pathogens
have been found in runoff from fields that were sub-
ject to land application of sludge. No cases of hu-
man disease, however, have been documented to
date from land application of treated sludge, al-
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though disease outbreaks have been linked with ap-
plication of untreated sewage wastes (ch. 6).

Potential impacts from metals are another limit-
ing factor. In general, metals adsorb strongly to par-
ticles or are not highly water soluble, so they tend
to be retained in the soil. They are more mobile
in sandy or acidic soils, however, from which they
can leach into and contaminate surface runoff and
groundwater. Some metals (e. g., cadmium, chro-
mium, zinc, nickel) can be taken up by plants,
sometimes affecting productivity, and excessive
amounts of metals in plants can affect livestock or
human health (1 18,387).

Some organic chemicals are lost from the soil
through volatilization, but the fate of others depends
on properties such as their volubility in water (503).
They usually do not affect plant productivity sig-
nificantly, but they can be ingested from soil or root
surfaces by livestock, accumulate in animal tissues,
and be consumed by humans.

The impacts associated with landfilling sludge are
similar to those for land application. Anaerobic con-
ditions are more common in landfills, however,
which tends to retard the conversion of nitrogen
and ammonia into nitrates, so there is generally less
potential for leaching of nitrates into groundwater.
Decomposition of organic material in landfills also
can produce various gases; methane can be explo-
sive, while carbon dioxide can acidify soils and in-
crease the volubility of metals.

Sludge incineration significantly reduces the
amount of material to be disposed, totally destroys
pathogens, and can destroy more than 99 percent
of organic chemicals under proper conditions.
However, emissions of particulate material can af-
fect ambient air quality, and emissions of volati-
lized metals or products of incomplete combustion
can increase risks to human health. Incineration
residuals, particularly metals, also remain in scrub-
ber water or bottom ash, which also must be dis-
posed of (usually in landfills, thereby adding to the
potential risk of groundwater contamination).

Risks to Humans From Sludge Disposal
Methods

Extensive research has been conducted on the
potential risks to humans from different sludge dis-
posal methods. EPA has developed a series of envi-
ronmental and human health hazard indices for 50
pollutants found in sludge (656). Based on these
indices, it appears that contaminated sludge applied
to human food-chain cropland poses the greatest
risk to humans, primarily because of the threat of
PCBs and other nonvolatile, insoluble organic
chemicals (503). In contrast, application of uncon-
taminated or even moderately contaminated sludge
to non-food-chain croplands poses much less risk
to humans. Evidence also suggests that risks to hu-
mans from land incineration and ocean dumping
might be less than those from land application
(503).

MAJOR ISSUES RELATED TO MARINE ENVIRONMENTS

The many issues that influence the management
of sewage sludge and effluent in marine waters can
be grouped into five broad categories:

1.
2.

3.

4.

5.

compliance and enforcement,
how toxic pollutants and hazardous wastes af-
fect sewage management,
new regulatory initiatives regarding sludge
management,
the role of marine waters in waste manage-
ment, and
the role of land-based disposal alternatives. 14

1 tThe issue of ensuring  funding of future municipal treatment plant
construction, under the Construction Grants Program, is discussed
in detail in ch.  1; indirect effects of the program on the above issues
are discussed here when appropriate.

Compliance and Enforcement

Municipal treatment plants have been slower
than industrial facilities to respond to the original
requirements of CWA. Originally, municipal plants
were to achieve secondary treatment by 1977. Con-
gress extended this date to 1988, and in 1984 EPA
issued a National Municipal Policy statement af-
firming this goal. As of September 30, 1985, how-
ever, 37 percent of all major POTWS

15 still were
not in compliance with secondary treatment re-
quirements, in part because many have not com-

‘5’’ Major” POTWs include those discharging more than 1 million
gallons per day or serving more than 10,000 people.
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pleted the necessary construction (327). Substan-
tial progress has been made during the last year
in bringing POTWs onto a compliance schedule
(designed to achieve compliance by mid-1988) or
into actual compliance (table 24), As a result, un-
der existing construction schedules, it appears that
compliance could be achieved by the mid-1988
deadline by about 87 percent of major POTWs
(table 24) (655), Almost 200 major POTWs, how-
ever, currently do not have compliance schedules
and hence are likely to miss the deadline.

Even where required facilities have been built
and are operational, some frequent and often seri-
ous violations of discharge standards have occurred.
About 6 percent of the major POTWs that have
completed construction have exhibited significant
noncompliance. Noncompliance by these POTWs
was attributed to inadequate facilities to provide
required treatment levels; inadequate industrial
pretreatment and treatment of combined sewer
overflows; problems in maintaining sewer systems;
and lack of appropriate local institutional structures
to finance capital and operating costs and to effi-
ciently manage facilities (327).

Implementing and enforcing CWA goals and re-
quirements has been difficult, in part because of
limited resources for monitoring and restrictions
on the types of penalties that EPA can impose (327).
Furthermore, these requirements focus largely on
the removal of conventional pollutants. Quantities
of metals and organic chemicals can be significant,
however, and are likely to decline only if pretreat-
ment is implemented and enforced.

Effect of Toxic Pollutants and Hazardous
Wastes on Sewage Management

Many problems associated with municipal waste
disposal stem from the presence of toxic metals and
organic chemicals, which municipal treatment
plants are not designed to treat. Hundreds of these
pollutants enter municipal systems legally and ille-
gally, although often at extremely low concentra-
tions, and they are primarily contributed by indus-
trial sources. A small portion is ‘‘incidentally’
removed from wastewater, and some pollutants be-
come incorporated in sludge. If POTWs continue
to receive industrial wastes that contain these pol-
lutants, questions will continue to arise regarding
the ability of POTWs to produce clean effluent and
sludge.

If levels of these pollutants in POTW influents
were reduced, however, the feasibility of some dis-
posal options, such as land application, would be
enhanced. 16 Many constraints hamper the achieve-
ment of such a goal, however, including poor com-
pliance with and enforcement of regulations, lack
of standards for some management options, and
lack of permit limits for some pollutants.

The lack of standards presents problems for both
sludge and effluent disposal. Most sludge disposal
options are not covered by regulations that limit
metals and organic chemicals in sludge, leaving

1 b~~Od~ls  deYr~]OP~d  for EpA suggest that full implementation Of

pretreatment regulations could reduce, in both sludge and effluent,
the amount of C~’A  priority metals by about one-half and the amount
of priority organic chemicals by about three-fourths (503).

Table 24.—Status of Major Municipal Facilities (POTWs) Not in Compliance With National Municipal Policya

Number of major POTWs Number of major POTWs Number of minor POTWsb-
Status of POTW (October 1985) (July 1986) (October 1985)
On final enforcement schedule or under

referral c. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 835 1,066 586
Returned to compliance . . . . . . . . . . . . . . . . . . . . 162 234 —
Unresolved. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 581 191 2,775

Total subject to National Municipal Policy . . 1,578 1,491 3,361
aA~ ~t date i“di~ated; data refer only to n-rajor  pOw.S (those cfe.sigmd  to treat flows of 1 million gallons per day Or more  Or tO Service  a Population of IO,OW  or 9reater)

not yet in compliance with the National Municipal Policy (which affirmed the goal of compliance by July 1, 1988; see box A).
bRepresents only  those minor  pOTWS  that require fuflher construction to achieve compliance; data are not available fOr minor POWS  that have completed construction

but are not in compliance.
CReferral represents  cases  referr~ t. Department  Of Justice or State  Attorneys General  for civil  action; such cases usually result in the establishment Of a final  compliance

schedule.

SOURCES: U.S. Environmental Protection Agency, Office of Water, ‘State Breakout of NMP Majors Construction Required, Status at End 3rd Quarter FY191X5° (Washington,
DC” data as of end of July 1, 1986); and Management Advisory Group to the EPA Construction Grants Program, Reporf  to EPA.’  Municipal Cornp/iance  With
the  Nafiona/  Po//utant  Discharge .Hirnination  System  (Washington, DC: June 1986).
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POTWs without clearly defined goals for sludge
quality. Among POTWs that receive significant
quantities of industrial discharges, most have ef-
fluent discharge permits that contain limits on some
metals but only a few organic chemicals (503). In
part, this reflects the lack of State water quality
standards for some metals and most organic chem-
icals (668). POTWs can also develop their own ‘ ‘lo-
cal’ limits on industrial discharges of metals and
organic chemicals into sewers. Local limits on in-
dustries are generally developed, however, only if
a POTW must meet a specific limit contained in
its own discharge permit. Since most POTWs do
not have limits on organic chemicals in their per-
mits, there is little incentive for them to develop
corresponding local limits on their industrial users.

Some of these problems are being addressed by
EPA and the States. For example, EPA is devel-
oping comprehensive sludge disposal regulations
and promoting the use of water quality-based per-
mitting as a means of controlling toxic pollutants
(49 FR 9016-9019, Mar. 9, 1984). EPA also has
the statutory authority to develop regulations for
potentially toxic substances that are currently un-
regulated by CWA but which may be present at
high concentrations in municipal wastestreams.
Under paragraph 4(c) of the 1976 Toxics Consent
Decree, for example, EPA has identified six such
pollutants, but no regulations have been developed
(644).

These important issues—enforcement, local lim-
its, additional national standards, and water qual-
ity criteria—are discussed in further detail in chap-
ters 1 and 8. For most of these issues, improved
implementation of existing programs at all levels

of involvement is critical and will require much
more rigorous enforcement. This will only be pos-
sible if funding for monitoring and enforcement
programs is increased.

The issue of legal hazardous waste discharges into
sewers is particularly vexing. Eliminating the Re-
source Conservation and Recovery Act (RCRA)
Domestic Sewage Exemption and regulating such
discharges under RCRA is attractive because
POTWs would receive fewer hazardous wastes.
This option, however, could lead to increased ille-
gal dumping into sewers and waterways, possibly

making the problem worse (666). EPA proposed
that the exemption be retained and that POTWs
continue to develop and improve pretreatment pro-
grams to reduce the levels of hazardous and toxic
pollutants that enter treatment plants. This ap-
proach thus will require effective implementation
and enforcement of the pretreatment program, the
likelihood of which is unclear. A related approach
might be to develop regionalized waste treatment
facilities, specifically designed to collect and treat
hazardous or other industrial wastestreams (502).

New Regulatory Initiatives Regarding
Sludge Management

The management of sludge is controlled by a
patchwork of Federal, State, and local regulations,
and no national sludge management program now
exists. Instead, institutional arrangements among
municipalities, counties, States, and EPA Regions
are highly site-specific and complex, and often
highly politicized (502). 17 Management also is com-
plicated by a lack of comprehensive disposal stand-
ards, changing economic conditions, public oppo-
sition, and a relative lack of promotion of the idea
that sludge can be used as a beneficial resource.
As a result, most municipalities develop options
haphazardly to take advantage of short-term op-
portunities.

Two sometimes antagonistic needs are key parts
of the sludge management debate: the needs for
stronger Federal guidance and regulation, and
more flexibility to accommodate local conditions
(502). Proponents of a minimal Federal role would
let States develop their own regulations independ-
ently, with the Federal Government providing only
technical assistance and guidance. Because local
sludge management decisions are highly site-specific
and often difficult to implement (502), local
managers need considerable flexibility in design-
ing and implementing sludge disposal options.

dustnal Iz<it ion. ptw rca[  rnent  program  \t,i[ ui. dudgc  m~n.  iqcrrl(’rll ,dlt, r-
nat ]1 c~,  ,tnd Inst ]tu t ]orr.d  or p(~li(  } ls~uci
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According to this perspective, however, Federal reg-
ulations do not allow sufficient flexibility or pro-
mote consideration of site-specific factors.

In contrast, proponents of an increased Federal
role question whether current regulations for both
sludge and effluent provide sufficient protection for
the public and the environment. They contend that
the Federal Government should continue to estab-
lish minimum national standards for most pollut-
ants, conduct broad multimedia assessments, and
possibly develop a large-scale, uniform national
program with mandatory requirements for all
States. Minimum standards, for example, could be
included in the National Pollution Discharge Elim-
ination System to provide performance goals for
POTWs and promote the use of sludge as a re-
source.

In response, EPA has developed two new regu-
latory initiatives involving State sludge manage-
ment programs and Federal regulations for sludge
disposal. Under these initiatives, the Federal Gov-
ernment would play a stronger role in some areas:
promoting the use of sludge as a resource, devel-
oping technical regulations for sludge disposal, and
providing more technical assistance. 18

First, EPA proposed a new rule to aid States in
designing sludge management programs (51 FR
4458, Feb. 4, 1986); final action on the rule is
scheduled for February 1987. Under the rule, States
would develop plans for managing sludge (includ-
ing promoting beneficial uses). To obtain EPA ap-
proval, a State would have to:

•

●

●

●

demonstrate that it can ensure compliance with
Federal regulations by overseeing how indi-
vidual POTWs manage sludge;
demonstrate that the State can monitor sludge
to verify compliance and take enforcement ac-
tions against violators;
possess legal authority to assess civil penalties
for violations; and
meet various reporting requirements on sludge
inventories, noncompliance, and other aspects
of sludge management (150, 151).

18EPA ~so  has drafted new regulations to establish conditions un-

der which dumping in marine environments would be allowed; the
regulations originally developed for ocean dumping of sewage sludge
were overturned in court (see ch. 7).

These regulations would focus on improving
sludge quality by implementing and enforcing
pretreatment programs and sludge sampling and
monitoring. According to EPA, the regulations
would give States flexibility in using existing pro-
grams and institutional arrangements. Other than
the loss of Federal funds for program development,
there appear to be few penalties for States that do
not submit plans for programs.

Second, EPA is developing technical regulations
for five major sludge management methods—land
application, landfilling, incineration, distribution
and marketing, and ocean disposal. Federal regu-
lations have never been promulgated for some of
these options (e. g., for distribution and marketing),
although nonbinding guidance has been issued. The
new regulations would complement the regulations
for State programs and would focus on quantify-
ing the risks from and allowable concentrations of
metals and organic chemicals in sludge; EPA iden-
tified pollutants that are candidates for regulation,
and pollutants selected for actual regulation will be
controlled either by numerical criteria for differ-
ent disposal options or by technology-based man-
agement practices (311). These regulations would
place sewage sludge management within a multi-
media context; for a given situation, the risks of
different options could be compared and the most
environmentally acceptable option identified.

The regulations are scheduled for proposal in
1987. In a preliminary review, EPA’s Science Advi-
sory Board (SAB) indicated that the risk assessment
methodologies being used by EPA to develop the
regulations do not provide a clear way to compare
the human health risks of different sludge manage-
ment options (245); the SAB recommendations fo-
cused on improving these methodologies. In addi-
tion to this shortcoming, the regulations do not
sufficiently address pathogens. Current regulations
for pathogens are technology-based and focus on
fecal coliform bacteria; they do not directly address
other pathogens such as viruses and parasites.

Role of Marine Environments in
Municipal Waste Management

If policy choices about waste disposal in differ-
ent marine environments are made within the con-
text of a waste management hierarchy that includes
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other management options, then marine waste dis-
posal may be acceptable in some cases and unac-
ceptable in others. Furthermore, the particular pol-
icy choices made about disposal in estuaries and
coastal waters could greatly influence decisions
about land-based and open ocean disposal.

For example, a goal of maintaining or improving
the quality of estuaries and coastal waters could pre-
clude the dumping of sludge in coastal waters,
where most of it currently occurs. This could in-
crease the need for either land-based disposal or
open ocean dumping of sludge. A comparison of
the benefits and risks of all sludge disposal options
could suggest that the best use of uncontaminated
(i.e., containing minimal amounts of metals, or-
ganic chemicals, pathogens) sludge might be either
on land or in open ocean waters. On the other
hand, the choice of treatment or disposal options
for contaminated sludge would be less clear because
of the risks of groundwater contamination from
land application or landfilling, air pollution from
incineration, or marine impacts from dumping.
EPA’s new regulatory initiative will address some
of these issues. Still, some basic questions regard-
ing sludge and effluent disposal in marine environ-
ments remain unsettled.

Should Sludge Dumping Be Allowed in
Marine Waters?

The basic choice to be made in any disposal oper-
ation is between dispersal or containment (387).
Containment of sludge in marine waters is techni-
cally difficult, expensive, and can increase adverse
impacts. Dispersal, on the other hand, is feasible
and since its objective is to minimize the buildup
of disposed material on the bottom, it reduces the
probability of impacts.

Dispersal is generally greater in large and well-
mixed water masses, where wastes are mixed rap-
idly into a large volume of water and dispersed over
a wide area (132,387). These conditions are prev-
alent in open ocean environments and well-mixed
coastal waters. In contrast, estuarine and calmer
coastal wasters generally are less well-mixed or
flushed. In addition, they receive large inputs of
waste material from other sources. This section fo-
cuses on sludge dumping, while the proposed dis-

charge of sludge by Orange County, California,
into ocean waters is described in box W.

At the relatively deep Deepwater Municipal
Sludge Site, for example, particles from dumped
sludge are expected to be well-dispersed and result
in little or no accumulation on the bottom (595).
Although bottom-dwelling organisms at the site
might be affected and monitoring should be con-
ducted, the impacts are likely to be less severe than
those seen near the present less dispersive site in
the New York Bight Apex (416,548).

Relatively uncontaminated sludge thus could
probably be dumped in open ocean waters with-
out causing severe impacts, as long as a dispersal
strategy and appropriate disposal technologies were
used (51,87,338,387,402). In general, sludge should
be dumped slowly in deep, dispersive waters to ob-
tain the greatest mixing and dilution. Furthermore,
impacts might be minimized by varying the loca-
tion and frequency of disposal operations (509).
Barges or ships could help achieve this goal, since
the disposal location can be changed as needed.
Shifting dumping to the Deepwater Municipal
Sludge Site is one example of this strategy.

On the basis of these factors, there would be lit-
tle rationale to eliminate dumping as a disposal op-
tion. In addition, controlled dumping under dis-
persive conditions also might be used beneficially
to increase productivity in certain marine environ-
ments, for example midcontinental shelf areas with
a naturally relatively barren benthic community
(509).

On the other hand, however, most sludge
dumped in marine waters will continue to be con-
taminated to some degree with microorganisms,
metals, and organic chemicals. Furthermore, the
likelihood that programs for reducing toxic pollut-
ants in municipal wastes will be fully implemented
and enforced is unclear. The uncertainties associ-
ated with our ability to detect microorganisms (in-
cluding human pathogens) in marine waters, and
to sufficiently reduce the amounts of metals and or-
ganic chemicals in sludge, thus argue in favor of
a policy that call for restricting (at least to some
degree) the dumping of sludge. For these reasons,
many public groups remain adamantly opposed to
dumping in any form.

If marine dumping of sludge is to continue,
it seems prudent to use a dispersal strategy (e. g.,
dumping in well-mixed and deep waters) and
to minimize the presence of metals, organic



    

Chemicals, and pathogens. This strategy would crease in the amount of sludge being dumped in

clearly  preclude dumping in estuaries  and the ocean. The Marine Protection Research and
poorly-mixed coastal waters. Sanctuaries Act (MPRSA) permitting process may

be adequate to temper these economic incentives;
In addition, if increased dumping were allowed, in addition, fees or taxes could be imposed on ocean

another legitimate concern is whether the magni- dumpers so that the total cost of dumping is com-
tude of dumping could be sufficient}? controlled. parable to the cost of other dispos~ options. It may
Economic pressures might force a substantial in- be difficult, however, to levy such a tax or fee on
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POTWs using ocean dumping because the
MPRSA only allows the collection of fees to proc-
ess permit applications.

Treatment Levels for Effluent Discharges

Effluent cannot be readily contained and instead
is generally discharged from pipelines. Since pipe-
lines are fixed in one position and result in rela-
tively low rates of initial dilution (280,509), their
use can lead to the accumulation of particulate ma-
terial in localized areas. Even so, these discharges
can be suitable and dispersion can be enhanced if:

1. the amounts or concentrations of pollutants
in effluents are reduced, and

2. pipelines are properly designed and placed in
well-mixed and dispersive waters at appropri-
ate distance from shore and depth (387).

Because of historical precedent and the current
structure of municipal systems, few people ques-
tion the need to discharge sewage effluent into es-
tuaries and coastal waters.

At the same time, however, other options such
as water conservation and reclamation could be
used in some situations to reduce discharges into
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marine and fresh waters. For example, the devel-
opment of small plants to treat and reclaim mu-
nicipal wastewater might be environmentally and
economically preferable to the continued develop-
ment of larger and more expensive POTWs that
discharge effluents into surface waters, especially
as these larger plants begin to age and as Federal
funding for the construction of municipal treatment
plants declines (N. K. Taylor, Seirra Club Clean
Coastal Water Task Force, pers. comm. 1987). The
incentives to develop water reclamation and con-
servation plants are greatest in the more arid areas
of the country.

For discharges into marine waters much dis-
agreement exists about the acceptable levels of two
conventional pollutants—suspended solids and bio-
chemical oxygen demand—in such discharges and
whether some POTWs should be allowed to pro-
vide less-than-secondary treatment. Under Section
301(h) of CWA, POTWs could apply for waivers
from secondary treatment requirements in areas
where environmental quality would not be harmed,
primarily to reduce construction and operating
costs. The implementation of the waiver program,
as well as its merit, has been debated extensively
(122,225,310,533,649).

There is little doubt that substantial cost savings,
amounting to several billion dollars in construction
costs and up to $100 million in annual operation
and maintenance costs, could be achieved by al-
lowing some waivers (504,575). Comparing cost
savings to costs of subsequent changes in receiv-
ing water quality is difficult, however, because of
the variety of other factors that can affect water
quality.

From a technical perspective, the question of
whether lower treatment levels should be allowed
can only be determined on a case-by-case basis, af-
ter evaluating site-specific factors. These factors are
evaluated as part of the 301(h) application process
(40 CFR Part 125, Subpart G) and include:

●

●

●

the quality of receiving water (i. e., ability to
disperse material, degree of previous impacts);
the sensitivity of indigenous organisms and
communities; and
the relative contributions of pollutants from
other sources (e. g., nonpoint pollution, indus-
trial effluents).

Figure 34.—Status of 301(h) Applications,
As of Jan. 2, 1987

No final  Final approval
action yet

37

Withdrawn
59

46

Denied
66

SOURCE: R. DeCesare,  Office of Water, U.S. Environmental Protection Agency,
personal communication, January 1987.

As of January 1987, EPA had decided that all
relevant criteria appeared to be satisfied for 46 of
208 waiver applications (figure 34). Only a few
large coastal POTWs, however, received approvals
(e.g., Los Angeles County). Some municipalities
(e.g., Seattle) withdrew their applications in part
because of major public controversy.

From a policy perspective, prohibiting such
waivers in the future could be justified because of
the overall extent of pollutant inputs from many
sources into estuaries and coastal waters and the
expected trend of degradation in many of these
waters. Indeed, some environmental groups have
suggested that the Section 301 (h) waiver provision
be rescinded.

In one sense, this issue is largely moot, however,
because decisions about most waivers have been
made and no additional applications can be sub-
mitted. In addition, the National Municipal Pol-
icy calls for most POTWs to achieve secondary
treatment by mid-1988. It is complicated, however,
by uncertain future economic conditions. Many
POTWs have not yet secured funding for build-
ing or upgrading plants to the secondary level, and
Federal Construction Grant funds for such activi-
ties will be significantly reduced in the next few
years.

In anticipation of reduced Federal funding, some
States are developing revolving funds (through
bond sales or initial capitalization by State appropri-
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ations) to meet future POTW construction costs
(143,520). Some municipalities are turning to pri-
vate developers in an attempt to finance necessary
construction, although it is unclear whether incen-
tives are sufficient for private developers to invest
on a large scale in municipal treatment plants
(143,685).

These economic conditions could lead to recon-
sideration of the issue of required treatment levels
in the future, as municipal treatment needs in
coastal areas increase and as older treatment plants
require maintenance or expansion. At the same
time, and in combination with general concerns
about the quality of marine environments, they also
could provide incentives to consider other options
for managing effluent such as water reclamation
and reuse.

Role of Land-Based Alternatives
in Sludge Management

The availability of land-based sludge manage-
ment options is a critical factor in decisions regard-
ing marine disposal of sludge. In the context of the
waste management hierarchy, use of sludge as a

beneficial resource on land (or in marine waters)
would generally be preferred to disposal. From a
technical perspective, relatively uncontaminated
sludge could be land-applied, under proper condi-
tions (e. g., appropriate measures to control runoff),
as a beneficial resource without causing significant
impacts. In addition, destruction of uncontaminated
sludge by incineration might also be preferred in
many situations.

Implementation of land-based alternatives, how-
ever, often is difficult for several reasons. First, local
public opposition to land application or incinera-
tion can be intense because sludge is often consid-
ered an undesirable waste and because of concerns
about health risks arising from use of these meth-
ods. Second, long-term management arrangements
often are difficult to maintain (502). Third, stand-
ards to compare the various land-based disposal
alternatives have been lacking (502), but EPA is
developing regulations to address this problem. Fi-
nally, most sludges are contaminated with patho-
gens and toxic pollutants, which limits the environ-
mental acceptability of land-based (and marine)
disposal options, especially those involving bene-
ficial uses.


