
DEVELOPMENT DOCUMENT FOR FINAL

EFFLUENT LIMITATIONS GUIDELINES AND STANDARDS

FOR THE

PHARMACEUTICAL MANUFACTURING POINT SOURCE CATEGORY

Carol M. Browner
Administrator

J. Charles Fox
Acting Assistant Administrator

for Water

Sheila Frace
Acting Director, Engineering and Analysis Division

Marvin B. Rubin
Chief, Energy Branch

Dr. Frank Hund
Technical Project Manager

Engineering and Analysis Division
Office Science and Technology

U.S. Environmental Protection Agency
Washington, DC 20460

July 30, 1998



ACKNOWLEDGMENT AND DISCLAIMER

This report has been reviewed and approved for publication by the Engineering and
Analysis Division, Office of Science and Technology.  This report was prepared with the support
of Eastern Research Group, Inc. (Contract No. 68-C5-0025), under the direction and review of
the Office of Science and Technology.  Neither the United States Government nor any of its
employees, contractors, subcontractors, or their employees make any warrant, expressed or
implied, or assume any legal liability or responsibility for any third party’s use of or the results of
such use of any information, apparatus, product, or process discussed in this report, or represents
that its use by such party would not infringe on privately owned rights.



i

Table of Contents

Page

SECTION 1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.1 Legal Authority . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.2 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1

1.2.1 Clean Water Act . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.2.2 304(m) Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3
1.2.3 Pollution Prevention Act . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4
1.2.4 Prior Regulation of the Pharmaceutical Manufacturing 

Category . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4
1.3 Scope of Final Regulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-8

SECTION 2 SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.2 Subcategorization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.3 Scope of Regulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.4 Best Practicable Control Technology Currently Available (BPT) . . . . . 2-4
2.5 Best Conventional Pollutant Control Technology (BCT) . . . . . . . . . . . 2-4
2.6 Best Available Technology Economically Achievable (BAT) . . . . . . . . 2-4
2.7 New Source Performance Standards (NSPS) . . . . . . . . . . . . . . . . . . . . 2-4
2.8 Pretreatment Standards for Existing Sources (PSES) . . . . . . . . . . . . . 2-5
2.9 Pretreatment Standards for New Sources (PSNS) . . . . . . . . . . . . . . . . 2-5

SECTION 3 INDUSTRY DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1
3.2 Data Collection Methodology and Information Sources . . . . . . . . . . . . 3-1

3.2.1 Summary of Data Collection Efforts . . . . . . . . . . . . . . . . . . . . 3-2
3.2.2 Follow-Up Pilot-Plant Carbon Study . . . . . . . . . . . . . . . . . . . 3-6
3.2.3 EPA's 1986 - 1991 Sampling at Selected Pharmaceutical

Manufacturers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-6
3.2.4 Pharmaceutical Industry Questionnaires . . . . . . . . . . . . . . . . . . 3-9
3.2.5 Industry-Supplied Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-15
3.2.6 Air Stripping, Steam Stripping, and Distillation Pilot 

Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-17
3.2.7 Patent Reviews . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-18
3.2.8 POTW Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-18
3.2.9 Toxic Release Inventory (TRI) Data . . . . . . . . . . . . . . . . . . . 3-19
3.2.10 Industry Data in Response to Proposed Rulemaking . . . . . . . 3-19
3.2.11 Site Visits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-21
3.2.12 Barceloneta Regional Wastewater Treatment Plant (BRWTP)

Sampling Effort  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-22
3.2.13 Industry Data in Response to Notice of Availability . . . . . . . . 3-22



Table of Contents (Continued)

Page

ii

3.3 Overview of the Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-23
3.3.1 Geographical Location of Manufacturing Facilities . . . . . . . . 3-23
3.3.2 SIC Code Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-23
3.3.3 Value of Shipments and Number of Employees in the 

Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-25
3.3.4 Age of Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-25

3.4 Pharmaceutical Manufacturing Processes . . . . . . . . . . . . . . . . . . . . . 3-25
3.4.1 Types of Pharmaceutical Processes and Products . . . . . . . . . . 3-27
3.4.2 General Process Descriptions . . . . . . . . . . . . . . . . . . . . . . . . . 3-29

3.4.2.1 Fermentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-29
3.4.2.2 Biological and Natural Extraction . . . . . . . . . . . . . 3-31
3.4.2.3 Chemical Synthesis . . . . . . . . . . . . . . . . . . . . . . . . 3-33
3.4.2.4 Mixing, Compounding, or Formulating . . . . . . . . . 3-37

3.4.3 Pharmaceutical Manufacturing Process Variability . . . . . . . . . 3-38
3.5 Trends in the Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-40

3.5.1 Manufacturing Process Types . . . . . . . . . . . . . . . . . . . . . . . . 3-40
3.5.2 Treatment Technologies in Use . . . . . . . . . . . . . . . . . . . . . . . 3-41
3.5.3 Chemical Substitution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-41

SECTION 4 INDUSTRY SUBCATEGORIZATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.2 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-2
4.3 Final Subcategorization Basis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-4

4.3.1 Manufacturing Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-5
4.3.2 Wastewater Characteristics and Treatability . . . . . . . . . . . . . . . 4-7
4.3.3 Product Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9
4.3.4 Raw Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-10
4.3.5 Plant Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-10
4.3.6 Plant Age . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-11
4.3.7 Plant Location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-11
4.3.8 Nonwater Quality Environmental Impacts . . . . . . . . . . . . . . . 4-11
4.3.9 Treatment Costs and Energy Requirements . . . . . . . . . . . . . . 4-12

4.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-12

SECTION 5 WATER USE AND WASTEWATER CHARACTERIZATION . . . . . . . . . . 5-1
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.2 Water Use and Sources of Wastewater . . . . . . . . . . . . . . . . . . . . . . . . 5-1

5.2.1 Pharmaceutical Process Wastewater Sources . . . . . . . . . . . . . . 5-1
5.2.2 Other Facility Wastewater Sources . . . . . . . . . . . . . . . . . . . . . 5-4

5.3 Wastewater Volume by Type of Discharge . . . . . . . . . . . . . . . . . . . . . 5-4
5.3.1 Type of Discharge Definitions . . . . . . . . . . . . . . . . . . . . . . . . . 5-4



Table of Contents (Continued)

Page

iii

5.3.2 Discharge Status of Pharmaceutical Manufacturing Facilities . . 5-5
5.3.3 Flow Rates by Type of Discharge . . . . . . . . . . . . . . . . . . . . . . 5-5

5.4 Water Conservation Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-5
5.5 Sources of Wastewater Characterization Data . . . . . . . . . . . . . . . . . . . 5-6

5.5.1 Data from the Detailed Questionnaire . . . . . . . . . . . . . . . . . . . 5-6
5.5.2 EPA Pharmaceutical Manufacturers Sampling Program . . . . . . 5-6

5.6 Wastewater Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-7
5.6.1 Conventional Pollutants and COD . . . . . . . . . . . . . . . . . . . . . . 5-7
5.6.2 Priority Pollutants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-11
5.6.3 Nonconventional Pollutants . . . . . . . . . . . . . . . . . . . . . . . . . . 5-12
5.6.4 Sampling Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-13
5.6.5 Sulfide/Sulfate Containing Compounds . . . . . . . . . . . . . . . . . 5-14

SECTION 6 POLLUTANTS SELECTED FOR REGULATION . . . . . . . . . . . . . . . . . . . . 6-1
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
6.2 Pollutants Considered for Regulation . . . . . . . . . . . . . . . . . . . . . . . . . 6-2
6.3 Pollutants Discharged by the Pharmaceutical Industry . . . . . . . . . . . . . 6-3
6.4 Pollutant Selection Evaluation Criteria . . . . . . . . . . . . . . . . . . . . . . . . 6-4

6.4.1 Quantity Discharged . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5
6.4.2 Treatability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5
6.4.3 Number of Facilities Discharging Pollutants . . . . . . . . . . . . . . . 6-6
6.4.4 Load Removed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-6

6.5 Conventional Pollutants Considered and Selected for Regulation . . . . . 6-6
6.6 Priority Pollutants Considered and Selected for Regulation . . . . . . . . . 6-7

6.6.1 Priority Pollutants Considered for Regulation . . . . . . . . . . . . . 6-7
6.6.2 Priority Pollutants Selected for Regulation . . . . . . . . . . . . . . . . 6-8

6.7 Nonconventional Pollutants Selected for Regulation . . . . . . . . . . . . . . 6-9
6.7.1 Nonconventional Pollutants Considered for Regulation . . . . . . 6-9

SECTION 7 DESCRIPTION OF THE CONTROL AND TREATMENT OPTIONS . . . . . 7-1
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1
7.2 Pollution Prevention Measures and Wastewater Treatment 

Technologies in the Pharmaceutical Manufacturing Industry . . . . . . . . 7-1
7.2.1 Pollution Prevention . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-2

7.2.1.1 General Description . . . . . . . . . . . . . . . . . . . . . . . . 7-2
7.2.1.2 Efforts to Incorporate Pollution Prevention during 

the Regulatory Development Process . . . . . . . . . . . 7-5
7.2.2 Advanced Biological Treatment . . . . . . . . . . . . . . . . . . . . . . . 7-11

7.2.2.1 General Description . . . . . . . . . . . . . . . . . . . . . . . 7-11
7.2.2.2 Industry Application . . . . . . . . . . . . . . . . . . . . . . . 7-14



Table of Contents (Continued)

Page

iv

7.2.3 Multimedia Filtration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-14
7.2.3.1 General Description . . . . . . . . . . . . . . . . . . . . . . . 7-14
7.2.3.2 Industry Application . . . . . . . . . . . . . . . . . . . . . . . 7-15

7.2.4 Polishing Pond . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-17
7.2.4.1 General Description . . . . . . . . . . . . . . . . . . . . . . . 7-17
7.2.4.2 Industry Application . . . . . . . . . . . . . . . . . . . . . . . 7-17

7.2.5 Cyanide Destruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-18
7.2.5.1 General Description . . . . . . . . . . . . . . . . . . . . . . . 7-18
7.2.5.2 Industry Application . . . . . . . . . . . . . . . . . . . . . . . 7-19

7.2.6 Steam Stripping and Steam Stripping with Rectification . . . . . 7-19
7.2.6.1 General Description . . . . . . . . . . . . . . . . . . . . . . . 7-20
7.2.6.2 Industry Application . . . . . . . . . . . . . . . . . . . . . . . 7-24

7.2.7 Granular Activated Carbon Adsorption . . . . . . . . . . . . . . . . . 7-24
7.2.7.1 General Description . . . . . . . . . . . . . . . . . . . . . . . 7-24
7.2.7.2 Industry Application . . . . . . . . . . . . . . . . . . . . . . . 7-26

7.2.8 pH Adjustment/Neutralization . . . . . . . . . . . . . . . . . . . . . . . . 7-26
7.2.8.1 General Description . . . . . . . . . . . . . . . . . . . . . . . 7-26
7.2.8.2 Industry Application . . . . . . . . . . . . . . . . . . . . . . . 7-27

7.2.9 Equalization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-27
7.2.9.1 General Description . . . . . . . . . . . . . . . . . . . . . . . 7-27
7.2.9.2 Industry Application . . . . . . . . . . . . . . . . . . . . . . . 7-28

7.2.10 Air Stripping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-28
7.2.10.1 General Description . . . . . . . . . . . . . . . . . . . . . . . 7-28
7.2.10.2 Industry Application . . . . . . . . . . . . . . . . . . . . . . . 7-28

7.2.11 Incineration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-29
7.2.11.1 General Description . . . . . . . . . . . . . . . . . . . . . . . 7-29
7.2.11.2 Industry Application . . . . . . . . . . . . . . . . . . . . . . . 7-29

7.3 Development of Control and Treatment Options . . . . . . . . . . . . . . . . 7-29
7.3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-29
7.3.2 Best Practicable Control Technology Currently Available 

(BPT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-31
7.3.2.1 Subcategories A and C . . . . . . . . . . . . . . . . . . . . . 7-31
7.3.2.2 Subcategories B and D . . . . . . . . . . . . . . . . . . . . . 7-32
7.3.2.3 Rationale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-32

7.3.3 Best Conventional Pollutant Control Technology (BCT) . . . . 7-33
7.3.3.1 Subcategories A and C . . . . . . . . . . . . . . . . . . . . . 7-34
7.3.3.2 Subcategories B and D . . . . . . . . . . . . . . . . . . . . . 7-34
7.3.3.3 Rationale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-34

7.3.4 Best Available Technology Economically Achievable 
(BAT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-34
7.3.4.1 Subcategories A and C . . . . . . . . . . . . . . . . . . . . . 7-35



Table of Contents (Continued)

Page

v

7.3.4.2 Subcategories B and D . . . . . . . . . . . . . . . . . . . . . 7-36
7.3.4.3 Rationale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-37

7.3.5 New Source Performance Standards (NSPS) . . . . . . . . . . . . . 7-37
7.3.5.1 Subcategories A and C . . . . . . . . . . . . . . . . . . . . . 7-38
7.3.5.2 Subcategories B and D . . . . . . . . . . . . . . . . . . . . . 7-39
7.3.5.3 Rationale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-39

7.3.6 Pretreatment Standards for Existing Sources (PSES) . . . . . . . 7-40
7.3.6.1 Subcategories A and C . . . . . . . . . . . . . . . . . . . . . 7-40
7.3.6.2 Subcategories B and D . . . . . . . . . . . . . . . . . . . . . 7-40
7.3.6.3 Rationale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-41

7.3.7 Pretreatment Standards for New Sources (PSNS) . . . . . . . . . 7-41
7.3.7.1 Subcategories A, B, C, and D . . . . . . . . . . . . . . . . 7-42
7.3.7.2 Rationale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-42

SECTION 8 PERFORMANCE OF THE CONTROL AND TREATMENT OPTIONS . . . 8-1
8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1
8.2 Treatment Performance Databases . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-2

8.2.1 EPA Pharmaceutical Manufacturers Sampling Program Data . . 8-2
8.2.2 Industry-Supplied Self-Monitoring Data . . . . . . . . . . . . . . . . . 8-3
8.2.3 EPA Treatability Studies Data . . . . . . . . . . . . . . . . . . . . . . . . . 8-3
8.2.4 Other Research Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-4

8.3 Evaluation of Treatment Performance Data . . . . . . . . . . . . . . . . . . . . . 8-4
8.3.1 Advanced Biological Treatment . . . . . . . . . . . . . . . . . . . . . . . . 8-4
8.3.2 Nitrification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-6
8.3.3 Multimedia Filtration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-6
8.3.4 Polishing Ponds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-7
8.3.5 Cyanide Destruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-7
8.3.6 Steam Stripping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-8

8.4 Evaluation of Treatment Performance Data Transfers . . . . . . . . . . . . 8-11
8.4.1 Advanced Biological Treatment Performance Data 

Transfers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-11
8.4.1.1 Data Transfer Methodology . . . . . . . . . . . . . . . . . 8-13
8.4.1.2 Alcohol Structural Group . . . . . . . . . . . . . . . . . . . 8-14
8.4.1.3 Aldehyde Structural Group . . . . . . . . . . . . . . . . . 8-14
8.4.1.4 Amide Structural Group . . . . . . . . . . . . . . . . . . . . 8-14
8.4.1.5 Amine Structural Group . . . . . . . . . . . . . . . . . . . . 8-15
8.4.1.6 Aromatic Structural Group . . . . . . . . . . . . . . . . . . 8-15
8.4.1.7 Ester Structural Group . . . . . . . . . . . . . . . . . . . . . 8-15
8.4.1.8 Ether Structural Group . . . . . . . . . . . . . . . . . . . . . 8-15
8.4.1.9 Ketone and Alkane Structural Groups . . . . . . . . . 8-16
8.4.1.10 Miscellaneous Structural Group . . . . . . . . . . . . . . 8-16



Table of Contents (Continued)

Page

vi

8.4.2 Steam Stripping Treatment Performance Data Transfers . . . . 8-16
8.4.2.1 High Treatability Group . . . . . . . . . . . . . . . . . . . . 8-19
8.4.2.2 Medium Treatability Group . . . . . . . . . . . . . . . . . 8-19
8.4.2.3 Low Treatability Group . . . . . . . . . . . . . . . . . . . . 8-19

8.4.3 ASPEN Simulation Modeling to Support Steam Stripping
Treatment Performance Data Transfers . . . . . . . . . . . . . . . . . 8-20
8.4.3.1 Overview of ASPEN . . . . . . . . . . . . . . . . . . . . . . 8-20
8.4.3.2 Methodology for Data Transfer Simulations . . . . . 8-21
8.4.3.3 Strippability Groups . . . . . . . . . . . . . . . . . . . . . . . 8-22
8.4.3.4 Flowsheet Development . . . . . . . . . . . . . . . . . . . . 8-23
8.4.3.5 Estimation of Key Input Variables . . . . . . . . . . . . 8-28
8.4.3.6 Selection of Thermodynamic Models . . . . . . . . . . 8-28
8.4.3.7 Summary of Simulation Results . . . . . . . . . . . . . . 8-29

8.5 Long-Term Mean Development for Conventional Pollutant 
Parameters and COD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-29

8.6 Long-Term Mean Development for Cyanide . . . . . . . . . . . . . . . . . . . 8-30
8.7 Development of Long-Term Mean Concentrations for Priority and

Nonconventional Pollutants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-31
8.8 Long-Term Mean Development for Ammonia . . . . . . . . . . . . . . . . . . 8-31

SECTION 9 POLLUTANT REDUCTION ESTIMATES . . . . . . . . . . . . . . . . . . . . . . . . . 9-1
9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1
9.2 Raw Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1
9.3 Current Baseline Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-2
9.4 End-of-Pipe Discharge Loads for Each Regulatory Option . . . . . . . . . 9-2

9.4.1 BPT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-3
9.4.2 BAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-3
9.4.3 PSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-4

9.5 Pollutant Load Reduction Estimates . . . . . . . . . . . . . . . . . . . . . . . . . . 9-5
9.5.1 BPT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-5
9.5.2 BAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-5
9.5.3 PSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-6

SECTION 10 COSTS OF TECHNOLOGY BASES OF REGULATIONS . . . . . . . . . . . . . 10-1
10.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-1
10.2 Costing Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-1

10.2.1 Cost Model Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-3
10.3 Cost Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-6

10.3.1 Evaluation of Existing Cost Models . . . . . . . . . . . . . . . . . . . . 10-6
10.3.2 Model Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-7
10.3.3 Advanced Biological Treatment . . . . . . . . . . . . . . . . . . . . . . . 10-8

10.3.3.1 Overview of Costing Methodology . . . . . . . . . . . . 10-9



Table of Contents (Continued)

Page

vii

10.3.3.2 Design Bases and Assumptions . . . . . . . . . . . . . . 10-9
10.3.3.3 Costing Methodology . . . . . . . . . . . . . . . . . . . . . 10-10

10.3.4 Cyanide Destruction Treatment . . . . . . . . . . . . . . . . . . . . . . 10-12
10.3.4.1 Overview of Costing Methodology . . . . . . . . . . . 10-13
10.3.4.2 Design Bases and Assumptions . . . . . . . . . . . . . 10-14
10.3.4.3 Costing Methodology . . . . . . . . . . . . . . . . . . . . . 10-15

10.3.5 Steam Stripping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-16
10.3.5.1 Overview of Costing Methodology . . . . . . . . . . . 10-17
10.3.5.2 Design Bases and Assumptions . . . . . . . . . . . . . 10-18
10.3.5.3 Costing Methodology . . . . . . . . . . . . . . . . . . . . . 10-20

10.3.6 Contract Hauling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-23
10.3.6.1 Overview of Costing Methodology . . . . . . . . . . . 10-23
10.3.6.2 Design Bases and Assumptions . . . . . . . . . . . . . 10-24
10.3.6.3 Cost Methodology and Assumptions . . . . . . . . . 10-24

10.3.7 Compliance Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-25
10.3.7.1 Overview of Costing Methodology . . . . . . . . . . . 10-26
10.3.7.2 Cost Methodology . . . . . . . . . . . . . . . . . . . . . . . 10-26

10.4 Engineering Costs by Regulatory Option . . . . . . . . . . . . . . . . . . . . . 10-26

SECTION 11 REGULATORY OPTIONS SELECTION . . . . . . . . . . . . . . . . . . . . . . . . . . 11-1
11.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-1
11.2 BPT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-1
11.3 BAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-4
11.4 NSPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-6
11.5 PSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-7
11.6 PSNS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-9

SECTION 12 NONWATER QUALITY ENVIRONMENTAL IMPACTS . . . . . . . . . . . . . 12-1
12.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-1
12.2 Energy Impacts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-1

12.2.1 Electrical Usage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-1
12.2.2 Energy Usage in the Generation of Steam . . . . . . . . . . . . . . . 12-2

12.3 Air Emission Impacts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-3
12.3.1 Current Air Emissions Based on Detailed Questionnaire 

Responses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-4
12.3.2 Regulatory Impact on Air Emissions . . . . . . . . . . . . . . . . . . . 12-5

12.3.2.1 Regulatory Impact of the MACT Standards on 
Air Emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-6

12.3.2.2 Reduction in Air Emissions Due to Promulgated
Effluent Standards . . . . . . . . . . . . . . . . . . . . . . . . 12-6

12.3.2.3 Criteria Pollutant Air Emissions . . . . . . . . . . . . . . 12-7



Table of Contents (Continued)

Page

viii

12.4 Solid Waste Impacts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-8
12.4.1 Dry Sludge Generation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-8
12.4.2 Waste Solvent Generation . . . . . . . . . . . . . . . . . . . . . . . . . . 12-10
12.4.3 Waste Minimization and Combustion Strategy . . . . . . . . . . . 12-11

12.4.3.1 Waste Minimization . . . . . . . . . . . . . . . . . . . . . . 12-11
12.4.3.2 Combustion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-13

12.4.4 Waste Hydrogen Chloride Scrubber Liquor . . . . . . . . . . . . . 12-13
12.5 Development of Air Emission Standards . . . . . . . . . . . . . . . . . . . . . 12-14

SECTION 13 BEST PRACTICABLE CONTROL TECHNOLOGY (BPT) . . . . . . . . . . . . 13-1
13.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13-1
13.2 Summary of the BPT Effluent Limitations Guidelines . . . . . . . . . . . . 13-2

13.2.1 Regulated Subcategories . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13-2
13.2.2 Regulated Pollutants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13-2
13.2.3 The BPT Effluent Limitations Guidelines . . . . . . . . . . . . . . . . 13-3

13.3 Implementation of the BPT Effluent Limitations Guidelines . . . . . . . . 13-4
13.3.1 NPDES Permit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13-4
13.3.2 Point of Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13-7
13.3.3 Monitoring and Compliance . . . . . . . . . . . . . . . . . . . . . . . . . . 13-7

SECTION 14 BEST CONVENTIONAL TECHNOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . 14-1
14.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-1
14.2 General Methodology for BCT Effluent Limitations Development . . . 14-1

14.2.1 POTW Cost Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-2
14.2.2 Industry Cost-Effectiveness Test . . . . . . . . . . . . . . . . . . . . . . 14-3
14.2.3 BCT Determination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-3

14.3 BCT Effluent Limitations Guidelines Development for the 
Pharmaceutical Manufacturing Industry . . . . . . . . . . . . . . . . . . . . . . . 14-4
14.3.1 Regulated Subcategories . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-4
14.3.2 Regulated Pollutants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-4
14.3.3 Application of General BCT Methodology to the 

Pharmaceutical Manufacturing Industry . . . . . . . . . . . . . . . . . 14-4
14.3.3.1 BCT Cost Test Baseline . . . . . . . . . . . . . . . . . . . . 14-5
14.3.3.2 BCT Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-5
14.3.3.3 Pharmaceutical Manufacturing Cost Model . . . . . 14-6
14.3.3.4 BCT Cost Test Results . . . . . . . . . . . . . . . . . . . . . 14-6
14.3.3.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-8

SECTION 15 BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE
(BAT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15-1
15.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15-1



Table of Contents (Continued)

Page

ix

15.2 Summary of the BAT Effluent Limitations Guidelines . . . . . . . . . . . . 15-2
15.2.1 Regulated Subcategories . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15-2
15.2.2 Regulated Pollutants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15-2
15.2.3 The BAT Effluent Limitations Guidelines . . . . . . . . . . . . . . . 15-3

15.3 Implementation of the BAT Effluent Limitations Guidelines . . . . . . . 15-4
15.3.1 Establishing List of Pollutants for Compliance Monitoring . . . 15-4
15.3.2 Point of Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15-5
15.3.3 Permit Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15-5
15.3.4 Monitoring and Compliance . . . . . . . . . . . . . . . . . . . . . . . . . . 15-8

SECTION 16 NEW SOURCE PERFORMANCE STANDARDS (NSPS) . . . . . . . . . . . . . 16-1
16.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16-1
16.2 Summary of the NSPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16-2

16.2.1 Regulated Subcategories . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16-2
16.2.2 Regulated Pollutants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16-3
16.2.3 NSPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16-3

16.3 Implementation of NSPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16-5
16.3.1 Establishing List of Pollutants for Compliance Monitoring . . . 16-5
16.3.2 Point of Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16-6
16.3.3 Permit Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16-6
16.3.4 Monitoring and Compliance . . . . . . . . . . . . . . . . . . . . . . . . . . 16-7

SECTION 17 PRETREATMENT STANDARDS FOR EXISTING SOURCES (PSES) 
AND PRETREATMENT STANDARDS FOR NEW SOURCES (PSNS) . . 17-1
17.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-1
17.2 Summary of PSES and PSNS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-2

17.2.1 Regulated Subcategories . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-2
17.2.2 POTW Pass-Through Analysis . . . . . . . . . . . . . . . . . . . . . . . 17-3

17.2.2.1 May 2, 1995 Approach . . . . . . . . . . . . . . . . . . . . . 17-4
17.2.2.2 August 8, 1997 NOA Approach . . . . . . . . . . . . . . 17-6
17.2.2.3 Adopted Approach . . . . . . . . . . . . . . . . . . . . . . . . 17-8

17.2.3 Regulated Pollutants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-13
17.2.4 PSES and PSNS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-14

17.3 Implementation of the PSES and PSNS . . . . . . . . . . . . . . . . . . . . . . 17-15
17.3.1 Establishing List of Pollutants for Compliance Monitoring . . 17-15
17.3.2 Point of Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-16
17.3.3 Permit Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-17
17.3.4 Monitoring and Compliance . . . . . . . . . . . . . . . . . . . . . . . . . 17-17



x

List of Tables

Page

2-1 BPT Effluent Limitations for Subcategories A, B, C, and D . . . . . . . . . . . . . . 2-6
2-2 BAT Effluent Limitations for Subcategory A - Fermentation Operations and

Subcategory C - Chemical Synthesis Operations . . . . . . . . . . . . . . . . . . . . . . . 2-7
2-3 BAT Effluent Limitations for Subcategory B - Biological and Natural 

Extraction Operations and Subcategory D - Mixing, Compounding, 
or Formulating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-8

2-4 NSPS for Subcategory A - Fermentation Operations and Subcategory C -
Chemical Synthesis Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-9

2-5 NSPS for Subcategory B - Biological and Natural Extraction Operations and
Subcategory D - Mixing, Compounding, or Formulating . . . . . . . . . . . . . . . . 2-10

2-6 PSES for Subcategory A - Fermentation Operations and Subcategory C -
Chemical Synthesis Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-11

2-7 PSES for Subcategory B - Biological and Natural Extraction Operations 
and Subcategory D - Mixing, Compounding, or Formulating . . . . . . . . . . . . 2-12

2-8 PSNS for Subcategory A - Fermentation Operations and Subcategory C -
Chemical Synthesis Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-13

2-9 PSNS for Subcategory B - Biological and Natural Extraction Operations and
Subcategory D - Mixing, Compounding, or Formulating Operations . . . . . . . 2-14

3-1 Facilities Sampled As Part of the Pharmaceutical Manufacturing 
Industry Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-42

3-2 Pharmaceutical Industry Geographic Distribution . . . . . . . . . . . . . . . . . . . . . 3-43
3-3 Distribution of Pharmaceutical Manufacturing Facilities by Date of 

Initiation of Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-47
3-4 Example Pharmaceutical Products by Manufacturing Process and 

Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-48
3-5 Solvents Used in Fermentation Operations . . . . . . . . . . . . . . . . . . . . . . . . . . 3-49
3-6 Solvents Used in Biological or Natural Extraction Operations . . . . . . . . . . . . 3-50
3-7 Solvents Used in Chemical Synthesis Operations . . . . . . . . . . . . . . . . . . . . . . 3-51
3-8 Production Operation Breakdown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-52
3-9 Trends in Treatment Technologies Used at Pharmaceutical Manufacturing

Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-53
3-10 Trends in Average Annual Discharges of Compounds Between the 

Years 1987 and 1994 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-54

4-1 Summary of Discharge Flow Rate, Conventional Pollutants and COD
Concentrations in Untreated Wastewater . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-14

4-2 Summary of Priority Pollutant Concentrations in Untreated Wastewater . . . . 4-16
4-3 Summary of Nonconventional Pollutant Concentrations in Untreated 

Wastewater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-17
4-4 Summary of Conventional Pollutants and COD Treated Effluent 

Concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-18



List of Tables (Continued)

Page

xi

5-1 Process Wastewater Generated Which Contains Organic Compounds . . . . . . 5-15
5-2 Process Wastewater Generated Which Does Not Contain Organic 

Compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-15
5-3 Wastewater Resulting From Air Pollution Control . . . . . . . . . . . . . . . . . . . . 5-16
5-4 Wastewater Resulting From Noncontact Cooling Water . . . . . . . . . . . . . . . . 5-16
5-5 Wastewater Resulting From Noncontact Ancillary Water . . . . . . . . . . . . . . . 5-17
5-6 Sanitary Wastewater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-17
5-7 Wastewater From Other Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-18
5-8 Total Amount of Wastewater Generated from Pharmaceutical

Manufacturing Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-18
5-9 Facility Discharge Status by Subcategory . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-19
5-10 Volume of Process Wastewater Discharged by Subcategory . . . . . . . . . . . . . 5-19
5-11 Water Conservation Measures Implemented For Process Wastewater . . . . . . 5-20
5-12 Number of Facilities Reporting a Reduction in Wastewater Generated 

between 1989 and 1990 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-21
5-13 COD Acute Bioassay Test Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-21
5-14 COD Bioassay Test Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-22
5-15 BOD , COD, and TSS Concentrations in Untreated Wastewater and 5

Final Effluent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-23
5-16 Cyanide and Total Priority Organic Pollutant Concentrations in 

Pharmaceutical Manufacturing Process Wastewater . . . . . . . . . . . . . . . . . . . 5-25
5-17 Ammonia and Total Nonconventional Organic Pollutant Concentrations

in Pharmaceutical Manufacturing Process Wastewater . . . . . . . . . . . . . . . . . 5-27
5-18 Pharmaceutical Manufacturing Industry Wastewater Characterization Data

Based on EPA Sampling Episodes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-29

6-1 Pollutants Which May be Present in Pharmaceutical Industry Wastewater . . . 6-12
6-2 Pollutant Selection Evaluation Criteria for Pollutants Discharged by the

Pharmaceutical Manufacturing Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-14
6-3 Priority Pollutants Not Selected for Regulation in the Pharmaceutical

Manufacturing Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-18
6-4 Nonconventional Pollutants Not Selected for Regulation in the 

Pharmaceutical Manufacturing Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-19

7-1 Summary of Major Treatment Technologies Used in the Pharmaceutical
Manufacturing Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-43

7-2 Pharmaceutical Manufacturing Facilities Quantity of Chemicals 
Recycled/Reused (1990) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-44

7-3 Summary of Regulatory Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-45



List of Tables (Continued)

Page

xii

8-1 Advanced Biological Treatment Performance Data for BOD , COD, 5

and TSS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-33
8-2 Advanced Biological Treatment Performance Data for Priority and

Nonconventional Pollutants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-34
8-3 Nitrification Treatment Performance Data for Ammonia . . . . . . . . . . . . . . . . 8-39
8-4 Multimedia Filtration Treatment Performance Data for TSS . . . . . . . . . . . . . 8-40
8-5 Polishing Pond Treatment Performance Data for TSS . . . . . . . . . . . . . . . . . . 8-41
8-6 Cyanide Destruction Treatment Performance Data . . . . . . . . . . . . . . . . . . . . 8-41
8-7 Well-Designed/Well-Operated Steam Stripping Treatment 

Performance Data for Priority and Nonconventional Pollutants . . . . . . . . . . . 8-42
8-8 Air Stripping Treatment Performance Data for Ammonia . . . . . . . . . . . . . . . 8-45
8-9 Advanced Biological Treatment Performance Data Transfers . . . . . . . . . . . . 8-46
8-10 Steam Stripping Treatment Performance Data Transfers . . . . . . . . . . . . . . . . 8-49
8-11 Strippability Groups for Potentially Regulated Compounds Established for

Assigning Process Design Variables for Steam Stripping Technology . . . . . . 8-52
8-12 Key Process Inputs for Data Transfer Simulations . . . . . . . . . . . . . . . . . . . . 8-54
8-13 Secondary Process Inputs for Data Transfer Simulations . . . . . . . . . . . . . . . . 8-54
8-14 Comparison of UNIFAC K-Values and Literature K-Values At 25EC 

In Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-55
8-15 Simulation Results Supporting Steam Stripping with Distillation Treatment

Performance Data Transfers for Subcategory A and C Facilities . . . . . . . . . . 8-56
8-16 Simulation Results Supporting Steam Stripping with Distillation Treatment

Performance Data Transfers for Subcategory B and D Facilities . . . . . . . . . . 8-58
8-17 Long-Term Mean Treatment Performance Concentrations for BOD , 5

COD, and TSS in Advanced Biological Treatment . . . . . . . . . . . . . . . . . . . . 8-59
8-18 Long-Term Mean Treatment Performance Concentrations for Priority and

Nonconventional Pollutants with Available Data . . . . . . . . . . . . . . . . . . . . . . 8-60
8-19 Long-Term Mean Treatment Performance Concentrations for Priority and

Nonconventional Pollutants (Including Treatment Performance 
Data Transfers) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-61

9-1 Estimated Raw Loads by Subcategory Group and Discharge Mode (lbs/yr) . . 9-7
9-2 Total Pollutant Load in Untreated Wastewater from Band D Indirect 

Dischargers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-9
9-3 Current Pollutant Discharge Loads by Subcategory Group and Discharge 

Mode (lbs/yr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-10
9-4 Total Pollutant Load Currently Discharged from B and D Indirect 

Dischargers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-12
9-5 Estimated End-of-Pipe BPT Discharge Load . . . . . . . . . . . . . . . . . . . . . . . . 9-13
9-6 End-of Pipe Discharge Loads for Subcategory A and C Facilities Under 

BAT Options (lbs/yr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-14



List of Tables (Continued)

Page

xiii

9-7 End-of-Pipe Discharge Loads for Subcategory B and D Facilities Under 
BAT Options (lbs/yr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-16

9-8 End-of-Pipe Discharge Loads for Subcategory A and C Facilities Under 
PSES Options (lbs/yr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-17

9-9 End-of-Pipe Discharge Loads for  Subcategory B and D Facilities Under 
PSES Option (lbs/yr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-20

9-10 Total Estimated End-of-Pipe Discharge Loads for Subcategory B and D 
Indirect Dischargers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-21

9-11 Estimated BPT Load Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-22
9-12 Pollutant Load Reduction Through Advanced Biological Treatment Under 

BAT for Subcategory A and C and B and D Direct Dischargers (lbs/yr) . . . . 9-23
9-13 Estimated BAT Load Reduction Under BPT Options . . . . . . . . . . . . . . . . . . 9-25
9-14 PSES Pollutant Load Reduction Through In-plant Steam Stripping and 

Cyanide Destruction (lbs/yr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-26
9-15 Total Pollutant Load Reductions from B and D Indirect Dischargers . . . . . . 9-28

10-1 Operation and Maintenance Unit Costs Used By the Cost Model . . . . . . . . 10-28
10-2 Capital Unit Costs Used by the Cost Model . . . . . . . . . . . . . . . . . . . . . . . . 10-30
10-3 Constants and Values Used to Model Biological Treatment . . . . . . . . . . . . 10-32
10-4 Factors Used To Calculate Indirect and Ancillary Direct Capital Costs As a

Percentage of Total Purchased and Installed Capital Cost . . . . . . . . . . . . . . 10-33
10-5 Operation and Maintenance Labor Hour Calculations for Biological 

Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-34
10-6 Electricity Requirement Equations for Biological Treatment . . . . . . . . . . . . 10-35
10-7 Operation and Maintenance Material and Supply Cost Factors for 

Biological Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-36
10-8 Steam Stripping Strippability Groups for All Regulated Compounds . . . . . . 10-37
10-9 Steam Stripping Design Parameters Established by Strippability Group . . . . 10-38
10-10 Purchase Cost Range for the Major Component of the Steam Stripping 

Treatment Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-39
10-11 Summary of BPT, BCT, BAT, and PSES Engineering Costs . . . . . . . . . . . 10-40
10-12 Summary of NSPS and PSNS Engineering Costs . . . . . . . . . . . . . . . . . . . . 10-42

11-1 Summary of BPT, BAT, and PSES Regulatory Options . . . . . . . . . . . . . . . 11-10

12-1 Estimated Annual Electrical Energy Consumption for Direct Increase 
Dischargers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-18

12-2 Estimated Annual Electrical Energy Consumption Increase for Indirect
Dischargers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-18

12-3 Estimated Annual Energy Demand Related to Steam Usage Increase for 
Indirect Dischargers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-19

12-4 Regulatory Impact on Energy Usage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-20



List of Tables (Continued)

Page

xiv

12-5 HAPs and Volatile Organic Pollutants Present in Pharmaceutical
Manufacturing Wastewaters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-21

12-6 Treatment Technologies Selected as the Bases of Regulations . . . . . . . . . . 12-22
12-7 Estimated HAP and nonHAP Load Removals for MACT Wastewater 

Strippers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-23
12-8 Estimated HAP and nonHAP Load Removals for PSES Options Based 

on Steam Stripping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-23
12-9 Increase in Criteria Pollutant Emissions from Steam Generation 

(tons/year) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-24
12-10 Regulatory Impact on Solid Waste Generation . . . . . . . . . . . . . . . . . . . . . . 12-24
12-11 Summary of MACT Standards for New and Existing Sources of Process

Wastewater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-25

13-1 BPT Effluent Limitations Guidelines for Direct Dischargers . . . . . . . . . . . . . 13-8

14-1 Summary Results of BCT Cost Test for Subcategory A and C Direct 
Dischargers (Monetary Values are 1990 $) . . . . . . . . . . . . . . . . . . . . . . . . . . 14-9

14-2 Summary Results of BCT Cost Test for Subcategory B and D Direct 
Dischargers (Monetary Values are 1990 $) . . . . . . . . . . . . . . . . . . . . . . . . . 14-10

15-1 Pollutants Regulated Under BAT for Subcategories A and C . . . . . . . . . . . 15-11
15-2 BAT Effluent Limitations for Subcategory A and C Operations . . . . . . . . . 15-12
15-3 BAT Effluent Limitations for Subcategory B and D Operations . . . . . . . . . 15-14
15-4 Surrogates for Subcategory A/C Direct Dischargers (Biotreatment) . . . . . . 15-15

16-1 Pollutants Regulated Under NSPS for Subcategory A and C Facilities . . . . . 16-9
16-2 Pollutants Regulated Under NSPS for Subcategory B and D Facilities . . . . 16-10
16-3 NSPS for Subcategory A and C Operations . . . . . . . . . . . . . . . . . . . . . . . . 16-11
16-4 NSPS for Subcategory B and D Operations . . . . . . . . . . . . . . . . . . . . . . . . 16-13
16-5 Surrogates for Subcategory A/C Direct Dischargers (Biotreatment) . . . . . . 16-14

17-1 Organic Pollutants Considered for Regulation That Pass Through 
POTWs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-20

17-2 EPA and PhRMA Sampling Results for Primary Treatment at Barceloneta 
POTW Data from Method 1671 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-22

17-3 Water8 Modeling Results for Primary and Secondary Treatment at 
BRWTP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-22

17-4 Pollutants to be Regulated Under PSES and PSNS . . . . . . . . . . . . . . . . . . . 17-23
17-5 PSES and PSNS Effluent Limitations for Subcategory A and C 

Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-24



List of Tables (Continued)

Page

xv

17-6 PSES and PSNS Effluent Limitations for Subcategory B and D 
Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17-25

17-7 Steam Stripping Surrogates for Indirect Dischargers . . . . . . . . . . . . . . . . . . 17-26



xvi

List of Figures

Page

3-1 Location of Operating Pharmaceutical Facilities by State (304 Facilities) . . . 3-24
3-2 Number of Facilities in Each Combination of Pharmaceutical 

Manufacturing Process Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-28

7-1 Environmental Management Options Hierarchy . . . . . . . . . . . . . . . . . . . . . . . 7-4
7-2 Typical Downflow Multimedia Filter Bed . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-16
7-3 Steam Stripping Column Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-22
7-4 Steam Stripping and Rectification Column Diagram . . . . . . . . . . . . . . . . . . . 7-23

8-1 Process Schematic for a Steam Stripper with Open Steam . . . . . . . . . . . . . . 8-24
8-2 Process Schematic for a Distillation Column with Open Steam . . . . . . . . . . . 8-25
8-3 Simulation Block Diagram for Steam Stripper with Decanter . . . . . . . . . . . . 8-26
8-4 Simulation Block Diagram for Distillation Column with Open Steam . . . . . . 8-27


