ATTACHMENT 1

3.4.2 General Process Descriptions

General process descriptions for each type of process operation are described in the following
subsections. The specific processing steps on individua process lines may differ from these

general descriptions as process operations will be tailored to the specific product being produced.

3421 Fermentation

Most antibiotics and steroids are produced by the fermentation process, which involves three
basic steps: inoculum and seed preparation, fermentation, and product recovery. Production of a
fermentation pharmaceutical beginsin the seed preparation step with spores from the plant master
stock. The spores are activated with water, nutrients, and warmth; they are then propagated
through the use of agar plates, test tubes, and flasks until enough massis produced for transfer to
the seed tank. 1n some fermentations, a single seed tank may provide inoculum for several
fermentations. In thistype of operation, the seed tank is never emptied completely, so the
remaining seed serves as the inoculum for the next batch. The seed tank is emptied, sterilized,

and reinoculated only when contamination occurs.

Fermentation is conventionally alarge-scale batch process. The fermentation step begins with a
water wash and steam sterilization of the fermenter vessel. Sterilized nutrient raw materialsin
water are then charged to the fermenter. Microorganisms grown from seed to aid in the
fermentation process are transferred to the fermenter from the seed tank and fermentation begins.
During fermentation, air is sparged into the batch and temperature is carefully controlled. After a
period that may last from 12 hours to one week, the fermenter batch whole broth is ready for
filtration. Filtration removes mycdlia (i.e., remains of the microorganisms), leaving the filtered
agueous broth containing product and residual nutrients that are ready to enter the product

recovery phase.

There are three common methods of product recovery: solvent extraction, direct precipitation,
and ion exchange or adsorption. Solvent extraction is arecovery process in which an organic

solvent is used to remove the pharmaceutical product from the aqueous broth and form a more
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concentrated solution. With subsequent extractions, the product is separated from any
contaminants. Further removal of the product from the solvent can be done by either
precipitation, solvent evaporation, or further extraction processes. Normally, solvents used for
product recovery are recovered and reused. However, small portions left in the aqueous phase
during the solvent "cut" can appear in the plant's wastewater stream. Based on information from
the Detailed Questionnaire, the solvents most often used in fermentation operations are acetone,
methanol, isopropanol, ethanol, amyl acohol, and MIBK. Table 3-5 lists solvents used in

fermentation operations.

Direct precipitation using heavy metal precipitating agents is another common method of product
recovery. The method involvesfirst precipitating the product as a metal salt from the aqueous
broth, then filtering the broth, and finally extracting the product from the solid residues. Copper

and zinc are priority pollutant metals known to be used in the precipitation process.(:2)

lon exchange or adsorption involves removal of the product from the broth, using solid materials
such asion exchange resin, adsorptive resin, or activated carbon. The product is recovered from

the solid phase using a solvent, then recovered from the solvent by evaporation.

Occasionally, afermentation batch becomes infested with a phage, a virus that attacks
microorganisms necessary to the fermentation process. Phage infection israre in awell-operated
plant, but when it occurs, the plant may discharge very large amounts of wastewater in a short
period of time because of the decontamination process. Typically, the infested batch is discharged

early, and its nutrient pollutant concentration is higher than that of spent broth.

Steam is the mgjor sterilizing medium for most equipment. However, detergents and
disinfectants, to the extent that they are used, can contribute to waste loads. An example of a
commonly used chemical disinfectant is phenol, a priority pollutant. Air pollution control
equipment sometimes installed to clean fermentation waste off-gas is another wastewater source.
The air and gas vented from the fermenters usually contain odoriferous substances (e.g., oxides of
nitrogen and sulfur) and large quantities of carbon dioxide. Treatment is often necessary to

deodorize the gas before release to the atmosphere. Some plants use incineration methods; others
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use liquid scrubbers. The blowdown from scrubbers may contain absorbed chemicals, soluble

organic compounds, and insoluble organic oils and waxes.

Spent fermentation broth contributes pollutants to wastewater from the food materials contained
in the broth, such as sugars, starches, protein, nitrogen, phosphate, and other nutrients.
Fermentation wastes are very amenable to biological treatment. The spent broth can be
satisfactorily handled by biological treatment systems in a concentrated form. Equalizing the
broth prior to treatment helps avoid system upsets that may occur if the biota receive too high

feed concentrations at one time.

Data from the Detailed Questionnaire generally show that process wastewater from fermentation
plantsis characterized by high BOD., COD, and TSS concentrations; relatively large flows; and a
pH range of approximately 4.0 to 8.0.

3.4.2.2 Biological and Natural Extraction

Many materials used as pharmaceuticals are derived from such natural sources as the roots and
leaves of plants, animal glands, and parasitic fungi. These products have numerous and diverse
pharmaceutical applications, ranging from tranquilizers and alergy-relief medications to insulin
and morphine. Also included in this group is blood fractionation, which involves the production

of plasma and its derivatives.

Despite their diversity, al extractive pharmaceuticals have a common characteristic: they are too
complex to synthesize commercialy. They are either very large molecules, and/or their synthesis
results in the production of several stereoisomers, only one of which has pharmacological vaue.
Extraction is an expensive manufacturing process which requires collecting and processing large
volumes of specialized plant or animal matter to produce small quantities of products. Facilities
utilize extraction when there are no other reasonable alternatives for producing a desired active

ingredient.
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The extraction process consists of a series of operating steps beginning with the processing of a
large quantity of natural or biological material containing the desired active ingredient. After
amost every step, the volume of material being handled is reduced significantly. In some
processes, reductions may be in orders of magnitude, and complex final purification operations
may be conducted on quantities of materials only afew thousandths of the volume handled in
earlier steps. Neither continuous processing methods nor conventional batch methods are suitable
for extraction processing. Therefore, a unique assembly-line, small-scale batch processing method
isused. Material istransported in portable containers through the plant in 75- to 100-gallon
batches. A continuous line of containersis sent past a series of operating stations. At each
station, operators perform specific tasks on each batch in turn. Asthe volume of material being
handled decreases, individual batches are continually combined to maintain reasonable operating
volumes, and the line moves more slowly. When the volume is reduced to a very small quantity,
the containers also become smaller, with laboratory-size equipment used in many cases. An
extraction plant may produce one product for afew weeks; then, by changing the logistical
movement of containers and redefining tasks to be conducted at each station, the plant can

convert to the manufacture of a different product.

Residual wastes from an extraction plant essentially will be equa to the weight of raw material,
since the active ingredients extracted are generally present in the raw materials at very low levels.
Solid wastes are the greatest source of the pollutant load; however, solvents used in the
processing steps can cause both air and water pollution. Detergents and disinfectants used in

equipment cleaning operations are normally found in the wastewater.

Priority pollutants, including methylene chloride, toluene, chloroform, 1,2-dichloroethane, and
phenol, were identified as being used in the manufacturing of extractive pharmaceuticalsin the
Detailed Questionnaire. The cations of lead and zinc are known to be used as precipitating
agents. Phenol was identified as a disinfecting chemical. The other priority pollutants found were
used as processing solvents. The Detailed Questionnaire identified nonconventional pollutants
most often used in the extractive manufacturing process as ethanol, methanol, n-amyl acetate,
isopropanol, and acetone. These nonconventional pollutants may be used as processing solvents.

Table 3-6 lists solvents used in biological or natural extraction operations.
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Solvents are used in two ways in extraction operations. Some solvents are used to remove fats
and oils that would contaminate the products. These "defatting” extractions use an organic liquid
that dissolves the fat but not the product material. Solvents are also used to extract the product
itself. For example, when plant alkaloids are treated with a base, they become soluble in such

selected organic solvents as benzene, chloroform, and 1,2-dichloroethane.

Ammoniais used in many extraction operations because it is necessary to control the pH of water
solutions from both animal and plant sources to separate valuable components from waste
materials. Ammonium salts are used as buffering chemical's, and agueous or anhydrous ammonia
isused as an akalinizing reagent. The high degree of water solubility of ammonium salts prevents
unwanted precipitation of salt, and they do not react chemically with animal or plant tissue. Such

basic materials as hydroxides and carbonates of akali metals do not have these advantages.

The principal sources of wastewater from biological/natural extraction operations are: 1) spent
raw materials (e.g., waste plasma fractions, spent media broth, plant residues); 2) floor and

equipment wash water; 3) chemical wastes (e.g., spent solvents); and 4) cleanup of spills.

Wastewater from extraction plantsis generally characterized by low BOD, COD, and TSS
concentrations,; small flows; and pH values of approximately 6.0 to 8.0.

3.4.2.3 Chemical Synthesis

Most of the active ingredients marketed and sold as drugs are manufactured by chemical
synthesis. Chemical synthesisis the process of manufacturing pharmaceuticals using organic and
inorganic chemical reactions. Since most of these compounds are produced in batch operations,

the conventional batch reaction vessel is the major piece of equipment used on the process line.
The reaction vessal is one of the most standardized equipment designsin the industry. Generally,

it ismade of either stainless steel or glass-lined carbon-steel, and it contains a carbon-steel outer

shell suitable for either cooling water or steam. Inside the vessel is a motor-driven agitator and a

3-33


glen487
3.4.2.3 Chemical Synthesis

glen487
when plant alkaloids are treated with a base, they become soluble in such
selected organic solvents as benzene, chloroform, and 1,2-dichloroethane.

glen487
Ammonia is used in many extraction operations

glen487
Ammonium salts are used as buffering chemicals, and aqueous or anhydrous ammonia
is used as an alkalinizing reagent.

glen487
1) spent
raw materials (e.g., waste plasma fractions, spent media broth, plant residues); 2) floor and
equipment wash water; 3) chemical wastes (e.g., spent solvents); and 4) cleanup of spills.

glen487
low BOD , COD, and TSS 5
concentrations; small flows; and pH values of approximately 6.0 to 8.0.

glen487
Most of the active ingredients marketed and sold as drugs are manufactured by chemical
synthesis.


baffle. Vessels of this type are made in many different sizes, with capacities ranging from 0.02 to

11.0 m® or more.

The basic vessels may be fitted with different attachments depending on the process needs of the
product to be manufactured. Baffles usually contain sensors to measure the temperature of the
reactor contents. Dip tubes may be used to introduce reagents into the vessels below the liquid
surface. The vessel's agitators may be powered by two-speed motors or by variable-speed motor
drives. The reactor may be mounted on load cells to accurately weigh the reactor contents. The
batch reactors are typically installed with only the top heads extending above the plant operating
floor to provide the operator with easy access for loading and cleaning. Also, one of the top
nozzles may be fitted with a floodlight and another with a glass cover to enable an operator to

observe the reactor contents.

The reactors can be modified for additional uses. By using heating or refrigeration devices, the
chemicals may be boiled or chilled in them, according to process needs. By adding reflux
condensation equipment, the vessel may perform complete reflux operations (i.e., recycling of
condensed vapors). The vessels can aso become evaporators if vacuum is applied. The reactors
may aso be used to perform solvent extraction operations and, by operating the agitator at a slow

speed, the vessels can serve as crystallizers.

Synthetic pharmaceutical manufacture consists of using one or more of these reactor vesselsto
perform, in a step-by-step fashion, the various operations necessary to make the product.
Following a definite recipe, the operator (or, increasingly, a programmed computer) adds
reagents; increases or decreases the flow rate of cooling water, chilled water, or steam; and starts
and stops pumps which transfer the reactor contents to another vessel. At appropriate stepsin the
process, solutions are pumped either through filters or centrifuges, or into solvent recovery

headers or waste sewers.

The reactor vessels with an assembly of auxiliary equipment are usually arranged into independent
process units, which are suitable for the complete or partial manufacture of many different

pharmaceutical compounds. Only with the highest volume products is the process unit

3-34



"dedicated” to manufacturing only one product. Large pharmaceutical plants may have many

such units, while smaller plants may have only one or two.

Each pharmaceutical product is usually manufactured in a"campaign,” in which one or more
process units are used for a few weeks or months to manufacture enough compound to satisfy the
projected sales demand. Campaigns are usually tightly scheduled, with detailed coordination
extending from procurement of raw materials to packaging and labeling of the product. For a
variable period of time, a process unit actively manufactures a specific compound. At the end of
the campaign for one product, another is scheduled to follow. After equipment cleaning, the same
equipment is then used to make a completely different product, using different raw materials,

executing a different recipe, and creating different wastes.

A variety of priority pollutants are used as reaction and purification solvents during chemical
synthesis. According to the Detalled Questionnaire, priority pollutants used by facilities during
the chemical synthesis process include benzene, chlorobenzene, chloroform, chloromethane, o-

dichlorobenzene, 1,2-dichloroethane, methylene chloride, phenal, toluene, and cyanide.

The Detailed Questionnaire identified the top five nonconventional pollutants associated with
chemical synthesis as methanol, acetone, isopropanol, ethyl acetate, and ethanol. Six-member
ring compounds, such as xylene, pyridine, and toluene, are also widely used organic solvents
because they are stable compounds that do not easily take part in chemical reactions. These
compounds are used either in the manufacture of synthesized pharmaceuticals or are produced as
the result of unwanted side reactions. Table 3-7 lists solvents used in chemical synthesis

operations.

Solvents are used in chemical synthesis processes to dissolve gaseous, solid, or viscous reactants
in order to bring all the reactants into close molecular proximity. Solvents aso serve to transmit
heat to or from the reacting molecules. By physically separating molecules from each other,
solvents slow down some reactions that would otherwise take place too rapidly, resulting in

unwanted side reactions and excessive temperature increases.
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Some solvents are also used to control the reaction temperature. It iscommon practicein a
batch-type synthesis to select a solvent which is compatible with the reaction and which has a
boiling point the same as the desired reaction temperature. Heat is then applied to the reaction
mass at arate sufficient to keep the mixture boiling continuously. Vapors that rise from the
reaction vessel are condensed, and the liquefied solvent is allowed to drain back into the reaction
vessel. Thisrefluxing prevents both overheating and overcooling of the reactor contents, and can

automatically compensate for variations in the rate of release or absorption of chemical energy.

Many plants operate solvent recovery units that purify contaminated solvents for reuse. These
units usually contain distillation columns, and may also include solvent/solvent extraction
operations in which a second solvent is used to separate impurities. These operations may result
in aqueous wastes that contain residues fully or partially saturated with residual solvent.
Wastewater is generaly produced with each chemical modification that requires filling and
emptying the batch reactors. This wastewater can contain unreacted raw materials, as well as
some solvents, along with alarge number of compounds that differ due to the varied chemical
reactions performed (e.g., nitration, amination, halogenation, sulfonation, alkylation). Chemical
synthesis effluent generally has a high BOD, and COD waste load. The pollutantsin chemical
synthesis wastewater vary with respect to toxicity and biodegradability. The production steps
may generate acids, bases, cyanides, metals, and other pollutants, while the waste process
solutions and vessel wash water may contain residual organic solvents. Occasionally, chemical
synthesis wastewater isincompatible with biological treatment systems because it istoo
concentrated or too toxic for the biomass in the treatment system. Thus, it may be necessary to
equalize and/or chemically pretreat some chemical synthesis wastewater prior to biologica
treatment.

Primary sources of wastewater from chemical synthesis operations are: 1) process wastes such as
spent solvents, filtrates, and concentrates, 2) floor and equipment wash water; 3) pump seal
water; 4) wet scrubber wastewater; and 5) spills. Wastewater from chemical synthesis plants can
be characterized as having high BOD., COD, and TSS concentrations; large flows; and extremely

variable pH values, ranging from 1.0 to 11.0.
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3424 Mixing, Compounding, or For mulating

Pharmaceutically active ingredients are generally produced by batch processesin bulk form and
must be converted to dosage form for consumer use. Common dosage forms for the consumer
market are tablets, capsules, liquids, and ointments. In addition, active ingredients can aso be

incorporated into patches and time release capsules.

Tablets are formed in a tablet press machine by blending the active ingredient, filler, and binder.
Thefiller (e.g., starch, sugar) is required to dilute the active medicinal ingredient to the proper
concentration, and a binder (e.g., corn syrup or starch) is necessary to bind the tablet particles
together. A lubricant (e.g., magnesium stearate) may be added for proper tablet machine
operation. The dust generated during the mixing and tableting operation is collected and usually
recycled directly to the same batch, while broken tablets generally are collected and recycled to
the granulation operation in a subsequent lot. Some tablets are coated by tumbling with a coating
material and then dried. After the tablets have been coated and dried, they are sent to the
packaging unit where they are bottled. Tablet-coating operations can be a significant source of air
emissions of solventsif solvent-based coatings are used, and can contribute solvents to the plant
wastewater if certain types of air pollution control equipment (wet scrubbers or activated carbon)
are used to capture solvent vapors from tablet-coating operations. Wastewater from the wet
scrubber islikely to be sewered as is the condensate from the steam used to regenerate the

activated carbon.

The first step in capsule production is to form a hard gelatine shell. The shells are produced by
machines that dip rows of rounded metal dowels into a molten gelatine solution, and then strip the
capsules from the dowels after the capsules have cooled and solidified. Imperfect capsules are
remelted and reused, if possible, or sold for glue manufacture. Most pharmaceutical companies
purchase empty capsules from afew speciaty producers. The active ingredient and filler are
mixed before being poured by machine into the empty gelatine capsules. The filled capsules are
bottled and packaged. Asin tablet production, some dust is generated, which is recycled to the
production line. Liquid preparations are formulated for injection or oral use. In both cases, the

liquid active ingredient is first weighed and then dissolved in water. Injectable solutions are
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bulk-sterilized by heat or filtration and then poured into sterilized bottles. Oral liquid preparations
can be bottled directly without the sterilization steps. Wastewater is generated by general cleanup
operations, spills, and breakage.

Ointments are produced by blending an active ingredient(s) with an ointment base such as
polyethylene glycol. The blended product is then poured into tubes by machine and packaged.

Wastewater generated from these operations are all from equipment cleaning operations.

The primary objective of mixing, compounding, or formulating operations isto convert the
manufactured products into afinal, usable form. The necessary production steps typically have
small wastewater flows because very few of the unit operations generate wastewater. The
primary use of water isin the actual formulating process, where it is used for cooling and for

equipment and floor washing.

Wastewater sources from mixing, compounding, or formulating operations are: 1) floor and
equipment wash water, 2) wet scrubbers, and 3) spills. The use of water to clean out mixing
tanks can periodically flush dilute wastewaters of unusual composition into the plant sewer
system. The washouts from mixing tanks may be used to prepare the master batches of the
pharmaceutical compounds and may contain inorganic salts, sugars, and syrup. Other sources of
contaminated wastewater are dust and fumes from scrubbers, either in building ventilation systems
or on specific equipment. In genera, this wastewater is readily treatable by biological treatment
systems.

An analysis of the pollutant information in the pharmaceutical manufacturing database shows that
wastewater from mixing, compounding, or formulating plants normally has low BOD,, COD, and

TSS concentrations; relatively small flows; and pH values of 6.0 to 8.0.

3.4.3 Pharmaceutical Manufacturing Process Variability

The wastewater effluent flow and composition from atypical pharmaceutical manufacturing

facility can be highly variable. Factors contributing to such variability are:
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. Campaigning;

. Batch processing; and
. Wastewater commingling.

Because many pharmaceutical products are manufactured in campaigns, most wastewater is
generated during product changeover. The process equipment must be cleaned out to avoid
product contamination. The composition of the wastewater will vary according to the products

that were manufactured on that process line.

Pharmaceuticals are manufactured by batch and continuous manufacturing operations. Batch-type
production is by far the most common manufacturing technique, as presented in the production
operation breakdown in Table 3-8. Many pharmaceutical facilities conduct multiple batch
operations, some in series and some concurrently. Often several of the required batch processes
are performed at the same time in separate reactors, each with its own schedule. Each batch may
have unique waste stream characteristics. In fermentation operations, it can take afew daysto
several weeks to complete the ferment, during which little or no wastewater is generated.
However, during product recovery operations, high-volume, high-strength wastewaters are

generated.

It is also common practice in the pharmaceutical manufacturing industry to commingle organic-
contaminated wastewaters. In many cases commingling is necessary to collect sufficient
wastewater volume to properly operate an economically sized treatment unit such as a steam
stripper. Commingled wastes may be added to the treatment unit feed tank on a variable
schedule, thus atering the feed composition on areal-time basis. In other cases, segregating for

purposes of recovery and treatment may be appropriate and cost effective.

A variety of solvents are used in the pharmaceutical manufacturing industry and end up in the
industry's wastewater. Many solvents are process-specific and cannot be interchanged in other
pharmaceutical processes. In addition, solvents must be approved by the FDA for each process.
FDA regulations require that before a change can be made to an approved process, industry must
meet the requirements of product purity and product efficacy as specified in the FDA approval.
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Consequently, ssimplification of wastestream composition by chemical substitution to a common
solvent may not be possible or desirable. Nonetheless, EPA has worked with the Food and Drug
Administration (FDA) to encourage pollution prevention in the fina guidelines and standards.
See 7.2.1.2 for amore detailed discussion of EPA and FDA efforts towards pollution prevention
in the pharmaceutical industry.



Table 3-5

Solvents Used in Fermentation Operations

Acetone n-Heptane
Acetonitrile n-Hexane
Ammonia (agueous) | sopropanol

n-Amyl acetate | sopropy!| acetate
Amyl acohol Methanol

n-Butyl acetate Methyl cellosolve
n-Butyl acohal Methylene chloride
Chloroform Methyl isobutyl ketone (MIBK)
N,N-Dimethylformamide Petroleum naphtha
Ethanol Phenol

Ethyl acetate Toluene
Formaldehyde Triethylamine
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Table 3-6

Solvents Used in Biological or Natural Extraction Operations

Acetone Ethylene glycol
Acetonitrile Formaldehyde
Ammonia (agueous) n-Heptane

n-Amyl acetate n-Hexane

Amyl acohol | sopropanol
n-Butyl acohal | sopropy! acetate
Chloroform | sopropy! ether
1,2-Dichloroethane Methanol
Diethylmine Methylene chloride
Diethyl ether Petroleum naphtha
N,N-Dimethylformamide Phenol

Dimethyl sulfoxide n-Propanol
1,4-Dioxane Pyridine

Ethanol Tetrahydrofuran
Ethyl acetate Toluene
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Table 3-7

Solvents Used in Chemical Synthesis Operations

Acetone Formaldehyde
Acetonitrile Formamide
Ammonia (agueous) Furfura

n-Amyl acetate n-Heptane

Amyl acohol n-Hexane
Aniline | sobutyraldehyde
Benzene | sopropanol

2-Butanone (MEK)

| sopropy! acetate

n-Butyl acetate | sopropy! ether
n-Butyl acohoal Methanol
Chlorobenzene Methylamine

Chloroform

Methyl cellosolve

Chloromethane

Methylene chloride

Cyclohexane

Methyl formate

o-Dichlorobenzene (1,2-Dichlorobenzene)

Methyl isobutyl ketone (MIBK)

1,2-Dichloroethane

2-Methylpyridine

Diethylamine

Petroleum naphtha

Diethyl Ether

Phenol

N,N-Dimethyl acetamide

Polyethylene glycol 600

Dimethylamine n-Propanol
N,N-Dimethylaniline Pyridine
N,N-Dimethylformamide Tetrahydrofuran
Dimethyl sulfoxide Toluene

1,4-Dioxane Trichlorofluoromethane
Ethanol Triethlyamine

Ethyl acetate Xylenes

Ethylene glycol
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Table 3-8

Production Operation Breakdown(a)

Number of Operations

Manufacturing Processes

Mixing/ Per cent of
Biological Chemical Compounding/ Total

Type of Operation Fermentation Extraction Synthesis Formulating Total Operation
Batch 309 189 1,059 3,675 5,232 99
Continuous 16 1 16 8 41 1
Total Number of Operations 325 190 1,075 3,683 5,273 100
Percent of Total Operations 6 4 20 70 100
Percent of Subcategory Operations which are 95 99 99 100 99
Batch

(8 Production data obtained from 244 facilities responding to the Detailed Questionnaire.




Table 3-9

Trendsin Treatment Technologies Used
at Pharmaceutical Manufacturing Facilities(a)

Per centage of Facilities Using
This Type of Treatment

Per centage of FacilitiesUsing
This Type of Treatment

Treatment Technology Technology Prior to 1986 Technology in 1989/1990
Neutralization 26.0 44.3
Equalization 20.1 28.6
Activated dudge 16.9 20.5
Settleable solids removal 13.3 NA
Primary sedimentation 12.0 NA
Aerated lagoon 7.5 4.9
Primary clarification 3.9 9.8
Chlorination 3.6 2.5
Polishing ponds 3.2 NA
Waste stabilization pond 2.9 25
Trickling filter 2.9 2.0
Multimediafiltration 2.3 6.1
Steam stripping 1.9 5.7
Evaporation 1.9 NA
Secondary clarification 1.6 20.9
Granular activated carbon 1.3 3.3
Oxidation 1.0 2.0
Dissolved air flotation 1.0 NA
pH adjustment NA 50.0
Phase separation NA 12.3

Thetotal of the percentagesis not 100 because any one facility may have multiple trestment technologies and some

facilities do not have treatment in place.

NA - Not available.

(a) Dataobtained from reference 22 and the responses to the Detailed Questionnaire.
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