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SECTION VII
CONTROL AND TREATMENT TECHNOLOGY

This section describes the treatment techniques currently used or
available to remove or recover wastewater  pollutants normally
generated by the nonferrous metals forming and metal powders
industrial point source category (hereafter referred to as
nonferrous metals forming). ' Included are discussions of
individual end-of-pipe treatment  technologies and in-plant
technologies. These treatment technologies are widely used
in _many industrial ‘categories, . "and data and
information to support . their effectiveness has been drawn
from a similarly wide range of sources and data bases.

END~OF~-PIPE TREATMENT TECHNOLOGIES

Individual recbvery and treatment technologies are described
which are used or are suitable for use in treating wastewater

discharges from nonferrous metals forming plants. Each
description includes a functional description and discussion of
application and performance, advantages and & limitations,
operational factors (reliability, ‘maintainability, solid
waste aspects), and demonstration status. The treatment
processes described include ' both technologies © presently
demonstrated within the  category, ~ and technologies

demonstrated in treatment of similar wastes in other industries.:

Nonferrous metals forming wastewaters Characteristiéally may be

acid or alkaline; may contain substantial levels of
dissolved or particulate metals including cadmium, chromium,
copper, lead, nickel, . 'silver, ° and =zinc; may contain

substantial levels of cyanide, -ammonia and fluoride; may contain
only small or trace amounts of toxic organics; and are generally
free from  strong chelating agents. The toxic inorganic
pollutants. constitute the most significant wastewater pollutants
in this category. Oils and emulsions are also present in waste
streams emanating. from forming ~operations using neat  and
emulsified oil 1lubricants. Ammonia is present in wastewater
discharges -associated with some surface treatment operations.

In general, these pollutants are removed - by o0il
removal (skimming and emulsion breaking), ammonia steam
stripping, hexavalent chromium reduction, chemical precipitation
and sedimentation or filtration. Most of them may be effectively
removed by precipitation of metal hydroxides or carbonates
utilizing the reaction with lime, sodium hydroxide, or sodium
carbonate. For some, improved removals. are provided by the use
of sodium sulfide or ferrous sulfide to precipitate the
pollutants as sulfide compounds with very low solubilities.
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Discussion of end-of-pipe treatment technologies is divided into
three parts: the major technologies; the effectiveness of major
technologies; and minor end-of-pipe technologies. ‘

MAJOR TECHNOLOGIES

In Sections IX, X, XI, and XII the rationale for selecting
treatment systems is discussed. The individual technologies used
in the system are described here. The major end-of-pipe
technologies for treating nonferrous metals forming wastewaters
are: (1) chemical reduction of chromiunm, (2) chemical
precipitation, (3) cyanide precipitation, (4) granular bed
filtration, (5) pressure filtration, (6) settling, and (7)
skimming. In practice, precipitation of metals and settling
of the resulting precipitates 1is often a wunified two-step
operation. Suspended solids originally present in raw
wastewaters are not appreciably affected by the precipitation
operation and are removed with the precipitated metals in
the settling operations. Settling operations can be evaluated
independently of hydroxide or other chemical precipitation
operations, but hydroxide and other chemical precipitation
operations can only be evaluated in combination with a
solids removal operation.

1. Chemical Reduction of Chromium

Description of the Process. Reduction is a chemical reaction in
which electrons are transferred to the chemical being reduced
from the chemical initiating the transfer (the reducing agent).
Sulfur dioxide, sodium bisulfite, sodium metabisulfite, and
ferrous sulfate form strong reducing agents in aqueous solution
and are often used in industrial waste treatment facilities for
the reduction of hexavalent chromium to the trivalent form. The
reduction allows removal of chromium from solution in conjunction
with other metallic salts by alkaline precipitation. Hexavalent
chromium is not precipitated as the hydroxide.

Gaseous sulfur dioxide 1is a widely used reducing agent and
provides a good example of the chemical reduction process.
Reduction using other reagents 1is chemically similar. The
reactions involved may be illustrated as follows:

3 S0 + 3 Hp0 =———- > 3 HpS03
3 HpS03 + '
3H2S032 H2Cr0y4 -———-- > Crz (S04)3 + 5 H30

The above reaction is favored by low pH. A pH of from 2 to 3 is
-normal for situations requiring complete reduction. ‘At pH levels
above 5, the reduction rate is slow. Oxidizing agents such as
dissolved oxygen and ferric iron interfere with the reduction
process by consuming the reducing agent.
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A typical treatment consists of 45 minutes r <cuation
reaction tank. The reaction tank has -an electronic recorder-
controller device to control process conditions with respect to
pH and oxidation reduction pctential (ORP). Gaseous sulfur
dioxide 1is metered to the reaction tank to maintain the ORP
within the range of.250 to 300 millivolts. . Sulfuric acid is
added to maintain a pH level of from 1.8 to 2.0. The reaction
tank is equipped with a propeller agitator designed to . provide
approximately one turnover per minute. Figure VII-13 shows a
continuous chromium reduction system.

Application and Performance.  Chromium reduction 1is -used 1in
nonferrous metals forming for treating chromium containing
wastewaters such as surface treatment baths and rinses. A study
of an operational waste treatment facility chemically reducing

hexavalent chromium has shown that a 99.7 percent reduction
efficiency 1is easily achieved. Final concentrations of 0.05
mg/l are readily attained, and ¢oncentrations of 0.0l

mg/l are considered to be attainable by. properly maintained and
operated equipment.

Advantages and Limitations. The major advantage of chemical

reduction to reduce hexavalent chromium is that it is a fully
proven technology based on many years of experience. Operation

at ambient conditions results in minimal energy consumption, and
the process, especially when using sulfur dioxide, is well suited
to automatic control. Furthermore, the egquipment 1is readily
obtainable from many suppliers, and operation is straightforward.

One limitation of chemical reduction of hexavalent chromium is
that for high concentrations of chromium, the cost' of treatment
chemicals may be prohibitive. When this situation occurs, other
treatment techniques are likely to be more economical. Chemical
interference by oxidizing agents is possible in the treatment of
mixed wastes, and the treatment itself may introduce pollutants
if not properly controlled. Storage .and handling of sulfur
dioxide is somewhat hazardous. ‘

Operational Factors. Reliability: Maintenance ' consists - of
periodic removal of sludge, the frequency of removal depends on
. the input concentrations of detrimental constituents.

Solid Waste Aspects: Pretreatment to eliminate substances - which
will interfere with the process may often be necessary. This
process produces trivalent chromium which can be controlled by

further treatment. However, small amounts of. sludge may be
collected as the result of minor shifts in the solubility of the

contaminants. This - sludge can be processed by the main sludge:
treatment equipment. ' S ~ :

Demonstration Status. The reduction of chromium waste by sulfur
dioxide or sodium bisulfite is a classic process and is used by
numerous plants which have  hexavalent chromium compounds in’
wastewaters from operations 'such as electroplating conversion
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coating and noncontact cooling. Six nonferrous metals forming
plants reported the use of hexavalent chromium reduction to treat
chromium containing wastewaters.-

2. Chemical Precipitation

Dissolved toxic metal ions and certain anions may be chemically
precipitated for removal by physical means such as sedimentation,
filtration, or centrifugation. Several reagents are commonly
used to effect this precipitation:

1) Alkaline compounds such as lime or sodium hydroxide may be
used to precipitate many toxic metal ions as metal hydroxides.
Lime also may precipitate phosphates as insoluble calcium
phosphate, fluorides as calcium fluoride, and arsenic as calcium
arsenate.

2) Both "soluble" sulfides such as hydrogen sulfide or sodium
sulfide and "insoluble" sulfides such as ferrous sulfide may be
used to precipitate many heavy metal ions as metal sulfides.

3) Ferrous sulfate, zinc sulfate or both (as is required) may be
used to precipitate cyanide as a ferro or zinc ferricyanide
complex.

4) Carbonate precipitates may be used to remove metals either by
direct precipitation using a carbonate reagent such as calcium
carbonate or by converting hydroxides into carbonates wusing
carbon dioxide. ‘ -

These treatment chemicals may be added to a flash mixer or rapid
mix tank, to a presettling tank, or directly to a clarifier or
other settling device. Because metal hydroxides tend to be col-
loidal in nature, coagulating agents may also be added to faci-
litate  settling. After the solids have been removed, final pH
adjustment may be required to reduce the high pH created by the
alkaline treatment chemicals.

Chemical precipitation as a mechanism for removing metals from
wastewater is a complex process of at least two steps - pre-
cipitation of the unwanted metals and removal of the precipitate.
Some very small amount of metal will remain dissolved in the
wastewater after precipitation is complete. The amount of
residual dissolved metal depends on the treatment chemicals
used and related factors. The effectiveness of this method of
removing any specific metal depends on the fraction of the
specific metal in the rawv waste - (and hence in the
precipitate) and the effectiveness of suspended solids
removal. In specific instances, a sacrifical ion such as iron
or aluminum may be added to aid in the removal of toxic
metals by co-precipitation.

Application and Performance. Chemical precipitation is used in
nonferrous metals forming for precipitation of dissolved metals.
It can be used to remove metal ions such as antimony,
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arsenic, beryllium, ‘cadmium, '~ chroemiin, copper, lead,

mercury, nickel, selenium, silver,: ‘zinc, alum. . ., coba’~
. columbium, gold, hafnium, iron, . mangane: e, nolybdenua,
tantalum, tin, tungsten, vanadium and zirconium. The process
is also applicable to any substance ‘that can be

transformed into an insoluble form such as fluorides, phosphates,
soaps, sulfides and others. "Because it is 51mple and effective,
chemical precipitation is extensively used for industrial waste
treatment.

The performance of chemical precipitation depends on several
variables. The more Iimportant factors -affecting precipitation
effectiveness are: : ‘ - ' o

1. Maintenance of an appropriate’ (usually alkalwve) pH throughout
the precipitation reaction and subsequent settling;

2. Addition of a sufficient excess of treatment 1ons to drive the
prec1p1tat10n reaction to completion;

3. Addition of an adequate supply of sacrifical ions (such as
iron or aluminum) to ensure prec1p1tatlon and removal of
specific target ions; and : -

4. Effective removal of precipitated solids (see appropriate
solids removal technologies). )

Control of pH. Irrespective of the 'solids removal technology
employed, proper control of pH 1is absolutely essential for
favorable performance . of - precipitation-sedimentation
technologies. This 1is clearly illustrated by solubility curves
for selected metals hydroxides and sulfides shown in Figure VII-1

and by plotting effluent zinc concentrations - against pH as
shown in Figure VII-3. Figure VII-3 was obtained from
Development Document for "the Proposed Effluent Limitations
Guidelines and New Source Performance Standards for the Zinc-
Segment of Nonferrous Metals Manufacturing Point Source

Category, U.S. E.P.A,, EPA 440/1-74/033, November, 1974. Figure
VII-3 was plotted from the sampling data from several facilities
with metal finishing operations. It is partially illustrated by
data obtained from 3 consecutive days of sampling at one metal
processing plant (47432) as displayed 1in Table VII-1. Flow
through this system is approximately 49,263 1/hr (13,000
gal/hr). : ’ ' ' :

This treatment system uses lime precipitation (pH adjustment)
followed by coagulant addition and sedimentation. Samples were
taken before (in) and after (out) the treatment system. The best
treatment for removal of copper and zinc was achieved on day one,
when the pH was maintained at a satisfactory level. The poorest
treatment was found on the second day, when the pH slipped to an
unacceptably 1low level; intermediate values were achieved on the
third day, when pH values were lec3 than de51rable but in between
those for the first and second days.




Sodium hydroxide is used by another facility (plant 439) for
pH adjustment and chemical precipitation, - followed by
settling (sedimentation and a polishing lagoon) of precipitated
solids. Samples were taken prior to caustic addition and.

following the polishing lagoon. Flow through the system is
approximately 22,700 1/hr (6,000 gal/hr). These data displayed
in Table VII-2 indicate that the system was - operated

efficiently. Effluent pH was controlled within the range of 8.6
to 9.3, and, while raw waste loadings were not wunusually high,
most toxic metals were removed to very low concentrations.

Lime and sodium hydroxide (combined) are sometimes used to
precipitate metals. Data developed from plant 40063, a facility
with a metal bearing wastewater, exemplify efficient operation of
a chemical precipitation and settling system. Table VII-3 shows
sampling data from this system, which uses 1lime :and sodium
hydroxide for PH adjustment, chemical precipitation,
polyelectrolyte flocculant addition, and sedimentation. Samples
were taken of the raw waste influent to the system and of the
clarifier effluent. Flow through the system 1is approximately
19,000 1/hr (5,000 gal/hr).

At this plant, effluent TSS levels were below 15 mg/l on each
day, despite average raw waste TSS concentrations of: over 3500
mg/1, Effluent pH was maintained at approximately 8, lime
addition was sufficient to precipitate the dissolved metal ions,
and the flocculant addition and clarifier retention served to
remove effectively the precipitated solids.

Sulfide precipitation is sometimes used to precipitate metals
resulting 1in improved metals removals. Most metal sulfides are
less soluble than hydroxides, and the precipitates are frequently
more dependably removed from water. Solubilities for selected
metal hydroxide, carbonate and sulfide precipitates are shown in

Table VII-4. (Source: Lange's Handbook of Chemistry).
Sulfide precipitation is particularly effective in removing
specific metals such as silver and mercury. Sampling data
from three industrial plants wusing sulfide precipitation
appear in Table VII-5. In all cases except iron, effluent

concentrations are below 0.1 mg/l and in many cases below
0.01 mg/l for the three plants studied.

Sampling data from several chlorine-caustic manufacturing plants
using sulfide precipitation demonstrate effluent mercury
concentrations varying between 0.009 and 0.03 mg/l. As shown in
Figure VII-1], the solubilities of PbS and Ag)S are lower

at alkaline pH levels than either the corresponding hydroxides
or other sulfide compounds. This - implies that removal
performance for lead and silver sulfides should be comparable to
or better than that for the metal hydroxides. Bench scale tests
on several types of metal finishing and manufacturing
wastewater indicate that metals removal to levels of less than
0.05 mg/l and in some cases less than 0.01 mg/l are common
in systems using sulfide precipitation followed by clarification.
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Some of the bench scale data, particularly in the < of lead,

do not support such low effluent concentrat’ nns Howe", .
lead is consistently removed to very low levels (less than
0.02 mg/1) in systems using hydrox1de and  carbonate

precipitation and sedimentation.

Of particular interest is the ability of sulfide to precipitate
hexavalent chromium (Cr+6) without prior reduction to the tri-
valent state as 1is required in the hydrox1de process. When
ferrous sulfide is used as the precipitant, iron and sulfide act
as reducing agents for the hexavalent chromium according to the
reaction: ' -

Cr03 + FeS + 3Hp0 -—---> Fe(OH)3 + Cr(OH)3 + S

The sludge produced in this reaction consists mainly of ferric
hydroxides, chromic hydroxides, and various metallic sulfides.
Some excess hydroxyl ions are generated in thlS process, possibly
requiring a downward re-adjustment of pH,

Based on the available data, Table VII-6° shows the minimum
reliably attainable effluent concentrations for sulfide
precipitation-sedimentation systems. These values are. used to
calculate performance predictions of sulfide precipitation-
sedimentation systems.

Carbonate precipitation is sometimes used to precipitate metals,
especially where precipitated metals values are to be recovered.
The solubility of most metal carbonates is intermediate between
hydroxide and sulfide solubilities; in addition, carbonates form
easily filtered precipitates. ‘

Carbonate ions appear to be particularly useful in precipitating
lead and antimony. Sodium carbonate has been observed being
added at treatment to improve lead precipitation and removal in
some industrial plants. The lead hydroxide and lead carbonate
solubility curves displayed in Figure VII-2 . ("Heavy Metals
Removal," by Kenneth Lanovette, Chemical
Engineering/Deskbook Issue, October 17, 1977) explain this
phenomenon.

Co-precipitation With Iron, The presence of substantial
guantites of iron in metal bearing wastewaters before treatment
has been shown to improve the removal of toxic metals. In some

cases this iron is an integral part of the industrial wastewater;
in other cases 1iron 1is deliberately added as a preliminary
treatment or first step of treatment. The iron functions to
improve toxic metal removal by three mechanisms: the iron co-
precipitates with toxic metals forming a stable preécipitate
which desolubilizes the toxic metal; the iron improves the
settleability of the precipitate; and the large amount of iron
reduces the fraction of toxic metal 1in the precipitate. Co-
precipitation with iron hac been practiced for many vyears
incidentally when 1iron was a substantial consitutent of raw
wastewater and intentiorally when iron salts were "added as a

1317




coagulant aid. Aluminum or mixed iron-aluminum salt also have
been used. The addition of iron for co-precipitation to aid in
toxic metals removal is considered a routine part of
state-of~-the-art 1lime and settle technology which should be
implemented as required to achieve optimal removal of toxic
metals.

Co-precipitation using large amounts of ferrous iron salts is
known as ferrite co-precipitation because magnetic iron oxide or
ferrite is formed. The addition of ferrous salts (sulfate) is
followed by alkali precipitation and air oxidation. The
resultant precipitate is easily removed by filtration and may be
removed magnetically. Data 1illustrating the performance of
ferrite co-precipitation is shown in Table VII-7.

Advantages and Limitations. Chemical precipitation has proved to
be an effective technique for removing many pollutants from
industrial wastewater. It operates at ambient conditions and is
well suited to automatic control. The use of chemical
precipitation may be limited because of interference by chelating
agents, because of possible chemical interference with mixed
wastewaters and treatment chemicals, or because of the
potentially hazardous situation involved with the storage and
handling of those chemicals. Nonferrous metals forming
wastewaters do not normally contain chelating agents or
complex pollutant matrix formations which would interfere with or
limit the wuse of chemical precipitation. Lime is usually
added as a slurry when used in hydroxide precipitation. The
slurry must be kept well mixed and the addition lines
periodically checked to prevent blocking of the lines, which may

result from a buildup of solids. Also, lime precipitation
usually makes recovery of the precipitated metals
difficult, because of the heterogeneous nature of most lime
sludges.

The major advantage of the sulfide precipitation process is that
the extremely low solubility of most metal sulfides promotes very
high metal removal efficiencies; the sulfide process also has the
ability to remove chromates and dichromates without preliminary
reduction of the chromium to its trivalent state. In addition,
sulfide can precipitate metals complexed with most complexing
agents. The process demands care, however, in maintaining the pH
of the solution at approximately 10 in order to restrict the gen-
eration of toxic hydrogen sulfide gas. For this reason,
ventilation of the treatment tanks may be a necessary precaution
in most installations. The use of insoluble sulfides reduces the
problem of hydrogen sulfide evolution. As with hydroxide
precipitation, excess sulfide ion must be present to drive the
precipitation reaction to completion. Since the sulfide ion
itself is toxic, sulfide addition must be carefully controlled to
maximize heavy metals precipitation with a minimum of excess
sulfide to avoid the necessity of post treatment. At very high
excess sulfide 1levels and high pH, soluble mercury-sulfide
compounds may also be formed. Where excess sulfide 1is present,
aeration of the effluent stream can aid in oxidizing residual
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sulfide to the less harmful sodium sulfate (NazSOgq). “ie

cost of sulfide preéecipitants is high in Cl &yt .s0n
hydroxide precipitants, and disposal of metallic sulfide sludges
may pose problems. An essential element in = effective-

sulfide precipitation 1is the removal of precipitated solids
from the wastewater and . proper disposal in an appropriate

site. Sulfide precipitation will also generate a higher volume
of sludge than hydroxide precipitation, resulting in
higher disposal and dewatering costs. This is especially true

when ferrous sulfide is used as the precipitant.

Sulfide precipitation may be used as a polishing treatment after
hydroxide precipitation-sedimentation. This treatment
configuration may provide the better treatment effectiveness of
sulfide precipitation while minimizing the variability caused by
changes in raw waste and reducing the amount of sulfide
precipitant required. Sulfide is also effective as a
pretreatment technology before lime and settle to remove specific
pollutants such as chromium.

Operational Factors. - Reliability: Alkaline chemical
precipitation 1is highly reliable, although proper monitoring and
control are required. Sulfide precipitation systems provide

similar reliability.

Maintainability: The major maintenance needs involve periodic
upkeep of monitoring equipment, automatic feeding equipment,
mixing equipment, and other hardware. Removal of accumulated
sludge is necessary for efficient operation of precipitation-
sedimentation systems. ’ :

Solid Waste Aspects: Solids which precipitate out are removed in
a subsequent treatment step. Ultimately, these solids require
proper disposal.

Demonstration Status. Chemical precipitation of metal hydroxides
is a classic waste treatment technology used by most industrial
waste treatment systems. Chemical precipitation of some metals,
in particular 1lead and antimony, in the carbonate form has
been found to be feasible and is commercially used to permit
metals recovery and water reuse. Full scale commercial
sulfide precipitation units are in operation at numerous
installations. As noted earlier, sedimentation to remove
precipitates is discussed separately. :

Use 1in Nonferrous Metals Forming Plants. Forty-six nonferrous
metals forming plants currently operate chemical precipitation
(lime or caustic systems). The quality of treatment provided,
however, 1is variable. A review of collected data and on-site
observations reveals that control of system parameters is often
poor. Where precipitates are removed by <clarification,
retention times are 1likely to be short and cleaning and
maintenance questionable. Similarly, pH control 1is frequently
inadequate. As a result of these factors, effluent performance
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at nonferrous metals forﬁing plants nominally practicing the
same wastewater treatment is observed to vary widely.

=

3. Cyanide Precipitation

Cyanide precipitation, although a method for treating cyanide in
wastewaters, does not destroy cyanide. The cyanide is retained
in the sludge that is formed. Reports indicate that during
exposure to sunlight, the cyanide complexes can break down and
form free cyanide. For this reason, the sludge from this
treatment method must be disposed of carefully. :

Cyanide may be precipitated and settled out of wastewaters by the
addition of zinc sulfate or ferrous sulfate. In the presence of
iron, cyanide will form extremely stable cyanide complexes. The
addition of zinc sulfate or ferrous sulfate forms zinc
ferrocyanide or ferro and ferricyanide complexes. '

Adequate removal of the precipitated cyanide requires.that the pH
must be kept at 9.0 and an appropriate retention time be
maintained. A study has shown that the formation of the complex
is very dependent on pH. At a pH of either 8 or 10, the residual
cyanide concentration measured is twice that of the same reaction
carried out at a pH of 9. Removal efficiencies also depend
heavily on the retention time allowed. The formation of the
complexes takes place rather slowly. Depending upon the excess
amount of zinc sulfate or ferrous sulfate added, at 1least a 30
minute retention time should be allowed for the formation of the
cyanide complex before continuing on to the clarification stage.

One experiment with an initial concentration of 10 mg/l of
cyanide showed that 98 percent of the cyanide was complexed ten
minutes after the addition of ferrous sulfate at twice the
theoretical amount necessary. Interference from other metal
ions, such as cadmium, might result in the need for longer
retention times.

Table VII-8 presents cyanide precipitation data ‘from three
coil coating plants. A fourth plant was visited for the
purpose of observing plant testing of the «cyanide precipitation
system. Specific data from this facility are not included
because: (1) the pH was usually well below the optimum level of
9.0; (2) the historical treatment data were not obtained using
the standard cyanide analysis procedure; and (3) matched input-
output data were not made available by the plant. Scanning the
available data indicates that the raw waste CN level was in the
range of 25.0; the pH 7.5; and treated CN level was from 0.1 to
0.2,

The concentrations shown on Table VII-8 are those of the stream
entering and leaving the treatment system, Plant 1057
allowed a 27-minute retention time for the formation of the
complex. The retention time for the other plants 1is not
known. The data suggest that over a wide range of cyanide
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concentration in the raw waste, the concen"a\;cn _ef

cyanide can be reduced in the effluent stream to ur L LG

Application and Performance. Cyanide‘preéipitation‘can be used
when cyanide destruction is not feasible because of the presence
of cyanide complexes which are difficult. to destroy. Effluent

concentrations of cyanide well below 0.15 mg/l are possible.

Advantages and Limitations. Cyanlde precipitation is an
1nexpensive method of treating cyanide. Problems may occur when
metal ions interfere with the formation of the complexes.

4, Granular Bed Filtration

Filtration occurs - in nature as the surface and ground
waters are cleansed by sand. Silica sand, anthracite coal, and
garnet are c¢ommon filter . media used in water treatment
plants. These are usually supported by gravel. The media may be
used singly or 1in combination. The multimedia filters may be
arranged to maintain relatively distinct layers by. virtue of
balancing the forces of gravity, flow, and buoyancy on the
individual particles. This 1is accomplished by selecting
appropriate filter flow rates (gpm/sqg-— ft), media grain size, and
density.

Granular bed filters may be classified in terms of filtration
rate, filter media, flow pattern, or method of pressurization.
Traditional rate classifications are slow sand, rapid sand, ‘and
high rate mixed media. In the slow sand filter, £flux or
hydraulic loading is relatively low, and removal of collected
solids to clean the filter is therefore relatively infrequent.
The filter is often cleaned by scraping off the inlet face (top)
of the sand bed. In the higher rate filters, cleaning is
frequent and is accomplished by a perlodlc backwash opposite to
the direction of normal flow.

A filter may use a single medium such as sand or diatomaceous
earth, but dual and mixed (multiple) media filters allow higher
flow rates and efficiencies. Figure VII-32 shows five different
filter configurations. The dual media filter usually consists
of a fine bed of sand under a coarser bed of anthracite coal.
The coarse coal removes most of the influent solids, .while the
fine sand performs a polishing function. At the end of the
‘backwash, the fine sand settles to the bottom because it is
denser than the <coal, and the filter 1is ready for normal
operation. The mixed media £filter operates on the same
principle, with the finer, denser media at the bottom and the
coarser, less dense media at the top. The usual arrangement is
garnet at the bottom (outlet end) of the bed, sand in the middle,
and anthracite coal at the top. Some mixing of these layers
occurs and is, in fact, desirable.

The flow pattern is usually top-iu-bottom, but other patterns are

sometimes used. Upflow filters are sometimes wused, and in "a.
horizontal filter the flow is horizontal. In a biflow filter,
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the influent enters both the top and the bottom and exits
laterally. The advantage of an upflow filter is that with an
upflow backwash, the particles of a single filter medium are
distributed and maintained in the desired coarse-to-fine (bottom-
to-top) arrangement. The disadvantage is that the bed tends to
become fluidized, which ruins filtration efficiency. The biflow
design is an attempt to overcome this problem.

The classic granular bed filter operates by gravity £flow;
however, pressure filters are fairly widely used. They permit
higher so0lids loadings before cleaning and are advantageous when
the filter effluent must be pressurized for further downstream
treatment. In addition, pressure filter systems are often less
costly for low to moderate flow rates.

Figure VII-14 depicts a high rate, dual media, gravity downflow
granular bed filter, with self-stored backwash. Both filtrate
and backwash are piped around the bed in an arrangement that
permits gravity upflow of the backwash, with the stored
filtrate serving as backwash. Addition of the indicated
coagulant and polyelectrolyte usually results in a substantial
improvement in filter performance.

Buxilliary filter cleaning is sometimes employed in the upper few
inches of filter beds. This is conventionally referred to as
surface wash and is accomplished by water Jjets Jjust below the
surface of the expanded bed during the backwash cycle. These
jets enhance the scouring action in the bed by increasing the
agitation. :

An important feature for successful filtration and backwashing is
the underdrain. This is the support structure for the bed. The
underdrain provides an area for collection of the filtered water
without clogging from either the filtered solids or the media
grains. In addition, the underdrain prevents loss of the media
with the water, and during the backwash cycle it provides even
flow distribution over the Dbed. Failure to dissipate the
velocity head during the filter or backwash cycle will result in
bed upset and the need for major repairs.

Several standard approaches are employed for filter wunderdrains.
The simplest one consists of a parallel porous pipe imbedded
under a layer of coarse gravel and attached via a manifold to a

header pipe for effluent removal. Other approaches to the
underdrain system are known as the Leopold and Wheeler filter
bottoms. Both of these incorporate false concrete bottoms

with specific porosity configurations to provide drainage and
velocity head dissipation.

Filter system operation may be manual or automatic. The filter
backwash cycle may be on a timed basis, a pressure drop basis
with a terminal value which triggers backwash, or a solids carry-
over basis from turbidity monitoring of the outlet stream. All
of these schemes have been used successfully.
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Application and Performance. Wastewdter treatment plants often
use granular bed Ffilters Ctor polishing after clarification,
sedimentation, or other - similar operations. Granular bed
filtration thus has potential application to nearly all
industrial plants. Chemical additives which enhance the upstream
treatment equipment may or may not be compatible with or enhance
the filtration process. Normal operating flow rates for various
types of filters ares E )

Slow Sand : 2.04 - 5.30 1/sqg m~hr
Rapid Sand 40.74 - 51.48 1l/sg m-hr
High Rate Mixed Media 81.48 - 122,22 l/sq m~hr

Suspended solids are commonly removed from wastewater streams by
filtering through a deep 0.3-0.9 m (1-3 feet) granular filter
bed. The porous bed formed by the granular média can be designed
to remove practically all suspended particles. Even colloidal
suspensions (roughly 1 to 100 microns) are adsorbed on the
surface of the media grains as they pass in close proximity in
the narrow bed passages.

Properly operated filters following some pretreatment to reduce
suspended ' solids below 200 mg/1 should produce water with less
than 10 mg/l TSS. For example, multimedia filters produced the
effluent qualities shown in Table VII-9,

Advantages and Limitations. The principal advantages of granular
bed filtration are 1its comparatively (to other filters) low
initial and operating costs, reduced land requirements over other
methods to achieve the same 1level of Solids removal, and
elimination of chemical additions to the discharge stream.
However, the filter may require pretreatment if the solids level
is high (over 100 mg/1). Operator training must be somewhat
extensive due to the controls and periodic backwashing involved,
and backwash must be stored and dewatered for economical
disposal.

Operational Factors. Reliability: The recent improvements in
filter technology have significantly improved filtration
reliability. Control systems, improved designs, and good
operating procedures have made filtration a. highly reliable
method of water treatment. .

Maintainability: Deep bed filters may be operated with either
manual or automatic backwash. In either case, they must be
periodically inspected for media attrition, partial plugging, and
leakage. Where backwashing is not used, collected solids must be
removed by shoveling, and filter media must be at least partially
replaced.

Solid Waste Aspects: Filter - backwash is .generally recycled
within the wastewater treatment system, so that the solids
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ultimately appear in the clarifier sludge stream for subsequent
dewatering. Alternatively, the backwash stream may be dewatered
directly or, if there is no backwash, the collected solids may be
disposed of in a suitable landfill. In either of these
situations there is a solids disposal problem similar to that of
clarifiers.

Demonstration Status. Deep bed filters are in common use in
municipal treatment plants. Their use in polishing industrial
clarifier effluent is increasing, and the technology 1is proven
and conventional. As noted previously, however, 1little
data 1is available characterizing the effectiveness of filters
presently in wuse within the industry. One nonferrous metals
forming plant has granular media filtration in place.

5. Pressure Filtration

Pressure filtration works by pumping the liquid through a filter
material which is impenetrable to the solid phase. | The positive
pressure exerted by the feed pumps or other mechanical means
provides the pressure differential which is the principal driving
force. Figure VII-15 ) represents the operation of one type of
pressure filter.

A typical pressure filtration unit consists of a number of plates
or trays which are held rigidly in a frame to ensure alignment
and which are pressed together between a fixed end and a
traveling end. On the surface of each plate, a filter made of
cloth or synthetic fiber is mounted. The feed stream is pumped
into the unit and passes through holes in the trays along the
length of the press until the cavities or chambers between the
trays are completely filled. The solids are then entrapped, and
a cake begins to form on the surface of the filter material. The
water passes through the fibers, and the solids are retained.

At the bottom of the trays are drainage ports. The filtrate is
collected and discharged to a common drain. As the Ffilter medium
becomes coated with sliudge, the flow of Ffiltrate through the
filter drops sharply, indicating that the capacity of the filter
has been exhausted. The unit must then be cleaned of the sludge.
After the cleaning or replacement of the filter media, the unit
is again ready for operation.

Application and Performance. Pressure filtration 1is used in
nonferrous metals forming plants for sludge dewatering and also
for direct removal of precipitated and other suspended
solids from wastewater. Because dewatering is such a common
operation in treatment systems, pressure filtration is a
technique which can be found in many industries concerned with
removing solids from their waste stream. :

In a typical pressure filter, chemically preconditioned sludge
detained in the unit for one to three hours under pressures
varying from 5 to 13 atmospheres exhibited final solids content
between 25 and 50 percent.
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Advantages and Limitations. The pressures which may be applied
to a sludge for removal of water by filter presses that are
currently available range from 5 to 13 atmospheres. 'As a result,
pressure filtration may reduce the - amount of chemical
pretreatment required for sludge dewatering. Sludge retained in
the form of the filter cake has a higher percentage of solids
than that £from centrifuge or wvacuum filter. Thus, it can be
easily accommodated by materials handling systems,

As a primary solids removal technique, pressure filtration
requires less space than <clarification and is well suited to
streams with high solids loadings. The sludge produced may be
disposed without further dewatering, but the amount of sludge is
increased by the use of filter precoat materials (usually
diatomaceous earth). Also, cloth pressure filters often do not
achieve as high a degree of effluent clarification as clarifiers
or granular media filters. :

Two disadvantages associlated with pressure filtration in the past
have been the short 1life of the filter cloths and lack of
automation. New synthetic fibers have largely offset the first
of these problems. Also, wunits with automatic feeding and
pressing cycles are now available.

For larger operations, the relatively high space requirements, as
compared to those of a centrifuge, could be prohibitive in some
situations. .

Operational Factors. Reliability: With proper pretreatment,
design, and control, pressure filtration is ' a highly dependable
systemn.

Maintainability: Maintenance consists of periodic cleaning or
replacement of the filter media, drainage grids, drainage piping,
filter pans, and other parts of the system. If the. removal of
the sludge cake is not automated, additional time is required for
this operation. '

Solid Waste Aspects: Because it is generally drier than other
types of sludges, the filter sludge cake <can be handled with
relative  ease. The accumulated sludge may be disposed by any of
the accepted procedures depending on 1its chemical composition.
The 1levels of toxic metals present in sludge from treating
nonferrous metals forming wastewater necessitate proper disposal.

Demonstration Status. Pressure filtration is a commonly used
technology 1in a great many commercial applications.

6. Settling
Settling is a process which removes solid particles from a liquid

matrix by gravitational force. This is done by reducing the
velocity of the feed stream in a large volume tank or lagoon so
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that gravitational settling can occur.  Figure VII-16 shows two
typical settling devices.

Settling 1is often preceded by chemical precipitation which
converts dissolved pollutants to solid form and by coagulation
which enhances settling by coagulating suspended precipitates
into larger, faster settling particles.

If no chemical pretreatment is used, the wastewater is fed into a
tank or lagoon where it loses velocity and the suspended solids
are allowed to settle out. Long retention times are generally
required. Accumulated sludge can be collected either
periodically or continuously and either manually or mechanically.
Simple settling, however, may require excessively large
catchments, and long retention times (days as compared with
hours) to achieve high removal efficiencies. Because of this,
addition of settling aids such as alum or polymeric £flocculants
is often economically attractive.

In practice, chemical precipitation often precedes settling, and
inorganic coagulants or polyelectrolytic flocculants are usually
added as well. Common coagulants include sodium sulfate, sodium
aluminate, ferrous or ferric sulfate, and ferric chloride.
Organic polyelectrolytes vary in structure, but all usually form
larger floc particles than coagulants used alone.

Following this pretreatment, the wastewater can be fed into a
holding tank or lagoon for settling, but is more often piped into
a clarifier for the same purpose. A clarifier reduces space
requirements, reduces retention time, and increases solids
removal efficiency. Conventional clarifiers generally consist of
a circular or rectangular tank with a mechanical sludge
collecting device or with a sloping funnel-shaped bottom designed
for sludge collection. In advanced settling devices, inclined
plates, slanted tubes, or a 1lamellar network may be included
within the clarifier tank in order to increase the effective
settllng area, 1increasing capacity. A fraction of the sludge
stream is often recirculated to the inlet, promotlng formation of
a denser sludge.

Settling is based on the ability of gravity (Newton's Law) to
cause small particles to fall or settle (Stokes' Law) through the
fluid they are suspended 1in. Presuming that the factors
affecting chemical precipitation are controlled to achieve a
readily settleable precipitate, the principal factors controlling
settling are the particle characteristics and the upflow rate of
the suspending fluid. When the effective settling area is great
enough to allow settllng, any increase in the effective settling
area will produce no increase in solids removal.

Therefore, if a plant has installed equipment that provides the
appropriate overflow rate, the precipitated metals in the

effluent can be effectively removed. The number of settling
devices operated 1in series or in parallel by a facility is not
important with regard to suspended solids removal; rather it
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is important that the settling devices provide sufficient
effective settling area. ' T : .

Another important facet of ® sedimentation - " theory is that
diminishing removal of " suspended solids is achieved for a unit -
increase in the effective settling area. Generally, it has' been
found that suspended solids removal performance varies with the
effective up-flow rate. Qualitatively thHe pérformance increases
asymptotically to a maximum level beyond which a decrease in up-
flow rate provides incrementally insignificant increases in

removal. This maximum level 1is dictated by particle size
distribution, density characteristic of the particles and the

water matrix, chemicals used for precipitation and pH at
which precipitdtion occurs.

Application and Performance. Settling or clarification 1is wused
in the nonferrous metals forming category to remove
precipitated metals. Settling can be 'used to remove  most
suspended solids in a particular waste stream; thus it 1is
used extensively by many different industrial waste treatment
facilities. Because most metal ion pollutants are readily
converted to solid metal hydroxide precipitates,; settling is
of particular use in those industries associated with metal
production, metal finishing, metal working, and any other
industry with high concentrations of metal ions in their
wastewaters. In addition - to toxic metals, . suitably
precipitated materials effectively removed by settling include
aluminum, iron, manganese, cobalt, ~molybdenum, £fluoride,
phosphate, and many others. ’ '

A properly operating settling system can efficiently remove
suspended solids, precipitated metal hydroxides, and other
impurities from wastewater. The performance of the process
depends on a variety of factors, including the density and
particle size of the solids, 'the effective charge on the
suspended particles, and the types of chemicals used in
pretreatment. The site of flocculant or coagulant addition also
may significantly influence the effectiveness. of <clarification.
If the flocculant is subjected to too much mixing before entering
the clarifier, the complexes may be sheared and the settling
effectiveness diminished. " At the same time, the flocculant must
have sufficient mixing and reaction time .in order for effective
set-up and settling to occur. Plant personnel have observed that -
the line or trough leading into the clarifier is often the most
efficient site for flocculant addition. ‘The performance of
simple settling is a function of the retention time, particle
size and density, and the surface area of the basin.

The data displayed in Table VII-10 indicate suspended solids
removal -efficiencies in settling systems. = The mean
effluent TSS concentration obtained by the plants shown in Table
VII-10 is 10.1 mg/l. Influent concentrations averaged 838 .mg/l.
The maximum effluent TSS value repcrted is 23 mg/l. These plants
all use alkaline pH adjustment to precipitate metal hydroxides,
and most add a coagulant or flocculant prior to settling.
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Advantages and Limitations. The major advantage of simple
settling is its simplicity as demonstrated by the gravitational
settling of solid particulate waste in a holding tank or lagoon.
The major problem with simple settling is the long retention time
necessary to achieve complete settling, especially if the
specific gravity of the suspended matter is close to that of
water. . Some materials cannot be practically removed by simple
settling alone. ‘

Settling performed in a clarifier is effective in removing slow-
settling suspended matter in a shorter time and in less space
than a simple settling system. Also, effluent quality 1is often
better from a clarifier. The cost of installing and maintaining
a clarifier, however, is substantially greater than the costs
associated with simple settling.

Inclined plate, slant tube, and lamella settlers have even higher
removal efficiencies than conventional clarifiers, and greater
capacities per unit area are possible. 1Installed costs for these
advanced clarification systems are claimed to be one half the
cost of conventional systems of similar capacity.

Operational Factors. Reliability: Settling can be a highly
reliable technology for removing suspended solids. Sufficient
retention time and regular sludge removal are important factors
affecting the reliability of all settling systems. Proper
control of pH adjustment, chemical precipitation, and coagulant
or flocculant addition are additional factors affecting . settling
efficiencies in systems (frequently clarifiers) where these
methods are used.

Those advanced settlers using slanted tubes, inclined plates, or
a lamellar network may require pre-screening of the waste in
order to eliminate any fibrous materials which could potentially
clog the system. Some installations are especially vulnerable to
shock 1loadings, as from storm water runoff, but proper system
design will prevent this. : :

Maintainability: When <clarifiers or other advanced settling
devices are used, the associated system utilized for chemical
pretreatment and sludge dragout must be maintained on a regular
basis. Routine maintenance of mechanical parts 1is also
necessary. Lagoons require little maintenance other than
periodic sludge removal. :

Demonstration Status. Settling represents the typical method of
solids removal and is employed extensively in industrial waste
treatment. The advanced clarifiers are just beginning to appear
in significant numbers in commercial applications. . Seventy-five
nonferrous metals forming plants currently operate sedimentation
or clarlflcatlon systems. :
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7. Skimming
Pollutants with a spechlc gravity- less than water will " often

removes these floating wastes. Skimmlng normally takes place 'in’
a tank designed to allow the floating debris to rise and remain
on the surface, while the liquid flows to an outlet located below
the floating layer. Skimming devices are therefore suited to the

removal of non-emulsified oils from raw waste s&treams. ~ Common
skimming mechanisms ' include the rotating drum type, which picks
up oil from the surface of the"water as it rotates. A doctor

blade - scrapes  oil from the drum and collects it in a‘trough for -
disposal or reuse. The water portion is allowed to flow under

the rotating’ drum. Occasionally, an underflow - baffle is
installed after the drum; this has the advantage of retaining any
floating 0il which escapes the drum skimmer, The belt type.

skimmer 1is pulled vertically through the water,_collectlng oil
which is scraped off from the surface and collected in a' drum.
Gravity separators- (see Figure VII-33), '~ such as ‘the API type,
utilize overflow and underflow baffles to skim a floating oil
layer from the surface of ' the wastewater. An overflow-—
underflow baffle allows a small amount of wastewater (the oil
portion) to flow over into a trough for disposal or reuse while"
the majority of the water £flows underneath the baffle. This
is followed by an overflow baffle, which is set at a " height
relative to the first baffle such that only the o0il bearing
portion will flow over the first baffle during normal plant
operation. - A ‘diffusion - device, ' such as- a vertical slot
baffle, aids in creating a uniform flow through the system and in
increasing oil removal efficiency.

Application and Performance. 0il . skimming is - used -in
nonferrous metals ' forming plants to remove free oil used as a
forming lubricant. Another source of oil is lubricants for

Skimming 1is applicable to any: waste " stream 'containing
pollutants which float to the surface. ~It is commonly used to
remove free o0il, grease, and soaps. Skimming is often used in
conjunction with air flotation or clarification in order to
increase its effectiveness.

The removal efficiency of a skimmer is partly a function of the
retention time of the water -in the tank. Larger, more buoyant
particles require ‘'less retention time than smaller particles.
Thus, the efficiency also depends on the composition of the waste
stream. The retention time required to allow - phase -separation
and subsequent skimming varies from l to 15 mlnutes, depending on
the wastewater characterlstlcs -

BAPI or other grav1ty type separators tend to be more suitable for
use where the amount of surface 011 flow1ng through the system is
consistently significant. ":Drum ~and’ belt type skimmers are
applicable to waste streams-which -evidence smaller- amounts-' of
floating o0il and where surges of floating oil are not a problem.
Using an API separator system in conjunction with a drum type
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skimmer is a very effective method of removing £floating
contaminants from nonemulsified oily waste streams. Sampling
data shown in Table VII-11 illustrate the capabilities of the
technology with both extremely high and moderate oil influent
levels. -

These data are intended to be illustrative of the very high level
of o0il and grease removals attainable in a simple two-step oil
removal system. Based on the performance of installations in a
variety of manufacturing plants and permit requirements that are
consistently achieved, it has been determined that effluent oil
levels may be reliably reduced below 10 mg/l with moderate
influent concentrations. Very high concentrations of oil such
as the 22 percent shown above may require two-step treatment to
achieve this level.

Skimming which removes 0il may also be used to remove base levels
of organics. Plant sampling data show that many organic
compounds tend to be removed in standard wastewater treatment
equipment. Oil separation not only removes oil but also organics
that are more soluble in o0il than in water. Clarification
removes organic solids directly and probably removes dissolved
organics by adsorption on inorganic solids.

The source of these organic pollutants is not always known with
certainty, although in metal forming operations they seem to
derive mainly from various process lubricants. They are also
sometimes present in the plant water supply, as additives to
proprietary formulations of «cleaners, or as the result of
leaching from plastic lines and other materials.

High molecular weight organics in particular are, much more
soluble in organic solvents than in water. Thus they are much
more concentrated in the o0il phase that is skimmed than in the
wastewater. The ratio of solubilities of a compound in 0il and
water phases is called the partition coefficient. The logarithm
of the partition coefficients for selected polynuclear aromatic
hydrocarbon (PAH) and other toxic organic compounds in octanol
and water are shown in Table VII-12. '

A review of priority organic compounds commonly found in metal
forming operation waste streams indicated that incidental removal
of these compounds often occurs as a result of o0il removal or
clarification processes. When all organics analyses from visited
plants are considered, removal of organic compounds by other
waste treatment technologies appears to be marginal in many
cases. However, when only raw waste concentrations of 0.05 mg/1l
or greater are considered, incidental organics removal becomes
much more apparent., Lower values, those 1less than 0.05 mg/l,
are much more subject to analytical variation, while higher
values indicate a significant presence of a given compound. When
these factors are taken into account, analysis data indicate that
most clarification and o0il removal treatment systems remove
significant amounts of the toxic organic compounds present in the




raw waste. The API cil-water separation system performed 1o ably
in this regard, as shown in Table VII-13.

bata from five plant days demonstrate removal of organics by the
combined oil skimming and settling operations performed on coil
coating wastewaters. Days were chosen where treatment system
influent and effluent analyses provided paired data points €for
0il and grease and the organics present. All organics found at
quantifiable levels on those days were included. Further, only
those days were chosen where o0il and grease raw wastewater
concentrations exceeded 10 mg/l and where there was reduction in
oil and grease going through the treatment system. All plant
sampling days which met the above criteria are included below.
The conclusion is that when o0il and grease are removed, organics
also are removed.

Percent Removal

Plant-Day 0Oil & Grease Organics
1054-3 95.9 ’ 98.2
13029-2 98.3 78.0
13029-3 95.1 ) - 77.0
38053-1 96.8 81.3
38053-2 98.5 86.3
Mean ‘ 96.9 ’ 84.2

The unit operation most applicable to removal of trace priority
organics is adsorption, and chemical oxidation 1is -another
possibility. Biological degradation is not generally -applicable
because the organics are not present in sufficient concentration
to sustain a biomass and because most of the organics are
resistant to biodegradation. s

Advantages and Limitations. Skimming as a pretreatment 1is
effective in removing naturally floating waste material. It also
improves the performance of subsequent downstream treatments.
Many pollutants, particularly dispersed or emulsified oil, will
not f£loat "naturally" but require additional treatments. There-
fore, skimming alone may not remove all the pollutants capable of
being removed by air flotation or other more sophisticated
technologies.

Operational Factors. Reliability: Because of its simplicity,
skimming is a very reliable technique.

Maintainability:, The skimming mechanism requires periodic
lubrication, adjustment, and replacement of worn parts.

Solid Waste Aspects: The collected 1layer of debris must be

disposed of by contractor removal, landfill, or incineration.
Because relatively large qguantities of water are present in the
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. ..mfrTea  wastes, incineration is not always a viable disposal
method. ‘

Demonstration Status. Skimming is a common operation utilized
extensively by industrial waste treatment systems. Oil skimming
is used in 30 nonferrous metals forming plants.

8. Chemical Emulsion Breaking

Chemical treatment is often used to break stable oil-in-water (O-.
W) emulsions. An O-W emulsion consists of o0il dispersed in
water, stabilized by electrical charges and emulsifying agent. A
stable emulsion will not separate or break down without some form
of treatment.

Once an emulsion is broken, the difference in specific gravities
allows the o0il to float to the surface of the water. Solids
usually form a layer between the oil and water, since some oil is
retained in the solids. The longer the retention. time, the more
complete and distinct the separation between the oil, solids, and
water will be. Often other methods of gravity differential
separation, such as air flotation or rotational separation (e.g.,
centrifugation), are used to enhance and speed separation. A
schematic flow diagram of one type of application is shown in
Figure VII-31.

The major equipment required for chemical emulsion breaking
includes: reaction chambers with agitators, chemical storage
tanks, chemical feed systems, pumps, and piping.

Emulsifiers may be used in the plant to aid in stabilizing or
forming emulsions. Emulsifiers are surface-active agents which
alter the characteristics of the o0il and water interface. These
surfactants have rather long polar molecules. One end of the
molecule is particularly soluble in water (e.g., carboxyl,
sulfate, hydroxyl, or sulfonate groups) and the other end is
readily soluble in oils (an organic group which varies greatly
with the different surfactant type). Thus, the surfactant
emulsifies or suspends the organic material (o0il) in water.
Emulsifiers also lower the surface tension of the O-W emulsion as
a result of solvation and ionic complexing. These emulsions must
be destabilized in the treatment system. '

Application and Performance. Emulsion breaking is applicable to
waste streams containing emulsified oils or lubricants such as
rolling and drawing emulsions. Typical chemical emulsion
breaking efficiencies are given in Table VII-30.

Treatment of spent O-W emulsions involves the use of chemicals to
break the emulsion followed by gravity differential separation.
Factors to be considered for breaking emulsions are type of
chemicals, dosage and sequence of addition, pH, mechanical shear
and agitation, heat, and retention time.
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¢ . me.s, alum, ferric chloride, and organic emulsion breakers
L oeaw emulsions by neutralizing repulsive charges between
particles, precipitating or salting out emulsifying agents, or
altering the interfacial film between the o0il and water so it is
readily broken. Reactive cations (e.g., H(+1l), Al(+3), Fe(+3),
and cationic polymers) are particularly effective 1in breaking
dilute O~W emulsions. Once the charges have been neutralized or
the interfacial film broken, the small o0il droplets and suspended
solids will -be adsorbed on the surface of the floc that is
formed, or break out and float to the top. Various types of
emulsion-breaking chemicals are used for the various types of
oils.

If more than one chemical is required, the sequence of addition
can make quite a difference in both breaking efficiency and
chemical dosages.

Wastewater pH plays an important role in emulsion breaking,
especially 1if cationic inorganic chemicals, such as alum, are
used as coagulants. A depressed pH in the range of 2 to 4 keeps
the aluminum ion in its most positive state where it can function
most effectively for charge neutralization. After some of the
oil is broken free and skimmed, raising the pH into the 6 to 8
range with lime or caustic will cause the aluminum to hydrolyze -
and precipitate as alumium hydroxide. This floc entraps or
- adsorbs destabilized o0il droplets which can then be separated
from the water phase. Cationic polymers can break emulsions over
a wider pH range and thus avoid acid corrosion and the additional
sludge generated from neutralization; however, an inorganic
flocculant is usually required to supplement the polymer emulsion
breaker's adsorptive properties. '

Mixing is important in breaking O-W emulsions. Proper chemical -
feed and dispersion is required for effective results. Mixing
also causes collisions which help break the emulsion, and
subsequently helps to agglomerate droplets.

In all emulsions, the mix of two immiscible 1liquids has a
specific gravity very close to that of water. Heating lowers the
viscosity and increases the apparent specific gravity
differential between o0il and water. Heating also increases the
frequency of droplet collisions, which helps to rupture the
interfacial f£ilm.

Chemical emulsion breaking can be used with o0il skimming to
achieve the treatment effectiveness concentrations that oil
skimming alone will achieve for non-emulsified streams. This
type of treatment is proven to be reliable and 1is considered
state-of-the-art for nonferrous metals forming emulsified oily
wastewaters.

Advantages and Limitations. Advantages gained from the use of
chemicals for breaking O-W emulsions are the high removal
efficiency potential and the possibility of reclaiming the oily
waste. Disadvantages are  corrosion problems associated with
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acid-alum systems. skilled operator requirements for oe on
rreatment, and chemical sludges produced.

Operational Factors. Reliability: Chemical emulsion breaking is
a very reliable process. The main control parameters, pH and
temperature, are fairly easy to control.

Maintainability: Maintenance is required on pumps, motors, and
valves, as well as periodic cleaning of ‘the treatment tank to
remove any accumulated solids. Energy use is limited to mixers
and pumps. '

Solid Waste Aspects: The surface oil and oily sludge produced
are usually hauled away by a licensed contractor. If the
recovered oil has a sufficiently low percentage of water, it may
be burned for its fuel value or processed and reused.

Qemonstration Status. Twelve plants in the nonferrous metals
forming category currently break emulsions with chemicals.

MAJOR TECHNOLOGY EFFECTIVENESS

The performance of individual treatment technologies was
presented above. Performance of operating systems is discussed
here. Two different systems are considered: L&S (hydroxide
precipitation and sedimentation or 1lime and settle) and LS&F
(hydroxide precipitation, sedimentation, and filtration or 1lime,
settle, and filter). Subsequently, an analysis of effectiveness
of such systems is made to develop one-day maximum,. and ten-day
and thirty-day average concentration levels to be used 1in
regulating pollutants. Evaluation of the La&S and the LS&F
systems 1is carried out on the assumption that chemical reduction
of chromium, cyanide precipitation, and oil removal are installed
and operating properly where appropriate.

L.&S Performance —~— Combined Metals Data Base

A data base known as the "combined metals data base" (CMDB) was
used to determine treatment effectiveness of lime and settle
treatment for certain pollutants. The CMDB was developed over
several years and has been used in a number of regulations.
During the development of coil coating and other categorical
effluent 1limitations and standards, chemical analysis data were
collected of raw wastewater (treatment influent) and treated
wastewater (treatment effluent) £rom 55 plants (126 data days)
sampled by EPA (or its contractor) using EPA sampling and
chemical analysis protocols. These data are the initial data
base for determining the effectiveness of L&S technology in
treating nine pollutants. BEach of the plants in the initial data
base belongs to at least one of the following industry
categories: aluminum forming, battery manufacturing, coil coating
(including canmaking), copper forming, electroplating and
porcelain enameling. All of the plants employ pH adjustment and
hydroxide precipitation wusing 1lime or caustic, followed by
Stokes' law settling (tank, lagoon or clarlfler) for solids
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removal. An analysis of this data was presented  in the
development documents for the proposed regulations for coil
coating and porcelain enameling (January 198l).  Prior to
analyzing the data, some values were deleted from the data base.
These deletions were made to ensure that the data reflect
properly operated treatment systems. The following criteria were
used in making these deletions:

- Plants where malfunctioning'gfocesses or treatment systems at
the time of sampling were identified. .

- Data days where pH was less than 7.0 for extended periods
of time or TSS was greater than 50 mg/l1 (these are prima
facie indications of poor operation).

In response to the <coil coating and | porcelain enameling
proposals, some commenters claimed that it was inappropriate to
use data from some categories for regulation of other categories. .
In response to these comments, the Agency reanalyzed the data.
An analysis of variance was applied to the data for the. 126 days
of sampling to test the hypothesis of homogeneous plant mean raw
and treated effluent levels across categories by pollutant. This
analysis 1is described in the report "A Statistical Analysis of
the Combined Metals Industries Effluent Data" which 1s 1in the
administrative record supporting this rulemaking. Homogeneity is
the absence of statistically discernable differences among the
categories, while heterogeneity 1is the opposite, 1i.e., the
presence of statistically discernable differences. The main
conclusion drawn from the analysis of variance is that, with the
exception of electroplating, the categories included in the data
base are generally homogeneous with regard to mean pollutant
concentrations in both raw and treated effluent. That is, when
data from electroplating facilities are included in the analysis,
the hypothesis of . homogeneity across categories 1is rejected.
When the electroplating data are removed from the analysis the
conclusion changes substantially and the hypothesis of
homogeneity across categories is not rejected. On the basis of
this analysis, the electroplating data were removed from the data
base used to determine limitations for the coil coating, and
porcelain enameling, copper forming, aluminum forming,
battery manufacturing, nonferrous metals manufacturing,
canmaking, and nonferrous metals formlng regulations.

The statistical analysis provides support for the technical
engineering judgment that electroplating wastewaters are
sufficiently different from the wastewaters of other industrial
categories 1in the data base to warrant removal of electroplating
data from the data base used to determine treatment
effectiveness.

For the purpose of determining treatment effectiveness,
additional data were deleted from the data base. These deletions
were made, almost exclusively, in cases where  effluent data
points were associated with low influent values. This was done
in two steps. First, effluent values measured on the same day as
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influent values that were less than or equal to 0.1 mg/l were

deleted. Second, .the remaining data were screened for cases in
which all influent values at a plant were low although slightly
above the 0.1 mg/l value. These data were deleted not as

individual data points but as plant clusters of data that were
consistently low and thus not relevent to assessing treatment. A
few data points were also deleted where malfunctions not
previously identified were recognized. The data basie to the
CMDB are displayed graphically in Figures VII-4 to 12.

After all deletions, 148 data points from 19 plants remained.
These data were used to determine the concentration basis of -
limitations derived from the CMDB used for this regulation.

The CMDB was reviewed following its use in a number of proposed
regulations. Comments pointed out a few errors in the data,
and the Agency's review identified a few transcription errors
and some data points that were appropriate for inclusion
in the data that had not been used previously because of
errors in data record identification numbers.  Documents in
the record of this rulemaking identify all the changes, 'the
reasons for the changes, and the effect of these changes on the
data Dbase. Other comments on the CMDB asserted that the data
base was too small and that the statistical methods used were
overly complex. Responses to specific comments regarding the
application of the CMDB to the nonferrous metals forming category
are included in the record of this rulemaking. The = Agency
believes that the data base is adequate to determine effluent
concentrations achievable with lime -and settle
treatment. The statistical methods employed in the analysisg are
well known and appropriate statistical references are provided in
the documents in the record that describe the analysis.

The revised data base was reexamined for homogeneity. The
earlier conclusions were unchanged. The categories show good
overall homogeneity with respect to concentrations of the nine
pollutants in both raw and treated wastewaters with the exception
of electroplating.

Certain effluent data associated with 1low influent values
were deleted, and then the remaining data were fit to a
lognormal distribution to determine treatment effectiveness
values. The deletion of data was done in two steps. First,
effluent values measured on the same day as influent values that
were less than or equal to 0.1 mg/l were deleted. Second, the
remaining data were screened for cases in which all influent
values at a plant were low although slightly above the 0.1 mg/1
value. These data were deleted not as individual data
points but as plant clusters of data that were consistently low
and thus not relevant to assessing treatment.: The revised
combined metals data . base used for this = regulation
consists of 162 data points from 18 plants.
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One-day Effluent Values

The concentrations determined from the CMDB used to establish
limitations and standards at proposal were also used to establish
final limitations and standards. The basic assumption underlying
the determination of treatment effectiveness 1is that the
data for a particular pollutant are lognormally distributed by
plant. The lognormal has been found to provide a satisfactory
fit to plant effluent data in a number of effluent guidelines
categories and there was no evidence that the lognormal was not
suitable in the case of the CMDB. Thus, we assumed measurements
of each pollutant from a particular plant, denoted by X, were
assumed to follow a lognormal distribution with log mean "u" and
log varianceg?. The mean, variance and 99th percentile

of X are then: .

2
mean of X = E(X) = exp (W + O /2)

variance of X = V(X) = exp (2u + 62) [exp(o?) = 11
99th percentile = X.g9g9 = €Xp (u + 2.330)

where exp is e, the base of the natural logarithm. The term
lognormal is used because the logarithm of_ X has a normal
distribution with mean W and variance o2, Using _the
basic assumption of lognormality the actual treatment
effectiveness was determined using a lognormal distribution
that, in a sense, approximates the distribution of an average
of the plants in the data base, i.e., an "average plant"
distribution. The notion of an "average plant" distribution
is not a strict statistical concept but is wused here to
- determine 1limits that would represent the performance capability
' of an average of the plants in the data base.

This "average plant" distribution for a particular pollutant was
developed as follows: the log mean was determined by taking' the
average of all the observations for the pollutant across plants.
The log variance was determined by the pooled within-plant
variance. This is the weighted average of the plant variances.
Thus, the log mean represents the average of all the data for the
- pollutant and the log variance .represents the average of the
plant log variances or average plant variability for the
pollutant. :

The one day effluent values were determined as follows:

Let Xij = the jth observation on a particular pollutant at plant
i where

i=l, e s v g I

j=1, s e e g Ji

H
It

total number of plants
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Ji = number of observations at plant i.
Then yij = 1n Xij

where 1n means the natural logarithm.

Then y = log mean over all plants
I Ji
= I . yis/n,
i=1 j=1
where n = total number of observations
I
= I gi
i=1
and V(y) = pooléd log variancé

(Ji - 1) si?
=1

He M HjH- M H

(Ji - 1)
=1
where si? = log variance at plant i

Jj - - s
z (yij - yi)4/(Ji - 1)
Jj = 1

Yi = log mean at plant i.

Thus, y and V(y) are the log mean and log variance, respectively,
of the lognormal distribution used to determine the treatment
effectiveness. The estimated mean and 99th .percentile of this
distribution form the basis for the long term average 'and daily
maximum effluent limitations, respectively. The estimates are

mean = ﬁ?x) = exp(¥) ¥n (0.5V(y))

99%th percentile = §~99 = exp [y + 2.33 V/V(y) 1]

where Y (.) is a Bessel function and exp is e, the base of the
natural logarithms (See Aitchison, J. and J.A.C. Brown, The
Lognormal Distribution, Cambridge University Press, 1963). 1In
cases where zeros were present in the data, a generalized form of
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the lognormal, ‘known as - the delta distribution was used (See
Aitchison and Brown, op. cit., Chapter 9).

For certain pollutants, this approach was modified slightly to
ensure that well-operated 1lime and settle plants in all CMDB
categories would achieve the pollutant concentration values
calculated from the CMDB. For instance, after excluding the
electroplating data and other data that did not reflect pollutant
removal or proper treatment, the effluent copper data from the
copper forming plants were statistically significantly greater
than the copper data from the other plants. This indicated that
copper forming plants might have difficulty achieving an effluent
concentration value calculated from copper data from all CMDB
categories. Thus, copper effluent values shown in Table VII-14
(page ) are based only on the copper effluent data from the
copper forming plants. That is, the log mean for copper 1is the
mean of the 1logs of all copper values from the copper forming
plants only and the log variance is the pooled log variance of
the copper forming plant data only. A similar situation occurred
in the case of lead. That is, after excluding the electroplating
data, the effluent 1lead data from battery manufacturing were
significantly greater than the other categories. This indicated
that battery manufacturing plants might have difficulty achieving
a lead concentration calculated from all the CMDB categories.
The lead values proposed were therefore based on the battery
manufacturing lead data only. Comments on the proposed battery
manufacturing regulation objected to this procedure and asserted
that the lead concentration values were too low. Following
proposal, the Agency obtained additional lead effluent data from
a battery manufacturing facility with well-operated lime and
settle treatment. These data were combined with the proposal
lead data and analyzed to determine the final treatment
effectiveness concentrations. The mean 1lead concentration is
unchanged at 0.12 mg/l but the final one-day maximum and monthly
10-day average maximum increased to 0.42 and 0.20 mg/1,.
respectively. A complete discussion of the 1lead data and
analysis is contained in a memorandum in the record of this
rulemaking,

In the case of cadmium, after excluding the electroplating data
and data that did not reflect removal or proper treatment, there
were insufficient data to estimate the log variance for cadmium.
The variance used to determine the values shown in Table VII-14
for cadmium was estimated by pooling the within-plant variances
for all the other metals. Thus, the cadmium variability is the
average of the plant variability averaged over all the other
metals. The log mean for cadmium is the mean of the logs of the
cadmium observations only. A complete discussion of the data and-
calculations for all the metals ig contained in the
administrative record for this rulemaking.

Averagé Effluent Values

Average effluent values that form the basis for the monthly -
limitations were developed in a manner consistent with the method

1339




used to develop one-day treatment effectiveness in that the
lognormal distribution used for the one-day effluent values was
also used as the basis for the average values. That is, we
assume a number of consecutive measurements are drawn from the
distribution of daily measurements. .The average of ten
measurements taken during a month was used as the basis for the
monthly average 1limitations. The approach used for the 10
measurements values was employed previously in regulations for
other categories and was proposed for the nonferrous metals
forming category. That is, the distribution of the average of 10
samples from a lognormal was approximated by another
lognormal distribution. Although the approximation is not
precise theoretically, there 1is empirical evidence based on
effluent data from a number of categories that the lognormal
is an adequate approximation for the distribution  of small
samples. In the course of previous work the approximation
was verified 1in a computer simulation study (see "Development
Document for Existing Sources Pretreatment Standards for the

Electroplating Point Source Category", EPA 440/1-79/003,
U.S. Environmental Protection Agency, Washington, D.C., August
1979). We also note that the average values were developed
assuming independence of the observations although no

particular sampling scheme was assumed.
Ten-Sample Average

The formulas for the 1l0-sample limitations were derived on the
basis of simple relationships between the mean and variance of
the distributions of the daily pollutant measurements and the
average of 10 measurements. We assume the daily concentration-
measurements for a particular pollutant, denoted by X, follow a
lognormal distribution with log mean and log variance denoted by
M and o<, respectivey. ~Let Xjg denote the mean of

10 consecutive measurements. The following relationships then
hold assuming the daily measurements are independent:

mean of X9 = E(X19) = E(X)

variance of Xjqg = V(X19) = V(X) 1l0.
Where E(X) and V(X) are the mean and variance of X, respectively,
defined above. We then assume that Xjqg follows a

lognormal distribution with log mean Hjp and 1log standard
deviationg?yp The mean and variance of Xjg are then

= 2
E(Xlo) = eXp (]Jlo + 0.5¢ lo)
V(X1g) = exp (2u10 + 0210 [exp (0210) - 1]
Now,‘ulo and 0210 can be éerived in terms of p and 02 as

Mig = M + 02/2 - 0.5 1n [1 + exp (062 - 1)/N]
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0210 = in 1 + (exp(wz) - 1/N1

L2
Therefore, ¥j10 and " 1g can be estimated using the
above relationships and the estimates of ¢ and ¢“ obtained
for the underlying lognormal distribution.’ The l10-sample
limitation value was determined by the estimate of the

approximate 99th percentile of the distribution of the 10-sample
average given by

Xlo (.99) = eXxp (:L.llo + 2.33;,),..
Where ﬁlO and f1g are the estimates of B1g and yq,

respectively.

Thirty-Sample Average

Monthly average- values based on the average of 30 daily
measurements were also calculated. These are included because
monthly limitations based on 30 samples have been used in the
past and for comparison with the 10-sample values. The average
values based on 30 measurements are determined on the basis of a
statistical result known as the Central Limit Theorem. This
Theorem states that, under general = and nonrestrictive
assumptions, the distribution of a sum of a number of random
variables, say . n, 1s approximated by the normal distribution.
The approximation improves as the number of wvariables, n,
increases. -The Theorem 1is guite general in that no particular
distributional form 1is assumed for the distribution of the
individual variables. 1In most applications (as in approximating
the distribution of 30-day averages) the Theorem 1is used to
approximate the distribution of the average of n observations of
a random variable. The result makes it possible to compute
approximate probability statements about the average in a wide
range of cases. For instance, it is possible to compute a value
below which a specified percentage (e.g., 99 percent) of the
averages of n observations are likely to fall. Most textbooks
state that 25 or 30 observations are sufficient for the
approximation to be wvalid. In applying the Theorem to the
distribution of the 30-day - average effluent values, we
approximate the distribution of the average of 30 observations
drawn from the distribution of daily measurements and use the
" estimated 99th percentile of this distribution.

Thirty—-Sample Average Calculation

The formulas for the 30-sample average were based on . an
application of the Central Limit Theorem.  According to the
Theorem, the average of 30 observations drawn from the
distribution of daily measurements, denoted by X307

is approximately normally distributed. The mean and variance
of X3p are:




mean of X390 = E(X30) = E(X)
variance of X3g = V(X39) = V(X)/30.

The 30-sample average value was determined by the estimate df
the approximate 99th percentile of the distribution of the
30-sample average given by

X30(.99) = E(X) = 2.33 /V(X) =: 30
where
E(X) = exp(¥) ¥n (0.5V9y))

and V(X) = exp(27) [¥n(2V(y)) - n (n-2/n-1) V(y)].

The formulas for E}X):and v?X) are estimates of E(X) and V(X),
respectively, given in Aitchison, J. and J.A.C. Brown, The
Lognormal Distribution, Cambridge University Press, 1963, page
45. ;

Application

In response to the proposed coil coating and porcelain enameling
regulations, the Agency received comments pointing out that
permits usually required less than 30 samples to be taken during
a month while the monthly average used as the basis for permits
and pretreatment requirements usually is based on the average of
30 samples. '

In applying the treatment effectiveness values to regulations we
have considered the comments, examined the sampling frequency
required by many permits and considered the change in values of
averages depending on the number of consecutive sampling days in
the averages. The most common frequency of sampling required in
permits is about ten samples per month or slightly greater than
twice weekly. The 99th percentiles of the distribution of
averages of ten consecutive sampling days are not substantially
different from the 99th percentile of the distribution's 30-day
average. (Compared to the one-day maximum, the ten-day average
is about 80 percent of the difference between one- and 30-day
values). Hence the ten-day average provides a reasonable basis
for a monthly average limitation and is typical of the sampling
frequency required by existing permits., :

The monthly average limitation is to be achieved in all permits
and pretreatment standards regardless of the number of samples
required to be analyzed and agveraged by the permit or the
pretreatment authority.

Additional Pollutants

Twenty—-three additional pollutant parameters were evaluated to
determine the performance of lime and settle treatment systems
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in removing them from industrial wastewater. Performance data
for these parameters is not a part of the CMDB so other ‘data
available to the Agency from categories not included in the CMDB
has been used to determine the long-term average performance
of 1lime and settle technology for each pollutant. These data
indicate that the concentrations shown in Table VII-15
are reliably attainable with hydroxide precipitation and
settling. Treatment effectiveness values were calculated by
multiplying the mean performance from Table VII-15 by the
appropriate variability factor. (The variability factor is
the ratio of the value of concern to the mean). The pooled
variability factors are: one-day maximum - 4.100; ten-day
average - 1.821; and 30-day average - 1.618 these one-, ten-, and
thirty-day values are tabulated in Table VII-21.

In establishing which data were suitable for use in Table VII-14
two factors were heavily weighed: (1) the nature of the
wastewater: and (2) the range of pollutants or pollutant matrix
in the raw wastewater. These data have been selected from
processes that generate dissolved metals in the wastewater ard
which are generally free from complexing agents. The pollutant
matrix was evaluated by comparing the concentrations of
pollutants found in the raw wastewaters’ with the range of-
pollutants in the raw wastewaters of the combined metals data
get. These data are displayed in Tables VII-16 and VII-17
and indicate that there 1is . sufficient similarity in the
raw wastes to logically assume transferability of the treated
pollutant concentrations to the combined metals data base.
Nonferrous metals forming wastewaters also were compared to the
wastewaters from plants in categories from which treatment
effectiveness values were calculated. The available data on
these added pollutants do not allow homogeneity analysis as was
performed on the combined metals data base. The data source for
each added pollutant is discussed separately.

Antimony (Sb) - The treatment effectiveness concentration for
antimony is based on data from a battery and secondary
lead plant. Roth EPA sampling data and recent permit data
(1978-1982) confirm the achievability of 0.7 mg/l in the
battery manufacturing wastewater matrix included in the combined
data set. The untreated wastewater matrix shown in Table VII-17
is comparable with the untreated wastewater from the combined
metals data set. ' ‘

Arsenic (As) - The treatment effectiveness concentration of
0.5 mg/l for arsenic 1is based on permit data from two
nonferrous metals manufacturing plants. The untreated
wastewater matrix shown in Table VII-17 is comparable with the
combined data set matrix.

Beryllium (Be) - The treatment effectiveness of beryllium is
transferred From the nonferrous metals manufacturing industry.
The 0.3 mg/l performance is acnieved at a beryllium plant with
the comparable untreated wastewater matrix shown in Table VII-
17.




Mercury (Hg) - The 0.06 mg/1l treatment effectiveness
concentration of mercury is based on data from four battery
plants. The untreated wastewater matrix at these plants was
considered in the combined metals data set. :

Selenium (Se) - The 0.30 'mg/1 treatment effectiveness
concentration of selenium is based on  recent permit data
from one of the nonferrous metals manufacturing plants also
used for arsenic performance. The wuntreated wastewater

matrix for this plant is shown in Table VII-17. '

Silver (Ag) - The treatment effectiveness concentration of 0.1
mg/l for silver is based on an estimate from the inorganic
chemicals industry. Additional data supporting a treatability as
stringent or more stringent than 0.1 mg/l is also available
from seven nonferrous metals manufacturing plants. The untreated
wastewater matrix for these plants is comparable and summarized
in Table VII-17. ' :

Thallium (Tl) - The 0.50 mg/l treatment effectiveness
concentration for thallium 1is transferred £from the inorganic
chemicals industry. Although no untreated wastewater data are
available to verify comparability with the combined metals
data set plants, no other sources of data for thallium
treatability could be identified.

Aluminum (Al) — The 2.24 mg/1 treatment effectiveness
concentration of aluminum is based on the mean performance of
three aluminum forming plants and one coil coating plant. These
plants are from categories included in the combined metals data
set, assuring untreated wastewater matrix comparability.

Barium (Ba) - The treatment effectiveness concentration for
barium (0.42 mg/l) is based on data from one nonferrous metals
forming plant. The untreated wastewater matrix shown in Table
VII-17 is comparable with the combined metals data base.

Boron (B) - The treatment effectiveness concentration of 0.36
mg/1l for boron is based on data from a nonferrous metals plant.
The untreated wastewater matrix shown in Table VII-17 is
comparable with the combined metals data base. '

Cesium (Cs) - The treatment effectiveness concentration for
cesium (0.124 mg/l) is based on the performance achievable for
sodium using ion exchange technology. This transfer of

performance 1is technically justiciable because of the similarity
of the chemical and physical behavior of these monovalent atoms.

Cobalt (Co) - The 0.05 mg/1l treatment effectiveness
concentration 1is based on nearly complete removal of cobalt at a
porcelain enameling plant with a mean untreated wastewater
cobalt concentration of 4.31 mg/1. In this case, the analytical
detection using aspiration techniques for this pollutant is
used as the basis of the treatability. Porcelain enameling was
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considered in the combined metals data Dbase, assuring
untreated wastewater matrix comparability.

Columbium (Cb) - Data collected at two refractory metals. forming
plants indicate that lime and settle reduces columbium to below
the 1level of detection (using =x-ray fluorescence analytical
methods) when an operating pH of eight is maintained. Another
sampled 1lime and settle treatment system is operated at 4 higher
pH, from 10.5 to 11.5, effluent concentrations of columbium from
this system are significantly higher. Therefore, the data
indicate that if the treatment system is operated at a pH near 8,
columbium should be removed to below the level of detection. The
level of detection (0.12 mg/l) is used as the one—-day maximum
concentration for lime and settle treatment effectiveness. No
long—-term, 10-day, and 30-day average treatment effectiveness
values are established since it is impossible to determine
precisely . what concentrations are achievable. The untreated
wastewater matrix show in Table VII-17 1is comparable with the
combined metals data base. - '

Fluocride (F) - The 14,5 mg/1 treatment effectiveness
concentration of fluoride is based on the mean performance
(216 samples) of an electronics manufacturing plant. The

untreated wastewater matrix for this plant shown in Table VII-17
is comparable to the combined metals data set. The fluoride
level in the electronics wastewater - (760 mg/1) is
significantly greater than the fluoride level in raw nonferrous
metals forming wastewater leading to the conclusion that the
nonferrous metals forming wastewater should be no more . difficult
to treat for fluoride removal than the electronics wastewater.
The £fluoride level in the CMDB - electroplating data ranges from
1.29 to 70.0 mg/l. Fluoride concentrations in some waste
streams, such a hydrofluoric acid surface treatment baths, the
combined raw waste concentrations that mix concentrated fluoride
wastewaters with dilute wastewaters range from 5.3 to 117 mg/l.
leading to the conclusion that the nonferrous metals forming
wastewater should be no more difficult to treat to
remove fluoride than electronics wastewater.

Gallium (Ga) - The treatment effectiveness concentratioh of
gallium 1is assumed to be the same as the 1level for chromium
(0.084 mg/l) for the reasons discussed below for indium. The

Agency requested data on the treatability of gallium and
solicited comment on the assumption that the achievable
performance for gallium should be similar received disputing this
claim.

Germanium (Ge) - The treatment effectiveness concentration of
germanium is assumed to be the same as the level for chromium
(0.084 mg/l) for the reasons discussed for indium (see below).
The Agency requested data on the treatability of germanium and
solicited comment on the assumption that the achievable
performance for germanium should be similar to that of chromium.
No comments were received disputing this claim.
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Gold (Au) - The treatment effectiveness concentration for gold is
based on the performance achieved for paladium wusing ion
exchange. This transfer of performance is = technically
justifiable because of the similarity of the physical and
chemical behavior of these precious metals.

Hafnium (Hf) - The treatment effectiveness concentration for

hafnium 7.28 mg/l is based on the transfer of performance data
for zirconium. The Agency believes that since the water

chemistry for zirconium and hafnium is similiar, hafnium can be
removed to the same levels as zirconium. :

Indium (In) - The treatment effectiveness concéntration for
indium is assumed to be the same as the level for chromium (0.084
mg/1). Lacking any treated effluent data for indium, a

comparison was made between the theoretical solubilities of
indium and the metals in the combined Metals Data Base: cadmium,
chromium, copper, lead, nickel_ and =zinc. The theoretical
solubility of indium (2.5 x 10°7/) is more sgmilar to the
theoretical solubility of chromium (1.64 x 10~ ° mg/l) than it

is to the theoretical solubilities of cadmium, copper, lead,
nickel or zinc. The theoreticgl solubilities of these metals
range from 20 x 1073 to 2.2 x 10~ mg/l. This comparison

is further supported by the fact that indium and chromium both
form hydroxides in the trivalent state. Cadmium, copper, lead,
nickel and zinc all form divalent hydroxides.

Magnesium (Mg) - Data collected at a magnesium forming plant
indicate that 1lime and settle reduces magnesium to below the
level of detection. The level of detection (0.1 mg/l) is used as
the one-day maximum concentration for lime and settle treatment
effectiveness. No 1long-term, 10-day, and 30-day average
treatment effectiveness values are established since it is
impossible to determine precisely what concentrations A are
achievable. :

Molybdenum {Mo) - The 1.83 mg/l treatment effectiveness
concentration is based on data from a nonferrous metals
manufacturing and forming, plant which uses coprecipitation of
molybdenum with iron. The treatment effectiveness concentration
of 1.83 mg/l is achievable with iron coprecipitation and lime and
settle treatment. The untreated wastewater matrix show in Table
VII-17 1is comparable with the combined metals data base.

Phosphorus (P) - The 4.08 mg/l treatment effectiveness
concentration of phosphorus is based on the mean of 44
samples including 19 samples from the Combined Metals Data Base
and 25 samples from the electroplating data base. Inclusion
of electroplating data with the combined metals data was
considered appropriate, since the removal mechanism for
phosphorus 1is a precipitation reaction with calcium rather than
hydroxide. '

Platinum (Pt) - The treatment effectiveness concentration. for
platinum is based on the performance achieved for pathadium using
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ion exchange. This transfer of performance 1s technically
justifiable because of the similarity o©f the physical and
chemical behavior of the these precious metals. :

Radium 226 (Ra 226) ~ The treatment effectiveness concentration
of 6.17 picocuries per liter for radium 226 is based on data from
one facility in the uranium subcategory of the Ore Mining and
Dressing category which practices barium chloride coprecipitation
in conjunction with lime and settle treatment. The untreated
wastewater matrix shown in Table VII-17 is comparable with the
combined metals data base.

Rhenium (Re) - The treatment effectiveness concentration for
rhenium (1.83 mg/l) is based on the performance. achieved for
molybdenum at a nonferrous metals manufacturing and forming
plant. This transfer of performance is technically justifiable
because of the similarity of the physical and chemical behavior
of these compounds.

Rubidium (Rb) - The treatment effectiveness concentration for
rubidium (0.124 mg/l) is based on the performance achievable for
sodium using ion exchange technology. This transfer of

performance 1is technically justifiable because of the similarity
of the chemical and physical behavior of these monvalent atoms.

Tantalum (Ta) = As with columbium, data collected at two
refractory metals forming plants indicate that lime and settle
reduces tantalum to below the level of detection (using x-ray
fluorescence analytical methods) when an operating pH of eight is
maintained. Another sampled lime and settle treatment system is
operated at. a higher pH, from 10.5 to 1l.5. Effluent
concentrations of tantalum from this system are significantly
higher. Therefore, the data 1indicate that if the treatment
system is operated at a pH near 8,  tantalum should be removed to
below the level of detection.. The level of detection (0.45 mg/1l)
is used as the one-day maximum concentration for lime and settle
treatment effectiveness. . No 1long-term, 10-day, and -30-day
average treatment effectiveness values are established since it
is impossible to determine precisely what concentrations are
achievable. The untreated wastewater matrix shown in Table VII-
17 1is comparable with the combined metals data base.

Tin (Sn) - The treatment effectiveness concentration of 1.07 mg/1l
for tin is based on data from one metal finishing tin plant. The
untreated wastewater matrix shown in Table VII-17 1is comparable
with the combined metals data base.

Titanium (Ti) - The 0.19 mg/1l treatment effectiveness

concentration is based on the mean performance of four nonferrous
metals forming plants. A total of 9 samples were included in the
calculation of the mean performance. The untreated wastewater
matrix shown in Table VII-17 1is comparable with the combined
metals data base.




Tungsten (W) - The 1.29 mg, . treatment effectiveness
concentration (using =x-ray fluorescene analytical methods) is
based on data collected from the refractory metals forming plant
where an operation pH of 10.5 to 1l1.5 was used. The data
indicate that maintaining the pH within this range achieves
significantly better removal of tungsten than a :pH near 8.
Therefore, refractory metals ° forming plants that treat
wastewaters containing both columbium, tantalum and tungsten or
other metals that precipitate at a higher pH may need to use a
two-stage 1lime and settle to remove all of these metals. The .
untreated wastewater matrix shown in Table VII-17 is comparable
with the combined metals data base.

Uranium (U) - The 4.00 mg/l treatment effectiveness concentration
(using fluorometry analytical methods) ' is based on the
performance of one uranium forming plant. The untreated
wastewater matrix shown in Table VII-17 1is comparable with the
combined metals data base. '

.Vanadium (V) - Data collected at two nonferrous metals forming
plants indicate that lime and settle reduces vanadium to below
the detection limit. The level of detection (0.10 mg/l) is used
as the one-~day maximum' concentration for 1lime -and settle
treatment effectiveness. No long—-term, 10-day, or 30-day average
treatment effectiveness wvalues are established since it is
impossible to determine precisely what concentrations are
achievable. The untreated wastewater matrix shown in Table VII-
17 is comparable with the combined metals data base.

Zirconium (Zr) - The zirconium treatment effectiveness of 7.28
mg/1l 1is based on the mean performance of two nonferrous metals
forming plants with lime and settle treatment. One plant forms
zirconium and the other plant forms refractory metals. The
untreated wastewater matrix shown in Table VII-17 is comparable
with the combined metals data base. ;

LS&F Performénce

Tables VII-18 and VII-19 show long term data from two plants
which have well operated precipitation-settling treatment

followed by filtration. The wastewaters from both plants
contain pollutants from metals processing and finishing
operations (multi-category). Both plants reduce hexavalent

chromium before neutralizing and precipitating metals with 1lime.
A clarifier 1is used to remove much of the solids load and a
filter is used to "polish" or complete removal of suspended
golids. Plant A uses a pressure filter, while Plant B uses a
rapid sand filter.

Raw wastewater data was collected only occasionally at each
facility and the raw .wastewater data is presented as an
indication of the nature of the wastewater treated. Data from
plant A was received as a statistical summary and is presented as
received. Raw 1laboratory data was collected at Plant B and
reviewed for spurious points and discrepancies. The method of
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treating the data base is discussed below under lime, settle, anrd
filter treatment effectiveness,

Table VII-20 shows long-term data for zinc and cadmium removal
at Plant C, a primary zinc smelter, which operates a LS&F system.
This data represents about 4 months (103 data days) taken
immediately before the smelter was closed. It has been
arranged similarily to the data from Plants A and B for
comparison and use.

These data are presented to demonstrate- the performance of
precipitation-settling-filtration (LS&F) technology under actual
operating conditions and over a long period of time.

It should be noted that the iron content of the raw wastewater of
Plants A and B 1is high while that for Plant C is low. This
results, for Plants A and B, in co-precipitation of toxic metals
with iron. Precipitation using high-calcium lime for pH control
yields the results shown above. Plant operating personnel
indicate that this chemical treatment combination (sometimes with
polymer assisted coagulation) generally produces better and more
consistent metals removal than other combinations of sacrificial
metal ions and alkalis.

The LS&F performance data presented here are based on systems
that provide polishing filtration after effective L&S treatment.
We have previously shown that L&S treatment is equally applicable
to wastewaters from - the five CMDB categories because of
the homogeneity of its raw and treated wastewaters, and
other factors. Because of the similarity of the wastewaters
after Lg&S treatment, the Agency believes these wastewaters
are equally amenable to treatment wusing polishing filters
added to the L&S treatment system. The Agency concludes that
I.S&F data based on porcelain enameling and nonferrous metals
manufacturing is directly applicable to the aluminum forming,
copper forming, battery manufacturing, coil coating,
nonferrous metals forming and metal molding and casting
categories, and the canmaking subcategory as well as it is to
porcelain enameling and nonferrous metals manufacturlng smelting
and refining.

Analysis of Treatment System Effectiveness

-Data are presented in Table VII-14 showing the mean, one-day,
10-day and 30-day values for nine pollutants examined in the L&S
combined metals data base. The pooled variability factor £for
seven metal pollutants (excluding cadmium because of the small
number of data points) was determined and is used to estimate
one-day, 1l0-day and 30-day values. (The variability factor is
the ratio of the value of concern to the mean: the pooled
variability factors are: one-day maximum - 4.100; ten-day
average - 1.821; and 30-day average - 1.618.) For wvalues not
calculated from the CMDB as previously discussed, the mean value
for pollutants shown in Table VII-15 were multiplied by the-
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variability factors te derive the value to obtain tﬁe one-, ten-
and 30-day values. These are tabulated in Table VII-21.

The treatment effectiveness for sulfide precipitation and
filtration has been calculated similarly. Long .term average
values shown in Table VII-6 have been multiplied by the
appropriate variability factor to estimate one-day maximum, and
ten—-day and 30-day average values. ' Variability factors
developed in the combined metals data base were used because the -
raw wastewaters are identical and the treatment methods are -
similar as both use chemical precipitation and solids removal "to
control metals. '

1.S&F technology data are presented in Tables VII-18 ‘and VII-19.
These data represent two operating plants (A and B) in which the
technology has been installed and operated for some years. Plant
A data was received as a statistical summary and 1is presented
without change. Plant B data was received as raw laboratory
analysis data. Discussions with plant personnel indicated that
operating experiments and changes in materials and reagents and
occasional operating errors had occurred during the data
collection period. No specific information was available on
those variables. To sort out high wvalues probably caused by
methodological factors £from random statistical variability, or
data noise, the Plant B data were analyzed. For each of four
pollutants (chromium, nickel, =zinc, and iron), the mean and
standard deviation (sigma) were calculated for the entire data
set. A data day was removed from the complete data set when any
individual pollutant concentration for that day exceeded the sum
of the mean plus three sigma for that pollutant. Fifty-one data
days (from a total of about 1300) were eliminated by this method.

Another approach was also used as a check on the above method of
eliminating certain high values. The minimum values of raw
wastewater concentrations £from Plant B for the  same four
pollutants were compared to the total set of values for the
corresponding pollutants. Any day on which the treated
wastewater pollutant concentration exceeded the minimum value
selected from raw wastewater concentrations for that pollutant
was discarded. Forty-five days of data were eliminated by that
procedure. Forty-three days of data in common were eliminated by
either procedure. Since common engineering practice (mean plus
3 sigma) and logic (treated wastewater concentrations should be
less than raw wastewater concentrations) seem to coincide, the
data base with the 51 spurious data days eliminated is the basis
for all further analysis. Range, mean plus standard deviation
and mean plus two standard deviations are shown in Tables VII-18
and VII-19 for Cr, Cu, Ni, Zn and Fe.

The Plant B data were separated into 1979, 1978, and total
data base (six years) segments. With the statistical analysis
from Plant A for 1978 and 1979, this in effect created five data
sets in which there is some overlap between the individual
years and total data sets from Plant B. By comparing these five
parts, it is apparent that they are quite similar and all appear
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to be from the same family of numbers. ‘'The largest mean
found among thé five data sets for each pollutant was selected as
the long-term mean for LS&F technology and is used .as the
LS&F mean in Table VII-21.

Plant C data was used as a basis for cadmium removal performance
and as a check on the zinc values derived from Plants A and B.
The cadmium data is displayed in Table VII-20 and is
incorporated into Table VII-21 for LS&F. The zinc data was
analyzed for compliance with the l-day and 30-day values in Table
VII-21; no zinc value of the 103 data points exceeded the 1-day
zinc value of 1.02 mg/l. The 103 data points were separated into
blocks o0f 30 points and averaged. Each of the 3 full 30-day
averages was less than the Table VII-21 value of '0.31 mg/l.
Additionally the Plant C raw wastewater pollutant concentrations
{Table VII-20) are well within the range of raw wastewater
concentrations of the combined metals data base (Table VII-16),
further supporting the conclusion that Plant C wastewater data is
comparable to similar data from Plants A and B.

Concentration values for regulatory use are displayed 1in Table
VII-21. Mean one-day, ten-day and 30-day values for L&S for
nine pollutants were taken from Table VII-14; the remaining L&S
values were developed using the mean values in Table VII-15 and .
the mean variability factors discussed above,.

LS&F mean values for Cd, Cr, Ni, Zn, and Fe are derived
from Plants A, B, and C as discussed above. One-, ten- and
thirty-day wvalues are derived by applying the wvariability
factor developed from the pooled data base for the specific
pollutant to the mean for that pollutant. Other LS&F values
are calculated using the long term average or mean and the
appropriate variability factors.

Mean values for LS&F for pollutants not already discussed are
derived by reducing the L&S mean by one-third. The one-third
reduction was established after examining the percent reduction
in concentrations going from L&S to LS&F data for Cd, Cr, Ni, Zn,
and Fe. The average reduction is 0.3338 or one-third.
Variability factors for these additional pollutants are identical
to the wvariabilities established for L&S treatment of these
pollutants (using the variance from the pooled metals data base
or the mean of other pollutant variances if a pollutant-specific
variance is not available). Since filtration is a non-
preferential technology with regard to metals treated, and
furthermore, 1is being used to polish relatively clean wastewater
(wastewater after lime and settle treatment), FEPA believes it is
reasonable to assume that these additional pollutants will be
removed at the same average rate.

Copper levels achieved at Plants A and B may be lower than
generally achievable because of the high iron content and low
copper content of the raw -<astewaters. Therefore, the mean
concentration value from Plants A and B achieved is not used; the
LS&F mean for copper is derived from the L&S technology. '

1351




Uranium levels achieved by L&S treatment showed substantially
less variability than the nine parameters included in the CMDB.
The standard approach to the derivation of LS&F treatment
effectiveness concentrations results in one-day, 1l0-day and 30-
day values for LS&F treatment that are greater: than the
corresponding values for L&S treatment. Therefore, the LS&F
values for wuranium are derived by reducing the L&S 1long term,
one-day, 1l0-day and 30-day values by one-third to derive the
corresponding LS&F values. ' :

L&S cyanide mean levels shown in Table VII-8 are ratioed to one-
day, ten-day and 30-day values using mean variability factors.
LS&F mean cyanide 1is calculated by applying the ratios of
L&S and LS&F removals as discussed previously for LS&F metals
limitations. The cyanide performance was arrived at by using the
average metal variability factors. The treatment method used
here is cyanide precipitation. Because cyanide precipitation is
limited by the same physical processes as - the metal
precipitation, it 1is expected that the variabilities will be
similar. Therefore, the average of the metal variability Ffactors
has been used as a basis for calculating the cyanide one-day,
ten-day and thirty-day average treatment effectiveness values.

The filter performance for removing TSS as shown in Table VII-9
yields a mean effluent concentration of 2.61 mg/l and calculates
to a 10-day average of 4.33, 30-day average of 3.36 mg/l and a
one-day maximum of 8.88. These calculated values more than
amply support the classic thirty-day and one-day values of 10
mg/l and 15 mg/l, respectively, which are used for LS&F.

Although iron concentrations were reduced with the
application of a filter to the lime and settle system, some
facilities wusing that treatment introduce iron compounds to aid
settling. Therefore, the one-day, ten-day and 30-day values
for iron at LS&F were held at the L&S level so as to not unduly
penalize the operations which use the relatively less
objectionable iron compounds to enhance removals of toxic
metals. :

The removal of additional fluoride by adding polishing filtration
is suspect because lime and settle treatment removes calcium
fluoride to a level near its solubility. The one available data
point appears to question the ability of filters to achieve high
removals of additional fluoride. The fluoride levels
demonstrated for L&S are used as the treatment effectiveness for .
LS&F. ~

MINOR TECHNOLOGIES

Several other treatment technologies were consideredgfor possible
application in this category. These technologies are presented
here. o ;
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9. Carbon Adsorption

The use of activated carbon to remove dissolved organics from
water and wastewater 1is a long demonstrated technology. It is
one of the most efficient organic removal processes available.
This sorption process is reversible, allowing activated carbon to
be regenerated for reuse by the application of heat and steam or
solvent. Activated carbon has also proved to be an effective
adsorbent for many toxic metals, including mercury. Regeneration
of carbon which has adsorbed s1gn1f1cant amounts of metals,
however, may be difficult.

The term activated carbon applies to any amorphous form of carbon
that has been specially treated to give high -adsorption
capacities. Typical raw materials include coal, wood, coconut
shells, petroleum base residues, and char £from sewage sludge
pyrolysis. B carefully controlled process of dehydration,
carbonization, and oxidation yields a product which 1is called
activated carbon. This material has a high capacity for
adsorption due primarily 50 the large surface area available for
adsorption, 500 to 1500 m“/sq m resulting from a large number

of internal pores. Pore sizes generally range from 10 to
100 angstroms in radius. h

Activated carbon removes contaminants from water by the process
of adsorption, or the attraction and accumulation of one
substance on the surface of another. Activated carbon
preferentially adsorbs organic compounds and, because of this
selectivity, . is particularly effective in removing organic
compounds from aqueous solution.

Carbon adsorption requires pretreatment to remove excess
suspended solids, oils, and greases. Suspended solids 1in the
influent should be less than 50 mg/l to minimize backwash
requirements; a downflow carbon bed can handle much higher levels
(up to 2000 mg/l) but requires frequent backwashing. Backwashing
more than two or three times a day is not desirable; at 50 mg/l
suspended solids, one backwash will suffice. 0il and grease
should be less than about 10 mg/l. A high 1level of dissolved
inorganic material in the influent may cause problems with
thermal carbon reactivation (i.e., scaling and loss of activity)
unless appropriate preventive steps are taken. Such steps might
include pH control, softening, or the use of an acid wash on the
carbon prior to reactivation.

Activated carbon is available in both powdered and granular form.
An adsorption column packed with granular activated carbon 1is

shown in Figure VII-17. A flow diagram of an activated carbon
adsorption system, with regeneration, 1is shown 1in PFPigure VII~-
35. Powdered carbon 1is 1less expensive per unit weight and

may have slightly higher adsorption capacity, but it is more
difficult to handle and to regenerate.

Application and Performance. Carbon adsorption is used to remove.
mercury from wastewaters. The removal rate is influenced by the
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mercury level in the influent to the adsorption unit. In Table
VII-25 removal levels found at three manufacturing facilities are

listed.

In the aggregate these data indicate that very low effluent
levels could be attained from any raw waste by use of multiple
adsorption stages. This 1is ~characteristic of. adsorption
processes. : .

Isotherm tests have indicated that activated carbon is very.
effective 1in adsorbing 65 percent of the organic priority
pollutants and is reasonably effective for another 22 percent.
Specifically, for the organics of particular interest, activated
carbon was very effective in removing 2,4-dimethylphenol,
fluoranthene, 1isophorone, naphthalene, all phthalates, and
phenanthrene. It was reasonably effective ' on 1,1,1-
trichloroethane, 1l,l1-dichloroethane, phenol, and toluene. Table
VII-23 summarizes the treatment effectiveness for most of the
organic priority pollutants by activated carbon as compiled
by EPA. Table VII-24 summarizes classes of organic compounds
together with examples of organics that are readily adsorbed on

carbon.

Advantages and Limitations. The major benefits' of carbon
treatment include applicability to a wide variety of organics and
high removal efficiency. Inorganics such as cyanide, chromium,
and mercury are also removed effectively. Variations in
concentration and flow rate are well tolerated. The system is
compact, and recovery of adsorbed materials is sometimes
practical. However, destruction of adsorbed compounds often
occurs during thermal regeneration. If carbon cannot be
thermally desorbed, it must be disposed of along with any
adsorbed pollutants. The capital and operating costs of thermal
regeneration are relatively high. Cost surveys show that thermal
regeneration 1is generally economical when carbon use exceeds
about 1,000 1lb/day. Carbon cannot remove low molecular weight or
highly soluble organics. It also has a low tolerance for
suspended solids, which must be removed to at least 50 mg/1l in
the influent water.

Operational Factors. Reliability: This system should be very
reliable with upstream protection and proper operation and
maintenance procedures.

Maintainability: This system requires periodic regeneration or
replacement of spent carbon and is dependent upon raw waste load
and process efficiency.

Solid Waste Aspects: Solid waste from this process is
contaminated activated carbon that requires disposal. Carbon
which undergoes regeneration reduces the solid waste
problem by reducing the frequency of carbon replacement.

Demonstration Status. Carbon adsorption systems have been
demonstrated to be practical and economical in reducing COD, BOD,
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and related parameters 1in secondary municipal and industrial
wastewaters; in removing toxic or refractcory organics from
isolated industrial wastewaters; in removing and recovering
certain organics from wastewaters; and in removing and some times
recovering selected inorganic chemicals from aqueous wastes.
Carbon adsorption is a viable and economic process for organic
waste streams containing up to 1 to 5 percent of refractory or
toxic organics. 1Its applicability for removal of inorganics such
as metals has dlso been demonstrated.

10. Centrifugation

Centrifugation 1is the application of centrifugal .force to
separate solids and liquids in a 1liquid-solid mixture or to
effect concentration of the solids. The application of
centrifugal force is effective because of the density
differential normally found between the insoluble solids and the
liquid 1in which they are contained. As a waste treatment
procedure, centrifugation is applied to dewatering of sludges.
One type of centrifuge is shown in Figure VII-18.

There are three common types of centrifuges; disc, basket, and
conveyor. All three operate by removing solids under the
influence of centrifugal force. The fundamental difference among
the three types is the method by which solids are collected in
and discharged from the bowl. .
In the disc centrifuge, the sludge feed 1is distributed between
narrow channels that are present as spaces between stacked
conical discs. Suspended particles are collected and discharged
continuously through small orifices in the bowl wall. The
clarified effluent is discharged through an overflow weir.

A second type of centrifuge which is useful in dewatering sludges
is the basket centrifuge. 1In this type of centrifuge, sludge
feed 1is introduced at the bottom of the basket, and solids
collect at the bowl wall while clarified effluent overflows the
lip ring at the top. Since the basket centrifuge does not have
provision for continuous discharge of collected cake, operation
requires interruption of the feed for cake discharge for a minute
or two in a 10- to 30-minute overall cycle.

The third type of centrifuge commonly used in sludge dewatering
is the conveyor type. Sludge is fed through a stationary feed
pipe into a rotating bowl in which the solids are settled out
against the bowl wall by centrifugal force. From the bowl wall,
the solids are moved by a screw to the end of the machine, at
which point they are discharged. The 1liquid effluent is
discharged through ports after passing the length of the bowl
under centrifugal force.

Application and Performance. Virtually all industrial waste

treatment systems producing sludge can use centrifugation to
dewater it. Centrifugation is currently being wused by a wide "
range of industrial concerns.




The performance of sludge dewatering by centrifugation depends on
the feed rate, the rotational velocity of the drum, and the
sludge composition and concentration. Assuming proper design and
operation, the solids content of the sludge can be increased to
20 to 35 percent.

Advantages and Limitations. Sludge dewatering centrifuges have
minimal space requirements and show a high degree .of effluent
clarification. The operation 1is simple, clean, and relatively
inexpensive. The area required for a centrifuge system
installation is 1less than that required for a filter system or
sludge drying bed of equal capacity, and the initial cost is
lower. :

Centrifuges have a high power cost that partially offsets the low
initial cost. Special consideration must also be given to
providing sturdy foundations and soundproofing because of the
vibration and noise that result from centrifuge operation.
bdequate electrical power must also be provided since large
motors are required. The major difficulty encountered in the
operatlon of centrifuges has been the disposal of the concentrate
which is relatively high in suspended, nonsettling sollds.

Operational Factors. Reliability: Centrifugation is highly
reliable with proper control of factors such as sludge feed,
consistency, and temperature. Pretreatment such as grit removal
and coagulant addition may be necessary, depending on the
composition of the sludge and on the type of centrifuge employed.

Maintainability: Maintenance consists of periodic lubrication,
cleaning, and inspection. The frequency and degree of inspection
required varies depending on the type of sludge solids being
dewatered and the maintenance service conditions. If the sludge
is abrasive, it is recommended that the first inspection of the
rotating assembly be made after approximately 1,000 hours of
operation. If the sludge is not abrasive or corrosive, then the
initial inspection might be delayed. Centrifuges not equipped
with a continuous sludge discharge system require periodic
shutdowns for manual sludge cake removal.

Solid Waste Aspects: Sludge dewatered in the centrifugation
process may be diSposed of by landfill. The clarified effluent
(centrate), if high in dissolved or suspended sollds, may require
further treatment prior to discharge.

Demonstration Status. Centrifugation 1is currently used in a
great many commercial applications to dewater sludge. Work is
underway to improve the efficiency, increase the capacity, and
lower the costs associated with centrifugation.

1l1. Coalescing

The basic principle of coalescence involves the.preferential
wetting of a coalescing medium by o0il droplets which accumulate
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on the medium and then rise to the surface cf the solution as

they combine to form larger particles. The most imporuant
requirements for coalescing media are wettability for oil and
large surface area. Monofilament line is sometimes used as a

coalescing medium.

Coalescing stages may be integrated with a wide variety of
gravity oil separation devices, and some systems may incorporate
several coalescing stages. In general, a preliminary oil
skimming step is desirable to avoid overloading the coalescer.

One commercially marketed system for oily waste treatment
combines coalescing with inclined plate separation and
filtration. In this system, the oiiy wastes flow into an
inclined plate settler. This wunit consists of a stack of
inclined baffle plates in a cylindrical container with an oil
collection chamber at the top. The oil droplets rise and impinge
upon the undersides of the plates. They then migrate upward to a
guide rib which directs the o0il to the o0il collection chamber,
from which o0il is discharged for reuse or disposal.

The oily water continues on through another c¢ylinder containing
replaceable filter «cartridges, which remove suspended particles
from the waste. From there the wastewater enters a final
cylinder in which the coalescing material is housed. As the oily
water passes through the many small, irregular, continuous
passages in the coalescing material, the o0il droplets coalesce
and rise to an oil collection chamber.

Application and Performance. Coalescing is used to 'treat oily
wastes which do not separate readily in simple gravity systems.
The three-stage system described above has achieved effluent
concentrations of 10 to 15 mg/l oil and grease from raw waste
concentrations of 1000 mg/l or more.

Advantages and Limitations. Coalescing allows removal of oil
droplets too finely dispersed for conventional gravity
separation-skimming technology. It also can significantly reduce
the residence times (and therefore separator volumes) required to
achieve separation of o0il from some wastes. Because of its
simplicity, coalescing provides generally high reliability and
low capital and operating costs. Coalescing is not generally
effective in removing soluble or chemically stabilized emulsified
oils. To avoid plugging, coalescers must be protected by
pretreatment from very high concentrations of free oil and grease
and suspended solids. Frequent replacement of prefilters may be
necessary when raw waste oil concentrations are high.

Operational Factors. Reliability: Coalescing is inherently
highly reliable since there are no moving parts, and the
coalescing substrate (monofilament, etc.) is inert in the
process and therefore not subject to frequent regeneration or
replacement requirements. Large loads or. inadequate
pretreatment, however, may result 1in plugging or bypass of
coalescing stages. ' :
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Maintainability: Maintenance requirements are generally limited
to replacement of the coalescing medium on an infrequent basis.

Solid Waste Aspects: No appreciable solid waste is generated by
this process.

Demonstration Status. Coalescing has been' fully deﬁonstrated in
industries generating oily wastewater, although no
nonferrous metals forming plants specifically reported their use.

12, Cyanide Oxidation by Chlorine

Cyanide oxidation using chlorine is widely used in industrial
waste treatment to oxidize cyanide. Chlorine can be utilized in
either the elemental or hypochlorite forms. This classic
procedure can be illustrated by the following two step chemical
reaction:

1. Cly + NaCN + 2NaOH ----> NaCNO + 2NaCl + H30
2. 3Clp; + 6NaOH + 2NaCNO ----> 2NaHCO3 + N32 + 6NaCl +
2H70

The reaction presented as Equation 2 for the oxidation of cyanate
is the final step in the oxidation of cyanide. A complete system
for the alkaline chlorination of cyanide is shown in Flgure VII-
19.

The alkaline chlorination process oxidizes cyanides to carbon
dioxide and nitrogen. The equipment often consists of an
equalization tank followed by two reaction tanks, although the
reaction can be carried out in a single tank. Each tank has an
electronic recorder-controller to maintain required conditions

with respect to pH and oxidation reduction potential (ORP). In
the first reaction tank, conditions are adjusted to oxidize
cyanides to cyanates. To effect the reaction, ' chlorine is

metered to the reaction tank as required to maintain the ORP in
the range of 350 to 400 millivolts, and 50 percent aqueous
caustic soda 1is added to maintain a pH range of 9.5 to 10. In
the second reaction tank, conditions are maintained to oxidize
cyanate to carbon dioxide and nitrogen. The desirable ORP and pH
for this reaction are 600 millivolts and a pH of 8.0. Each of
the reaction tanks is equipped with a propeller agitator designed
to provide approximately one turnover per minute. Treatment by
the batch process 1is accomplished by using two tanks, one for
collection of water over a specified time period, and one for the
treatment of an accumulated batch. If dumps of concentrated
wastes are frequent, another tank may be required to equalize the
flow to the treatment tank. When the holding tank is full, the
liquid is transferred to the reaction tank for treatment. After
treatment, the supernatant is discharged and the sludges are
collected for removal and ultimate disposal.
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Application and Performance. The oxidation of cyanlde waste by
chlorine 1is a classic process and is found in most industrial
plants using cyanide. This process 1is capable of achieving
effluent levels that -are . nondetectable. The process is
potentially applicable to nonferrous metals formlng facilities
where cyanide 1is a component in wastewater.

Advantages and Limitations. Some advantages of chlorine
oxidation for handling process effluents are operation at ambient
temperature, suitability for automatic control, and 1low cost.
Disadvantages . include the need for careful pH control, possible
chemical interference in the treatment of mixed wastes, and the
potential hazard of storing and handling chlorine gas.

Operational Factors. Reliability: Chlorine oxidation is highly’
reliable with proper " monitoring and control ~and proper
pretreatment to control interfering substances. '

Maintainability: Maintenance consists of periodic remoyal of
sludge and recalibration of instruments. :

Solid Waste Aspects: There is no solid waste problem assoc1ated
with chlorine ox1dat10n. .

Demonstration . Status. The oxidation of cyanide wastes by
chlorine is a widely used process in plants using c¢yanide in
cleaning and. metal processing baths. Alkaline chlorination is
also used for cyanide treatment in a number of inorganic chemical
facilities producing hydroganic acid and various metal cyanides.
One nonferrous metals forming plant is currently using this
technology to treat process wastewaters.

13. Cyanide Oxidation By Ozone

Ozone is a highly reactive oxidizing agent which is approximately
ten times more soluble than oxygen on a weight basis in water.
Ozone may be produced by several methods, but the silent
electrical discharge method is predominant . in the field. The
silent electrical discharge process produces ozone by passing
oxygen or air between electrodes separated by an 1nsu1at1ng
material. A _complete ozonation system is represented in Figure
VII-20. ’

Application and Performance. Ozonation has been applied
commercially to oxidize cyanides, phenolic chemicals, and organo-
metal complexes. Its applicability to photographic wastewaters
has been studied in the laboratory with good results. Ozone 1is
used in industrial waste treatment primarily to oxidize cyanide
to cyanate and to oxidize phenols and dyes to a variety of
colorless nontoxic products. ‘ ‘

Oxidation of cyanide to cyanate is illustrated below:

CN™ + 03 ----> CNO™ + 05
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Continued exposure to ozone will convert the cyanate formed to
carbon dioxide and ammonia; however, this 1is not economically
practical.

Ozone oxidation of cyanide to cyanate requires 1.8 to 2.0 pounds
ozone per pound of CN-; complete oxidation requires 4.6 to 5.0
pounds ozone per pound of CN-. Zinc, copper, and nickel cyanides
are easily destroyed to a nondetectable level, but cobalt and
iron cyanides are more resistant to ozone treatment.

Advantages and Limitations. Some advantages of ozone oxidation
for handling process effluents are its suitability to automatic
control and on-site generation and the fact that reaction.
products are not chlorinated organics and no dissolved solids are
added in the treatment step. Ozone in the presence of activated
carbon, ultraviolet, and other promoters shows promise of
reducing reaction time and improving ozone utilization, but the
process at present is limited by high capital expense, possible
chemical interference in the treatment of mixed wastes, and an
energy requirement of 25 kwh/kg of ozone generated. Cyanide . is
not economically oxidized beyond the cyanate form.

Operational ‘Factors. Reliability: Ozone oxidation is highly
reliable with proper monitoring and control, and proper
pretreatment to .control interfering substances.

Maintainabilitys: Maintenance consists of periodic removal of
sludge, and periodic renewal of filters arnd desiccators "required
for the input of <c¢lean dry air; filter life is a function of
input concentrations of detrimental constituents.

Solid Waste Aspects: Pretreatment to eliminate substances which
will interfere with the process may be necessary. Dewatering of
sludge generated in the ozone oxidation process or in an "in
- line" process may be desirable prior to disposal. :

14. Cyanide Oxidation By Ozone With UV Radiation

One of the modifications of the ozonation process is the
simultaneous application of ultraviolet light and ozone for the
treatment of wastewater, including treatment of halogenated,
organics. The combined action of these two forms produces
reactions by photolysis, photosensitization, hydroxylation,
oxygenation, and oxidation. The process 1is unique because
several reactions and reaction species are active simultaneously.

Ozonation is facilitated by ultraviolet absorption because both
the ozone and the reactant molecules are raised to a higher
energy state so that they react more rapidly. 1In addition, free
radicals for use in the reaction are readily hydrolyzed by the
water present. The energy and reaction intermediates created by
the introduction of both ultraviolet and ozone greatly reduce the
amount of ozone required compared with a system using ozone
alone. Figure VII-21 shows a three-stage UV-ozone system. A
system to treat mixed cyanides requires pretreatment that
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invelves chemical coagulation, sedimentation, clarification,
equalization, and pH adjustment.

Application and Performance. The ozone-UV radiation process was
developed primarily for cyanlde treatment in the electroplating
and color photo-processing areas. It has been successfully
applied to mixed cyanides and organics from organic chemicals
manufacturing processes. The process is particularly useful for
treatment of complexed cyanides such as ferricyanide, copper
cyanide, and nickel cyanide, which are resistant to ozone alone.
Ozone combined with UV radiation is a relatively new technology.
Four units are currently in operation, and all four treat cyanide.
bearing waste.

Ozone-UV treatment could be used in nonferrous metals forming
plants to destroy cyanide present in some waste streams.

15. Cyanide Oxidation By Hydrogen Peroxide

Hydrogen peroxide oxidation removes both cyanide and metals in
cyanide containing wastewaters. In this process, cyanide bearing
waters are heated to 49 to 54C (120 to 130F) and the pH is
adjusted to 10.5 to 11.8. Formalin (37 percent formaldehyde) is
added while the tank is vigorously agitated. After 2 to 5
minutes, a proprietary peroxygen compound'(4l percent hydrogen
perox1de with a catalyst and additives) is added. After an hour
of mixing, the reaction is complete. The cyanide is converted to
cyanate, and the metals are precipitated as oxides or hydroxides.
The metals are then removed from solution by either settling or
filtration.

The main equipment required for this process is two holding tanks
equipped with heaters and air spargers or méchanical stirrers.
These tanks may be used in a batch or continuous fashlon, with
one tank being used for treatment while the other is being
filled. A settling tank or a filter is needed to concentrate the
precipitate.

Application and Performance. The hydrogen peroxide oxidation
process is applicable to cyanide-bearing wastewaters, especially
those containing metal-cyanide complexes. In terms of waste
reduction performance, this process can reduce total cyanide to
less than 0.1 mg/l and the zinc or cadmium to less than 1.0 mg/l.

Advantages and Limitations., ' Chemical costs are similar to those
for alkaline chlorination using chlorine and lower than those for
treatment. with hypochlorite. All free cyanide reacts and is
completely oxidized to the less toxic cyanate state. In
addition, the metals precipitate and settle quickly, and they may
be recoverable in many instances. However, the process requires
energy expenditures to heat the wastewater prior to treatment.

Demonstration Status. This treatment process was introduced in
1971 and is used in several facilities. No nonferrous metals
forming plants use oxidation by hydrogen peroxide.
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16. Evaporation

Evaporation is a concentration process. Water is evaporated from
a solution, increasing the concentration of solute in the
remaining solution. If the resulting water vapor 1is. condensed
back to 1liquid water, the evaporation-condensation process is
called distillation. However, to be consistent with industry
terminology, evaporation is used in this report to describe both
processes. Both atmospheric and vacuum evaporation are commonly
used in industry today. Specific evaporation techniques are
shown in Figure VII-22 and discussed below. :

Atmospheric evaporation could be accomplished simply by boiling
the 1liquid. However, to aid evaporation, heated liquid is
sprayed on an evaporation surface, and air 1is blown over the
surface and subsequently released to the atmosphere. Thus,
evaporation occurs by humidification of the air stream, similar
to a drying process. Equipment for carrying out atmospheric
evaporation is quite similar for most applications. The major
element is generally a packed column with an accumulator bottom.
Accumulated wastewater is pumped from the base of the column,
through a heat exchanger, and back into the top of the cdlumn,

where it is sprayed into the packing. At the same time, air
drawn .upward through the packing by a fan 1is heated as it
contacts the hot liquid. The 1liquid partially vaporizes and

humidifies the air stream. The fan then blows the hot, humid air
to the outside atmosphere. A scrubber is often unnecessary
because the packed column itself acts as a scrubber.

Another form of atmospheric evaporator also works on the air
humidification principle, but the evaporated water is recovered
for reuse by condensation. These air humidification. techniques
operate well below the boiling point of water and can utilize
waste process heat to supply the energy required. .

In vacuum evaporation, the evaporation pressure 1is lowered to
cause the 1liquid to boil at reduced temperature. All of the
water vapor is condensed, and to maintain the vacuum condition,
noncondensible gases (air in particular) are removed by a vacuum
pump. Vacuum evaporation may be either single or double effect.
In double effect evaporation, two evaporators are used, and the
water vapor from the first evaporator (which may be heated by
steam) is used to supply heat to the second evaporator. As it
supplies heat, the water wvapor from the first evaporator
condenses. Approximately equal gquantities of wastewater are
evaporated in each unit; thus, the double effect system
evaporates twice the amount of water that a single effect system
does, at nearly the same cost in energy but with added capital
cost and complexity. The  double effect technique 1is
thermodynamically possible because the . second evaporator is
maintained at lower pressure (higher vacuum) and, therefore,
lower evaporation temperature. Vacuum evaporation equipment may
be classified as submerged tube or climbing film evaporation
units. o
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Another means of increasing energy efficiency is  vagor
recompression evaporation, which enables heat to be transferred
from the condensing water vapor to the evaporating wastewater.
Water vapor generated from incoming wastewaters flows to a vapor
compressor. The compressed steam than travels through the
wastewater via an enclosed tube ‘or coil in which it condenses as .
heat is transferred to the surroundlng solution. In this way,
the compressed vapor serves as a heating medium. After
condensation, this distillate is drawn off continuously as the
clean water stream. The heat contained in the compressed vapor
is used to heat the wastewater, and energy costs for system
operation are reduced. ' ‘

In the most commonly used submerged ‘tube evaporator, the heating
and condensing coil are contained in a single vessel to reduce
capital cost. The wvacuum in the vessel is maintained by an
eductor-type pump, which creates the requlred vacuum by the £flow
of the condenser cooling water through a venturi. Wastewater
accumulates in the bottom of the vessel, ‘and it is evaporated by
means of submerged steam coils. The resultlng water vapor
condenses as it contacts the condensing coils in the top of the
vessel. The condensate then drips off the condensing coils into
a collection trough that cdrries it out of the vessel.
Concentrate is removed from the bottom of the vessel. o

The major elements of the climbing £film evaporator are the
evaporator, separator, condenser, and vacuum pump. Wastewater is
"drawn" into the system by the vacuum so that a constant 1liquid
.level is maintained in the separator. Liquid enters the steam-
jacketed evaporator tubes, and part of it evaporates so that a
mixture of vapor and liquid enters the separator. The design of
the separator is such that the liquid is continuously circulated’
from the -separator to the evaporator. The vapor entering the
geparator flows out through a mesh entrainment separator to the
condenser, where it is condensed as it flows down through the
condenser tubes. The condensate, along with any entrained air,
is pumped out of the bottom of the condenser by a liquid ring
vacuum pump. The liquid seal provided by the condensate keeps
the vacuum in the system from being broken. ‘ ' '

Application and Performance. Both atmospheric and vacuum
evaporation are used in many industrial plants, mainly £for the
concentration and recovery of process solutions. Many of these
evaporators also recover water for rinsing. Evaporation has also
been applied to recovery of phosphate metal cleaning solutions.

In theory, evaporation should yield a concentrate and a deionized
condensate. Actually, carry-over has resulted in condensate
metal concentrations as high as 10 mg/l, although the usual level
is 1less than 3 mg/l,. pure enough for most final rinses. The
condensate may also contain organic  brighteners and antifoaming
agents. These can be removca with an activated carbon bed, if
necessary. Samples from one plant showed 1,900 mg/l zinc . in the
feed, 4,570 mg/1 in the concentrate, and 0.4 mg/l 1in the
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condensate. Another plant had 416 mg/l copper in the feed and
21,800 mg/l in the concentrate. Chromium analysis for that plant
indicated 5,060 mg/l in the feed and 27,500 mg/l in the
‘concentrate. Evaporators are available in a range of capacities,
typically from 15 to 75 gph, and may be used in parallel
arrangements for processing of higher flow rates.

Advantages and Limitations. Advantages of the  evaporation
process are that it permits recovery of a wide variety of process
chemicals, and it is often applicable to concentration or removal
of compounds which cannot be accomplished by any other means.
The major disadvantage is that the evaporation process consumes
relatively large amounts, of energy for the evaporation of water.
However, the recovery of waste heat from many industrial
processes (e.g., diesel generators, incinerators, boilers and
furnaces) should be considered as a source of this heat for a
totally integrated evaporation system. Also, in some cases solar
heating could be inexpensively and effectively applied to
evaporation units. Capital costs for vapor  compression
evaporators are substantially higher than for other types of
evaporation equipment. However, the energy costs associated with
the operation of a vapor compression evaporator are significantly
lower than costs of other evaproator types.: For some
applications, pretreatment may be required to remove solids or
bacteria which tend to cause fouling in the condenser or
evaporator. The buildup of scale on the evaporator surfaces
reduces the heat transfer efficiency and may present a
maintenance problem or increase operating cost. However, it has
been demonstrated that fouling of the heat transfer surfaces can
be avoided or minimized for certain dissolved solids by
maintaining a seed slurry which provides preferential sites for
precipitate deposition. 1In addition, low temperature differences
in the evaporator will eliminate nucleate boiling and
supersaturation effects. Steam distillable impurities in the
‘process stream are carried over with the product water and must
be handled by pre—- or post-treatment.

Operational Factors. Reliability: Proper maintenance will
ensure a high degree of reliability for the system. Without such
attention, rapid fouling or deterioration of vacuum: seals may
occur, especially when corrosive liquids are handled.

Maintainability: Operating parameters can be automatically
controlled. Pretreatment may be required, as well as periodic
cleaning of "the system. Regular replacement of seals, especially
in a corrosive environment, may be necessary.

Solid Waste Aspects: With only a few exceptions, the process
does not generate appreciable quantities of solid waste.

Demonstration Status. Evaporation is a fully developed,
commercially available wastewater treatment system. It is used
extensively to recover plating chemicals 1in the electroplating
industry, and a pilot scale unit has been used in connection with
phosphating of aluminum. Proven performance in silver recovery
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‘indicates that evaporation could be a useful treatment operation
for the photographic -industry, as well as for metal finishing.
Vapor compression evaporation has been practically demonstrated
in a number of industries, including chemical manufacturing, food
processing, pulp and paper, and metal working.

17. Flot;tion T
Flotation 1is the process of causing particles such as metal
hydroxides or oil to float to the surface of a tank where they

can be  concentrated and removed. This 1is accomplished by
releasing gas bubbles which attach to the solid particles,
increasing their buoyancy and causing them to float. In

principle, this process is the opposite of sedimentation. Figure
ViI-23 ~shows one type of flotation system.

Flotation is used primarily in the treatment of wastewater
streams that carry heavy loads of finely divided suspended solids
or oil. Solids having a specific gravity only slightly greater
than 1.0,  which would require abnormally long sedimentation
times, may be removed in much less time by flotation. .Dissolved
air flotation is of greatest interest in removing oil from water
and is less effective in removing heavier precipitates.

This process may be performed in several ways: foam, dispersed
air, dissolved air, gravity, and vacuum flotation are the most
commonly used techniques. Chemical additives are often used to
enhance the performance of the flotation process.

The principal difference among types of flotation is - the method
of generating the minute gas bubbles (usually air) in a
suspension of water and small particles. Chemicals may be used
to improve the efficiency with any of the basic methods. The
following paragraphs describe the different flotation techniques
and the method of bubble generation for each process.

Froth Flotation - Froth flotation is based on differences in the
physiochemical properties in various particles. Wettability and
surface properties affect the particles' ability to attach
themselves to "gas "bubbles in an aqueous medium, In froth
flotation, air is blown through the solution containing flotation
reagents. The particles with water repellant surfaces stick to

air bubbles as they rise and are brought to the surface. A
mineralized froth layer, with mineral particles attached to air
. bubbles, is formed. Particles of other minerals which are

readily wetted by water do not stick to air bubbles and remain in
suspension.

Dispersed Air Flotation - In dispersed air flotation, gas bubbles
are generated by introducing the air by means of mechanical
agitation with impellers or by forcing air through porous media.
Dispersed air flotation is wused mainly in the metallurgical
industry.
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Dissolved Air Flotation - In dissolved air flotation, bubbles are
produced by releasing air from a supersaturated solution under
relatively high pressure. There are two types of contact between
the gas bubbles and particles. The first type is predominant in
the flotation of flocculated materials and involves the
entrapment of rising gas bubbles in the flocculated particles as
they increase in size. The bond between the bubble and particle
is one of physical capture only. The second type of contact is
one of adhesion. Adhesion results from the intermolecular
attraction exerted at the interface between the solid particle
and gaseous bubble.

Vacuum Flotation - This process consists of saturating the
wastewater with air either directly in an aeration tank, or by
permitting air to enter on the suction of a wastewater pump. A
partial vacuum is applied, which causes the dissolved air to come
out of solution as minute bubbles. The bubbles attach to solid
particles and rise to the surface to form a scum blanket, which
is normally removed by a skimming mechanism. Grit and other
heavy solids that settle to the bottom are generally raked to a
central sludge pump for removal. A typical vacuum flotation unit
consists of a covered cylindrical tank in which .a partial vacuum
is maintained. The tank is equipped with scum and sludge removal
mechanisms. The floating material is continuously swept to the
tank periphery, automatically discharged into a scum trough, and
removed from the unit by a pump also under partial vacuum.
Auxiliary equipment includes an aeration tank for saturating the
wastewater with air, a tank with a short retention time for
removal of large bubbles, vacuum pumps, and sludge pumps.

Application and Performance. The primary variables for flotation
design are pressure, feed solids concentration, and retention
period. The suspended solids in the effluent decrease, and the
concentration of solids in the float increases with increasing
retention period. When the flotation process is used primarily
for clarification, a retention period of 20 to 30 minutes usually
is adequate for separation and concentration.

Advantages and Limitations. Some advantages of the flotation
process are the high levels of solids separation achieved in many
applications, the relatively low energy requirements, and the
adaptability to meet the treatment requirements of different
waste types. Limitations of flotation are that it often requires
addition of chemicals to enhance process performance and that it
generates large quantities of solid waste. ,

Operational Factors. Reliability: Flotation systems normally
are very reliable with proper maintenance of the sludge collector
mechanism and the motors and pumps used for aeration.

Maintainability: Routine maintenance is required on the pumps
and motors. The sludge collector mechanism is subject to
possible corrosion or breakage and may require periodic
replacement.
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Solid Waste Aspects: Chemicals are commonly used to aid the
flotation process by creating a surface or a structure that can

easily adsorb or entrap air bubbles. Inorganic chemicals, such

as the aluminum and ferric salts, and activated silica; can  bind
the particulate matter together and create a structure that can
entrap air bubbles. Various organic chemicals can change the
nature of either the air-liquid interface or the solid-liquid
interface, or both. These compounds usually collect on the
"interface to bring about the desired changes. The added
chemicals plus the particles in solution combine to form a large
volume of sludge which must be further treated or properly
disposed. : :

Demonstration Status. Flotation is a fully developed process and
is readily available for the treatment of a wide wvariety . of
industrial waste streams. '

18. Gravity Sludge Thickening

'In the gravity thickening process, dilute sludge is fed from a

primary settling tank or clarifier to a thickening tank where .

rakes stir the sludge gently to densify it and to push it to a
central collection well. The supernatant is returned to the
primary settling tank. The thickened sludge that collects on the
bottom of the tank is pumped to dewatering equipment or hauled
away.  Figure VII-24 shows the construction 0of a gravity
thickener. ; :

Application .and Performance. Thickeners are generally used in
facilities where the sludge is to be further dewatered by a
compact mechanical device such as a vacuum filter or centrifuge.
Doubling the solids content in' the thickener substantially
reduces capital and operating cost of the subsequent dewatering
device and also reduces cost for hauling. ‘The process is
potentially applicable to almost any industrial plant. :

Organic sludges ~from sedimentation units of one to two percent
solids concentration can usually be gravity thickened to six to

ten percent; chemical sludges can be thickened to four to six

percent.

Advantages and Limitations. The principal advantage of a gravity
sludge thickening process is that it facilitates further sludge
dewatering. Other advantages are high reliability and minimum
maintenance requirements. o :

Limitations of the sludge thickening process are its - sensitivity
to the flow rate through the thickener and the sludge removal
rate. These rates must be 1low enough not to disturb the
thickened sludge. : :

Operational Factors. Reliability: Reliability is high with
proper design and operation. A qravity thickener is designed on
the basis of square feet per pound of solids per day, in which
the required surface area is related to the solids entering and
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leaving the unit. Thickener area requirements are also expressed
in terms of mass loading, grams of solids per square meter per

day (lbs/sq ft/day).

Maintainability: Twice a year, a thickener must be shut down for
lubrication of the drive mechanisms. Occasionally, water must be
pumped back through the system in order to clear sludge pipes.

Solid Waste Aspects: Thickened sludge from a grav1ty thlckenlng
process will usually require further dewatering prior to-
disposal, incineration, or drying. The clear effluent may be
recirculated in part, or it may be subjected to further treatment
prior to discharge.

Demonstration Status. Gravity sludge thickeners are used
throughout industry to reduce water content to a level where the
sludge may be efficiently handled. Further dewatering is usually
practiced to minimize costs of hauling the sludge to approved
landfill areas. ' .

19. Insoluble Starch Xanthate

Insoluble starch =xanthate is essentially an ion exchange medium
used to remove dissolved heavy metals from wastewater. The water
may then either be reused (recovetry .application) or discharged
(end-of-pipe applicatlon) In a commercial electroplating oper-
ation, starch xanthate is coated on a filter medium. Rinse water
containing dragged out heavy metals .is circulated. through the
filters and then reused for rinsing. The starch-heavy metal
complex is disposed of and replaced periodically. Laboratory
tests 1indicate that recovery of metals from the complex is
feasible, with regeneration of the starch xanthate. Besides
electroplating, starch xanthate is potentially applicable to any
other industrial plants where dilute metal wastewater streams are
generated. Its present use 1is 1limited to one electroplating
plant. ‘ _

20. Ion Exchange : N

Ion exchange is a process in which ions, held by electrostatic
forces to charged functional groups on the surface of the ion -
exchange resin, are exchanged for ions of similar charge from the
solution in which the resin is immersed. This is classified as a
sorption process because the exchange occurs on the surface of
the resin, and the exchanging ion must undergo a phase transfer
from solution phase to solid phase. Thus, ionic contaminants in
a waste stream can be exchanged for the harmless 1ions of the
resin,

Although the precise technique may vary slightly according to the
application involved, a generalized process description follows.
The wastewater stream being treated passes through a filter to
remove any solids, then flows through a cation exchanger which
contains the ion exchange resin. Here, metallic impurities such
as copper, iron, and trivalent chromium are retained. The stream

1368




then passes through the anion exchanger and its associated resin.
"Hexavalent chromium, for example, is retained in this stage. (Lf
one pass does not reduce the contaminant levels sufficiently, the
stream may then enter another series of exchangers. Many 1ion
exchange systems are equipped with more than one set of
exchangers for this reason. A strongly basic anion exchange
resin may be used alone to remove prec1ous metals, such as gold,
palladium and platinum. .

The other major portion of the ion exchange process concerns the
regeneration of the resin, which now holds those impurities
retained from the waste stream. An ion exchange wunit with in-
place regeneration 1is shown in Figure VII-25. Metal ions such
as nickel are removed by an acid, cation exchange resin,
which is regenerated with hydrochloric or sulfuric acid,
replacing the metal ion with one or more hydrogen ions. Anions
such as dichromate are removed by a basic, anion exchange resin,
which is regenerated with sodium hydroxide, replacing the anion
with one or more hydroxyl ions. The three principal methods
employed by industry for regenerating the spent resin are:

A) Replacement Service: A . regeneration service

* replaces the spent resin with regenerated resin,

and regenerates the spent resin at its own £facility.

‘The service then has the problem of treating and
disposing of the spent regenerant.

" B) In-Place Regeneration: Some establishments may find
. it less expensive to do their own regeneration. The
spent resin column is shut down for perhaps an

hour, and the spent resin is regenerated. ' This
results in one or more waste streams which must be

treated 1in an approprlate manner. Regeneration is
performed as the resins require it, wusually every few
months. : -

C) Cyclic Regeneration: 1In this procéss, the regeneration
of the spent resins takes place within the ion exchange

-unit  itself in alternating cycles with the ion
removal process. A regeneration frequency of twice an
hour 1is typical. This very short cycle time

permits operation with a very small quantity of resin
and with fairly concentrated solutions, resulting in a
very compact system. Again, this process varies
according to application, but the regeneration cycle
generally begins with caustic being pumped through the
anion exchanger, carrying out hexavalent chromium, for
example, as sodium dichromate. The sodium dichromate
. stream then passes through a cation exchanger,
converting the sodium dichromate to chromic acid.
After concentration by evaporation or other means,
the chromic acid can be returned to the process 1line. .
Meanwhile, the cation exchanger 1s ' regenerated
with sulfuric acid, resulting 1in a waste acid stream
containing the metallic impurities removed earlier.
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Flushing the exchangers with water completes the
cycle. Thus, the wastewater is purified and, in this
example, chromic acid is recovered. The ion
exchangers, with newly regenerated resin, then enter
the ion removal cycle again.

BApplication and Performance. The list of pollutants for which
the ion exchange system has proved effective includes aluminum,
arsenic, cadmium, chromium (hexavalent and trivalent), copper,
cyanide, gold, iron, lead, manganese, nickel, platinum and
palladium, selenium, silver, tin, zinc, and more. Thus, it
can be applied to a wide variety of industrial concerns. Because
of the heavy concentrations of metals in their wastewater,
the metal finishing industries utilize ion exchange in several
ways. As an end-of-pipe treatment, ion exchange is certainly
feasible, but its greatest value is in recovery' applications. It
is commonly used as an integrated treatment to recover
rinse water and process chemicals. Some . electroplating
facilities wuse ion  exchange to concentrate and purify
plating baths. Also, many industrial concerns use ion exchange
to reduce salt concentrations in incoming water sources.

Ion exchange is highly efficient at recovering metal bearing
solutions. Recovery of chromium, nickel, phosphate solution, and
sulfuric acid from anodizing is common.  A: chromic acid
recovery efficiency of 99.5 percent has been demonstrated.
Typical data for purification of rinse water have been_ reported
and are displayed 1in Table VII-26.. Sampling at a nonferrous
metals manufacturing battery manufacturing plant characterized
influent and effluent streams for an ion exchange unit on a
silver bearing waste. This system was in start-up at the time
of sampling, however, and was not found to be operating
effectively.

Advantages and Limitations. Ion exchange 1is. a versatile
technology applicable to a great many situations. This
flexibility, along with its compact nature and performance, makes
ion exchange a very effective method of wastewater treatment.
However, the resins in these systems can prove to be a limiting
factor. The thermal limits of the anion resins, generally in the
vicinity of 60C, could prevent its use in certain situations.
Similarly, nitric acid, chromic acid, and. hydrogen peroxide can
all damage the resins, as will iron, manganese, and copper when
present with sufficient concentrations of dissolved oxygen.
Removal of a particular trace contaminant may be uneconomical
because of the presence of other ionic species that are
preferentially ' removed. The regeneration of the resins presents
its own problems. The cost of the regenerative chemicals can
be high. In addition, the waste streams originating from the
regeneration process are extremely high in pollutant
concentrations, although 1low in wvolume. These must be
further processed for proper disposal.
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Operational Factors. Reliability: With the exception of
occasional clogging or fouling of the resins, ion exchange fa:
proved to be a highly dependable technology. '

Maintainability: Only the normal maintenance of pumps, valves,
piping and other ‘hardware wused in the regeneration process is
reqguired. ‘ )

Solid Waste Aspects: Few, if any, solids accumulate within the
ion exchangers, and those which do appear are removed by the re-
generation process. Proper prior treatment and planning can eli-
minate solids buildup problems altogether. The brine
resulting from regeneration of the ion exchange resin
usually must be treated to remove metals before - discharge.
This can generate solid waste.

Demonstration Status. All of the applications mentioned ‘in this
document are available for commercial use, and industry sources
estimate the number of units currently in the field at well over
120. The research and develdpment in ion exchange is focusing on
improving thé quality and efficiency of the resins, rather than
new applications. Work is also being done on a continuous
regeneration process whereby the resins are contained on a fluid-
transfusible belt. The belt passes through a compartmentalized -
tank with ion exchange, washing, and regeneration sections. The
resins are therefore continually used and regenerated. No such
system, however, has been reported beyond the pilot stage.

21. Membrane Filtration

Membrane filtration is a treatment system for removing
precipitated metals from a wastewater stream. It must therefore
be - preceded by those treatment techniques which will properly
prepare the wastewater for solids removal. Typically, a membrane
filtration unit is preceded by pH adjustment or sulfide addition
for precipitation of the metals. These steps are followed by the
addition of a proprietary chemical reagent which causes the
precipitate to be nongelatinous, easily dewatered, and highly
stable. The resulting mixture of pretreated wastewater and
reagent is continuously recirculated through a filter module and
back into a recirculation tank, The filter module contains
tubular membranes. While the reagent-metal hydroxide precipitate
mixture flows through the inside of the tubes, the water and any
dissolved salts permeate the membrane. When the recirculating
slurry reaches a concentration of 10 to 15 percent solids, it is
pumped out of the system as sludge.

Application and Performance. Membrane filtration appears to be
applicable to any wastewater or process water containing metal
ions which can be precipitated wusing hydroxide, sulfide or
carbonate precipitation. It could function as the primary
treatment system, but also might find application as a polishing
treatment (after precipitation and settling) to ensure continued
compliance with metals limitations. Membrane filtration systems.
are being used in a number of industrial applications,
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particularly in the metal finishing area. They have;also been
used for toxic metals removal in the metal fabrication K industry
and the paper industry.

The permeate is claimed by one manufacturer to contain less than
the effluent concentrations shown in Table VII-27 regardless
of the influent concentrations. These claims have been
largely substantiated by the analysis of' water samples at
various plants in various industries. '

In the performance predictions for this technology, pollutant
concentrations are reduced to the levels shown in Table VII-27
unless lower levels are present in the influent stream.

Advantages and Limitations. A major advantage of the membrane’
filtration system is that installations can use most of the
conventional end-of-pipe systems that may already be in place.
Removal efficiencies are claimed to be excellent, even with
sudden variation of pollutant input rates; however, the
effectiveness of the membrane filtration system can be limited by
clogging of the filters. Because pH changes in the waste stream
greatly intensify clogging problems, the pH must be carefully
monitored and controlled. Clogging can force the shutdown of
the system and may interfere with production. In addition,
the relatively high capital cost of this system may 1limit its
use. :

Operational Factors. Reliability: Membrane filtration has been
shown to be a very reliable system, provided that the pH is
strictly controlled. Improper pH can result in the clogging of
the membrane. Also, surges in the flow rate of the waste stream
must be controlled in order to prevent solids from passing
through the filter and into the effluent.

Maintainability: The  membrane filters must be regularly
monitored, and cleaned or replaced as necessary. Depending on
the composition of the waste stream and its flow rate, frequent
cleaning of the filters may be required. Flushing with
hydrochloric acid for 6 to 24 hours will usually suffice. 1In
addition, the routine maintenance of pumps, valves, and other
plumbing is required. : :

Solid Waste Aspects: When the recirculating reagent-precipitate
slurry reaches 10 to 15 percent solids, it is pumped out. of the
system. It can then be disposed of directly or it can undergo a
dewatering process. Because this sludge contains toxic metals,
it requires proper disposal. ‘

Demonstration Status. There are more than 25 membrane filtration
systems presently in use on metal £finishing and similar
wastewaters. Bench scale and pilot studies are being run in an
attempt to expand the list of pollutants for which this system is
known to be effective.
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22. Peat Adsorption

Peat moss is a complex natural organic material containing lignin
and cellulose as major constituents. These constituents,
particularly 1lignin, bear polar functional groups, such as
alcohols, aldehydes, ketones, acids, phenolic hydroxides, and
ethers, that can be involved in chemical bonding. Because of the
polar nature of the material, its adsorption of dissolved solids
such as transition metals and polar organic molecules is quite
high. These properties have led to the use of peat as an agent
for the purification of industrial wastewater.

Peat adsorption is a "polishing" process which can achieve very
low effluent concentrations for several pollutantg. If the
concentrations of pollutants are above 10 mg/l, then peat
adsorption must be preceded by pH adjustment for metals
precipitation and subsequent clarification. Pretreatment is also
required for chromium wastes using ferric chloride and sodium
sulfide. The wastewater 1is then pumped into a large metal
chamber called a kier which contains a layer of peat through.
which the waste stream passes. The water flows to a second kier
for further adsorption. The wastewater is then ready for
discharge. This system may be automated or manually operated.

Application and Performance. Peat adsorption can be wused in
nonferrous metals forming for removal Jf residual dissolved
metals from clarifier effluent. Peat moss may be used to
treat wastewaters containing heavy metals such as mercury,
cadmium, 2zinc, copper, iron, nickel, <chromium, and 1lead, as
well as organic matter such as oil, detergents, " and
dyes. Peat adsorption 1is currently used commercially at a
textile plant, a newsprint facility, and a metal reclamation
operation.

Table VII-28 contains performance figures obtained from pilot
plant studies. Peat adsorption was preceded by pH adjustment
for precipitation and by clarification.

In addition, pilot plant studies have shown that chelated metal
wastes, as well as the chelating agents themselves, are removed
by contact with peat moss.

Advantages and Limitations. The major advantages of the system
include its ability to yield low pollutant concentrations, its
broad ,scope in terms of the pollutants eliminated, and its
capacity to accept wide variations of waste water composition.

Limitations include the cost of purchasing, storing, and
disposing of the peat moss; the necessity for regular replacement
of the peat may 1lead to high operation and maintenance costs.
Also, the pH adjustment must be altered according to the
composition of the waste stream.

Operational Factors. Reliability: The gquestion of long term
reliability is not yet fully answered. Although the manufacturer
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reports it to be a highly reliable system, operating experience
is needed to verify the claim. :

Maintainability: The peat moss used in this process soon
exhausts its capacity to adsorb pollutants. At that time, the
kiers must be opened, the peat removed, and fresh peat placed
inside. Although this procedure is easily and quickly
accomplished, it must be done at regular intervals, or the
system's efficiency drops drastically. '

Solid Waste Aspects: After removal from the kier, the spent peat-
must be eliminated. If incineration is used, precautions should
be taken to insure that those pollutants removed. from the water
are not released again in the combustion process. Presence of
sulfides in the spent peat, for example, will give rise to sulfur
dioxide 1in the fumes from burning. The presence of significant
quantities of toxic heavy metals in battery manufacturing
wastewater will in general preclude incineration of peat used in
treating these wastes.

Demonstration Status. Only three facilities currently use
commercial adsorption systems in the United States - a textile
manufacturer, a newsprint facility, and a metal reclamation firm.
No data have been reported showing the use of peat adsorption in
nonferrous metals forming plants.

23. Reverse Osmosis

The process of osmosis involves the passage of a liquid through a
semipermeable membrane from a dilute to a more concentrated
solution. Reverse osmosis (RO) is an operation in which pressure
is applied to the more concentrated solution, forcing the per-
meate to diffuse through the membrane and into the more dilute
solution. This filtering action produces a concentrate and a
permeate on opposite sides of the membrane. The concentrate can
then be further treated or returned to the original operation for
‘continued use, while the permeate water can be recycled for use
as clean water. Figure VII-26 depicts a reverse osmosis

systemn.

As 1illustrated in Figure VII-27, there are three Dbasic
configurations used in commercially available RO modules:
tubular, spiral-wound, and hollow fiber.- All of these operate on
the principle described above, the major difference being their
mechanical and structural design characteristics.

The tubular membrane module uses a porous tube with a cellulose
acetate membrane lining. A common tubular module consists of a
length of 2.5 em (1 inch) diameter tube wound on a supporting
spool and encased in a plastic shroud. Feed water is driven into
the tube under pressures varying from 40 to 55 atm .(600-800 psi).
The permeate passes through the walls of the tube and is
collected in a manifold while the concentrate is drained off at
the end of the tube. A less widely used tubular RO module uses a
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straight tube contained in a housing, under - the same operating
conditions. :

Spiral-wound membranes consist of a porous backing sandwiched
between two cellulose acetate membrane sheets and bonded along
three edges. The fourth edge of the composite sheet is attached
to a large permeate collector tube. A spacer screen 1is then
placed on top of the membrane sandwich, and the entire stack is
rolled around the centrally located tubular permeate collector.
The rolled up package is inserted into a pipe able to withstand
the high operating pressures employed in this process, up to 55
atm (800 psi) with the spiral-wound module. When the system is
operating, the pressurized product water permeates the membrane
and flows through the backing material to the central collector
tube. .The concentrate is drained off at the end of the container
pipe and can be reprocessed or sent to further treatment facili-

The hollow fiber membrane configuration is made up of a bundle of
polyamide fibers of approximately 0.0075 cm (0.003 in.) OD and
0.0043 cm (0.0017 in.) ID. A commonly used hollow fiber module
contains several hundred thousand of the fibers placed in a long
tube, wrapped around a flow screen, and rolled into a spiral.
The fibers are bent in a U-shape and their ends are supported by
an epoxy bond. The hollow fiber unit is operated under 27 atm
(400 psi), the feed water being dispersed from the center of the
module through a porous distributor tube. Permeate flows through
the membrane to the hollow interiors of the fibers and is
collected at ‘the ends of the fibers. ‘ “

The hollow fiber and spiral-wound modules have a distinct advan-
tage over the tubular system in that they are able to load a very
large membrane surface area into a relatively small volume.
However,- these two membrane types are much more susceptible to
fouling than the tubular system, which has a larger flow channel.

This characteristic also makes the tubular membrane much easi®er
to clean and regenerate than either the spiral-wound or hollow
fiber modules. One manufacturer claims that their helical
tubular module can be physically wiped clean by passing a soft
porous polyurethane plug under pressure through the module.

Application and Performance. In a number of metal processing
plants, the overflow from the first rinse in a countercurrent
setup is directed to a reverse osmosis unit, where it |is
separated 1into two streams. The concentrated stream contains
dragged out chemicals and is returned to the bath to replace the
loss of solution caused by evaporation and. dragout. The dilute
stream (the permeate) is routed to the last rinse tank to provide
water for the rinsing operation. The rinse flows from the 1last
tank to the first tank, and the cycle is complete.

The closed-loop system described above may be supplemented by the
addition of a vacuum evaporator after the RO unit in order to-
further reduce the volume of reverse osmosis concentrate. The
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evaporated vapor can be condensed and returned to the last rinse
tank or sent on for further treatment.

The largest application has been for the recovery of nickel solu-
tions. It has been shown that RO can generally be applied to
most acid metal baths with a high degree of .performance,
providing that the membrane unit 1is not  overtaxed. The
limitations most critical here are the allowable pH range and
maximum operating pressure for each particular configuration.
Adequate prefiltration is .also essential. Only three membrane-
types are readily available in commercial RO units, and their
overwhelming use has been for the recovery of various acid metal
baths. For the purpose of calculating performance predictions of
this technology, a rejection ratio of 98 percent is assumed for
dissolved salts, with 95 percent permeate recovery.

Advantages and Limitations. The major advantage of reverse
osmosls for handling process effluents is its ability to
concentrate dilute solutions for recovery of salts and chemicals
with low power requirements. No latent heat of vaporization or
fusion 1is required for effecting separations; the main energy
requirement is for a high pressure pump. It requires relatively
little floor space for compact, high capacity units, and it
exhibits good recovery and rejection rates for a number of
typical process solutions. A limitation of the reverse osmosis
process for treatment of process effluents is its limited
temperature range for satisfactory operation. For cellulose
acetate systems, the preferred limits are 18 to 30C (65 to 85F);
higher temperatures will increase the rate of membrane
hydrolysis and reduce system life, while lower temperatures will
result in decreased fluxes with no damage to the membrane.
Another limitation is 1inability to handle certain solutions.
Strong oxidizing agents, strongly acidic or basic solutions,
solvents, and other organic compounds can cause dissolution of
the membrane. Poor rejection of some compounds such as borates
and low molecular weight organics is another problem. Fouling of
membranes by slightly soluble components in solution or colloids
has caused failures, and fouling of membranes by feed waters with
high levels of suspended solids can be a problem. A final
limitation is inability to treat or achieve high concentration
with some solutions. Some concentrated solutions may have
initial osmotic pressures which are so high that they either
exceed available operating pressures or are uneconomical to
treat.

Operational Factors. Reliability: Very good reliability is
achieved so long as the proper precautions are taken to minimize
the chances of fouling or degrading the membrane. Sufficient
testing of the waste stream prior to application of an RO system
will provide the information needed to insure a successful
application.

Maintainability: Membrane 1life 1is estimated to range from six
months to three years, depending on the use of the system.
Downtime for flushing or cleaning is on the order of two hours as
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often as once each week; a substantial portion of maintenance
time must be spent on cleaning any prefilters installed ahead of
the reverse osmosis unit. ‘

Solid Waste Aspects: In a closed loop system utiligzing RO,
there 1is a constant recycle of concentrate and a minimal
amount of solid waste. Prefiltration eliminates many solids
before they reach the module and helps keep the buildup to a
minimum, These solids require proper disposal.

Demonstration Status. There are presently at least one hundred
reverse osmosis wastewater applications in a variety of
industries. In addition to these, there are 30 to 40 units being
used to provide pure process water for several -industries.
Despite the many types and configurations of membranes, only the
spiral-wound cellulose acetate membrane has had widespread suc-
cess in commercial applications.

24. Sludge Bed Drying

As a waste treatment procedure, sludge bed drying is employed to
reduce the water content of a variety of sludges. to the point
where they are amenable to mechanical collection and removal to
landfill. These beds usually consist of 15 to 45 cm (6 to 18 -
in.) of sand over a 30 cm (12 in.) deep gravel drain system made
up of 3 to 6 mm (1/8 to 1/4 in.) graded gravel overlying drain

tiles. Figure. VII-28 shows the construction of a drying
bed.
Drying = beds are usually divided into sectional areas

approximately 7.5 meters (25 ft) wide x 30 to 60 meters (100 to
200 ft) long. The partitions may be earth embankments, but more
often are made of planks and supporting grooved posts.

To apply liguid sludge to the sand bed, a closed conduit or a
pressure pipeline with valved outlets at each sand bed section is
often employed. Another method of application is by means of an
open channel with appropriately placed side openings which are
controlled by slide gates. With either type of delivery system,
a concrete splash slab should be provided to receive the falling
sludge and prevent erosion of the sand surface.

Where it 1is necessary to dewater sludge continuously throughout
the year regardless of the weather, sludge beds may be covered
with a fiberglass reinforced plastic or other roof. Covered
drying beds permit a greater volume of sludge drying per year in
most climates because of the protection afforded from rain or
snow and because of more efficient control of temperature.
Depending on the climate, a combination of open and enclosed beds
will provide maximum utilization of the sludge bed drying
facilities. : :

Application and Performance. Sludge drying beds are. a means of
dewatering sludge from clarifiers and thickeners. They are
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widely used both in municipal and industrial treatment
facilities.

Dewatering of sludge on sand beds occurs by two mechanisms:
filtration of water through the bed and evaporation of water as a
result of radiation and convection. Filtration ' is generally
complete in one to two days and may result in solids
concentrations as high as 15 to 20 percent. The rate of
filtration depends on the drainability of the sludge.

The rate of air drying of sludge is related to temperature,
relative humidity, and air velocity. Evaporation will proceed at
a constant rate to a critical moisture content, then at a falling
rate to an equilibrium moisture content. The average evaporation
rate for a sludge is about 75 percent of that from a free water
surface. :

Advantages and Limitations. The main advantage of sludge drying
beds over other types of sludge dewatering is the relatively low
cost of construction, operation, and . maintenance.

Its disadvantages are the large area of land fequired and long
drying times that depend, to a great extent, on climate and
weather,

Operational Factors. Reliability: Reliability ‘'is high with
favorable climatic conditions, proper bed design and care to
avoid excessive or unequal sludge application. If climatic
conditions in a given area are not favorable for adequate drying,
a cover may be necessary.

Maintainability: Maintenance consists basically of periodic
removal of the dried sludge. Sand removed from the drying bed
with the sludge must be replaced and the sand layer resurfaced.

The resurfacing of sludge beds is the major expense item in
sludge bed maintenance, but there are other areas which may
require attention. Underdrains occasionally become clogged and
have to be cleaned. Valves or sludge gates that control the flow
of sludge to the beds must be kept watertight. Provision for
drainage of lines in winter should be provided to prevent damage
from freezing. The partitions between beds should be tight so
that sludge will not flow from one compartment to another. The
outer walls or banks around the beds should also be watertight.

Solid Waste Aspects: The full sludge drying bed must either be
abandoned or the collected solids must be removed to a landfill.
These solids contain whatever metals or other materials were
settled in the clarifier. Metals will be present as hydroxides,
oxides, sulfides, or other salts. They have the potential for
leaching and contaminating ground water, whatever the location of
the semidried solids. Thus the abandoned bed or landfill should
include provision for runoff control and leachate monitoring.
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Demonstration Status. ~ Sludge beds have been in commén use in
both municipal and industrial facilities for many vea:. ..
However, protection of ground water from contamination is not
always adequate.

25, Ultrafiltration

Ultrafiltration (UF) is a process which uses semipermeable
polymeric membranes to separate emulsified or colloidal materials
suspended in a liquid phase by pressurizing the liquid so that it
permeates the membrane. The membrane of an ultrafilter forms a
molecular screen which retains molecular particles based on their
differences in size, shape, and chemical structure. The membrane
permits passage of solvents and lower molecular weight molecules.
At present, an ultrafilter is capable of removing materials with
molecular weights in the range of 1,000 to 100,000 and particles
of comparable or larger sizes.

In an wultrafiltration process, the feed solution is pumped
through a tubular membrane unit. Water and some low molecular
weight materials pass through the membrane under the applied
pressure of 2 to 8 atm (10 to 100 psig). Emulsified oil droplets
and suspended particles are retained, concentrated, and removed
continuously. In contrast to ordinary filtration, retained -
materials are washed off the membrane filter rather than held by
it. Figure VII-29 represents the ultrafiltration process.
Figure VII-34 shows a flow diagram for a batch. treatment
ultrafiltration systen.

Application and Performance. Ultrafiltration has potential
application to nonferrous metals forming wastewater for
separation of 0ils and residual solids from a variety of
waste streams. In treating nonferrous metals forming wastewater,
its greatest applicability would be as a polishing treatment to
remove residual precipitated metals after chemical
precipitation and clarification. Successful commercial use,
however, has been primarily for separation of emulsified
oils from wastewater. Over one hundred such units now operate in
the TUnited States, treating emulsified oils from a variety
of industrial processes., Capacities of currently operating
units range from a few hundred gallons a week to 50,000 gallons
per day. Concentration of oily emulsions to 60 percent oil or
more 1is possible. Oil concentrates of 40 percent or more are
generally suitable for incineration, and the permeate can be
treated further and in some cases recycled back to the process.
In this way, it is possible to eliminate contractor removal
costs for oil from some oily waste streams.

The test data 1in Table VII-29 indicate ultrafiltration
performance (note that ‘UF is not intended to remove dissolved
solids). The removal percentages shown are typical, but they
can be influenced by pH and other conditions.

The permeate or effluent from the ultrafiltration unit is
normally of a quality that can be reused in industrial
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applications or discharged directly. The concentrate from the
ultrafiltration unit can be disposed of as any oily or solid
waste. '

Advantages and Limitations. Ultrafiltration 1is sometimes an
attractive alternative to chemical treatment because of lower
capital equipment, installation, and operating costs, very high
0il and suspended solids removal, and little required
pretreatment. It places a positive barrier between pollutants
and effluent which reduces the possibility of extensive pollutant -
discharge due to operator error or upset in settling and skimming
systems. Alkaline values in alkaline cleaning solutions can be
recovered and reused in process.

A limitation of wultrafiltration for treatment of process
effluents 1is its narrow temperature range (18 to 30C) for
satisfactory operation. Membrane 1life decreases with higher
temperatures, but £flux increases at elevated temperatures.
Therefore, surface area requirements are a function of
temperature and become a trade-off between initial costs
and replacement costs £for the membrane. In ~ addition,
ultrafiltration cannot | handle certain solutions.. Strong
oxidizing agents, solvents, and other organic compounds can
dissolve the membrane. Fouling is sometimes a problem, although
the high velocity of the wastewater normally creates enough
turbulence to keep fouling at a minimum, Large solids particles
can sometimes puncture the membrane and therefore must be
removed by gravity settling or  filtration prior to the
ultrafiltration unit.

Operational , Factors. Reliability: The reliability of an
ultrafiltration system is dependent on the proper filtration,
settling or other treatment of incoming waste streams to prevent
damage to the membrane. Careful pilot studies should be done in
each instance to determine necessary pretreatment steps and the
exact membrane type to be used.

Maintainability: A limited amount of regular maintenance is
required for the pumping system. In addition, membranes must
be periodically changed. Maintenance associated with membrane
plugging can be reduced by selection of a membrane with optimum
physical characteristics and sufficient wvelocity of the
waste stream. It is occasionally necessary to pass a
detergent solution through the system to remove an . oil and

grease film which accumulates on the membrane. With proper
maintenance, membrane life can be greater than twelve months.

Solid Waste Aspects: Ultrafiltration is used primarily to
recover solids and liquids. It therefore eliminates solid waste
problems when the solids (e.g., paint solids) can be recycled to
the process. Otherwise, the stream containing solids must be
treated by end-of-pipe equipment. In the most probable
applications within the nonferrous metals forming category,
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the ultrafilter would remove hydroxides cor sulfides of metals
which have recovery wvalue. )

Demonstration Status. The ultrafiltration process 1is well
developed and commercially available for treatment of wastewater
or recovery of certain high molecular weight liquid and solid
contaminants. One nonferrous metals forming plant reported its
use.

26, Vacuum Filtration

In wastewater treatment plants, sludge dewatering by vacuum
filtration generally uses cylindrical drum filters. These drums
have a filter medium which may be cloth made of natural or
synthetic fibers or a wire-mesh fabric. The drum is suspended
above and dips into a vat of sludge. As the drum rotates slowly,
part of its circumference is subject to an internal vacuum that
draws sludge to the filter medium. Water is drawn through the
porous filter cake to a discharge port, and the dewatered sludge,
loosened by compressed air, is scraped from the filter mesh.
Because the. dewatering of sludge on vacuum filters is relatively
expensive per kilogram of water removed, the 1liquid sludge is
frequently thickened prior to processing. A vacuum filter is
. shown in Figure VII-30.

Application and Performance. Vacuum filters are frequently used
"both in municipal treatment plants and 1in a wide variety of
industries. They are most commonly used in 1larger facilities,
'which may have a thickener to double the solids content of
clarifier. sludge before vacuum filtering,

The function of vacuum filtration is to reduce the water content
of sludge, so that the solids content increases from about 5
percent to about 30 percent. . '

Advantages and Limitations. Although the initial cost and area
requirement of the vacuum filtration system are higher than those
of a centrifuge, the operating cost is lower, and no special
provisions for sound and vibration protection need be made. The
dewatered sludge from this process is in the form of a moist cake
and can be conveniently handled.

Operational Factors. Reliability: Vacuum filter systems have
proven reliable at many industrial and municipal treatment
facilities. At present, the largest municipal installation is at
the West Southwest wastewater treatment plant of Chicago,
Illinois, where 96 large filters were 1installed in 1925,
functioned approximately 25 years, and then were replaced with
larger units., Original vacuum filters at Minneapolis-St. Paul,
Minnesota, now have over 28 years of continuous service, and
Chicago has some units with similar or greater service life. -

Maintainability: Maintenance consists of the cleaning or
replacement of the filter media, drainage grids, drainage piping,
filter pans, and other parts of the equipment. 'Experience in a
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number of wvacuum filter plants indicates that maintenance
consumes approximately 5 to 15 percent of the total time. If
carbonate buildup or other problems are unusually severe,
maintenance time may be as high as 20 percent. For this reason,
it is desirable to maintain one or more spare units.

If intermittent operation is used, the filter equipment should be
drained and washed each time it is taken out of service. An
allowance for this wash time must be made in filtering schedules.

Solid Waste Aspects: Vacuum filters generate a solid cake which
is usually trucked directly to landfill. All of the metals
extracted from the plant wastewater are concentrated in the
filter cake as hydroxides, oxides, sulfides, or other salts.

Demonstration Status. Vacuum filtration has been widely used for
many years. It is a fully proven, conventional technology for
sludge dewatering. Vacuum filtration is used in 18
nonferrous metals forming plants for sludge dewatering.

27. Permanganate Oxidation

Permanganate oxidation is a chemical reaction by which wastewater
pollutants can be oxidized. When the reaction is carried to
completion, the byproducts of the oxidation are not
environmentally harmful. A large number of pollutants can be
practically oxidized by permanganate, including cyanides,
hydrogen sulfide, and phenol. In addition, the chemical oxygen
demand (COD) and many odors in wastewaters and sludges can be
gignificantly reduced by permanganate oxidation carried to its
end point. Potassium permanganate can be added to wastewater in
either dry or slurry form. The oxidation occurs optimally in the
8 to 9 pH range. As an example of the permanganate oxidation
process, the following chemical equation shows the oxidation of
phenol by potassium permanganate:

3 CgH5(OH). + 28 KMnOgq + 5Hy ——--> 18 COp + 28KOH + 28
MnOj.

One of the byproducts of this oxidation 1is manganese dioxide
(MnO3) , which occurs as a relatively stable hydrous
colloid usually having a negative charge. These properties, in
addition to its large surface area, enable manganese dioxide to
act as a sorbent for metal cation, thus enhancing their removal
from the wastewater.

Application and Performance. Commercial use of permanganate
oxidation has been primarily for the control of phenol and waste
odors. Several municipal waste treatment facilities report that
initial hydrogen sulfide concentrations (causing serious odor
problems) as high as 100 mg/l have been reduced to zero through
the application of potassium permanganate. A variety of
industries (including metal finishers and agricultural chemical
manufacturers) have used permanganate oxidation to totally
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destroy phenol in their wastewaters.

Advantages and Limitations. Permanganate oxidation has several
advantages as a wastewater treatment technique. Handling and
storage are facilitated by 1its non-toxic and non-corrosive
nature. Performance has been proved in a number of municipal and
industrial applications. The tendency of the manganese dioxide
by-product to act as a coagulant aid is a distinct advantage over
other types of chemical tre