RESEARCH TOPICS

Waste-Water Treatment:
The Tide Is Turning

In this age of pollution one of the
more encouraging developments is
the work that is being done in sewage
treatment. Although no massive reduc-
tions in water pollution have occurred,
there have been a few cases of success-
ful pollution abatement—parts of the
Farmington River in Connecticut, the
Willamette in Oregon, and Lake Wash-
ington in Seattle, for example. The
construction of new sewage treatment
plants, while not spectacular, has been
gaining on the population. From about
1940 until 1962, the number of new
facilities just kept abreast with or fell
slightly behind ~ population increases.
From 1962 to 1968, however, the popu-
lation served by sewers increased from
60 to 68 percent.

But perhaps the most significant ad-
vances have been made in research and
development for sewage treatment.
Since 1960 the government has put
more than $25 million into waste-water
~ treatment studies. A recent article cites
85 processes being studied at more
than 150 locations (7). Of special in-
terest are three pilot plants operated
by the Federal Water Quality Admin-
istration (FWQA) and a 7.5 million
gallon per day (mgd) advanced treat-
ment plant operated in California by
the South Tahoe Public Utility District.

Treatment

About 1.8 X 1011 gallons of water
are used in the United States each year
to carry wastes from industries, busi-
nesses, and homes. After use this
vast quantity of sewage is still more
than 99.9 percent pure water, but the
contaminants cause deterioration in wa-
ter quality of receiving rivers and lakes.

For treatment purposes, the con-
taminants generally are considered as
groups such as suspended solids, dis-
solved organics, and dissolved inor-
ganics. Nitrogen and phosphorus are
considered separately because of their
role in eutrophication. A property of
sewage that particularly degrades na-
tural waters is its ability to consume
oxygen. A somewhat arbitrary but use-
tul measure of this property is known
as biological oxygen demand (BOD).

The sewage from a little less than a
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quarter of the population of the United
States receives only primary treatment.
(About a third of the nation’s popula-
tion lives in areas where there are no
sewers, and the sewage from about 5
percent of the population receives no
treatment.) Primary freatment consists
simply of allowing the sewage to set-
tle and separating the water from the
sludge at the bottom and the scum on
the top. Such treatment removes about
a third of the BOD and suspended
solids and a few percent of the re-
factory organic compounds and plant
nutrients.

Sewage from about 40 percent of
the population gets secondary treat-
ment. The most widely used methods
now in operation are the trickling filter.
and activated sludge processes. In the
first process, effluent from primary
treatment is allowed to trickle through
a deep bed of rocks containing vari-
ous microorganisms that utilize or-
ganic and nutrient materials in the
sewage. In the second process, the
microorganisms use up primary effluent
materials in tanks through which air
is passed. Well-operated activated
sludge tanks can remove up to 90 per-
cent of the suspended solids and BOD,
and good trickling filters remove 80
to 85 percent. In practice, figures closer
to 75 percent are more common.

The use of pure oxygen in the ac-
tivated sludge process has been called
the most significant recent advance in
sewage treatment. The major capital
cost of an activated sludge plant is
the buying of land for the tanks, and
the major operating expense is forcing
compressed air through the waste wa-
ter (which has a head of 10 to 15 feet).
For about 20 years engineers have
known that with pure oxygen, more
bacteria could be supported in a smaller
space and that less pumping would be
required; but an economically com-
petitive system in which pure oxygen
is used has emerged only within the
past 2 years.

The Linde Division of Union Car-
bide has developed a system in which
oxygen is circulated in closed tanks.
The system achieves 90 percent utiliza-
tion of oxygen—as opposed to 5 to 10

percent in conventional systems—and
can support more bacteria than the air
system.

Last year the process was compared
with conventional activated sludge
treatment at the 2.5 mgd pilot plant
in Batavia, New York. On the basis of
this study, Union Carbide says that
capital investment savings of 16 to 20
percent and operating savings of up
to 50 percent should be possible.

One of the 20 mgd activated sludge
tanks in a Brooklyn plant is to be con-
verted to a pure oxygen system and
should be in operation by the spring
of 1971. If the system fulfills its
potential, the Brooklyn plant will be
the first of many. ,

Many sanitary engineers think that
in the future physical-chemical methods
of secondary treatment will begin to
replace the conventional biological
methods. In one method being tested
on a relatively large scale, lime is added
to raw waste water to precipitate
phosphates and to hydrolyze the or-
ganic compounds. At the FWQA Blue
Plains pilot plant (near Washington,
D.C.) the method is being tested in a
sequence that involves lime precipita-
tion, carbon adsorption columns, and
nitrogen removal. The main problems
(apart from nitrogen removal) have
been lime handling and biological
growths on the carbon filtering col-
umns, _

The system is being compared di-
rectly with a conventional biological
treatment scheme, and, during the few
months of trial, the physical-chemical
process has removed less of the BOD.
In spite of the operational difficulties
and lower BOD removal, some engi-
neers think that the system is ready for
full-scale operation in situations where
its advantages—smaller size, better re-
liability, and efficient phosphorus re-
moval—are needed.

Advanced Waste Treatment

Until a few years ago when it was
necessary to reduce the concentration
of substances not eliminated in the sec-
ondary step, some additional treatment
process—generally chemical precipita-
tion or filteration—was tacked on and
the process was called tertiary treat-
ment. In the last 10 years, a wide vari-
ety of additional treatment steps have
been considered, and they can often be
introduced at earlier stages of the treat-
ment sequence. An integrated system
that includes such steps is called ad-
vanced waste treatment (AWT).

Most of the procedures used in AWT
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have been adapted from other indus-
trial uses. For example, there are doz-
ens of chemicals that can be used for
precipitation and flocculation and as fil-
ter aids. Filters are also widely used in
industry, and about 20 multimedia filters
are being considered for use in waste-
water treatment. Microscreens—metal
screens with mesh on the order of a
few tens of microns or less—are also
being tested. Direct comparison of
microscreens and filters by the Metro-
politan Sanitary District of Chicago
has shown that the multimedia filters
(sand and coal) remove more carbon.
However, there are several advantages
of microscreens that make their de-
velopment desirable. They cost less, are
easier to clean by back-washing, and
require almost no head (hence re-
duced pumping costs). They can
remove about 50 percent of the
BOD and suspended solids, and this
kind of performance is adequate in
some cases.

For refractory organic compounds,
adsorption is required. Most adsorp-
tion is now done on granular carbon,
but powdered carbon that is in flowing
beds or that is added to the effluent can
also be used. Powdered carbon requires
much less contact time, but it is harder
to handle. Both types remove 70 to 80
percent of the dissolved organic com-
pounds.

The feasibility of using columns of
granular carbon to completely replace
secondary treatment has been demon-
strated at the FWQA pilot plant at
Pomona, California, and this technique
will be used at a 10 mgd plant to be
constructed at Rocky River, Ohio. The
sequence will be chemical treatment
of the raw sewage for settling and
phosphorus precipitation, and then
passage of the effluent directly to car-
bon adsorption columns (which in this
case will also act as filters).

Granular carbon can be regenerated
in multiple hearth furnaces with about
5 percent loss. The best method dem-
onstrated for regeneration of pow-
dered carbon is a sand-bed burner.
The 15 percent loss of carbon might be
partially due to the small scale of the
pilot test. A larger unit is being installed
in Salt Lake City.

Nutrients

The role of nitrogen and phosphorus
in the eutrophication of lakes and
rivers has led to some legislation limit-
ing effluent concentrations of these sub-
stances and will undoubtedly lead to
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more. Secondary biological treatment
seldom lowers concentrations sufficient-
ly to meet these standards, so some ad-
vanced treatment is necessary.

Scaling from phosphates is an old
industrial problem, and the technology
for removing it by lime precipitation
has long been known. Likewise, re-
generation of the lime—especially in
the paper industry—has been practiced
for many years. Both techniques have
been applied more or less successfully
to waste-water treatment.

The possibility of phosphate remcval
by biological methods remains open
and is being studied. Activated sludge
treatment typically removes about 30
percent of the phosphates in sewage,
but in some cases—most notably at a
plant in Baltimore—removal of up to
90 percent has been observed. The
reason for this is not known. Both
biological and chemical explanations
have been proposed, and a test of the
biological hypothesis is underway at a
pilot plant in Manassas, Virginia. An
understanding of the fundamental proc-
ess could lead to a technique for phos-
phate removal during secondary treat-
ment. This would be very useful in that
phosphate removal is often the only ad-
vanced treatment needed for many pol-
lution situations.

The methods now being used for
nitrogen removal are not very satis-
factory. In the ammonia stripping
process, ammonia ions are converted to
ammonia by raising the pH (usually
by addition of lime), and the ammonia
is driven from solution by vigorous
agitation with air. Removal of 90 per-
cent of the ammonia has been reported
at Lake Tahoe and at Blue Plains,
but in both places there have been
problems. Precautions must be taken to
prevent scaling, and temperature varia-
tions greatly alter the effectiveness of
the process.

Methods of removing nitrogen bio-
logically are also being tested at sev-
eral places. Ammonia in the effluent
can be converted to nitrates by bio-
logical oxidization. Another type of
bacteria converts nitrates to free nitro-
gen. In this last step it is necessary to
provide a source of carbon to the bac-
teria. Methanol is now used, and the
cost of this chemical is the limiting fac-
tor in the process.

There are dozens, if not hundreds,
of ion-exchange resins available for a
variety of uses. Fairly successful re-
moval of ammonia has been achieved
with resins at the Blue Plains pilot

plant, but the cost of resins is high.

One recent development with much
promise is the discovery of a natural
mineral zeolite, clinoptilolite, which
adsorbs both phosphates and ammo-
nium ions. More research on the reli-
ability of different sources of the min-
eral, its durability, and methods of re-
generating it is needed before it can be
known whether this mineral will be
suitable for general use.

Demineralization

In some cases it is desirable to re-
duce the total mineral content of waste
water rather than only that of nitro-
gen and phosphorus compounds. This
can be done with ion-exchange resins,
by reverse osmosis, or by electrodialy-
sis. All three techniques for water re-
covery are used in industry, and the
last two have been tested for several
years as a means of desalting seawater.

In ion exchange positive ions are ex-
changed with hydrogen ions, and the
negative ions are exchanged with hy-
droxyl ions; the exchanged ions then
combine to form water. The resins must
be periodically recharged with acids
and bases. As was mentioned in con-
nection with nitrogen removal, the cost
of ion-exchange resins and of regenera-
tion is high by waste-water treatment
standards.

In electrodialysis, an electric cur-
rent is passed through the solution and
the ions collect at the anode and cath-
ode after passing through selective
membranes (which are actually ion-
exchange resins in sheet form). Brack-
ish water collects in cells at the anode
and the cathode, and partially purified
water is taken out of the center cell. Or-
ganic molecules cannot be removed by
this process, and they tend to collect
on the membranes and reduce their
effectiveness.

In reverse osmosis, water is simply
forced through a membrane. One of
the main difficulties is supporting large
surfaces of the relatively weak mem-
brane so it can withstand the necessary
pressure. During the past decade four
support schemes have been developed
and are being tested. Organic molecules
tend to foul these membranes also, but
the problem is not so serious as with
electrodialysis. Since it is the water,
not the ions, that pass through the
membrane, reverse osmosis reduces both
organic and mineral content of the
water.

At the Pomona pilot plant all three
methods are used to demineralize the
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effluent from the same activated sludge-
carbon absorption treatment. Typical
results for reverse osmosis are 90 per-
cent reduction of total dissolved solids
and 75 percent recovery of water; re-
sults for ion exchange are also 90 per-
cent reduction but 85 percent recovery;
and results for a one-stage electrodialysis
unit are about 35 percent reduction and
92 percent recovery. A process with
about 35 percent reduction of total dis-
solved solids is useful, because this is
about equal to the amount of solids
added to water as the result of human
use.

Electrodialysis and reverse osmosis
produce large volumes of brackish
waste water, and these processes may
be practical only in areas where ocean
disposal is possible.

Sludge handling is by far the most
difficult problem in sewage treatment.
The cost of dewatering the sludge and
disposing of the solids accounts for 25
to 50 percent of the total cost of treat-
ment, with the higher figure being
more common,

After all other treatment is done
the plant is left with a mixture of 5
percent hydrophilic colloidal solids sus-
pended in 95 percent water. A wide
variety of techniques have been tried
to separate this mixture. Chemicals to

precipitate, flocculate, hydrolyze, and.

oxidize have been used; and it has been
suggested that an attempt be made to
isolate a flocculating agent produced
by bacteria that are naturally present
in the sludge.

Anaerobic digestion is commonly
used. Cooking the sludge under pres-
sure, freezing, radiation, and ultrasound
have been tried—with the cooking
process showing some promise. Me-
chanical separation devices include the
development of a solid bowl centrifuge,
which is now being used, and the de-
sign of vibrating screens.

Disposal of the solids by landfill, sale
as fertilizer or soil conditioner, and
settling of the sludge in lagoons have
all been used but will probably decrease
as disposal by incineration increases.

Again, a fundamental knowledge of
the process might lead to a major new
method of treatment. Some chemical
or physical system capable of breaking
up the colloidal system that so tena-
ciously holds the water would be the
most significant single advance in waste-
water treatment possible.

So long as no simple solution to the
sludge problem is found, treatment
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processes that produce little sludge, or
sludges that are easy to handle, will
gain favor. The biological processes
are especially troublesome because the
cellular material produced by the
microorganisms strongly hold several
times their weight in water. This is why
physical-chemical systems, although
not yet widely used, are so attractive.
Ideally, chemicals that produce no pre-
cipitates or precipitates from which the
original chemicals can easily be ex-

tracted (as in the lime process) would

be used. This chemical treatment would
be combined with steps (such as screen-
ing, filtering, and absorption) in which
solids rather than sludges are collected.

The Battle Has Not Been Won

Although much progress has been
made recently in waste-water treatment,
many difficulties remain. The major
one, of course, is getting the money
to put the knowledge gained in the
pilot plant studies into operational sys-
tems. The FWQA estimates that it will
cost $10 billion to get domestic wastes
up to recommended standards and $3.3
billion for industrial wastes.

On the scientific front, there is the
necessity for understanding some of the
fundamental processes of sewage treat-
ment, such as phosphate precipitation
and water retention by sludge. There
is also the need for better survey and
analytical work. For example, general
characteristics like BOD and suspended
solids are useful for plant management
work and evaluation, but knowledge
of exact chemical composition and par-
ticle size is needed for research.

Comprehensive surveys have been
made of domestic sewage, but little is
known of industrial wastes. The FWQA
estimates that the volume of industrial
waste water is about 2.6 times that of
domestic. They also estimate that about
half the volume of sewage treated in
domestic facilities comes from indus-
trial sources. This means that a volume
of industrial sewage about three-fourths
that treated in domestic facilities is un-
accounted for. Disposal volumes for a
number of specific industries have been
estimated, but the overall industrial pic-
ture is not clear. The FWQA says:
“The lack of reliable information on
industrial water pollution control ac-
tivities might be considered to be in-
tolerable, if the nation had not become
quite habituated to it. The guessing
process has gone on for so long that it
is considered quite normal; and every

effort to initiate an industrial waste in-
ventory has been frustrated without
noticeable public comment” (2).

Another difficult but important sur-
vey that is required is to determine
the composition of water that runs di-
rectly from land to natural waterways.
In some cases—the Potomac River, for
example—eroded soil is the major con-
taminant. Much waste from the agri-
cultural industry also is direct runoff,
and it has been estimated that perhaps
half of the phosphates in natural wa-
ter come from this source.

Finally, the problem of trace con-
taminants and health is not well stud-
ied. The recent series of discoveries of
mercury contamination illustrate a
process that has now been repeated
several times. Routine water analyses
are made only for major indicators of
water pollution, so that measurable
amounts of unusual substances can be
present for long periods of time with-
out being detected. Once a systematic
search is made, some of the substances
are found to be rather common. This
happened with DDT, detergents, phos-
phates, and now it has been repeated
with mercury. What other poisons have
we not looked for?

The Waste Water Reclamation Com-
mittee of the American Water Works
Association at their July meeting in
Washington, D.C., cited the possible
presence of the following substances
as one reason for not utilizing reclaimed
water if other sources were available:
“chemical and biological toxins, trace
elements, pesticides, carcinogens, anti-
biotics, hormones, viruses, and materi-
als not yet studied.”

Thus, although a broad-based re-
search and development program in
waste-water treatment is being pursued,
much work remains—monies must be
made available, fundamental research
problems should be solved, and a major
health catastrophe must be avoided by
carefully monitoring our waters for
small amounts of dangerous substances
(3) .—RoBErRT W. HoLCOMB
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