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FOREWORD

Man and his environment must be protected from the adverse
effects of pesticides, radiation, noise and other forms of pollution,
and the unwise management of solid waste. Efforts to protect the
environment require a focus that recognizes that interplay between
the components of our physical environment--air, water, and land.
The National Environmental Research Center provides the multi-
disciplinary focus through programs engaged in

® studies on the effects of environmental contaminants
on man and the biosphere, and

™ a search for ways to prevent contamination and to
recycle valuable resources.

The goals of this study were to characterize the wastewaters
being generated by the ethical pharmaceutical industry, identify
current treatment methods and their effectiveness, and define
technology needed to upgrade the industry's wastewater management
practices over the coming years,

In collecting, compiling, and analyzing the data for this report,
the subcontractor found it necessary to incorporate considerable
professional judgement., The reader 1s urged to bear this in mind and
use discretion when exercising his professional prerogative by making
further interpretationes or forming additional, quantitative conclusions.

A. W. Breidenbach, Ph.D.
Director

National Environmental
Research Center, Cincinnati



ABSTRACT

Effluents from the ethical pharmaceutical industry have been evaluated
The following two lables indicale the weighted
variations in the observed

based on three categories.
averages of the reported values. However,
values were large. The companies reporting represent threc-fourths of

the industry's sales.

Table 1
PLANT SUMMARY
Chemical Plants
Pharmaceutical and A1Y Other
Item Plants Pharmaceutical/ Plants
Chemical Plants

Total Plants

Reporting 27 17 30
Reporting Plants

Mith Usable Data 17 13 26
Total fnployees

Jn Plants

With Usable Data 17,724 10,855 36,546
Total Treatable

Fffluent 10 Plants

¥ith Usable Data

{Gallons Per tionth) 85,764,000 149,235,000 615,713,000
Effluent Per Employee

(Gallons I'er Month

Per Employce) 1,840 13,750 16,850
Number of Plants

Self Treatina

With Usable Data 3 4 12
Treatment Cost

(Dollars Per Year) $114,850 $674,660 $7,311,500
Treatment Cost

{(Dollars Per 1000 Gallons ¢

of Treatable Effluent) $1.52 $0.97 $2.28

1v




Table II

EFFLUENT SUMMARY FOR SELF TRZATING PLANTS

Pharmaceutical _Chemical_Plants and . A1l Other Plants
selb ons P“;;‘“‘CE‘ﬁ-‘fng/Chanlca Seif Treating
e reatin ants Se reatin
Weighted Averages i “ird
In Raw In Treated In Raw In Treated| In Raw In Treated
Effluent Effluent Effluent Effluent [Effluent Effluent
Pounds Per Month
Per Employer 3.18 .29 687 85 251 35
BODS Pounds , . 123
Per 1000 Pounds Raw Mat'l 5.2 47 133 16.7 3 15
Pounds Per Month
. 35 1832
cCo Par Employee 7.4 .66 1,620 670 832
Pounds 57
Per 1020 Pounds Raw Mat') 53.3 3.8 175 3 276
ounds Per Month
«; |Pe < NSUFFICIENT DATA > 75 8.6
Suspended_P‘r Employee i
Solids Pounds
Per 1000 Paunds Raw Mat'l Lo INSUFF ICTENT DATA > 42,7 4.9
Percent BOD Removal 91 88 83
Percent COD Removal 90 59 79
Percent SS Rempval - - 84




All companies reported no pathogens in the effluent and only
infrequent indications of heavy metals (mercury, chromium, lead,
zinc) being present in low concentrations (Tables VI, VIII and X).

This report was submitted in fulfullment of Grant No.
RB801159 to the Pharmaceutical Manufacturers Association (PMA)
by the Office of Research and Development of the U. S.
Environmental Protection Agency (EPA), The PMA subcontracted
with Gulf South Research Institute (GSRI) of New Orleans, Louisiana,
for the investigation. :

vi



CONTENTS

ABSTRACT . . .. . . .. ..
TABLLES. . .. . . . ..

I
II
ITI
v

v
A

VI

VI1IL

IX

XII

CONCLUSIONS . .. . . . .. ..
RECOMMENDATIONS
INTRODUCTLON

G:OOD MANUTACT URING PRAC'I ICLS

Scction 133, 8 Production and Control
Proccdures . . . . . . ..
INITIAL WORKPLAN
SOUURCES OF EFFLUENT
CONTAMINATION
Pharmaccutical Plants
Production Techniques and Typical
Effluents
Chemical Plants
Fermentation . .
Bioloygical Plants . ..
Natural Producl E\tractlon ..
PILANT ETFFLUENT EVALUATION
SCHEME . .
PRESENTATION OF PLANT
EFFLUENT DATA . .
TREATED EFFLUENT
CHARACTERISTICS
LEVELS AND COST OF EF FLUE\l
TREATMENT . e e e
DISCUSSION OF RESULTS BY
INDUSTRY
Pharmacculical P]ants .
Chemacal Plants and Phalmaccutu.al/
Chemaical Plants e e e
All Other Plants . .. . . . . ..
DISCUSSION O WATER USAGE .
IPharmaceulical Plants ..
Chemical Plants and Pharmacuttxcal/
Chemical Plants
A1l Other Plants . .

vil

10
12
13
13

15

17

25

29
29

30
31

32
33

34
34



NI EFFLUENT TREATMENT TECIHNOLOGY
Pharmaccutical Plants . .
Chenucal Plants and Pharmaccutical/

Chemical Plants.,
All Other Plants

XIV NEW TECGHNOILOGY. .o —
Pharmacculhical Balch Vesscl Clecamng
Checimical Processcs .

Fermentation .o

Carbon 1n Raw Malerial
ACKNOWLEDGEMENTS
BIBLIOGRAPHY ,
APPENDIX A ., .

vill

30
A0

38

38
39
39
43
44
A



Vo

vt

1IN

e

Nl

N

NIV
XV

AVI
XVII

TABRILS

PLANT SUMMARY .

FITFLUMNT SLJM.‘V[/\R\ l ()l\ Sl l 17 - l RSN l\C.
PLANTS .

PLANYS RESI Ol\l)l.\'(. l Y Pl\O(,LbS
CAIGORTES

RIESPONSITS A "Ol(l)ll\'\l ,O I"‘l.N'\I Uk l 55
CATLEGORTES

FIHLARMACIEULD!HICAL PP lu\\ iS- l\ \\\’
FETPLULNT CHARACTERISTICS

PHHARMACIEOTTICAL PLANTS"RAW
itk LURNTD CHARACT ERISTICS
(Heavy Mcotals)

CUIAMICATL, PLANTS /\\l) Plll\l\MA l Ull(A[ /
CIHHINTTICA L P ANTS-RAW KIFULURLNT
\Illl\\(llllall(H ..

RAW Fi L ULENT CHARACTE l\lblICS-
CHIMICA L, PLANTS AND
PHARMACEUTICAL/CHEMICAL PLANTS
(Heavy Mutals) . e e e e e

ALL OFHER PLANTS-RAVW EFFLUENT
CHARACTERISTICS . e e e e

AL OTHIER PILANTS-RAW LTI LUENT
CHARACTERISTICS
(lHtcavy Moetals) . .. .

FINAL FTRENTLD &L L-l N l‘ ILOADINGS=
PLAMIES Wi Sl F-1 REATMENT

PINAL PREATED EFFLUIENT 1LOADINCGS -
PLANTS WITH SELF-TRIEATMENT
(Ieavy NMetals) . . e e e e

COSTS AND TTREATMI \ll l,l-l\"]-?l.b'-

PLANTS WITHT SELEF-TREATMENT

PHARNMACETTICAT, PLANTS

CLAIC AL 1 ANTS J\Nl) l’ll./\l\MACl U’l“I(,,\l /
CHIENHCAIL PLANT

ALL OTHER PLANlS .

TRIEATABLE EFIFLUENT BY (_,1\ l L( Ol\\ .

MVIH PERCENT CARBON IN RAW MATLRIAL

VIRSUS CONTAMINANTS TN RAW
EFFLUKNT

41



X1X PERCENT CARBON IN RAW MATERIAL
VERSUS CONTAMINANTS [N RAW
EFFLUENT
(Chenmcal Plants and Pharmaceutical/

Chemical Plants) . . . . . . . ...

XX PERCENT CARBON IN RAW MATERIAL
VERSUS CONTAMINANTS TN RAW
EFFLUENT
(AWl Other Plants) . . . . . . .. ...

1

42



I CONCL USIONS

1. The industry was segregated into three types of plants according
to the nature of their manufacturing operation.

(a} Pharmaceutical Plants
(b) Chemical Plants and Pharmaceutical/Chemical Plants

(c) All Other Plants

2. Since the industry manufactures many and varied product
mixes, frequent process changes (job shop operations) generate
industry wastes which may be cyclical, intermittent, and highly
variable in nature, thus adding to the complexity of the treatment
problems.

3. The majority of the plants in this industry discharge their
effluents 1nto municipal sewage collection systems with subsequent
public treatment.

4, Pharmaceutical plants generate effluents largely sanitary in
nature and readily treatable in a biological facility.

5. The "'All Other Plants'' category includes processes such as
fermentation, extraction, pharmaceutical, biological, chemical,
or a combination of these. Where fermentation is an integrated
part of the manufacturing procedure, its high BOD and suspended
solids loadings usually predominate the nature of the raw effluent,

6. Fermentation processes are usually conducted in a plant along
with other processes such as chemical, pharmaceutical, biological
and natural products extraction, or a combination of these. The
raw fermentation effluent is characterized by a high BOD and usually
high suspended solids.

7. Several self-treating plants reported high pounds of dissolved
solids in their effluents which may be attributed to the dissolved
solids present in their intake once-through cooling water.

8. Based on the data available, the treatability of the plant
effluents is comparable to the levels normally associated with a
regional biological facility's influents.



9. Specifications and standards in "The Good Manufacturing
Practices Regulations" place severe restrictions on the ability
to reuse and recycle process effluents because of cross-product
contamination considerations.



II RECOMMENDATIONS

A number of factors need to be considered to allow more
complete characterization of the industry. These are.

1. Better definition of the effluents from
each manufacturing process;

2. Determination of economics and feasibility
of recovery, recycle and disposal methods
for specific waste streams;

3. Identification of areas where transfer of
treatment technology within the industry
or from other industries is possible;

4. More in-depth evaluation of existing
operations to identify those plants using
the most practical treatment technology.

5. Fermentation should be extracted, and
separate data obtained.



III INTRODUCTION

Over the past several years, the Environmental Protection Agency
(EPA) has been striving to establish effluent guideline levels for con-
taminants from all industrial and domestic point sources. As part of
this program, 27 major industry categories have been identified in
Public Law 92-500 and are now being investigated in depth by checking
and surveying the member plants and obtaining data on selected con-
taminants, average plant discharge rates, treatment costs, and other

pertinent factors,

Since the pharmaceutical industry can be expected to be investi-
gated at a later time, the Pharmaceutical Manufacturers Association
(PMA) has been following the procedures of EPA in anticipation of
the need for information on the effluents from the pharmaceutical
industry. It is the intention of PMA to take an active part in the study
of the industry and to assist the EPA in developing meaningful
information from which satisfactory effluent guidelines can be
established. To support such a cooperative effort, the PMA and the
EPA agreed to jointly sponsor an industry study to collect preliminary
data. This data is Lo be used to aid the EPA in eventually setting these
initial effluent standards and to define areas where additional research
related to waste treatment is needed.

Although there are over 1, 300 producers of ethical pharmaceuticals
in the United States, 115 of these are responsible for 95 percent of the
industry's sales. The PMA represents these 115 manufacturers, and
thus is the logical agency to represent and coordinate the effort to
evaluate the effluents from the ethical pharmaceutical industry. The
companies which are not members of the PMA are very small in terms
of sales and employees, and consequently the plant effluents are usually
very small and are discharged directly to municipal facilities. As will
be explained later, these small companies are also regulated by the
Food and Drug Administration (FDA}, The FDA guidelines for good
manufacturing plant practices are a check on plant effluent contaminant
loadings.



IV GOOD MANUFACTURING PRACTICES

Actually, the pharmaceutical industry has been under a form of
pollution control for a number of years. Certain cleanliness, hygienic,
sanitation, and process control standards are matters of particular
importance to this industry because of 1ts concern for product quality.
As a result of these considerations, the pharmaceutical industry has,
as a matter of course, practiced usually good manufacturing and house-
keeping procedures as they apply to both processes and personnel. In
addition, the pharmaceutical industry has for years been subject to
certain manufacturing and operational restrictions and inspections
pertaining to the regulations of the Federal Food and Drug and Cosmetic
Act. Periodically, FDA personnel will call on a pharmaceutical
manufacturer for an unannounced in-plant inspection covering some of
the above factors. Good manufacturing practices regulations pro-
mulgated by the FDA have been in force, with modifications, since 1963.

Through action by the entire industry, in cooperation with the FDA
and other governmental agencies, the industry took action in 1969 to
strenghten the overall manufacturing procedures described in FDA's
Good Manufacturing Practices Regulations.

In the Federal Register of August 22, 1969 (34 F.R. 13553), a notice
was published proposing a revision of sections 133.1 to 133, 4 to clarify,
strengthen and make more specific these regulations which, if put into
effect, will reduce potentials for water contamination.

The Good Manufacturing Practices Regulations covered the following
areas.

Section 133.1 Definitions

Section 133, 2 Finished pharmaceutical manufacturing practice

Section 133. 3 Buildings

Section 133. 4 Equipment

Section 133.5 Personnel

Section 133. 6 Components

Section 133. 7 Master production and control records
Batch production and control records

Section 133. 8 Production and control procedures

Section 133.9 Product containers and their components

Section 133,10 Packaging and labeling



Scction 133. 11 I.aboratory controls

Section 133,12 Distribution records
Section 133,13 Stability

Section 133, 14 Expiration dating
Section 133.15 Complaint files

Several of the sections have significant impact on the control of
effluent contamination from a raw material, intermediate, or product
standpoint. For example.

Section 133. 8 Production and Control Procedures

"Production and control procedures include all reasonable
precautions, including the following, to insure that the
drugs produced have the safety, identity, strength, quality,
and purity they purport to possess:

1.

Each significant step in the process, such

as the selection, weighing, and measuring
of components, the addition of ingredients
during the process, weighing and measuring
during various stages of processing, and
the determination of-the finished yield,

shall be performed by a competent and
responsible individual and checked by a
second competent and responsible individual.

All containers, lines, and equipment used
during the production of a batch of a drug
shall be properly identified at all times

to indicate accurately and completely their
contents and, when necessary, the stage of
processing of the batch. "

These good manufacturing procedures promulgated by the FDA
indicate that the processing operations are more closely controlled
than other industries. With such a close check on raw materials and
products, it should be possible to determine the degree of contamina-
tion in the contact cooling and process water. In addition, since
inventories are closely watched and checked, inadvertent spills and
batch discharges are completely monitored and housekeeping practices
are kept at the optimum.



V INITIAL WORK PLAN

In one of the initial meetings of the PMA, EPA, and Gulf South
Research Institute (GSRI), it was decided to categorize the pharma-
ceutical industry into five processing categories so that these
individual areas could be examined from a segregated effluent view-
point with the attendant types and concentrations of contaminants, as
well as flow volumes and rates, The five categories originally agreed
upon at that time were:

1. Pharmaceutical

2. Chemical

3. Fermentation

4. Biological

5. Natural Product Extraction

It was felt that by initially identifying these five separate manufacturing
categories, the contaminant loadings of the respective effluents could
better be defined.

During the course of site visits and subsequent evaluations of data
submitted by member firms of the PMA, it was realized that the actual
identification and categorization of each effluent discharged from the
above processing categories would be difficult at this time since many
firms do not have the historical documentation needed.

As a result, the final data was tabulated in the following three
general categories.

Pharmaceutical
Chemical plants and pharmaceutical/chemical plants

All other plants consisting of a combination of two
or more of the above listed process categories.

Even though the data was evaluated in the above three categories,
it was felt that an examination of the individual processes would be
of importance in evaluating treatment practices and would aid in
establishing the overall industry's present level of effluent treatment,



VI SOURCES OF EFFLUENT CONTAMINATION

Pharmaceutical Plants

Production Techniques and Typical Effluents

The products which come under this category are primarily (a)
ethical pharmaceuticals sold on prescription and (b) ethical over-
the-counter preparations. Also included in this category may be
certain of the following: (c) proprietary medicines (advertised
directly), (d) diagnostic agents, (e) animal health products, and (f)
miscellaneous products.

The majority of pharmaceutical manufacturing firms are
compounders, special processors, formulators, and product
specialists. Their primary objective is to convert the desired
prescription to tablets, pills, lozenges, powders, capsules, extracts,
emulsions, solutions, syrups, parenterals, suspensions, tinctures,
ointments, aerosols, suppositories, and other miscellaneous
consumable forms, These operations can be classified as labor
intensive and low in waste production.

In respect to the ingredients going into the end product, two factors
are of importance:

a. The industry requirement that the weight of all
components going into a specific application
be recorded at all separate intervals during
the process; and

b. The fact that each ingredient is usually expensive
and any loss is reflected in company profits where
close quality and raw material control is not
practiced.

There are several sources within a manufacturing plant which can
contribute to effluent contamination:

a. Plant personnel sanitation wastes;

Plant and equipment washdowns and cleanouts;

c. Oily wastes from operating machinery and
various maintenance facilities;

o



d. Inadvertent raw material, intermediate and
product spills;
. Normal process and utilities operations;
f. Off quality material; and
g. Laboratory facilities.

The current manufacturing practices established by industry and
codified by the FDA have insured a number of safeguards with regard
to several of these items.

a. It has become standard plant practice to
insure adequate hygienic and sanitation
facilities for personnel.

b. Tableting, pill, encapsulating, and powder
preparation areas are segregated with air
control to remove airborne particles through
adequate recovery systems.

c. Bulk chemical preparation areas involving
aqueous solutions are generally curbed and
guttered so that spills and washdowns can be
directed to the proper treatment system.

c. Generally, pharmaceutical operations are
under roof so that storm water contamination
does not present a problem.

e. Generally, pharmaceutical operations utilize
vacuum and vent scrubbing systems. Thus,
seal and scrubber water can be discharged to
the proper drain system for appropriate treatment,

Plants engaged in the manufacture of pharmaceutical items fall
into two categories: (1) those which treat their own plant effluent,
and (2) those which discharge their untreated combined plant effluent
directly to a public collection system for subsequent central treatment.
There are some plants that partially treat their effluents and then
discharge to a central system.

Self-treatment of pharmaceutical wastes generally consists of a
mixing system where the various plant effluents (including sanitary
wastes) are collected for pre-settling prior to treatment in a bio-
oxidation unit. This unit can either be a trickling filter or activated
sludge. The overflow may then go to sand filter beds, post-chlorination
and discharge.



None of the plants investigated exhibited any unusual types of
treatment of their plant effluent., Conventional treatment methods
are capable of reducing contaminant loadings to specific levels.
Many plants utilize incineration or steam sterilization to treat
certain wastes.

Some plant production lines do generate wastewaters containing
dissolved inorganic salts. When mixed with effluents from other
plant operations, the concentration of such salts usually does not
present any difficult treatment problems. The technique presently
used most frequently for such material is dilution with other
effluents to concentrations which do not interfere with conventional

treatment.

Chemical Plants

In most cases, chemical processing is part of a manufacturing
complex and the resulting waste streams are combined with other
plant streams so that the total plant effluent can be treated centrally
or, if compatible with domestic sewage, discharged to a regional
facility.

In general, the chemical processing area of a plant is made up
of a number of batch reactors followed by intermediate product
storage and purification steps, such as crystallization, distillation,
filtration, centrifugation, solvent extraction, and other well known
unit operations, singularly or in combination. Since some equipment
may be common to several product needs, careful equipment cleaning
is necessary to avoid cross-contamination,

To meet rigid quality standards for subsequent use in pharma-
ceutical preparations, all intermediate and finished chemical production
steps and procedures are well defined and monitored by production,
technical and laboratory personnel.

This segment of the pharmaceutical industry probably generates
the most difficult to treat effluent when compared with the others.
Because of the many batch type operations and chemical reactions
including nitration, amination, halogenation, sulfonation, alkylation,
etc., the processing may generate wastes containing high COD, acids,
bases, solvents, cyanides, refractory organics, suspended and dis-
solved solids, and many other specific contaminants. As an example,
one class of pharmaceutical chemicals produced is bacteriostats,
disinfectants, and compounds used for sterilizing public facilities,

10



hospitals, etc. Certain formulations containing phenolics have been
effective in this area. Since these products are, by nature, dis-
infecting, a biological treatment system may be deactivated if the
raw effluent from such a manufacturing sequence is directly charged
to the treatment system at too high a concentration. Thus, it may
be necessary to equalize or chemically treat the process effluents,
This treated effluent in certain circumstances may then be acceptable
for treatment in a conventional central system. Solids, precipitates
and sludges are usually disposed of at designated landfills, It should
be realized that the quantity of pollutants is small and these effluents
are relatively minor when compared to the main plant effluents.

In some instances, process solutions and vessel washwater may
also contain residual organic solvents. A number of companies main-
tain solvent stripping facilities where the solvent is recovered and
recycled. Others concentrate the organic wastewaters by evaporation
to the point where they may be effectively incinerated. This method
is particularly effective where an animal testing facility is operated
1in the same complex. The test animals may be disposed of in the
same properly designed incineration system, and thus a two-fold pur-
pose 1s served,

Usually the entire chemical processing and production operations
are carried out in buildings constructed specifically for these purposes.
In most instances, the buildings are multi-storied and the process flow
can Lhen be from top to bottom making intermediate transfers simple
and easy to handle. Most process areas are designed to direct spills
to a designated holding system from which they are then added at a
controlled rate to the central treatment system.

Since the usual batch procedure requires equipment cleaning for
the next product, considerable washing is necessary. The washings
follow the drainage system, and can thus be collected for subsequent
treatment, Where a solvent is necessary in the cleaning steps for a
vessel cleanout, the vessel will be closed and cleaned by recirculation
of the solvent through a pump system. The contaminant solvent may
then be discharged to a tank for purification by stripping and subsequent
recovery. The tars or sludges are usually incinerated or hauled to a
landfill. In some very small production facilities, the solvent may be
disposed of to an approved disposal firm.

Where solvents are used for cleaning, one of the primary concerns
is plant safety. It is extremely important not to let any of the water
insoluble solvents get into the plant drains as a simple spark could create

11



a major catastrophe., Plant safely is of constant concern and fire
hazards are to be avoided as much as possible. Consequently, plant
safety measures contribute to elimination of gross discharges of
such organics although low concentrations remain in dissolved, dis-
persed or emulsified form and require subsequent treatment.

Several plants practice deep well disposal of certain chemical
plant effluents. Pre-treatment usually consists of neutralization

and suspended solids settling followed by filtering prior to injection.

Fermentation Plants

Fermentation is an important production process in the pharma-
ceutical industry. This type of process is the basic method used for
producing most antibiotics (penicillin, streptomycin, aureomycin)
and many of the steroids {cortisone, etc.).

The major waste of the fermentation process, and the one most
likely to be involved in water pollution problems, is spent beer,
although purification and clean-up wastes also exist. The beer is
the fermented broth from which the valuable fraction, antibiotic or
steroid, has been extractedusually by the use of a solvent. Spent
beer contains the residual food materials such as sugars, starches,
and vegetable oils not consumed 1n the fermentation process. Dis-
charging this high BOD, concentrated effluent to a receiving stream
without eliminating or drastically reducing dissolved and suspended
solids could only result in a serious water pollution problem.

Methods for treating the liquid fermentation waste are generally
biological in nature. Although fermentation wastes, even in a highly
concentrated form, can be satisfactorily treated by biological systems,
it is much better and less likely to upset the system if these wastes are
first diluted to some degree by addition of other waste streams. One
such recommended method is to combine it with large volumes of
sanitary effluents. No further nitrogen, phosphorus or trace elements
is generally needed to carry out a satisfactory biological reduction of
the contaminants in the combined wastes,

In a number of fermentation operations, it is possible to recover
the suspended mycelia and nutrients present in the spent beer. They
can then be concentrated, dried, and sold as an animal feed supplement.
Of course, the utilization of these solids in such a manner is dependent
on the nature of the fermentation waste which must be free of hazardous
components. Designated landfill areas for such solids are employed by
some companies when reuse 1s not feasible,
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The waste beer from these fermenters makes an excellent dilution
medium for several selected industrial and domestic effluents. The
mixing with domestic effluents has been described previously. In
another regional treatment operation, the filtered spent beer is com-
bined with the waste liquors from a paper mill for joint treatment with
the community sanitary wastes. The treatment plant personnel have
proven that this combination of effluents requires no additional nutrients
for satisfactory bio-oxidation to reduce the contaminant loadings to
meet local effluent specifications for BOD, SS and possibly COD. Other
waste sources of fermentation manufacturing include equipment wash-
down,filter backwashes, and solvent recovery operations. These are
customarily combined with the major waste stream since all pollutants
generated are believed to be relatively easily biodegradable.

Biological Plants

One of the first significant efforts to utilize animals for pharmaceu-
tical purposes was the recovery of serum from horses for use in manu-
facturing tetanus and diptheria anti-toxins and typhoid vaccines. During
World War II, the need for protecting American armed forces overseas
caused this segment of the industry to be greatly expanded. Large
quantities of gas-gangrene anti-toxin, tetanus toxoid, typhus and influenza
vaccines were produced from the serums extracted from certain animals.

There are two primary sources of pollution from a facility housing
live animals for the purpose of isolating serums. Where there is a need
for large amounts of serum, the number of animals housed at one location
may require several hundred acres. The two basic sources of pollutants
are: (1) the used hay and waste animal feeds which are generally
impregnated with animal wastes, and (2) the water soluble runoff which
also is rich in animal wastes.

Treatment of such wastes is quite conventional and really does not
need much elaboration, The animal waste impregnated bedding material
is usually picked up by front loaders and removed to a landfill location
or spread on farm land as a fertilizer supplement. The liquid runoff is
usually collected and either discharged to a regional treatment plant or
discharged to an in-plant treatment system. In either case, the effluent
can be reduced to what have been acceptable levels of BOD and SS by
conventional treatment. Sludge may be removed and also used as landfill.

Conversion of the crude animal isolates to consumable products
generates negligible effluent contaminants.

13



Natural Product Extraction Plants

Perhaps the classic process which typifies this segment of the
industry is the extraction of insulin from animal glands. In this
category, the raw waste would be high in the solid residues from the
animal organs or plant tissues and the washwaters containing some
residual organic solvents. Most of these extraction processes do
practice solvent recovery and recycle; the degree of contamination
remaining in the stripped wash water depends on the extent of the
recovery facilities and the efficiency of operations.

It should be pointed out the amount of suspended solids and total
effluent 1s not particularly large, A plant capable of extracting
several million pounds annually of animal organs and plant tissue
would be one of the large natural products extraction businesses in

operation in this country,

The used organs, plant tissues and still bottoms may be
incinerated. Used organs may be isolated and sold as animal feed
supplement. Landfill is the most widely used method of handling
plant tissue. Therefore, these wastes seldom enter the washwater

stream,
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VII PLANT EFFLUENT EVALUATION SCHEME

After the initial meeting, it was felt that a field investigation
of selected processing plants in the previously described manu-
facturing categories would help in developing firsthand knowledge
of the treatment systems in operation at the present time. In
addition, through on-site discussions with engineers, ideas might
be developed on technology which might be forthcoming in the years
ahead to resolve persisting problems, These site visits were to
be followed by requesting PMA member firms to submit data on the
quantity and quality of their raw process effluents. Data on treated
effluents and methods of treatment were also requested. Seventy-
four plants of member firms acknowledged the request for data,

There were 56 plants which submitted usable data on effluents
from various plant areas at corresponding levels of contaminant
loadings. Based on the identification of these plants, the PMA has
estimated that companies represented by the 56 responding plants
constitute more than three-fourths of the gross sales generated by
the industry, As an approximation, it may be assumed that these
56 plants are responsible for a major percentage of the effluents
discharged by the industry.

After making the initial site visits, it became apparent that it
was not going to be possible to distinguish between effluent types
being discharged in terms of the five categories originally designated.
The reason for this is that while there are some manufacturers who
have pharmaceutical operations at a single location, and some who
have chemical operations at a single location, there are no individual
fermentation, extraction or biological processors of any consequence
at any one manufacturing location. The number of plants reporting
by process categories is shown in Table III,

15



Table II11

PLANTS RESPONDING BY PROCESS CATEGORIES

Category Nug?g:tgf Pharmaceutical | Chemical | Fermentation | Extraction | Biological

A 27 X

B'K* 8
9 X
3 X X
3 X X
3 X X
4 X

"k ? X

¢ 4 X X
4 X X X )
1 X X X
2 X X X X
2 X X X
1 X X
1 X X

Total 74
*
A Pharmaceutical Plants
**B Chemical Plants and Pharmaceutical/Chemical Plants
*k%k

C A11 Other Plants

16




VIII PRESENTATION OF PLANT EFFLUENT DATA

To develop the information obtained from the PMA member firms
and establish the levels of effluent treatment being accomplished by
the industry, a tabulation was made of the various parameters of the
raw and treated effluents. After reviewing all of the available
responses, it was decided to divide the industry into three categories;
(1) pharmaceutical processors only, (2) chemical plants and
pharmaceutical/chemical plants, and (3) all other plants (Table IV).

A breakdown of the raw effluent characteristics for all the company
responses is listed in Tables V, VII and IX. The PMA firms supplied
the number of plant personnel and the pounds of raw material. The
data has been normalized on these two bases in an endeavor to find a
correlatable base.

The information requested also included a section covering the
types of effluent treatment practiced by each of the operating plants.
The various types of treatments within the plants are also summarized
in Tables V, VII and IX. As indicated in these tables, the various types
and sequences of effluent treatments present no new and variable
technology except for the use of pure oxygen activated sludge in one
case not shown by code due to the confidentiality of the survey.

While there was a variation of pH of the final effluent, all reported
values were within the nominal 6.5 - 7.5 range. No excessive discharge
temperatures were noted with the average being less than 95°F.

Information on the heavy metals content of the raw effluent was also
requested. Tables VI, VIII, and X report the levels of Hg, Cr, Pb and

Zn in both ppm and pounds per month.

All companies reported that no pathogens were present in their waste-
water discharges.
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RESPONSES ACCORDING TO
FINAL PROCESS CATEGORIES

Table IV

Responses Where Raw Effluent

Could 8e Evaluatad

Category Responses Effluent to | Effluent
Total Municipal Self-
Treatment Treated
Pharmaceutical
Plants 27 17 15 3
Chemical Plants
Pharmaceutical/
| Chemical Plants 17 13 9 4
A11 Other Plants 30 2 13 12
Totals 74 56 37 19
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Table V
PHARMACEUTICAL PLANT RAW EFFLUENT CHARACTERISTICS

Pounds BDg Pounds COD Pounds D.S. | Pounes s.s.
Pound
cg:::"y t~ployees ":E::‘:‘:'] n?l;:nt:{:?: Ogi‘e‘?::ﬁ:h Per Peaaloafﬂ Per pe;a‘l‘ouos Per PEEalu'm‘ Per Pe;alcm Type of Effluent Treatrents
. Per Mo Effluent Cooling Er;zl"‘::? Material E;::"H'v:e Material E';i'roi:e‘ Material ET;!:‘l-ol{g.e Material
07'92 900 2.712,000 3,955,000 2,569,000 1.5 0.5 - - 1.2 3.7 g.2 .07 Primary settling, sotids removal, runicipal treetnent
1018 660 750,000 2,750,000 1,000,000 8.1 7.1 9.5 8.4 14.0 12.3 3.5 31 Municipal treatment
1234C 135 340,000 1,020,000 200,000 76 2 2.6 - - - - 63 27 Segregation, incineration, municipal treatnent
1234F 530 320,000 1,080,000 | - - 23.5 33.0 - - 17.0 .49 8.5 14.0 Se%;esgtaann, activated sludge, landfiil, incineration,
1256A 2,500 2,000,000 4,250,000 3,000,000 3.6 4.5 8.5 10.6 - - - - Segregaufn. neutralization, municipal treatment
1690 40 5,170 182,000 87,000 10.9 84.0 11.4 87.5 24.0 185.0 0.3 2.3 Municipa) treatnent )
1698 960 |[1,330,C00| 1,777,000 | 10,583,000 1.8 1.2 3.1 2.1 1.1 0.75 29 2.0 Sedimentation, bio-oxidation, past C1, chemical
coagulation, sand filtration, segrefation
17128 | 1.200 400,000 | 2,870,000 | \J,400,000 1.9 5.7 3.0 9.6 2.0 5.0 13 48 | mumicipal treatment
24678 628 348,400 1,413,000 - 5.0 9.2 9.0 6.5 - - - - Segregation, bio-oxidation, settling
35228 383 103,000 | 2.297,000 - 21 7.8 4.7 17 6 195 73.0 27 10.} Segregation, municipal treatmert
38974 2,400 1,833,000 | 23,200,000 |330,000,000 1.4 14.9 14.4 18.9 18-1 23.7 1.4 1.3 Munfcipal treatment
38310 916 |{2,000,000 [ 8,800,000 - 121 5.9 51.0 250 3.0 150 |14 7.0 Humic1pal treatment
2064 2,000 1,470,000 | 21,600,000 | 1,200,000 67 9.1 - - - - - - Municipal treatment
23248 1,350 1,700,000 | 1,700,000 500,000 2.6 2.1 5.7 4.5 3 2.5 3.2 2.5 Mumcipal treatment
82978 | 1,400 128,000 | 3,100,000 - 32 3.0 9.4 103 - - - - seg;:i"é{:g:;::;"d sludge, Yendfill, flotation,
9170-1 250 1.64%.000 1,654,000 14 .64 13 1.5 5.4 2.5 2.3 1.1 Ev:::::::::;oze.s::g;:;:n. runicipal treatment,
94358 950 900.000 | 4.115,000 32 s 5.0 5.3 36.0 1B.0 [10.3 10.9 Sﬂ;::;:{:n segregation, munfcipal treatrent,




Table VI

PHARMACEUTICAL PLANT RAW EFFLUENT CHARACTERISTICS

(Heavy Metals)

Cr In Pb
Company
i [T Rl | e | | m [RR] m [ R
0792 - - _.005 0.16 .09 3.0 .03 1.0
1016 & NOT DETECTABLE >
1234C o 0 - - - - 0 0
1234F NIL HIL Bit NIL RIL HiL riL - {18
1256A NIL HIL niL NIL Hit HIL Hit HIL
1690 NIL - MIL - .045 .07 .05 .08
1695 0 0 0 0 ¢ ( 0 0
17128 - - - - - - - -
24678 - ~ - - - - - -
3524B NIL HIL NiL NIL HIL HIL HiL NiL
3897A 0 0 NIL HIL HIL RIL 0 0
38970 0 0 0 0 0 o 0 0
4064 - - - - - - - -
49548 0 0 .01 14 0.4 5.6 .04 0.56
B2978 ~ - - - - - - -
9370-1 - - - - - - - -
94358 - - - - - - - -

NIL - Is as reported by plant
O - Is as reported by plant

Is as reported by plant and is interpreted to
mean nol detectable.
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Table VII

CHEMICAL PLANTS AND PHARMACEUTICAL/CHEMICAL PLANTS RAW EFFLUENT CHARACTERISTICS

Pounds 8005 Pounds COD
Company En zc;u;g:l Gatlons/Mo. | Gallons/Mo Per 1000 Par 1000%
Code ployees Mater1al Treatable Once Through Per Raw Per Raw

Per Mo. Effluent Cooling E,;:]rom? Material E?Sl",{ff" Material
0947 175 300,000 257,000 - 1.8 1.0 4.1 2.4
12346 120 1,400,000 766,000 . 135.0 1.6 200.0 17.1
1712A 500 800,000 5,950,000 | 15,000,000 300.0 187 425.0 266.0
2662 700 275,000 4,225,000 3,800,000 33.0 84,0 34.0 87.0
35247 1,600 300,000 9,200,000 9,200,000 15.0 80.0 23.0 123.0
3897B 325 750,000 1,700,000 | 210,000,000 8.8 3.8 12.4 5.4
49544 - 1,800,000 64,000,000 - - 21.0 - 30.0
5722A 3,500 6,660,000 43,400,000 - 215.0 113.0 359.0 189.0
57228 150 3,300,000 47,350,000 | 185,000,000 3,500.0 159.0 5,750.0 261.0
6165 1,500 550,000 11,400,000 6,500,000 12.0 32.7 29.0 79.0
7794A 1,400 1,600,000 5,600,000 4,200,000 12.6 11.0 26.0 22.8
77948 135 795,000 3,060,000 - 580.0 99.0 910.0 155.0
8142 75Q 5,000,000 16,327,000 60,830,000 80.0 12.0 160.0 24.0

I _
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Table VII (continued)
CHEMICAL PLANTS AND PHARMACEUTICAL/CHEMICAL PLANTS RAW EFFLUENT CHARACTERISTICS

Pounds D.S. Pounds S.S.
: Process Type
Per 10002 Per 1000#
Cgtggzny Per Raw Per Raw Type of Effluent Treatment ¢ pC
Employee | Material [?lo ee | Materal
Per Mo. er Fo.
0947 3.8 2.2 2.2 1.3 Production Control,
Segregation, municipal treatment 4"
12346 308.0 26.4 10.6 0.9 Neutralization, aeration lagoon, landfill
Coagulation, sedimentation, post c1Z c
17124 - - 12.5 7.8 Neutralization, coagulation activated sludge c
Segregation, sedimentation, landf11], post ¢,
2662 20.0 5.0 1.3 3.3 Municipal treatment PC
3524A 214.0 0.6 2 PC
5 40.0 . . 3. Municipal treatment
33978 - - - - Self treatment not defined ¢
49544 - 18.0 - 2.0 Primary treatment, PC
Municipal treatment
57224 680.0 358.0 4.0 2.1 Municipal treatment ¢
57228 1,190.0 54 .0 795.0 36.0 Solvent recovery, recycle, (
Segregation, dilution
6165 2.2 6.0 2.4 6.5 Neutralization solvent recycle PC
Settling, incineration municipal treatment
7794A 27.0 23.6 1.8 1.6 Neutralization, incineration, c
Municipal treatment, segregatinn, landfill
717948 - - - - Segre ation, evaporation, recycle,
ettling, incineration, activated sludge, ]
Landfill C1
8312 1,120.0 168.0 43.0 6.4 Settling, coagu%ation. aeration, lagoon,
Floatation, clarification, landfill, C1, ¢
o Chemical

PC

Pharmaceutical ;nd Chemical




Table VIII

RAl EFFLUENT CHARACTERISTICS
CHEMICAL PLANTS AMD PHARMACEUTICAL/CHEMICAL PLANTS

(Heavy Metals)

Hy Cr In Pb

Company

Code

SR I N e S e B 4

0947 NIL HiL 0 0 0 0 0 0
12346 - - 1.28 8.2 - - - -
17122 1 nIL HIL NIL NIL NIL HIL HIL RIL
2662 0 0 0 0 0 0 0 0
3524A 0 0 ) 0 0 0 0 0 0
38378 HiL NIL NIL NIL HIL HIL HIL hiL
4954A 0 0 .01 5.4 .07 37.8 .023 12.4
. 57228 .02 7.8 .05 19.8 .6 237.0 .01 3.9
6165 0 0 0 4 0 v 0 ¢
7794A .003 0.14 .06 2.8 .6 28.0 .04 1.9
77948 .01 0.25 0.15 3.75 2.8 70.0 0.1 2.5
8442 NIL- NIL NIL RIL NIL NIL nIL NIL
8632 .0} 1.4 .6 84.0 . 1.0 110.0 2.0 280.0

N1l - Is as reported by plant

O - Is as reported by plant

- - Is as reported by plant and 1s
interpreted to imean not detectable
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Table IX
ALL OTHER PLANT RAW EFFLUENT CHARACTERISTICS

Pounds 8005 Pounds COD Pounds D.S. Pounds S.S.
Pounds
l:;:any taployees of Raw Gallons/Mo. | Gallons/Mo Per Per 10004 Per Per 1000# Per Per 1000 Per Per 10004
e Materral Treatable Once Through | Employee Raw Employee Raw Employee Raw Employee Raw
Per ¥o. Effluent Cooling Per ¥o. Material Per Mo. Material Per Mo, Materra} Per Mo, Haterial
oM7 6,000 6,700,000 22,500,000 | 420,000,000 1.0 99.0 - - 189.0 170.0 50.0 45.0
0526 6725 330,000 4,500,000 100,000 13.9 8.4 16.6 33.0 435.0 892.0 16.6 34.8
0979 - 2,750,000 36,000,000 50,600,000 - 230.0 - 460.0 - 230.0 - 276 0
1088 480 400,000 2,700,000 - 22.0 26.0 29.0 35.9 28.0 .0 2.8 3.4
12340 4,500 1,153,000 38,000,000 21,000,000 101 0 394.0 - - - - 20.0 78.0
12048 2,300 2,500,000 21,500,000 | 154,000,000 204.0 188.0 - - 74.0 67.0 12.0 11.0
12340 824 10,000,000 33,000,000 | 124,700,000 1,200.0 98.0 | 3,000.0 246.0 1,100.0 94,0 70.0 6.0
12M€ 417 2,200,000 60,200,000 | 125,000,000 1,830.0 340.0 | 4,280.0 810.0 835.0 158.0 597.0 109.0
12568 400 742,000 320,000 320,000 2.0 1.0 - - - - - -
3559 650 477,000 10,000,000 - 3.0 42.0 - - - - 8.0 62.0
3897C 280 226,000 14,300,000 900,000 79.0 97.0 - - - - - -
5092 2,500 730,000 6,615,000 9,400,000 5.0 7.1 8.0 27.4 8.0 27.4 3.0 10.3
5722C 450 5,000,000 50,400,000 | 244,000,000 2,400.0 216.0 |} 5,330.0 480.0 4,500.0 406.0 .0 21.0
57220 400 6,700,000 25,200,000 | 300,000,000 1,460.0 87.0 | 2,920.0 174.0 4,360.0 260.0 3%2.0 21.0
8722 3,250 768,000 14,000,000 - 20.0 84.0 48.0 203.0 28.0 1.0 .0 4.0
5921 1,350 470,000 2,100,000 14,660,000 17.0 48.0 2.0 63.0 12.0 34.0 0.4 1.
6301A 1,000 861,000 40,500,000 2,000,000 14.0 145.0 163.0 186.0 - - an.o 24.0
63018 800 3,050,000 33,000,000 60,000,000 550.0 138.0 280.0 73.0 480.0 125.0 $3.0 14.0
7457 750 600,000 1,930,000 14,000,000 10.5 13.0 24.4 3.0 7.4 9.2 4.0 5.5
8266A 27% 1,006,000 18,810,000 14,530,000 2n.0 58.0 259.0 n.o 434.0 119.0 18.0 4.9
82668 235 2,700,000 N ,200,000 45,200,000 1,700.0 147.0 | 3,880.0 333.0 $.580.0 482.0 246.0 73.0
8297A 975 2,000,000 11,574,000 - 3.0 15.0 100.0 49.0 244.0 119.0 63.0 34.0
8599A 5,500 22,000,000 | 165,000,000 - 180.0 45.0 800.0 200.0 37.0 9.3 1,250.0 313.0
9125¢ 350 250,000 714,000 900,000 1.9 2.7 - - - - §.6 9.3
S435A 185 750,000 1,850,000 300,000 8.4 A - - - - - -
9549 2,000 7,000,000 26,000,000 - 6,000.0 1,710.0 - - - - $,580.0 1,570.0
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Table IX (Continued)
ALL OTHER PLANT RAW EFFLUENT CHARACTERISTICS

Company
Code
Process
Type
Type of Effluent Treatment
0347 Solvent recovery, landfi11, filtration, neutralization, incineration, sterilization, seg., act. sludae, chlorination F-C-P
0526 Same as Above B-P-E
0979 Filtration, concentration, landfi11, act. sludge, seg. solvent recovery, incineration, municipal treatment F-C-P-8
1083 Seg., solvent recovery, incineration, odor control, concentration recycle, landfill, act. sludge F-C-P-E
1234A Evaporation, landfill, incineration, neutralization, municipal treatment P-€
12348 Seg., recycle, municipal treatment, neutralization, reuse F-p
12340 Neutralization, sedimentation, solvent recovery recycle, seg., coagulation, act. sludge, aerated lacoon F-C
12348 Solvent recovery, evaporation, concentration, neutralization, burning, incineration, act. sludge, landfill F-C
12568 Chemical coagulation, settling, neutralization, mnicipal treatment P-EE
3559 Seg., odor control, aerated lagoon, landfill, settiing neutralization, mnfcipal treatment B
3897C Seg., incineration, municipal treatment
5092 , Seg., sludge disposal, chlorination, sedimentation, bio-oxidation, sand filtration 8-P
5722C Seg., solvent recovery, bic-oxidation, sedimentation, incineration, landfi11, chlorination F-C
57220 Same as Above F-C
5722 Sedimentation, sand filtration, sea disposal, bic-oxidation, filtration B-p
592} Seg., recycle, incineration, landfill, chemical recovery, bio-oxidation, municipal treatment F-p
6301A Seg., landfill, sedimentation, septic tanks P-€
63018 Seg., chemical recovery, recycle, land disposal, chlorination, coagulation, sedimentation, neutralization, bio-oxidation F-P
7487 Sedimentation, municipal treatment P-C-E
8266A Sterilization, solvent recovery, landfill, municipal treatment P-C-E
82668 Seg., bio-oxidation, settling, landfill, municipal treatment F-C-E
8297A Seg.,settling. bio-oxidation, landfill, municipal treatment F-C-P
8599A Sterilization, landfill, seg., municipal treatment F-C-p
9125C seg., landfill, bio-oxidation, post chlerination B
9435A Activated studge, d1gestlon,chlor‘nution,landﬂ‘Il B
9949 solvent recovery, recycle, neutralization, mmicipal treatment F-C-P
P  Pharmaceutical -!
c Chemical .
B Biological ‘
F fermentation
E Solvent Extraction !
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Table X

ALL OTHER PLANT RAW EFFLUEHT CHARACTERISTICS
(Heavy Hetals)

Hg Cr In Pb
Company =
Codo Pounds Pounds ; Pou1ds Peurds
ppm Per Mo. pom Per Ma. P Per Mo, pem Per Mo.
0347 NIL NIL i HE it NIL RIL NIL
0526A88 ,005 0. 063 2.2 0.31 1.6 0
0979 HIL KIL NIL L NIL NIL NIL .
1028 .00} .02 .09 2.0 1 2.2 005 2.1
1234A NIL NIL NIL NI NIL NIL KIL KIL
12348 RIL NIL HIL nIL KIL HIL NIL NIL
12340 0 - NIL . 0 . o .
2:67A - . - . - . - -
3559 NIL NIL NIL RIL NIL C HIL nIL NI
$521 016 .28 .08 1.4 0.12 2.1 .01 0.2
€301A 0 0 0 [ ¢ 0 0 -
63018 ] 0 0 0 0 0 0 0
7457 0 0 0 0 0 0 0 0
826A NIL NIL NIL NIL NIL NIL KIL NIL
82668 HIL HiL NIL NIL RIL AL KiL it
8599A .0077 10,6 0 0 .745 1,020 .09 125
9125A . - - - - - - -
91258 - - - - - . - -
9125¢ 0 0 [ 0 0 0 0
94354 - - - - - - -
9949 0 ) 0 0 0 0 0 0

Nil - Is as reported by plant

0 ~ Is as reported by plant .
- - Is as regorted b§ glant and is interpreted to meen not detectable




IX TREATED EFFLUENT CHARACTERISTICS

There was a total of 25 plants which practiced varying degreces

of self-treatment of their effluent,
ficient data which could be intepreted with any certainty.

shown in Tahle XT.

the treated effluent are shown in Table XII.

Of these, only 19 presented suf-

These 19
reporting plants have been arranged by industry category and are

The heavy melal concentrations and pounds in

Herec again, the data are presented in pounds of contaminant
per -employee per -month and per-1, 000 pounds of raw material in
an effort to find a correlatable base.

are shown in Table XII.

PLANTS WITH SELF-TREATHMENT

Table XI
FINAL TREATED EFFLUENT LOADINGS

Concentralions and pounds

Pounds BOD Pounds COJ Pounds D.$. Pouncs § S,
Plint , Pounds Per 1G30¢ Per 100C/ Par 10000 FYP
Mad 7 otogens S0 e | | | e | it |t | o

Corpany Code Per Fanth | Per Ma. Mater:al Per Mo. Materfal Per No. Material Per Mo. Materig]

Pharnaceutical Plants
1695 900 1.330,000 023 0.16 0.34 '0.23 0.18 0.12 1.2 0.7
24678 638 348,400 033 0.70 1.25 2.30 - - 0.15 0.33
82978 1,400 128,000 028 3.2 0.6 6.5 0.1 1.1 0.4 5.0

Chenical Plints and

Pnarraceutical/Chenical

Plants
1Nz 500 820,000 | 13.9 8.6 - - - - - -
38973 325 750,000 5.3 2.3 18 4.7 - - .
57221 150 3,200,070 | 520.0 2¢.0 |2,60c00 “118.0 |1.2000 55 0 270.0 12.1
71548 135 795,000 | 530 2.0 122.0 21.6 1,900 320.0 190.0 1.0

All Other Plants
$692 2.500 730,000 0.44 1.5 1.2 [ 8] 8BS 290 ¢ ]
94354 185 750 000 0.% .22 4.5 1.1 126.0 210.0 12.6 n.o
9125¢C 150 250,000 0.4 0.25 - . - - 0.2 o2
5722¢ 3,250 748,000 0.4 1.5 0.8 3.1 2.4 9.0 - -
52220 100 5,200,000 | 292 0 15.4 4140 28.3 | 4,500 0 68 0 162.0 6.2
12310 82¢ 10,000,000 | £25.0 5.0 165 0 630 | 2.6500 218.0 N0 150
12318 a 2,200,000 | 145.0 27.0 320 660 | 1,300 254.0 @ 8.0
$222¢C 450 §,000,000 | 218.0 21.0 |1,525 0 137.0 | 4,800 0 470.0 380.0 o
pla7 6.000 6.760,C0 (3] 5.7 9.5 86 6.3 57 3.2 2.9
(115) 2,750,000 . HR - £4.0 - 5.0 - 2.0
0526 675 310,000 1.0 2.0 .0 R 45.0 ot 3.7 1.5
63018 £C0 3,050,060 | 150 22 60.0 16.0 - - - -

i
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Table XIl

FIMAL TREATED EFFLUENT LOADINGS
PLANTS WITH SCLF-TREATMENT
(Heavy Metals)

Plant Category o tr n P
and
RASA P e R PR e R R - L S
Pharmaceutical Plants
1695 0 0. 0 0 0 0 0 0
24678 - - - - - - - -
82978 - - 0.05 1.25 0.15 3.7 - -
Chenmical Plants and
Phannaccutical/
Chemical Plants ,
17127 ‘HIL NIL NIL NIL Hiv NIL NIL HIL
38978 HIL HiL NIL NIL MIL HIL NIL NIL
57228 NIL NIL L HIL NIL HiL NiL HIL
77948 HiL NIL NI NIL HIL NIL MNIL NIL
A1l Other Plants
5092 0 o 0 0 0 0 0 0
94354 - - - - - - - -
9125¢C 0 o, 0 0 1.3 7.8 0 0
5722E - - - - - - - -
57220 NIL NIL NIL HIL NIL NIL NIL NIL
12340 ] o o 3 v 0 0 0
1234 HIL NIL NIL NIL 0.9 450.0 HIL RiL
5722C niL NIL HIL HIL 7.8 p.zr0.0 HNIL HiL
0347 NIL NIL NIL NIL RIL NIL HiL NIL
0379 NIL NIL NIL NIL NIL HiL NIL RIL
0526 NIL L HIL nIL .06 2.4 0 NI
63018 0 0 0 o | o o "o 0
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X LEVELS AND COST OF EFFLUENT TREATMENT

The levels of pollutant removal for those plants practicing self-
treatment are presented in Table XIII, along with the actual (or
estimated) cost of treatment per 1, 000 gallons. The data has been
separated into the three individual process categories with weighted
averages for each category., Treatment cost figures were furnished
by PMA member companies and reflect both capital amortization and
operating costs.
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Table XII1

COSTS AND TREATMENT LEVELS
PLANTS WITH SELF-TREATMENT
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XI DISCUSSION OF RESULTS BY INDUSTRY CATEGORY

Pharmaceutical Plants

Of the plant responses for data on their raw effluent, thcre were 27
which were exclusively pharmaceutical. The following Lable breaks down
this industry category inlo several applicable areas.

Table XIV
PHARMACEUTICAL PLANTS

Pharmaceutical
Pharmaceulical Plants Plants
Number of Responding Plants 27
Number Discharging to Municipal 23
Number Self-Treating 4
Number With Data Breakdown on Raw Effluent 17

It became apparent during the plant visits and also was verified
later through examination of the industry data that the dominant
effluent from the pharmaceulical manufacturers was the sanitary
loading gencrated by the employees during the daily production periods,
as reflected i1 normal sanitary BOD loadings and low COD/BOD
ratios.

Only 14 of those plants which discharged to a mumecipal system

provided sufficient data for evaluation of raw effluent. Three of the
four self-treating plants presented sufficient data for analysis.

31



One of the main reasons for regarding the effluents for pharmaceu-
tical plants as primarily sanitary in nature is the correlation of
contaminant loadings with the number of employees. If the contaminant
loadings are normalized against the number of employees, the amount
of deviation from the lowest to highest values is quite low. For example,
in the case of BODg, the lowest reported value in the raw effluent is 1. 4
pounds of BODg per employee per month, while the highest value is 25. 0.
Nine out of the 17 reported values fall between 1.4 and 3. 6. Typical
sanitary loadings reported in the literature for industrial environments
range between 0. 06 and 0.1 pounds of BOD per person per working day. *
Since there are approximately 20 working days per month, a typical
sanitary load would vary between 1.2 and 2. 0 pounds of BOD per person
per month.

With a large proportion of the pharmaceutical plants discharging to
municipal treating systems, it is quite obvious that the local sewerage
treating capabilities are the determining factor for treatment of these
plant effluents,

Three of the four plants which practiced total in-plant effluent treat-
ment responded to the request for effluent treatment data., The data have
been examined and the results obtained for the pharmaceutical plant
category are summarized in Table XIII. The treated effluent is fairly
consistent, with the three companiés reporting self-treatment removal
of BODg averaging 90 percent, which is also in the range expected from
public treatment plants. In addition, the BODg per employee in the
treated effluent is fairly constant, as previously discussed. The COD per
employee also followed the same correlation as BODg. The ratio is
reasonably low in the raw waste and COD removals of 90 percent were
achieved. The data for dissolved and suspended solids were not sufficient
to reach any conclusions. One company also showed some trace metals
in their effluent, as shown in Table XII,

The various treatment sequepces listed for these self-treatment plants
present no unusual procedures. A typical system might be as follows:
(1) grit removal, (2) bio-oxidation, (3) settling and sludge recycle, (4)
sand filtration, (5) selected landfill, (6) post chlorination, and (7) discharge.

Chemical Plants and Pharmaceutical/Chemical Plants

There were a total of 17 plants responding which fell into this category.

*], Wastewater Engineering, Metcalf & Eddy, Inc., Collection, Treatment,
Disposal, 1972.

2, Industrial Water Pollution Control, McGraw-Hill Series in Sanitary
Science and Water Resources Engineering, 1966.

32



Table XV

CHEMICAL PLANTS AND PHARMACEUTICAL/CHEMICAL PLANTS

Chemical Plants and
Plants Pharmaceutical/
Chemical Plants

Number of Responding Plants 17
Number Discharging to Municipal 11
Number Self-Treating 6
Number With Data Breakdown on Raw Effluent 13

There was a wide variation in the raw effluent loadings, both per
employee and per 1000 pounds of raw material., This would be expected
since the contaminanis present may vary widely., The average treatment
efficiency (88% BOD removal, 59% COD removal) 1s not quite as good as
those levels achievable in public treatment facilities and was considerably
more variable. To establish dependable data for this segment of the
industry, it will be necessary to gather additional information, both for
the plants studied and also for other facilities.

All Other Plants
There were a total of 30 plants placed in this category. Actually,

some of these performed only two of the five processing operations. In
addition, there were several which did not generate significant wastes.
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Takle XVI
ALL OTHER PLANTS

Plants All Other Plants
Number of Responding Plants 30
Number Discharging to Municipal 15
Number Seli-Treating 15
Number With Data Breakdown on Raw Effluent 26

There was a wide variation in the amount of contaminants in both the
raw and Lreated effluents when related to either the number of employees
or the raw material input. Therefore, it will be difficult to establish any
direct correlatable relationships. It will be nccessary to find another
basis for categorization for this segment and may, in fact, be necessary
to subcategorize further to identify any correlations. However, at this
time, insufficient information 1s available to make such a breakdown,

XII DISCUSSION OF WATER USAGE

It would appear that where the sanitary wastes dominate the day-to
day effluent loadings of an operating plant, the removal of contaminants
by conventional methods is adequate and conforms quite closely with that
achievable by regional treatment systems.

There will always be some problems that will arise as a result of
a special process. The washdowns and contaminated process waters from
these operations may require other treatment approaches.

The entire industry generates an estimated average of 13,100 gallons
of treatable effluent per employee per month, with a breakdown of usage

by category as follows:
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Table XVII

TREATABLE EFFLUENT BY CATEGORY

Gallons of Gallons of
Treatable |Number of Treatable
Effluent Reporting Effluent
Per Employees Per| Per Month
Category Month Category Per Employee
Pharmaceutical Plants 85,764, 000| 17, 727 4, 840
Chemical Plants and
Pharmaceutical/Chemical
Plants 149, 235, 000} 10, 855 13, 750
All Other Plants 615, 713, 000] 36, 546 16, 850
All Plants 850, 712, 000| 65,125 13, 060

Pharmaceutical Plants

It should be realized that most of the pharmaceutical plants operate on
an eight-hour day and a five-day week. The usage of water is primarily
limited to that period. The operation of the production plants during the
working part of the day is quite compatible with the influent to a regional
treatment facility.

The amount of treatable effluent for the pharmaceutical plants is quite
low when compared with other industry categories. For example, in the
petroleum refining and petrochemical industry, where operations are
continuous and highly automated, the treatable effluent can run from 20, 000
to 100, 000 gallons per month per employee, while in this segment, the
average is only 4, 850 gallons per month per employee.
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Chemical Plants and Pharmaceutical/Chemical Plants

The amount of treatable effluent from this category is sharply higher
than that for the pharmaceutical processors, reflecting the increased
amounts of process water, vessel cleaning, contaminated cooling water,
wash water, etc., in the manufacture of the intermediate chemicals.

A greater evaluation of this segment of the pharmaceutical industry
is needed to better determire the most practical methods of effluent
treatment. In certain specific areas individual process effluents need to
be examined in-depth so that material balances can be determined for the
overall raw effluent.

All Other Plants

This industry category utilizes the greatest amount of water per
employee. This 1s primarily due to the larger processing units in the
fermentation area and its water demand.
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XIII EFFLUENT TREATMENT TECHNOLOGY

Since each industry category has different effluent characteristics
and loadings, the degree of treatment will vary for the different
categories.

Perhaps one area unique to this industry is the handling of
possible pathogenic material and experimental animals, such as mice,
In general, there are two methods for handling these wastes. With
respect to the toxic materials, they are generally sterilized or
incinerated. The animals are generally incinerated.

The research and development facilities are generally located
adjacent to the central pharmaceutical plant. Where experimental work
on the development of new drugs, serums, etc. is being carried out,
the area is usually segregated and isolated by research type, In the
case of research on a specific material with a toxic or contagious aspect,
a great deal of effort is made to carry out the program in an atmosphere
of isolation with physical communication checked by a security officer.

1. Pharmaceutical Plants

As previously discussed, the pharmaceutical plant effluents are
predominently sanitary in nature and the majority have their wastes
treated 1n a municipal system. Only some of the larger plants have
opted to self-treat their effluent.

In the inspection of all the treatment practices of the pharmaceutical
plants, there were no special techniques applied to effluent treatment.

Levels of treatment for this category should be comparable to
levels achievable by a conventional municipal treatment plant, As a
matter of fact, some consideration should be given to this category having
its effluent treated in a joint public-industry facility. One of the main
reasons would be the load factor; since the pharmaceutical plant operates
during the day, the total treatment plant load would be comparable with
the decreased daytime influent from domestic sources.

The washouts of the recipe kettles which are used to prepare the
master batches of the pharmaceutical compounds do not appear to be a
major problem. The types of contaminants present in these washouts
are primarily inorganic salts, sugar, syrup, etc. The surges in
effluent resulting from these washout volumes are well within the capa-
city of the central in-plant or public treatment facility., Where a more
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exotic compound is involved, the raw materials are so expensive that
care 1s taken to reduce the loss in the master kettle to a minimum,

2. Chemical Plants and Pharmaceutical/Chemical Plants

In those plants which carry out chemical or a combination of
pharmaceutical and chemical processes, it is obvious that chemical
operations can contribute some undesirable contaminants to the plant
effluents. As mentioned earlier, the chemical products are obtained
through amination, alkylation, chlorination, sulfonation, etc. The
purification steps usually involve one or more conventional chemical
engineering unit operations, all of which may generate wastewater
containing organic intermediates, solvents, catalysts, etc,

There are several areas of possible major pollution sources., If the
reaction is carried out 1n a batch kettle or autoclave, then the washout
solutions will be high in contaminant loadings. If distillation is done with
vacuum, the process vacuum jet water will be saturated with the lighter
components of the reaction mix. If filtration is involved, two possibilities
exist. If the filter cake is the undesirable, then there is a solids disposal
problem. If the filtrate is the unwanted material, this portion usually goes
to the process sewer where 1t is either treated separately or combined
with the main effluent for subsequent treatment. Unless material balances
are obtained and more careful analyses of manufacturing processes is
possible, it is impossible to identify major sources of pollution,

Since chemical reactions frequently involve acids or bases, an
effluent needing pH adjustment may result. Reactor effluent will sometimes
contain emulsions from which the oil may be separable by pH adjustment.

Where solvents are used, both for process and vessel cleaning, a
number of plants practice solvent recovery. A few plants also strip weak
organic solutions to reduce contaminant loadings further. The stripping
operation is carried to the point where the organic solution can safely be
combined with other process wastes.

A number of the plants have evaporation and incineration units to aid
in their disposal of specific organic wastes which might be difficult to treat
biologically.

3. All Other Plants

A great deal or organic matter is present in the spent beers in
the fermentation operation. Some of the plants involved have developed
ways to reduce this organic matter to a material which can be incinerated
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or used as a possible source of animal feed supplements. In some cases,
however, toxic residues prohibits its use as a food supplement.

If the plant involved is self-treating and does not filter out the
solids for sale or burning, then a considerable landfill operation is
sometimes carried out.

In reality, none of the problems involved in spent beer wastes
require a technology which must be expanded to any great degree. Per-
haps additional data on this segment of the pharmaceutical industry
need to be obtained so that the loadings to be assigned are well established.
Since the raw effluent loadings are quite high, this additional information
1s all the more important.

Further information should be obtained with regard to the
solvent recovery for the natural product extraction processors., At
present, this segment of the industry is a relatively small contributor
to plant effluent loadings. If information is desired on the extent of
this processing category's contribution, then it will have to be
developed in a later program,

Even less quantitative information is available concerning the
wastes derived from the biological segment of the industry. Additional
time and manpower would be necessary to develop the needed data
concerning process and purification wastes. Known technology such
as land disposal of solids and animal wastes and biological treatment
of liquid wastes appears adequate to meet current and immediately
anticipated standards.
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XIV NEW TECHNOLOGY

According to the observations of GSRI, there are a few processing
sequences 1n several of the categories which might be investigated for
improvement,

1. Pharmaceutical batch vessel cleaning

In general, the conventional approach is used in cleaning a
vessel for the next manufacturing operation. The mix is transferred
to a holding tank through a bottom cone. As a result of the cone draw-
off, minimum residual 1s retained, The walls are then washed and
the rinse goes to the process sewer. It would be logical to conduct a
study of the possibility of utilizing a small holding tank to collect
wash water from previous similar operations for recycle. Eventually
the solids or solute levels would rise to a point where the washwater
could be added to the master batch goinginto production. Of course,
the possibility of cross-contamination is an ogre hanging over the
producer of pharmaceuticals, One contaminated batch can incur the
possibility of law suits and possible criminal action. A thorough
investigation of this area of water reuse by individual plants would
have to be undertaken to increase water conservation, yet not
jeopardize the integrity of the industry and its ability to supply
quality products.

2. Chemical

Most of the materials coming from the chemical area are
intermediates used in making final pharmaceutical products. As
explained earlier in this report, there are always a number of
chemical engineering unit operations associated with the manufacture
of such chemical intermediates. With so many batch processes in-
volved, 1t should be possible for individual plants to study these areas
for water conservation. Holding tanks for recycle of contaminated
wash water, further solvent stripping, and process water
decontamination should be areas for investigation.

No doubt, as planned regional treatment plants inform various
industries of their proportion of capital and the subsequent processing
charges, many manufacturers will re-evaluate their water reuse pro-
grams and raw effluent loadings.
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3. Fermentation

Investigations of the sterilization of spent beer and its
solids might reveal the possibility of making this a constant
source of animal feed supplements, even when biologically
active or toxic components are initially present. Some experi-
mental work has shown that the vitamin and nutrient content of
spent beer would aid in animal growth,

Further thought needs to be given to basic physical-
chemical treatment systems for the further reduction of
contaminant levels. Such development work might be given
processes such as ion exchange, carbon adsorption, air
flotation, reverse osmosis, etc. Various sequences of these
treatment methods might also be important both from an
economic and a technical standpoint,

Carbon in Raw Material

One other effort was made to correlate the amount of
contamination with another measurable parameter connected
with plant operations. The companies were asked to estimate
the percent of elemental carbon in their raw material., This
number was then correlated with the pounds of BODg and pre-
sented in Tables XVIII, XIX, and XX.

The degree of variation was less for the pharmaceutical
plants than for the other {wo categories, Normalizing the
pounds of BODg or COD per 1000 pounds of carbon in the raw
material does show some consistency although there are ratios
in each of the three categories which are extreme. There are
several obvious explanations for this. If a company were
manufacturing a very common over-the counter item high in
carbon such as cough syrup it could do so on a highly
automated basis with minimum personnel. Thus, their raw
material carbon content and raw effluent loadings versus
personnel would be extremely high. On the other hand,
another company manufacturing an inorganic antacid could
also do so on a highly automated basis with minimum per-
sonnel. Their corresponding carbon content in the raw material
and effluent loadings versus employee would be minimal.
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The actual data for the categories reflects the variation in
such operations as illustrated. Comparison of BOD and COD
relative to carbon in raw malerial versus total raw material
weight shows the latter to be somewhat more consistent, although
only slightly more so. The correlation for both is, in general,
very poor.
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Table XVIII

PERCENT CARBON IN RAW MATERIAL VERSUS COMTAMINANTS
IN RAW EFTLUENT

Pharmaceutical Plants

Pounds BODR In Pounds COD In
Pharmaceutical Percent Carbon Raw Effluent Raw Effluent
Plants In Raw Material Per 10004 Carbon Per 1000# Carbon
In Raw In Raw
Material Material
0792 40 1.23 -
1256A 27 16.7 39.3
35241 80 9.8 22.0
38970 35 16.9 71.5
49548 35 6.0 12.9
82978 40 87.0 257.0
94358 60 5.7 8.8

Table XI

X

PERCCNT CARBON IN RAW MATERIAL VERSUS CONTAMINANTS
IN RAW EIFLUENT

Chemical Plants and Pharmaceutical/Chemical Plants

ChemicgldPlants Percent Carbon ngsdzf??ggnin Ppgggzggg?geég
Pharmacgg;:gg]/Chemica] In Raw Material P?; ;ggoﬁafgﬁ?g? ?; Raw ﬁatg:ig?
0947 14 7.2 17.1
17127 50 374.0 532.0
3524A 40 200.0 308.0
5722A 25 452.0 756.0
57220 25 636.0 1,044.0
6165 36 91.0 220.0
7794A 15 73.0 152.0
77948 54 183.0 287.0
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Table XX

PERCENT CARBON IN RAW MATERIAL VERSUS CONTAMINANTS
IN RAW EFFLUENT

A11 Other Plants

A11 Other Plantis

Percent Carbon In
Raw Material

Pounds BOD. In
Raw Effluént
Per 1000# Carbon
In Raw Material

Pounds COD In
Raw Lffluent
Per 10004 Carbon
In Raw Material

12348
1234E
5092
5722C
5722D
5921
7457
8266A
9949

72.
17.
25.
25.
34,
13.
47.
37.

20.

o T O O O O O © O

260
2,000
19
864
256
369
28
154
8,550

4,760
30
1,920
512
485
64
189
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Appendix A

DATA GUIDE FOR PHARMACEUTICAL INDUSTRY
WASTE WATERS SURVEY

GENERAL INSTRUCTIONS

Be sure to include the confidential company identification number
on each information sh2ect to be submitted.

In filling w the several forms (tables 1.1, 2.1, etc.), give
specific information whenever available, therwise use good estimates
and put the estimated figures in parentheses. If a given datum is not
applicable, place a dash in the space. Where a value is unknown and no
estimate can be made, leave the space blank. If it is known to be
negligible, use a '"nil"; use "0" if it is known to be zero.

Whenever enough. room is not available on a given form, use the
notation "over" in the applicable space and use the back of the form.
Alternatively, use a sccond (identical) form and call attention to it
by writing "see additional form' at the bottom of the first form.
Separatc blank sheets may also be used for additional information.

In such cases staple addendum sheets to the original.

Terms used in Lhe questionnaire are defined below to insure
a clear understanding of the information desired, Following these
definitions are specific instructions for responding to each section of the
questionnaire. Be surec to read all of the instructions before starting
to complete the form. For clarification of any specific iltems in the form,
conlact GSRI (Dr. James Mayes - (504) 766-3200 or Dr. Elias Klein
or Dr. Ralph Rawls - (504) 283-4223).

DEFINITIONS

Manvfacturing Process - A single or series of operations required in
going from raw materials to final product, or from a semifinished product
to a rcady-for-marlet product -- including 2!l measures normally concidered

to be pood manufacturing practice. Five categories have been selected which,
it is believed, adequatcly describe manufacturing in the pharmaceutical
industry. These are defined below. A manufacturing process should not

be confused with a unit operation. It may be a unit operation, a series

of unit operations, or an entire production line.

Fermentation Processes - All those manufacturing processes including
all steps for the recovery of the fermented products, which employ the
use of microbial action in producing a product.

A-1
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DEFINITIONS (continued)

Chemical S ynthesis Processes - All those manufacturing processes which
primarily employ chemical changes in producing a product including all
product recovery steps.

Natural Products E=traction Processes - Those processes making use of
preferential solubility to remove constituents from plant or animal
substances in producing a product including all product recovery steps.

Biologicai Procesces - All those manufacturing processes making
primary usc of animal fluids and tissue cultures in producing a product
including all product recovery sieps.

Pharmaccutical Processes - All those processes vsed in the formulation
of the finished dosage form. (Mixing of ingredients, drying, tableting,
encapsulating, coating, sterilization, and packaging are examples. )

Waste Trcatments - Those operations utilized solely for the purpose

of reducing thc quantity or changing the character of wastes produced
by a mianufacturing process. For the purposes of this questionnaire,
"treatment!' means the use of some specific operation such as filtration,
evaporation, incineration or anaerobic digestion, subsequent to primary
manufactluring steps.

Raw Materials - All materials exclusive of process, non-contact and
solution wate: 8-consumed each year in a given Manufacturing Process
Catcgory.

Process or Contact Water - That water which comes into contact with the
materials utilized in a manufacturing process.

Non-Contact Water - That water which does not come into contact with
the materials being processed. Cooling water is the major example.

Raw Wastes - Leftover materials at the cnd of a manufacturing process
which have had no waste-treatment procedures applied to them,

Trecated Wastes - Materials remaining after waste-treatments have been
applied to raw wastes.

A-2
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SPECIFIC INSTRUCTIONS FOR COMPLETING
THE DATA GUIDE

TABLE 1.1 PROCIISSED RAW MATERIALS

Line A:

Line B;

Line C:

Line D:

Line E;

Line F';

Line G:

Line H:

For each of the five types of processes in your plant, and
for the cumulative plant indicate the current annual
consumption {thousands-of-pounds) of raw materials on a
dry basis,

Show the highest monthly utilization of raw materials for
each of the five processes. Leave B-60 blank.

Write in under each process category the source of water
used in that process. If a single source is used for all
processes, note this amount under the total and leave the
other spaces blank.

If your water presents special purification problems, indicate
this in these spaces, on the back of table 1.1 or ona
separ ate sheet.

Indicate the current annual consumption of non-contact
cooling water, by process category. If central services
require cooling water, include this in total figure.

(Mark this total figure with an asterisk if you have included
such non-contact usage cooling water. )

Indicate the maximum usage of cooling water in any single
month, (Treat last column as in line E.)

Indicate the current annual usage of process water for
each category. Count only in-take; do not count recycled
water here. No non-contact water should be included.
Column 60 should show the cumulative total usage.

Indicate the maximum monthly usage of process water for
each category, and the maximum monthly usage by

the entire plant site, (Column 60 will not necessarily
equal the sum of columns 10 through 50, unless maximum
process water usage by each category occurs in the same
month, )
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TABLE 2.1 EFFLUENTS FROM MANUIFACTURING PROCESSES

Note: The information for Table 2. 1 should be reported in terms of
the specifications shown in "Standard hlctliods for the Analysis of Wzter and

Waste Water, ' 13th edition published by American Public Health Association,
unless indicated otherwise.

Fermentation Processes

Column 11: Indicate the average monthly volume and composition
of the raw waste effluents from all fermentation
reactors, prior to any waste treatment steps.
The flow should be in terms of average monthly values
during which production occurs, and the analyses should
correspond to this flow.

Column 12: Indicate the average monthly volume and composition of
waste water after waste treatinent or controls are
carried out on the fermentation effluents shown in
column 11. If you do not take any control or treatment
mea'sures in this process arca, show a '""0" and include
the cffluent in column 81 of Table 2. 2 unless you discharge
to a public sewer system.

Column 13: If you use a municipal or regional sanitary disposal system
for fermentation wastes, indicate the volume and

composition in this column.

Column 14: Indicatc the appropriate parametcrs for water used
to cool fermentation processes,

Chemical Synthesis Processes

Column 21: Indicatc the average monthly volume and compositions of
the raw waste effluents from all chemical synthesis
reactors, wash downs, neutralizations, etc. from
chemical synthesis processes--prior to any waste-
treatment steps. The average monthly flow (line A)
should be in terms of average monthly values during
the time in which production occurs, and the analyses
should correspond to this flow.

Column 22: Indicate the average monthly volume and composition of
waste water after wasle treatment or controls have been
carried out on the chemical synthesis effluents shown
in column 21. If no waste treatment or control measures
are taken within the chemical synthesis process areas,
show a '"0" in the spaces and include these effluents in
column 81 (Table 2. 2) unless discharge is to a public
sewer system. :
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TABLE 2.1 (continucd)

Column 23:

Column 24;

If chemical synthesis process wastes are discharged to a
municipal or regional sanitary disposal system, show the
volume and composition in this column.

Sce Column 14

Natural-Products Extraction Processes

Column 31;

Column 32:

Column 33;

Column 34;

Show the average monthly volume and compositions of
the raw waste effluenty from a1l stlvent-exiractors and
associated extraction processes--prior to any waste
treatment or waste control steps. The {low (line A)
should be in terms of average monthly volumes during
the time in which production occurs, and the analyses
should correspond to this {low.

Indicate the average monthly volume and composition of
waste water afler waste trecatment and/or waste control
measures have been carried out on the extraction process
effluents shown in column 31. If no waste treatment

or control mecasures are carried out within the extraction
process areas, show a "0" in these spaces and include
these effluents in column 81 of Table 2. 2~--unless discharge
is to a public sewer system.

If natural product extraction wastes are discharged to a
municipal or regional sanitary disposal system, show the

volume and composition in this column.

See Column 14

Biological Processing

Column 41:

Show the average monthly volume and composition of

raw biological wastes prior to any waste treatment or

waste conirol measures. If a major portion of the

effluent load is due to animal wastes, place the word

"over" on line A (Avg. monthly flow)--below the number
which represents average monthly volume of raw

biological wastes--and give an explanation on the back of

the form. The flow (linec A) should be in terms of average
monthly volumes during the time in which production occurs,
and the analyses should correspond to this flow.
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TABLE 2.1 (continucd)

Column 42;

Column 43:

Column 44;

Indicate the average monthly volume and composition

of waste water after waste treatment or control measures
have been taken for biological effluents as shown in
column 41. If no waste treatment or control measures
arc carried out within the biclogical processes, show a
10" in these spaces and include these effluents in column
Bl of Table 2.2--unless discharge is to a public sewer
system.

If biological process wastes are discharged to a municipal
or recgional sanitary disposal system, show the volume and
composition in this column,

See Column 14

Pharmaceutical Processes:

Column 51:

Column 52;

Column 53;

Column 54:

Show the average monthly volume and compositions of the
raw waste effluents from all pharmaceutical processes
(see definitions) such as, for example, dry mixing,
blending, formulating, packaging--prior to any waste
control measures. The average monthly flow (line A)
should be in terms of average monthly volumes during
the time in which production actually occurs, and the
analyses should corrcspond to this flow.

Indicate the average monthly volume and composition of
wasle water after waste treatment or control measures
are taken for pharmaceutical processecs effluents as

shown in column 51, If no waste treatmecent or control
measures are carried out on pharmaceutical processes
wastes, show a '"0" in these spaces and include these
effluents in column 81 of Table 2. 2--unless discharge is to
a public sewer system,

If pharmaceutical processes wastes arc discharged to a
municipal or regional sanitary disposal system, show the

volume and composition in this column.

Sec Column 14

54



TABLE 2.2 TOTAL WASTE EFFLUENTS FROM ENTIRE PLANT

Column 60:

Column 70

Column 81

Column 82:

Column 83:

Column 84:

Column 85;

Show the average monthly volume and composition of
waste water originating with operations which service

the entire plant area, such as boiler and/or cooling
tower blow-down, demineralizers, etc. If more than
one such wastc stream exists and these are not combined,
use more than one Table 2.2 form.

If once-through, non-contact, cooling water is combined
from all manufacturing processes and discharged, use this
column to show the combined volume and the analyses

of the combined stream at the point of discharge. If more
than one such waste stream exists and these are not
combined, use morec than one Table 2.2 form.

If two or more process waste streams are combined and
sent to an on-sile treatment facility (cither before or after
process-area, lreatment), use this column to show the
total volume of such waste streams and their analyses

If two or more on-site treatment facilities are used, use
more than one Table 2.2 form and label each according

to the figure 3 codes appropriate to the treatment facility
which it represents,

Show the average monthly volume and analyses of the
waste stream which results from collecting wastes {rom
various process catcgories and sending them to a public
sanitary disposal system.

Show the average monthly volume and analyses of the waste
stream which results from collecting wastes from various
process categories and sending them to deep-well
injection.

Show the average monthly volume and analyses of the waste
stream leaving the plant-site treatment facility,

The facility referred to in this column should be the same
as the onc referred to in column 81.

If non-treated water from any source is combined with
effluents from the treatment facility referred to in columns
81 and 84, show the total average monthly volume and
analyses of the flow resulting from this combination.
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TABLE 2.2 (continued)

Column 90 If any waste streams from your manufacturing plant are
sent to a public sanitary disposal system, obtain the
availablc analyses of this discharge for an average month
during which your plant is discharging to this facility.

Section 3, Waste Flow Relationships

1. Provide on saeparate sheets a waste flow sketch showing the reclationship
between each manufacturing category (fermentation,
extraction, etc.) and other sources of waste cffluents,
and waste trecatment and/or waste control measures.

Up to eight waste stream sources should be shovm (the five
manufacturing categories plus utility effluents, once
through cooling and sanitary wastes).

2. The diagram attached is an example.

3. Identify the sampl® points which correspond to various columns in
Tables 2.1 and 2. 2. For example, '""Column 11, Table
2. 1" gshould be used to identify the point in the diagram
which corresponds to the analyses shown in Table 2.1
for raw fermentation process effluents prior to any
treatment. ''Column 81, Table 2.2" should be used
to identify the point in the diagram which corresponds
to the analyses shown in Table 2. 2 for the total combined
process effluents to main plant site treatment. It is not
expected that there will be a point in the diagram to
correspond to every column heading in Tables 2.1 and
2.2, since many of the columns may not be applicable
to a given plant's operations.

4. Use the codc numbers given in figure 3 to identify process/waste control
measures, waste treatment measures, and disposal
measures, If, for example, the wastes from a
fermentation process are disposed of by spray irrigation,
an arrow should terminate with the code number 904.
List only these waste treatment and waste control
measures which contribute a significant reduction in
effluent volumes, concentrations or temperatures,

5. In cases where a code ending in 9--"not defined above''--is used, provide
enough of an explanation to identify what mecasuxe has been
taken,
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TABLE 2.2 (continued)

6. In all cases indicate the cventual disposal of wastes, even if they are
not contributions to water pollution. Where wastes are
dried and then incinerated, for example, indicate this
code 850 followed by an arrow leading to the word
“incineration". Another such disposal method which is
not associated with waler pollution is, for example, land
fill usage.

7. Use code 304--"recycle or reuse of water--to indicate usage of both
process contact water, and non-contact cooling water.
However, provide a refercnce mark and an explanation
to distinguish between the two,

8. Label the sheets used in preparing diagrams with your assigned company
I. D. number in the upper right-hand corner,
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EXAMPLES OF VASTE-FLOW DIAGRAMS

Company ID Code:

EFI'TUERTS

SANITARY No Analysis Made

t= MUNICIPAL SEWER

WASTES

NOTES: a. Non-contnct cooling water
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FIGURE 3

101
102
103

104

105
106
107

109

201

202
203
204
205
206
207

208
209

301
302

304
305
309

401
402

403
409

501
502
503
504
505
509

701
702
703
704
705
706
709

CODES

IN-PROCESS_CONTROL_ MLASURES
100 SFRIFS-INGINELRING DESILN CONSIDERATIONS

Installation ot scparate drainage systems
Segregation and collection of specific wastes
Use of surface condensers in place of barometric
condensers

Use of various water conservation measures and
facilities

Emergency storage facilities

Countercurrent use of chemicals and/or washwaters
Use of pumps and valves with special seals to
minimize lcakage

Not defined above

200 SERIFS-PROCESS DESIGN MODIFICATIONS
Use of reaction chcmicals or feed stocks pro-
ducing minimum waste
Continuous vs batch processes
Chemical regeneration
Downgraded usce of chemicals
Elimination of air blowing and water washing
Physical separators
Change in design basis for chemical recovery
facilities
Modifying operating conditions
Not defined above

300 SERIES-RECOVERY & ULI1ILIZATION
Recovery of material for rcuse 1n process
Downgraded use of spent chemicals in other
processes
Use or sale of wastes as raw material for other
processes
Recycle or reuse of water
Heat recovery
Not defined above

400 SERIFS-LOCAL PRETREATMENT OR DISPOSAL

Local separators and traps

Evaporation and i1ncineration of nexious liquid
wastes

Use of emulsion prevention chemicals

Not defined above

500 SERIES-OPERATION CONTROL
Automatic vs. manual process controls
Control of production to minimize losses
Adwministrative control of wastewater discharge
Monitoring sewer effluents
Management follow-up on losses
Not defined above

WASTEWATFR DISPOSAL MEASURES

700 SLRILS-DISCHARGE TO TREALCMENT FACILITY
Private facilitties
Public facilities
Cooperative facilities
Contract disposal
Transportation to more rcceptive environment
Storm water dralinage
Not defined above
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800
801
802
803
804
805
809

810
811
812
813
814
819

820
821
822
823
B24
825
826
827
829

830
831
832
833
834
835
836
837
839

840
841

842
843
844
849

850
851
852
853
854
855
859

860
861
862
863
864
865
866
867
868
869

901
902
903
904
905
906
909

WASTEWATER TREATMENT UNIT OPFRATIONS

800 SERILS-PHYSICAL TREATMENT
Equalization

Screening

Pre-aeration

Sedimentation

Flotation

Temperature control

Not defined above

810 SERIES-CHEMICAL TREATMENT
Neutralization
Primary chemical coagulation
Chemical treatment
Odor control
Nutrient addition
Not defined above

820 SERIES-BIOLOGICAL TREATMENT
Stabilization basins
Activated sludge
Trickling filter
Aerated lagoon
Anerobic contact (6 to 12 hours)
Anerobic pond (3 to 30 days)
Denitrification
Aerobic or anaerobic digestion of solids
Not defined above

830 SERIES~SLUDGE HANDLING
Thickening
Lagooning or drying bed
Centrifugation
Vacuum filtration
Dry combustion
Wet combustion
Land disposal
Sea disposal
Not defined above

840 SERIES-TERMINAL SECONDARY TREATMENT
Biological sedimentation
Final chemical coagulation and
sedimentation
Sand filtration
Diatomite filtration
Chlorination
Not defined above

ADVANCED WASTE TREATMENT
850 SERIES-TEMPERATLRE CHAMGE PROCESSES

Evaporation

Freezing

Distillation

Eutectic Freezing

Wet Oxidation

Process Residue, Handling and Disposal
Not defined above

860 SERTES-ALL OTHER
870 ACTIVATED CARBOM

Adsorption
Electrodialysis
Ion Exchange
Solvent Extraction
Reverse Osmosis
Foauwming

Chemical Treatment
Electrochemical Treatment

Process Residue, Handling and Disposal
Not defined above

900 SERTES-TREATED WASTEWATER DISPOSAL
Controlled discharge
Surface storage and evaporation
Deepwell disposal
Surface (spray) irrigation
Ocean disposal
Surface discharge
Not defined above
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Materials Input.

Table 1.1 PROCESSED RAW MATERIALS
REAL INSTRUCTIONS CAREFULLY BEFORE PREPARING THIS FORM. PAY PARTICULAR ATTENTICN

Company ID. Code:

TO DEFINITIONS.

10.
Fermentation
Processes

20.
Chemical
Synthesis

Processes

30.

Natural Product
Extraction
Processes

40.
Biological
Processes

50,
Pharmaceutical
Processes

60.
Totals

Annual Dry
Weight

Maximum Dry
Weicht/Mo.

\Water Scurce
(river, purchased
well, recycled,
ete. )

Speciel
Problems #

Cooling Water
Usage:
E. Annu2l

. Aan /Mo.

s Water

H. Max. /Mo.

[

o~
C:J

special problem or consideraticn cxists for
proprizte space next to ''Special Problems'.
se the back of this form or extra shects if necessary).

-

a given source of water, place 2 number (1,2,...5) in the
Use these as reference numbers and give a brief explanaticn.
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Table 2.2 TOTAL W/£STE EFFLUENTS FROM ENTIRE PLANT Company ID. Coce:
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A. Avg. Monthly Flow
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B. Sn. Gr. @ 60°F
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Oxygen Doemand:

E. BOD35 prra/wt.
. F. COD p-m/wt. |
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G. Total Solids

H. Cissolved Solids

I. Suspcnded Solids
J. Tot. Crg. Carbon
Heavy l{etals:

¥. Hg ppm/wt.

L. Cr ppm/wt.

M. Zn pora/ivt, i

N. Pb ppm/wt,




3.1

3.2

Compeny ID, Code:

NARRATIVE QUESTIONS

Pleasc identify unit operations (for waste water load reduction) which
you feel should be developed to meet special needs of this industry,
and for which your company has no practicable technology available.
(Note: This question is very important in determining the future
availability of Federal demonsiration funds to mcet needs specific

to our industry, Please be detailed; your responses are coded

and confidential, )

Eslimate your annual operating budget for your wastic water treatment
operations. If you allocate costs to each of the five manufacturing
areas, please do so. Otherwise, give total costs. Please distinguish
chemical costs, operating cost (labor, overhead, power): do not
include capital amortization.
Note: Include those waste {reatment operations early
in your procéss, which reduce loads to your central treatment plant.
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3.3

3.4

Company ID. Code:

NARRATIVE QUESTIONS (continued)

Give the average number of employees at your plant site. Include
office personnel, R & D., etc.

It is believed that some rational parameter for the mecasurement of
waste loads per unit of plant throughput is needed. For example,
waste loads per employee, or waste loads per dollar volume of
product have been used in the past., The data requested in the
earlier sections will yield waste loads per unit of raw material
input for each process category. A possiblc alternate might be
the expression of waste load per pound of organic carbon processed.
This could be a measure of the efficiency of processing in a given
industry.

Please estimate the organic carbon percentage in the raw
materials shown on line A, Table 1. 1. If your plant processes
non-carbonaccous materials, indicate another element as the
"marker' and give its percentage. '
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Company ID. Code:

NARRATIVE QUESTIONS (continued)

3.5 Pathogens,

If any of your manufacturing processes include the use of
pathogenic organisms, briefly deseribe how they are removed
from inclusion in your waste streams,
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