N S

— e

EPA

T | P T IR ST

United States Office of Water EPA 821-B-98-010

Environmental Protection 4303 July 1998
Agency

Cost-Effective Analysis Of Final

Effluent Limitations Guidelines
And Standards For The
Pharmaceutical Manufacturing
Industry







| COST EFFECTIVENESS ANALYSIS OF o
FINAL EFFLUENT LIMITATIONS GUIDELINES
' AND STANDARDS FOR THE

’ PHARMACEUTICAL MANUFACTURING INDUSTRY .

. Prepared for

- Mr. William Anderson
Engineering and Analysis Division.
Office of Water =
U.S. Environmental Protection Agency! o
401 M Street, SW '
Washington, D.C. 20460

Ffepared by =
Eastern Research Group, Inc.

:110 Hartwell Avenue
Lexington, MA 02421







"' CONTENTS

| SEC"'I"]ION‘ONE . INTRODUCTION ......... UUTRTO TS S
SECTIONTWO ' BACKGROUND AND METHODOLOGY ........... ... ... 21
21 ‘ ,léoﬂtxtantsofConcgm'.....:..‘..‘.’_..,.’ ..... _ 23
22 ;'Tb#iéWeighﬁngf#btors Ceeen ..:, ....... e el .23
23 | Polhiﬁon Cdntrol ’Opﬁons;; ..... ...... T e e 2-7
| 2.4 ’ PollutantRemovals T ..... 2-10
25  Annualized Costs ofComphance e Gae e e 2-'1.21;
26 Calculahonofthe Cost-Eﬁ'ectlvenessValu&s . L e 7 S .\2:12
27 Cpmpansons oprst—Eﬁ‘ectw,en&ss,‘Valugs e e . lv.k.‘ el . ‘_2-15 ‘

. SECTION THREE ’ COS"I‘;EFF;ECTIVENESSR‘ESUL"I‘S I . N NETE
SECTION FOUR ' COMPARISON OF COST-EFFECTIVENESS VALUES WITH
- - ‘.PROMULGATEDRULES.'..............,..» .............. 41

APPENDIX A | SUPPORTING DOCUMENTATION FOR COST—EFFECTIVENESS |
T ’ANALYSIS. POLLUTANT LOADING ANALYSIS ........... A-;
* APPENDIX B ' SUPPORTING DOCUMENTATION FOR COST-EFFECTIVENESS _-
. ANALYSIS: COSTANALYSIS cresssesnies e B-1
APPENDIXC ' COST-EFFECTIVENESS ANALYSIS RESULTS USING THE =
o ; ALTERNATIVE PWF APPROACH .....oovvrrirenneeiene. C1.




R RN
»
« . .
. .
. . .
¥
. .
. . . ~ T
. \ s
)
' " .
. ‘ N
[
P
;
” (4
)
s .
, - B
'




~ SECTION ONE

INTRODUCTION

This a.nalysrs is submltted in support of the emuent llmltatlons gmdelmes and standards for the
pharrnaeeutmal manufactunng mdusﬂy The report analym the cost eﬁ'ectlvenees of six regulatory opttons .
_organized into four regulatory groupmgs Thxs document compares the total annualized cost incurred for each '
of the regulatory optmns within each grouping to the eorrespondmg eﬁ'ectlveness of that optlon in reducmg
'~ the discharge of pollutants. ’I’he eﬁ'ectlveness measure used is pounds of pollutant removed welghted by an
‘ esumate of the relatwe tox1c1ty of the pollutant. The rauonale for this measure, referred to as "pounds- ‘ |
g o "eqmvalent(PE)remov "lsdescnbedlatermthlsdocument ' o

‘ Sec’uon Two drscusses EPA’s oost-eﬁ'ecuveness methodology and identifies the pollutants mcluded
in the analy51s This section also presents. EPA’s toxic welghtmg factors (TWFs) for each pollutant and .
considers the removal efficiency of each option. Section Three presents the results of the cost-eft‘ectlveness :
A lanalysrs In Secuon Four, the cost-eﬂ'ectlveness valm for the proposed regulatory optlons are compared to
cost-eﬂ'ecttveness values for other proposed and promulgated rules. Appendix A presents data on pollutants |
o :and pollutant removals, and Appendix B presents data on annuahzed costs for each of the regulatory options.
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SECTION TWO

BACKGROUND AND NIETHODOLOGY

. Cost, eﬁ’ecuveness (CE) is evaluated as the mcremental and average annuahzed cost of a pollutlon
control option in an industry or mdustry subcategory per meremental and total poxmds-eqmvalent of pollutant
(1 e., pound of pollutant adjusted for toxrclty) removed by that control option. The cost-eﬁ'ecﬁveness ana1y51s
pnmanly enables EPA to eompare the removal efficiencies of regulatory optlons under consxderatlon fora
rule: A secondary use is to compare the cost eﬁ'ecﬁveness of proposed optlons for the Final Pharmaceuncal
Indusﬁy Eﬁ.‘luent Guldelmes to that of pretreatment standards for other mdustnes

In each regulatory groupmg, EPA ranks optlons in order of i mcreasmg pounds-eqmvalent removed to
rdenufy the pomt at which mcreased removal of pollutants isno longer cost-eﬁ'ectwe Generally EPA
determines thls to be where costs (per pound-eqmvalent removed) mcrease sharply that is, where relatlvely
few mcremental pounds are removed for steady increases in cost The accompanymg ﬁgure (F igure 2-1)
shows this pomt as Point A where the cost-eﬂ'ectlveness curve becomes nearly verﬁcal Increases in
remova]s beyond this point come only at- relatlvely h1gh unit costs, whlch, in many cases EPA w111 determme
exceed the benefit of the mcreased removals to soclety !

A number of steps must be undertaken before a cost-eﬂ'ectlveness analy51s can be performed There
are ﬁve steps that define the ana1y51s or generate data for use in the cost-eﬁ'ectweness calculatlon

/-
. Determme the wastewater pollutants of concern (pnonty and other pollutants)

= Estmlate the relative tox1c welghts (the adjustments to pounds of pollutants to reﬂect
tox1c1ty) of the pollutants of concern.

= Deﬁne the regulatory pollunon control optlons
= Caleulate pollutant removals for each pollutlon control OpthIL

. » Determme the annuahzed cost of each polluﬁon control opﬁon

2-1




Cosls in dollar per pound equivalents removed.

Range of
noncost-
effective
removals

Range of
- cost-effective
removals

0 — 1

Percentage of pound equivalents removed.

}

Figure 2-1. Cost effectiveness
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All of these factors are used in the calculatlon of: the cost-eﬁ'ecuveness values which can then be '
- compared for each regulatory optlon under consrderatron. The followmg sectlons drscuss the ﬁve prehmmary
' steps and the cost-eﬁ‘ecuveness calculauon and eompanson methodologles '

21 . POLLUTANTS OF CONCERN .

 Under the Final Pharmaceutical Industry Effluent Guidelines, a number of priority and other
’ nonconventlonal pollutants are regulated. Some of the factors consxdered in selectmg pollutants for
regulatron mclude toxicity, frequency of occurrence in wasteslream eﬂ]uent, and amount of pollutant in the
L wastesteam. The list of pollutants for all regulatory opuons is presented in Table 2-1. ’

22 TOXIC WElGHTING‘FA?I‘ORS

R TWFs are used to calculate copper-based pounds-eqmvalent, and are denved from chromc aquatle
life cntena (or toxic effect levels) and human health cntena (or toxic effect levels) estabhshed for the :
" consumption of fish. For carcinogenic substances, the human health risk level i is set at 10° (i.e., protective to
' alevel allowmg 1in 100,000 excess lifetime cancer cases over background) These toxtcrty levels are related
to a benchmark value or toxmlty level assoclated with a single pollutant Copper, a. toxrc metal commonly
detectedl and removed from industrial efﬂuent, was selected as the benchmark pollutant (ie., the basis to

" ‘whrch others are compared) EPA used copper prewously in TWF ealculatlons for the cost-eﬁ'ecuveness

analysis of effluent gmdehnes Although the water quahty cntenon for copper was revised in 1984 (to
4 12.0ug/L), the TWF method uses the former criterion (5.6 ug/L) to faclhtate compansons with cost-

- eﬂ'ectlveness values calculated for oother regulatlons ‘The former cntenon for copper (5.6 ug/L) was reported' .
in the 1980 Ambient Water Qualzty Crzterza for Copper document. 1

Two types of TWFs are used for this mdustry— scavols _ which i is used for nonvolatlle pollutants
and T WFWI, whxch is used for volatlle pollutants In the TWle method, aTWF for aquatic life effects and
~*a TWF for human health effects are added for pollutants of concern. The calculation is performed by

1US. EPA, 1980. ‘Ambient Water Quality Criteria Jor Copper.




Table 2-1

Toxic Weighting Factors and Removal Efficiencies '

for Regulated Pollutants

Toxic | Pollutant POTW
Pollutant : Weighting | Weighting Removal
Code Pollutant Name Factor Factor Efficiency |

CN- Cyanide 1.08E+00{ 1.90E-01

CHEM3 | Acentonitrile 8.50E-05| 4.80E-03| 0%
CHEM9 Ammonia-N (aqueous) 2.70E-03|  4.90E-04 82%
CHEM10 | N-Amyl Acetate 8.60E-04| 1.50E-04| "83%
CHEM11 | Amyl Alcohol (1-Pentanol) 1.60E-04| 2.80E-05 83%
CHEMI12 | Aniline ' 1.50E+00| - 2.50E-01{ - 80%
CHEM15 | Benzene 4.80E-01| 8.40E-01 19%
CHEM?25 | 2-Butanone (MEK) 2.90E-04| 4.80E-05 83%
CHEM26 | N-Butyl Acetate 3.10E-03| 5.60E-04 83%
CHEM?27 | N-Butyl Alcohol (1-Butanol) _ 1.70E-03|  2.90E-04 80%
CHEM29 | tert-Butyl Alcohol 3.20E-05| - 5.60E-06 81%
CHEM35 | Chlorobenzene 1.10E-02|  1.50E-03 18%
CHEM37 | Chloroform 1.00E-01| 1.80E-01 1%
CHEM39 Chloromethane 2.08E-01] 3.70E-01 0%
CHEM43 | Cyclohexane 9.00E-03| 1.60E-03 0%
CHEM48 | o-Dichlorobenzene '1.20E-02|  1.80E-03 78%
CHEMS51 | 1.2-Dichloroethane 1.50E+00] 2.60E+00 77%
CHEMS55 | Dicthylamine  2.80E-04|  5.00E-05 67%
CHEMS58 | Diethyl ether 8.82E-04| 1.40E-04 0%
CHEM60 | N.N-Dimethylacetamide 2.09E-06| 3.70E-07 79%
CHEMS1 | Dimethylamine 6.22E-04] 1.10E-04 0%
CHEM62 | N.N-Dimethylaniline 8.30E-02| - 1.50E-02 83%
CHEM64 | NN-Dimethylformamide 2.40E-06| 2.90E-04 79%
CHEM66 | Dimethyl sulfoxide 1.65E-06| 2.90E-07 95%
CHEM67 | 14-Dioxane - 1.80E-01] 3.10E-01 75%
CHEM?70 | Ethanol 5.80E-04| 1.00E-04 89%
CHEM71 | Ethyl acetate 7.60E-04{  1.00E-04 83%
CHEM77 Ethylene glycol ' 8.40E-05/ 1.50E-05 96%
CHEM79 | Formaldehyde 230E-03| 4.10E-04]  85%
CHEMS80 | Formamide " 0.00E+00|  0.00E+00 67%
CHEMS2 | Furfural 6.70E-02| = 9.60E-03 0%




- :Tatblg, 2-1 (continued)

Pollutaint Name

CHEM84 | N-Heptane __6.20E-02 ,
i CHEMS7 | N-Hexane } 3.10E-02| 4.40E-03]  37%
H CHEM 93 'AIsobutyraldehyde (2-Methyl propanal) 2.10E-03| _ 3.80E-04 73%
|_cHEM94 | isopropanol (2-propanol) '5.60E-03|  1.00E-03] - 81% .
i CHEM95 | Isopropyl Acetate 6.90E-05| 1.20E-05| 83%
"v CHEM96 | Isopropyl Ether 6.10E-04| 1.10E-04| ~ 83%
CHEM 97 | Methanol 3.30E-04| 5.80E-05|  80%
 CHEM99 | Methylamine : : 3.44E-04| 6.10E-05| . 0%
_CHEM101 | Methyl Cellosolve (2-Methoxyethanol) 1.60E-01| ~ 2.90E-02| ~ 15%
CHEM102 | Methylene Chlonde (chhloromethane) -, 1.20E-01{ 2.10E-01 15%
CHEM103 | Miethyl Formate '- | 8.90E-06| 1.60E-06 83%
CHEM105 | Methyl Isobutyl Ketone (MIBK) _ 2.10E-03|. 3.60E-04 81%
CHEM106 | 2-Methyl Pyridine (2-Picoline)  1.36E-04] 2.40E-05 0%
CHEM113 | Petroleum Naphtha | 6.70E-02| 1.20E-02|  80%
CHEM114 | Phenol ' 2.83E-02| 5.00E-03]  95%
CHEM115 | Polyethylene Glycol 600 5.60E-05| 1.00E-05|" 96%
CHEM117 N-Proponal(l-Proponal) - 270E-05| 4.90E-06 88%
CHEM118 | Acetone __1.60E-03| 290E-04| . 83%
CHEMI124 | Pyridine. - " 1.60E-01{  2.90E-02 0%
CHEM129 | Tetrahydrofuran 7.00E-03| . 1.30E-03 83%
CHEMI30 | Toluene _ 6.40E-03| - 1.00E-03|  36%
CHEM134 | Trichlorofluoromethane 149E-03| 1.60E-04] 0%
CHEM136 | Triethylamine 1.50E-04|. 2.60E-05| * . 83%
'CHEM139 | Xylénes 430E-03| 7.50E-04) ~ 20%

. r'

: Source u.s. EPA 1998. Toxic and Pollutant Wezghtmg Factors for Pharmaceutzcal Manufactunng '
Industry Fmal Eﬁluent Guidelines.




dividing aqautic life and human health criteria (or toxic effect lévels) for each pollutant, eﬁpressed asa
concentration in micrograms per liter (#g/L), into the former copper criterion of 5.6 ug/L:

TWF, o.a = 5.6/AQ + 5.6/HHOO

where:
TWFM = Toxic welghtmg facbor for nonvolatile pollutants ’
AQ =" Chronic aquatic life value (ug/L)
« HHOO = Human health (ingesting organisms only) value (¢ g/L)

Reductions in volatile organic compounds (V OCs) are also included in this cost-eﬁ'ectiven&ss
analysis. The equation to calculate TWFs for volatiles follows the same method used in the Cost-
Effectiveness Analysis for the Organic Chemicals, Plastics, and Synthetic Fibers Industry* Th15 equatlon
was constructed to include in TWFs all exposure to humans associated with the presence of volatllc toxic
pollutants in the industry’s wastewater. ‘This modification applies only to the volatile pollutants; the
calculation of the TWFs for nonvolatile pollutants is as dmbed above..

As discussed in the Cost-Effectiveness Analysis for the Organio‘Chemicals, Plastics, and Synthetic ’

Fibers Industry,? VOCs have the potential to volatize from wastewater ‘éfﬂuent into the atmosphere durixlg '
wastewater treatment. Although removed from the final wastewater discharge, the subsequent air load can
increase the exposure of humans to pollutants through the inhalation pathway of exﬁosure. Ideally, a
weighting factor for VOCs would incorporate both air and water criteria or toxic effect levels. This approach
is not readily feasible, however, because the critéria are expressed in different umts (ug/m® versus y g/L) N
Therefore, proxy criteria for air are developed by: (1) substituting the average quantlty of water ingested |
(2 L/day) for the average amount of air inhaled (20 m*/day) and (2) using oral cancer slope potenoy factors
and oral reference doses to represent toxicity from mhalatlorl With these mod1ﬁcatlons 'the proxy criteria for

air become equivalent to the calculated water quality cntena for mgestmg water and orgamsms (as ’
represented by the term HHWO). The equation used here to calculate TWFs is the same as above, except

2U.S. EPA, 1987. Cost-Effectiveness Analysis for the Orgamc Chemicals, Plastics, and Synthetzc szers
Industry.

3 Ibid.
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. where:

that HHOO 1s replaced with HI-IWO in consrderatlon of the addluonal human health nsk from the potenual '
presence ofVOCs mthearr o ' '

"TWF, = 5.6/AQ + 5.6/ HHWO,

TWFMK = - Toxic weighting factor for‘volatile pollutants
- AQ = ‘Chronic aquatic hfe value (ag/L) ‘
- HHWO = 'Human health (mg&ctmg water. and orgamsms) value (yg/L)

" ‘The similarities and diﬁference‘s'between TWF,,, and TWF;,,;,",, are summarized in Table 2-2.

23 POLLUIiON ’CONTROL omONs '

The pollutlon conttol optlons mvestlgatcd are divided into those for direct drschargers and those for -
indirect drschargers Wlthm each type of dlscharger addmonal dlsunctlons are made. First, all technology
optrons are d1v1ded between mdustry subcategones with A and C mdustry subcategones (representmg ,
facilities that use fermentatlon or chemrcal synthesrs processes) being dlstmgmshed from B and D mdustry
subcategones (represenhng faclhtles that use blologrcal and natural extractron processes or that are
formulators of pharmaceuhcal products) For direct. drschargers the technologlcs are then ﬁrrther broken
down into BPT, BCT, BAT, and NSPS optlons of whrch only the BAT optlons are consrdercd in the cost- | S
eﬁ'ectrveness analysrs for mdrrect dxschargers PSES technology optrons are exammed NSPS and PSNS
options are 1dent1cal to the BAT and PSES optlons ‘for each group of facllmes Thus. the relative cost- ‘
eﬂ‘ectlveness of these optlons wﬂl be sxmllar to that for the eqmvalent optlons m each regulatory groupmg

" Table 2-3 presents the regulatory optlons addressed in thlS analysrs and deﬁnes the technologres

assoclated with each optlon




" Table 2-2

Differences Between TW]F;,.,,,W[ and TWF“,,

Feature ‘ TWF o o TWF,y |
Benchmark Value 5.6 (former freshwater 5.6 (former freshwater
(numerator) chronic criterion for copper) - | chronic criterion for copper)
Carcinogenic Risk Level 107 (1 in 100,000 excess 10 (1 in 100,000 excess
: cancer cases) "| cancer cases)
Human Health Exposure Fish consumption only Drinking water and fish
o ‘ consumption '
Aquatic Life Effects vs. Effects are added Effects are added
Human Health Effects : - ‘

Source: U.S. EPA, 1987. Cost—Eﬁ'ectzveness Analyszs for the Organzc Chemicals, Plastzcs and
Synthetic Fibers Industry.
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Table 2-3

) Summary of Regulatory Optlons Consndered in the Cost-Effectweness Analysns

_E | . S | Short Opﬁon
L ion |  Description
BAT - |BAT-A/C - | Add organics, ammonia, Advanced biological treatment wnh S
' A * | and CODand modlfy mtnﬁcatxon , ' )
. ' cyanide - : ~ L v
BAT-BD 'Add COD and withdraw | Advanced biological treatment
. | eyanide . |
'+~ | PSES PSES-;A/C, | Add organics, ’ In-plant steamstnppmg for orgamc
oo : C S ammonia,and modlfy " | compounds and ammonia
‘ cyanide S r
PSES-B/D | Add organics and withdraw In-plant steam stnppmg for orgamc .
) ' -] cyanide compounds

- *COD= chemwal oxygen dcmand

Source US. EPA 1998. Technical Development Document for Eﬁluenthmztatzons Guidelines and Standards |
for the Pharmaceuncal Manufactunng Point Source Category

29




24  POLLUTANT REMOVALS

The pollutant loadings have been calculated for each facility under each regulatory option for
comparison with baseline loadings. The postregulatory rmnpvals under each regulatory option are presented
in Appendix A. ' o '

Pollutant removals are calculated directly as the difference between current and posttreatment
discharges. Removals are then weighted using the TWFs and are reported in pounds-equivalent (see
Appendix A for pound-equivalent removals for all pollutants by pollutant and option). Total removals for
each option are then calculated by summing the removals for all pollutants under each option.

One additional step is undertaken to calculate final reductions in nonvolatile pollutant loadings for
indirect dischargers because of the ability of POTWS to remove poilutants. Thus water removals for indirect’
dischargers take into account POTW removal efficiencies for nonvolatiles. Volatile pollutants are not
removed by POTWs since they are volatized before reaching POTWs. Significant emission of these
compounds to the air is expected from conveyance syétems or open primary treatment units prior to reaching
a POTW’s biological treatment unit. Table 2-1 presents the POTW removal efficiencies for 50 pollutants.
The POTW removal efficiencies are used as follows. If a facility is discharging 100 pounds §f cadmium in |
its effluent stream to a POTW and the POTW has a remdval efficiency for cadmium of 38 percent, then the
cadmium discharged to surface waters is only 62 pounds. If the regulation results in a reduction of cadmium- ‘
in the efflucnt stream such that total cadmium discharged to the POTW is 50 pounds, then the amount.
discharged to surface waters is calculated as 50 pounds mﬁlﬁplied by the POTW removal efficiency factor (1
- 0.38 or 0.62 times 50 pounds equals 31 pounds). The cost-cffectiveness calculations then reflect the fact ‘
that the actual reduction of pollutant discharged to surface water is not 50 pounds (the change in the ambunt
discharged o the POTW), but 31 pounds (the chang in the amount actually discharged to surface water).
Pollutant removals calculated in this way are presented in Table 2-4. ' | '




‘Table 2-4

. Tétail‘ Pollutant Rel‘novals'by Regulafory Option

Pounds
Removed

' Pounds-Equivalent
Removed

BAT-A/C | 2,160,048 -
. "BAI-B/D | m3e . 87

Clesesac | i0es3427 ., | - 282614
Ipsesep | - 3346808 | . 80807

9,780

| -Source: See -Tébleé A-1 through A6,

b

Co2a1




25 ANNUALIZED COSTS OF COMPLIANCE

Under each regulatory option, annualized costs of compliance have been developed.* The derivation
of these costs is summarized briefly below. A

Two groups of costs were derived for each of the affected facilities under each of the regulatory. '

options: capital costs, which include capital equipment, delivery and installation of equipment including site

work, site work prior to installation, engineering and necessary ancillary equlpment and activities (plpmg,
painting, electrical hookups, etc.); and recurring operating and maintenance costs (O&M) which include
O&M labor and materials, chemmal use, and sludge handling and disposal, if applicable, and electricity usage
costs. The capital costs are then amortized over the lifetime of the equipment, to p;oduee an annual cost.®
Unlike annual costs derived in the Economic Assessment Repbrt, where tax shields were incorporated when
estimating impacts on industry, annual costs in this cost-eﬂ'ectiveness analysis are derived using no tax
shields and the 7 percent discount rate suggested by the Office of Management and Budget (OMB)-as an

appropriate discount rate.® These annualized capital costs are added to the recurring costs to produce atotal B

annual compliance cost for each facility affected under each regulatory option. Aggregate annual costs for
each regulatory option are used in the calculetion of the cost-eﬁ'ectiveness velues The total BAT/PSES
aggregate annual costs by option are presented in Table 2-5 Appendlx B presents the calculatlons used to.
arrive at the aggregate annual cost figures presented in Table 2-5.

2.6 CALCULATION OF THE COST-EFFECTIVENESS VALUES ‘

Cost-effectiveness values are calculated separateiy for each regulatory option. Options first are
ranked in ascending order of pounds-equivalent of pollutants removed. The incremental cost-effectiveness

value for a particular control option is calculated as the ratio of the incremental annual cost to the incremental

4 See U.S. EPA, 1998. Technical Document for Effluent Lzmztatzons Guidelines and Standards for the
Pharmaceutical Manufacturing Point Source Category and U.S. EPA, 1998. Economic Analysis for Final
Effluent Limitations Guidelines and Standards for Existing and New Sources for the Pharmaceutical Industry.

5 These annualized costs are pretax to approximate the total cost to society of these options.

§ OMB, 1996. Economic Analysis of Federal Regulations under Executive Order 12866. 1 anuary 11.

2-12
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Table2-5

Aggregate Amiual Coét by Reg‘ulatory Option

/

|| BAT-A/C $2,926352 | $2,186,106

'BAT-BD © $333318 | $249,003

PSES-AC | $36,130,524 $26,990,998

v

PSESBD - | . $7,066657 . |  '$5353,790

,S.oﬁrc'e:‘ See ‘TabllevB-'lk : ”




pounds-equivalent removed. Average cost-effectiveness values for each option are calculated as total dollars
for the option divided by total pounds-equivalent removed by the option. The mcremental effectiveness
values are viewed incrementally in comparison to the baseline (zero costs/zero removals) for BAT-B/D and to
the preceding regulatory option (for all subsequent options). Cost-effectiveness values are reported in units -
of dollars per pound equivalent of pollutant removed. |

For the purpose of comparing cost—eﬁ'ecéivenms,valm of options under rev1ew to those of other
promulgated rules, compliance costs used in the cost-effectiveness analysis (which are in 1990 dollars) are ’
adjusted to 1981 dollars using Engineering News Record's Construction Cost Index (CCD (sele Table 2-4 foi'
compliance costs in 1981 dollars).” This adjustment factor is calculated as follows: "

Adjustment factor = 1981 CCI/1990 CCI = 3,535/4,732 = 0.7470 -

The equation used to calcuiate incremental cost effectiveness is: -

ATC, - ATC
CEk = Ck Ck-l
PE, - PE,,
where:
Ce, = Cost-effectiveness of Opuon k
ATC, = Total annualized treatment cost under Option k
Pe, = Pmmd eqmvalents removed by Optlon k .

The numerator of the equation, ATC, minus ATC, ,, is simply the incremental annuahzed treétment
cost in going from Option k-1 (an option that removes fewer pounds-equiiralent of pollutants) to Optipn k (an
option that removes more pounds-equivalent of pollutants). The denominator is similarly the incremental
removals achieved in going from Option k-1 to k. Thus, cost eﬁ'ectﬁen&ss measures the incremental unit cost
of pollutant removal of Option k (in pound equivalents) in comparison to Option k-1. 4

7 Engineering News Record, 1997. Construction Cost Index. March 31.

- 2-14
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-, Average cost-eﬂ'ecnveness values also can be denved by setting’ ATCk 1 to zero and by seumg the A
pollutant loadmgs (PE,. 1) to the current loadmg These values can be used, thh caunon, to compare an
: -optlon to prevxously promulgated effluent hmltanons guldelmes -

27 ,COMPARISONSJ_OF COST-EFFECI’IVE’NESS‘VALUES |

Because the options are ranked in ascendmg order of pounds-eqmvalent of pollutants removed

. ‘ wrthrn each regulafbory groupmg, any option that has lngher costs but lower removals than another optlon

1mmed1ately can be 1dent1ﬁed (the cost-eﬁ'ecuveness value for the next optlon becomes negative). When “
negatrve values are computed for Optlon lg Optlon k-l w1ll be noted as "dominated" (having a higher cost
) and lower removals than Optlon k). Optlon k-1 is then removed from the eost-eﬁ'ecnveness caleulatlons and
~all eost-eﬁ'ecnveness values w1thm a regulatory groupmg are then recalculated w1thout the "dommated"
1 option. This process contmues until all "dommated" optlons are ehmmated 'I'he remammg optlons can then ‘
be presented in terms of then- meremental cost-effectlveness values and are eonsrdered viable options’ for

i regulatory consideration. -

215
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SECTION THREE

COST-EFFECTIVENESS RESULTS
The cost-eﬁ‘ecnveness analysxs is based on the Agency s esnmates of the cost of comphance and
wastewater pollutlon removals assoclated wzth two BAT opnons—one for faclhnes with felmentatlon or
chemlcal synthesis processes (the AandC faclhtles) and one for facilities with blologlcal and natural
extractlon Processes or whxch formulate pharmaeeuncals (the B and D facllmes) ‘For indirect dlschargers the

analy51s calculates cost-eﬁ'ectlveness values for two PSES opnons one for A/C facllmes and one for B/D
facilities: ‘

31  BEST AVAILABLE TECHNOLOGY—DIRECT DISCHARGERS
3;1{1 A/C Facilities
As shown in Table 3- l the mcremental and average eost-eﬁ'ectlveness for this selected regulatory o

optlon is $224/PE. ' '

312 BD .Facilities -

 The mcremental cost eﬁ'ecuveness for BAT-B/D is $2 870/PE Smce the selected opuon isano-

- addltlonal regulauon option, BAT-B/D 1s set equal to BPT BPT is not evaluated in cost-eﬁ'ecnveness

analyses so no cost-eﬁ’ecnveness value is calculated

32 PRETREATMENT STANDARDS F OR EXISTING SOURCES—INDIRECI‘ : '

. DISCHARGERS

3.2#1- '\ AIC Facilities :

As shown in Table 3-1, the selected regulatory optlon, PSES-A/C has an mcremental and average -

‘ cost—effectlveness value of $96/PE
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322 B/Dy‘agjliﬁes o

. - L The mcremental cost-eﬁ'ectwen&ss value for the selected regulatory optlon, PSES-B/D has an

mcremcntal and avcrage cost-eﬂ'ectweness value of $66/PE
|
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SECTION FOUR

COMPARISON OF COST—EFFECTIVENESS VALUES WITH THOSE OF
' OTHER PROMULGATED RULES |

As dlscussed in Sectron Two mcremental cost eﬁ'ectlveness is the appropnate measure for .
comparmg one regulatory opnon toan altemanve less strmgent regulatory option for the same rule. Some
beheve that it also may be used to compare cost effectiveness across rules when consrdermg how the last
increment of stnngency in one rule compares to the last increment of stnngency in another. For eomparmg
the overall cost eﬁ'ectweness of one rule to another,  average cost eﬁ'ectlveness may be a more appropnate
measure, but must be consrdered in context with cautlon (Average cost-eﬁ'echveness can be thought of as
the ‘fmcrem between no regulatlon and the selected optron for any grven rule. )

' Table 4-1 presents the cost-eﬁ'ectweness valuﬁs for effluent hmltatlons gurdehnes and standards

, 1ssued for direct d1schargers under BAT in other mdustnes For the A/C direct drschargers the cost- ’
effectiveness value for the selected option is $224/PE. The cost-effectiveness value for BAT-A/C is hrgher
than those shown for most other effluent gmdehnes but not all, and, for the reasons outhned below this value
s believed to understate the true cost effectlveness of the rule For B/D direct dlschargers the selected opnon
IS sct at BAT BPT. ’

Table 4-2 presents the cost-eﬁ'ectweness values for pretreatment standards issued for mdlrect
drschal gers under PSES i in other mdustnes "For A/C md1rects the cost-eﬁ'ectlveness value for the selected
opuon is $96/PE ‘For B/D mdtrects the value is $66/PE. The values for PSES-A/C and PSES-B/D are
within the range shown for other pretreatment standards. '

The cost-eﬂ'ectlveness values determmed for thrs rule do not represent an estrmate of the removal of

* the toxic pounds resultmg from the removal of COD Drscharges from pharmaceutrcal manufacturmg facrlnes o

exhibit toxrclty as measured by the whole efflient toxnclty test and reported as part of the routine National
Pollutant Dlscharge Ehmmatlon System (NPDES) discharge momtormg reports One study conducted by

. ,v ' EPA ata pharmaceutlcal manufactunng facility showed a srgmﬂcant decrease in toxrcrty wrth a

e correspondmg decrease in chemical oxygen demand (COD) level for the tested efﬂuent sample from the v

4-1



Table 4-1 ,

Industry Comparison of BAT Cost-Effectiveness for Du'ect Dischargers
(Toxic and Nonconventional Pollutants Only; Copper-Based Weights;® 1981 dollars)

PE Currently Discharged

PE Remaining at Selected

Cost-Effectiveness of
Option Selected Option(s)
(S/PE removed)

Canmaking 12 0.2 10
! Centralized Waste Treatment® /3,372 1,261-1,267 5-7
i Coal Mining BAT=BPT BAT=BPT BAT=BPT '
Coil Coating 2,289 9 49
Copper Forming 70 8 27
Electronics I 9 3 404
Electronics II NA NA NA
Foundries 2,308 39 84
ﬂ Inorganic Chemicals I 32,503 1,290 a |
Inorganic Chemicals IT 605 27 6 '
H Iron & Steel 40,746 1,040 2
B Leather Tanning 259 112 BAT=BPT
Metal Finishing 3,305 3,268 12
i Metal Products and 1‘40 - 70 50
Machinery®
Nonferrous Metals Forming 34 2 69
Nonferrous Metals Mfg I 6,653 313 4
Nonferrous Metals Mfg II 1,004 12 6
Oil and Gas: Offshore” 3,809 2328 33
Coastal—Produced . 951 239 35
“ glr:lthan[grg,‘fgstc BAT = Current Practice BAT = Current Practice BAT = Current Practice
Organic Chemicals 54,225 ' 9,735 5
Pesticides 2,461 371 14
Pharmaceuticals A/C 560 550 224
BD 0.1 — BAT=BPT
Plastics Molding & Forming 44 41 BAT=BPT *
| Porcelain Enameling 1,086 63 6
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Table 4-1 (continued)

R 'PEizmgatSdecud Cost-Effectivencss of
S  PE Currently Discharged - “Option * - Selected Option(s)

Petroleum Refining _____ BAT-BPT BAT=BPT BAT=BPT
Pulp & Paper - _ iss4 | - ao9 | . 14
Textile Mills . " BAT=BPT_ BAT=BPT " BAT=BPT
'Tfanspomﬂonsqu;ipment , | s | _ o 08 : 108

Cleaning® ' B
*Althongh toxic weighting factors for priority pollutants varied across these rules, this table reflects the cost effectiveness at the time of
regulation. ‘ I v ‘ o : ] R : _
*Produced water only; for produced sand and drilling fluids and drill cuttings, BAT=NSPS.

v




Table 4-2
Industry Companson of PSES Cost-Eﬁectweness
for Indirect Dischargers

(Toxic and Nonconventional Pollutants Only, Copper-Based Wexghts'° 1981 dol]lars)

PE Currently Discharged | PE Remaming at Selected Cost-Effectiveness of
(thousands) Selected Option(s)
S/PE removed)
l Aluminum Forming 1,602
I Battery Manufacturing 1,152 5 15
Canmaking 252 5 38
Coal Mining® NA NA NA
Coastal Oil and Gas® NA NA NA
Coil Coating 2,503 10 10
Copper Forming 34 v4 10
Electronics I 75 35 14
Electronics I 260 ‘ 24 14
Foundries 2,136 18 ' 116
Industrial Laundries® 2,002 1,594 108
Inorganic Chemicals I 3,971 3,004 9 .
Inorganic Chemicals II 4,760 6 <
Jron and Steel 5,599 1,404 6
Leather Tanning 16,830 1,899 111
Metal Finishing 11,680 755 10
Nonferrous Metals Forming - 189 5 90
Nonferrous Metals 3,187 19 15
Manufacturing I ’
Nonferrous Metals 38 041 12 -
Manufacturing I ‘
Offshore Oil and Gas® _NA NA NA
OCSPSF* 5210 72 34
Pharmaceuticals® A/C 897 614 96
B/D 90 9 66
i Plastics Molding and Forming NA NA NA
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 Table 4-2 (continited)

Ind

PE Cumnﬂyl)ischarged
’ (ﬂnousands)

Cost-Effectiveness of

Porcelain Enameling -

—Puip “and Paper?

1,323

314

|

v

e ———

* “Reflects costs and removals of both air and water pc;lltitﬁnts.

.

45

*Although toxic Weighing factors for priority pollutants varied across these rules, this table reflects the cost effectivencss at the time of
regulation. ' _ ‘ S o o L ) ’
' "Industry has no known or expected mdn'ect discharges. .




facility and a sample effluent of a pilot-scale biological treatment plant study. Because of the limited amdu.int
of data, and the inability to identify the dlﬂ'ermtmrxofspeclﬁc organic compounds represented by the COD :
measurement, the total amount of toxic pounds-eqmvalent represented by the nonoonvenuonal pollutant
parameter of COD could not be determmed

Based on the lack of pounds-equivalent associated with COD re;xlovals, thc cost-effectiveness
analysis results understate the true cost effectiveness of this rule.




' APPENDIX A

. - SUPPORTING DOCUMENTATION FOR
', COST-EFFECTIVENESS ANALYSIS:
POLLUTANT LOADINGS ANALYSIS |







Table A-1

: hldustlylmdsaxldRunovalﬁbyPo]hmnt

. BAT-A/IC Fadﬂﬂes
. Toxic .
" Removals dehﬁng PE
Removals
o ‘ Cyanide B ‘ ] , 0
CHEM3 . Acetonitrile . . : ‘ 1,146  8.50E-05 .0
CHEM9 Ammonia-N - : ’ © 800,913 2.70E-03 2,162
- CHEM10' Amyl Acetate, n- o " - 1,616 = 8.60E-04 1
CHEM11 -Pentinol, 1- (amyl alcohol) - -~~~ 52,174 1.60E-04 8
CHEMI2 Aniline . S , © 0 1.50E+00 0
CHEM1S  Benzene =~ ., - . ‘0 . 4.80E-01 ol
CHEM25 Methy! ethyl ketone ) C 0 2.90E-04 of~
CHEM26 Butyl acetate, n- : ' 0 3.10E-03 1}
CHEM27 ‘Butanol, 1- (n-buty] alcohol) o 1.70E-03, : 0
CHEM29 Methyl-2-propanol, 2-(tert-butyl alcobol) 0 3.20E-05 -0
CHEM35 Chlorobenzene - 0 1.10E-02 (1}
CHEM37  Trichloromethane (chioroform) 4,080 ., 1.00E-01 . 408
CHEM48 Dichlorobenzene, 1,2- . . 0 1.20E-02 -0
CHEMS1 Dichloroethane, 1,2- - 147 1.50E+00 221
'CHEMSS5  Diethylamine ‘ 0 2.80E-04 ]
~'CHEM60 Dimethylacetamide, N,N- 0  2.09E06 . 0
CHEM62 N,N-Dimethylaniline’ 0 8.30E-02 0
CHEM64 ' Dimethyiformamide, N,N- . . 0 2.40E-06 .0
CHEM66 Dimethyl sulfoxide - . . 3,712 1.65E-06 of
' CHEM67 Dioxane, 1,4- . - ) 0  1.B80E-01 o
'CHEM70 Ethanol ’ o : ' o © 195,517 ‘5.80E-04 113
'CHEM71 Ethyl acetate R 87,223 7.60E-04 66
CHEM77  Ethylene glycol - . : .o . 0  B40E0S 0
.CHEM79 Formaldehyde S L 0 230E-03. 0
CHEM80 Formsmide = . o %0 0.00E+00 0
CHEM84 Heptane,n- ' . 0 6.20E-02 0
CHEMS7 Hexane, n- o . 241 3.10E02 7
CHEM93 Methy! propanal, 2- (1sobutyraldehyde) : 0  210E03 0
CHEM94 Isopropanol (2-pmpanol) . : . 165,987 5.60E-03 930
CHEMS5  Isopropyl Acetate S ‘ : 286 . 6.90E-05 0
"CHEM96  Tsopropyl Ether , ‘ 0 . 6.10E-04 0
CHEM97 ' Methanol ' 712,931  330E-04 235
CHEM101 Meﬁ:oxyemnnol,z-(meﬂ]yl cellosolve) - 1.60E-01 . 0
CHEM102 . Dichloromethane (methylene chloride) - 4], 905 1.20E-01 5,029
CHEM103 Methyl formate (formic acid, meﬁ:yi ester)’ . 8,437 8.90E-06 0
CHEMI105 Methyl isobutyl ketone 14462 . 2.10E-03 30
CHEM113 Pefroleum Naptha - D 0 ...6.70E-02 oy -
CHEMI114 Phenol ’ : . A 8,995 2.83E-02 254
CHEM115 Polyethylene Glyool600 . * ] 5.60E-05 off
CHEM117 Propanol, 1- (n-propanol) ' _— 0 - 2.70E-05 ‘o
CHEMIIS Acetone . ‘ 17,832 1.60E-03 29
CHEM124 Pyridine o ‘ -0 1.60E-01 of
CHEM129 Tetrahydrofuran L 31,821 ° 7.00E-03 223
CHEM130 Toluene , : - K 8,042 6.40E-03 - 51y,
CHEM136 Triethylamine - ‘ o 0 1.50E-04 0
CHEM139- Xylenes o 2,581  4.30E-03 11
CHEMBOD Biochemical OxygenDemandS-day . 0 - 0.00E+00 -0
CHEMCOD Chemical Oxygen Demand ' : 0  0.00E+00 -0
CHEMTSS Total Suspended Solids S 0 . 0.00E+00 0
Totals . S 2,160,048 - . 9780

Source; U.S. EPA, 1998. Techmcal Development ﬁocmnent for Eﬁluent Lm.utanons Gmdehm and Stnnda:ds ‘
for the Pharmaceutical Manufacturing Point Source Category. .
" U.S. EPA, 1998. Toxic and Pollutant Welghtmg Factors for thmacwt:cal Manufactunng Industry
Fmal Effluent Guidelines.




Table A-2

 Industry Loads and Removals by Pollutant

BAT-B/D Facilities
- . Toxic . -
Izollutan: Removals Weighting PE - .

0 K 0 *
CHEM3  Acctonitrile 0 8.50E-05 0
CHEM9 Ammonia-N 0 2.70E-03 0
CHEM10 Amyl Acetate, n- 0 . 8.60E-04 0
CHEMI11 Pentanol, 1- (amyl alcohol) 0 1.60E-04 0
CHEMI12 Aniline 0 1.50E+00 0
CHEMIS Beazene 0 4.80E-01 1]
CHEM25 Methyl ethyl ketone 0 2.90E-04 0
CHEM26 Butyl acetate, n- 0 3.10E-03 0
CHEM27 Butanol, 1- (n-butyl alcohol) 0 1.70E-03 0
CHEM29 Methyl-2-propanol, 2- (tert-butyl alcobol) 0 3.20E-05 0
CHEM35 Chlorobenzene 0 1.10E-02 0
CHEM37 Trichloromethane (chloroform) -0 1.00E-01 0
CHEM48 Dichlorobenzene, 1,2~ 0 1.20E-02 - 0
CHEMS51 Dichlorocthane, 1,2- 0 1.50E+00 0
CHEMSS Diethylamine 0 2.80E-04 0
CHEM60 Dnneﬁlylawnm:de, N,N- 0 2.09E-06 0
CHEM62 N,N- 0  8.30E-02 0
CHEM64 Dimethylformamide, N,N- 0 2.40E-06 0
CHEMG66 Dimethyl sulfoxide 0 1.65E-06 0
CHEM67 Dioxane, 1,4~ 0 1.80E-01 0
CHEM70 Ethanol - 7477 5.80E-04 4
CHEM71 Ethyl acetate 0 7.60E-04 0
CHEMT77 Ethylene glycol 0 8.40E-05 0
CHEM79 Formaldehyde 171 2.30E-03 1]
CHEM20 Formamide 0 0.00E+00 0
CHEMS84 Heptane, n- 0  6.20E02 0
CHEMS87 Hexane, n- 0 . 3.10E-02 0
CHEM93 Methyl propanal, 2- (lsobutynldehyde) 0 - 2.10E-03 0
CHEMS94 Isopropanol (2-propanol) 14,646 5.60E-03 - 82
CHEM95 Isopropyl Acetate : 0 6.90E-05 [
CHEMYS6 Isopropyl Ether ;0 6.10E-04 0
CHEMY97 Methanol "0 3.30E-04 0
CHEMI101 Methoxyethanol, 2~ (nethyl cellosolve) 0 1.60E-01 0
CHEM102 Dichloromethane (methylene chloride) 0 1.20E-01 0
CHEMI103 Methyl formate (formic acid, methyl ester) (¢ 8.90E-06 0
CHEMI10S Methyl isobutyl ketone 0 2.10E-03 0
CHEMI113 Petroleum Naptha 0 6.70E-02 0
CHEM114 Phenol 0 2.83E-02 (]
CHEMI115 Polyethylene Glycol 600 46 5.60E-05 0
CHEM117 Propanol, 1- (n-propanol) 0 2.70E-05 0
CHEM118 Acetone 0 1.60E-03 0
CHEMI124 Pyridine 0 1.60E-01 0
CHEM129 Tetrahydrofuran 0 7.00E-03 0
CHEMI130 Toluene 0 6.40E-03 0
CHEMI136 Triethylamine 0 1.50E-04 0
CHEMI139 Xylenes -0 4.30E-03 0
CHEMBOD Biochemical Oxygen Demand 5-day 0 0.00E+00 0
CHEMCOD Chemical Oxygen Deand 0  0.00E+00 )

CHEMTSS Total Suspeaded Solids 0 0.00E+00 0 ,
Totals . 22,339 87

Source: U.S. EPA, 1998. Technical Development Document for Effluent Limitations Guidelines and Standards - '
for the Pharmxceuucal Manufacturing Point Source Category.
U.S. EPA, 1998. Toxic and Pollutant Weighting Factors for Phannwwhca.l Mamxfacnmng Industry
Final Effluent Gmdehm
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Table A3,

' Indnstlylmdsand Removnls byPolluiant
N PSES-AICFndliﬂes

rRanovals

PO'I'W Removals Toxic
*. Removal  After POTW Weighting
E ficie y Factor

PE
Removals

0".

Acetonitrile . .
‘CHEMS Ammonia-N 1,425,793 . 82%: 2.70E-03 701
CHEMI10- Amyl Acetate, n- 294,153 83% 8.60E-04 4
CHEM11 Pentanol, 1- (amy! alcohol) ~ ' .0 83% 1.60E-04 0
CHEM12 Aniline ) o 0 80% . © 0 . 1.50E+H0 0
CHEM1S5 ' Benzene . L 120,89 19% 98,047 - 4.80E-01 47,063
CHEM2S  Methyi ethyl ketone - S0 83% 0 2.90E-04 0
CHEM26 ' Butyl acetate, n- : L 412,547 - 83%. 70,958 - 3.10E-03 ~220
CHEM27 Butanol, 1- (n-buty! alcohol) : .0 80% 0 1.70E-03 v
CHEM29 Methyl-2-propanol, z(m-butyl alcohol) 0 81% 0 - 3.20E-05 0
CHEM35 Chlorobenzene - 84,094 18% 69,042 1.10E-02 759
CHEM37 - Trichloromethane (chloroform) 45,219 1% . 44812  1.00E-01 4,481
_ CHEM48 Dichlorobenzene, 1,2- 16,376 - 78% - 3,553  1.20E02 © 43
CHEMS1 ' Dichloroethane, 1,2-" ~ . '~ 546 7% . 124 LS0EH0 - 186
CHEMS5  Diethylamine , ’ © 61,644 67% 20,466  2.80E-04 6
CHEM60 .Dimcthylacetamide, N,N- 0 79% 0 :-2.09E06 0
CHEM62 N,N-Dimethylaniliné o - 83% .0 830E-02 0
CHEM64 Dimethylformamide, N,N- .0 7% 0 ° 2.40E-06 0
CHEMS66 Dimethyl sulfoxide oL T L 0 95% 0 1.65E-06 )
CHEMG67 Dioxane, 1,4- - - 0. 75% .0 1.80E-01 0
CHEM70 * Ethanol ‘ " 110 89% 12, 5.80E-04 0
CHEM?71 . Ethyl acetate - . . 1,693,800 83% -291,334 7.60E-04' 221
CHEM77 Ethylene glycol o i S0 96% -0 8.40E-05 0
CHEM79 Formaldehyde ; : B ' 85% .. 0 230E-03 0
CHEM80 ‘Formamide = ' ’ 0 67% " 0. 0.00E+00 0
CHEMS4 Heptane, n- o 17,502 ©37% 11,061 6.20E-02 686
CHEM87 Hexane, n- A 1,133,860 . 37% . 716,599  3.10E-02 - 22,215|
CHEMS93 Methyl propanal, 2- (isobuityraldehyde) 129,737 73% 8,088  2:.10E-03 - 17
CHEMS94 Isopropanol (2-proparol) ' " 1 ‘81% . - 2 . 560E03 0
| CHEM95 Isopropyl Acetate. Lo 9,42 83% - 1,621 . 6.90E-05 ofi -
" CHEM96 Isopropyl Ether 9,280 83% 1,596 6.10E-04 1
'CHEM97 . Methanol -~ - - 22  80% - 4  330E-04 0
CHEM101 Methoxyethanol, 2- (methyl cellosolve) 978,930 15% - 832,091 1.60E-01 133,135
CHEM102 Dichloromethane (methylene chloride) . 677,934 15% - 577,600 = 1.20E-01 69,312
CHEM103 Meﬂaylforma:e(formxcamd,meﬂ:ylm) 23,283 8% - 4,005 8.90E-06 0
CHEMI105 Methyl isobutyl ketone, - - 254,906 ° ‘81% - 48942  2.10E-03 - 103
CHEMII3 Petroleum Naptha = . o ‘0 . 80% 0 6.70E-02 0
CHEM114 Phenol . ‘0 95% 0 . 2.83E-02
CHEM115 Polyethylene Glycol 600 : 0 96% © 0. 5.60E05 0
CHEM117  Propanol, 1- (a-propanol) S e 0 83% 0 2.70E-05 0
CHEM118 Acctone - ' 2,234,971 - 83% 373,240  1.60E-03 - 597
CHEM124 Piridine A ) % 0 1.60E-01 0
CHEM129 Tetrahydrofuran : 91,062 83% 15,663  7.00E-03 110
CHEMI130 Toluene 640,348 36% 411,104 . 6.40E-03 2,631
CHEMI136 Triethylamine 374,837 ' 83% - 64472°  1.50E-04 10
CHEMI39 Xylenes . 22,140 C20% 17,624  4.30E-03 76
CHEMBOD Biochemical Oxyge.nDemandS-day .- 0 : ot 0.00E+00 0
CHEMCOD Chemical Oxygen Demand - B I 0.00E+00 X 0
CHEMTSS Total Suspended Solids o 0. - " 0.00E+00 0

Totals 10,653, 427 3,__2,148 : 282_,614

Source: U.S! EPA, 1998 Techmcal Development Documeat for Efﬂuent Lxmmnons Gmdelm&s and Stnndards for the Pharmacwucal
: * Manufacturing Point Source Category.
U S EPA, 1998. Toxic and Pollutant Wexghtmg Factoa's for Phaxmacwucal Manufacnmng Industxy Figal Eﬁluent Guxdehm
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Table A4

Indum'yLoadsandRunovalsbyPommnt

. PSES-B/D Facilities
POTW Removals Texic ] ’
ollutant Removals Removal  After POTW Weighting PE
CN- 0 0 0 *

CHEM3  Acclonitrile 0 0% 0 8.50E-05 0
CHEMS Ammonia-N' . 0 82% 0 2.70E-03 0
CHEMIO Amyl Acetate, n- ' 810,977 83% 139,488 8.60E-04 120
CHEM11 Pentanol, 1- (amyl alcohol) . 0 83% 0 1.60E-04 0
CHEMI12 0 80% 0 1.50E+00 N 0
CHEMI15 Benzenc 0 19% 0 4.30E-01 0
CHEM25 Methyl cthyl ketone -0 83% -0 2.90E-04 .0
CHEM26 Butyl acetate, n- 0 83% 0 3.10E-03 0
CHEM27 Butanol, 1- (n-butyl alcohol) 0 80% 0 1.70E-03 0
CHEM29 Methyl-2-propanol, 2- (tert-butyl alcohol) 0 81% 0 3.20E-05 0
CHEM35 Chlorobenzene ‘ 0 18% 0 1.10E-02 o
CHEM37 Trichlocomethanc (chloroform) 0 1% 0 1.00E-01 1]
CHEM48 Dichlorobenzene, 1,2- 0 78% 0 1.20E-02 0
CHEMS1 Dichloroethane, 1,2- 0 T7% 0 1.50E+00 0
CHEMS5 Diethylamine 0 67% 0 2.80E-04 0
CHEMG60 Dxmcthyhoehmlde, N,N- 0 79% 0 2.09E-06 0
CHEMS62 N,N-Dimethylaniline 0 83% 0 8.30E-02 0
CHEMS64 Dimethylformamide, N,N- ] 79% 0 2.40E-06 0
CHEM66 Dimethyl sulfoxide 0 95% 0 1.65E-06 - 0
CHEM67 Dioxane, 1,4- 0 75% 0 1.80E-01 0
CHEM70 Ethanol 0 89% 0 5.80E-04 0
CHEM71 Ethyl scetate 11,639 83% 2,002 = 7.60E04 2
CHEMT77 Ethylene glycol 0 96% 0 8.40E-05 0
CHEM79 Formaldehyde 0 85% 0 230E-03 0
CHEMS0 Formamide 0 67% 0 0.60E+00 1]
CHEMS84 Heptane, n- 0 37% 0 6.20E-02 -0
CHEM87 Hexane, n- 0 37% 0 3.10E-02 0
CHEMS3 Methyl propanal, 2- (isobutyra.ldehyde) 0 73% 0 2.10E-03 ]
CHEM94 Isopeopanol (2-propanol) 300 81% 58 5.60E-03 0
CHEM9S Isopropyl Acetate - 217,733 83% 37,450 6.90E-05 3
CHEMS6 Isopropyl Ether : 0 83% 0 6.10E-04 0
CHEM97 Methanol 0 80% 0- 330E-04 0
CHEMI101 Methoxyethanol, 2~ (methyl cellosolve) ) 0 15% 0 1.60E-01 0
CHEM102 Dichloromethane (methylene chloride) 785,175 15% 668,969 = 1.20E-01 80,276
CHEMI103 Methyl formate (formic acid, methyl &eter) 0 83% 0 8.90E-06 0
CHEMI105 Methyl isobutyl ketone 0 81% 0 2.10E-03 0
CHEM113 Petroleum Naptha 0 80% 0 6.70E-02 0
CHEM114 Phenol ’ 1 95% 0 2.83E-02 0
CHEM115 Polyethylene Glycol 600 0. 96% 0 5.60E-05 0
CHEM117 Propanol, 1- (n-propanol) 0 88% 0 2.70E-05 0
CHEMI118 Asetone .+ 1,520,984 83% 254,004 1.60E-03 406
CHEMI124 Pyridine 0 0% 0 1.60E-01 0
CHEMI129 Tetrahydrofuran 0 83% 0 7.00E-03 0
CHEM130 Toluene 0 36% 0 6.40E-03 0
CHEM136 Tricthylamine 0 83% 0 1.50E-04 0
CHEMI139 Xylenes 0 20% 0 4.30E-03 0
CHEMBOD Biochemical Oxygen Demand 5-day 0 0.00E+00 0
CHEMCOD Chemical Oxygen Demand 0 0.00E+00 0

CHEMTSS Total Suspended Solids 0 0.00E+00 0 R
Totals : ‘ 3,346,808 1,101,971 80,807

Source: U.S. EPA, 1998. Technical Development Documeat for Effluent Limitations Guidelines and Standards for the Pharmaceutical »

Manufacturing Point Source Category.
U.S. EPA, 1998. Toxic and Pollutant Weighting Factors for Pharmaceuncal Manufacturing Iudusuy Final Effluent Guidelines.
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APPENDIX C

- COST—EFFECTIVENESS AN ALYSIS RESULTS
PR . US]NG THE ALTERNATIVE APWF_APPROACH
~ The pollutant weighﬁng factor (PWF) method is an alternative to the TWF method for assessing
water-based eﬁ'ects PWFs are denved from the more protective of either the chromc aquatic life criteria (or
- toxic effect levels) or the human health criteria (or toxic effect levels) estabhshed for the consumptlon of ,
water and ﬁsh For carcmogemc subsiances the human health risk level is 10 (i.e. protectrve to a level
- allowmg lin 1 ,000, 000 excess hfehme cancer cases over baekground) In eontrast to TWFs PWFs are not
related toa benchmark pollutant PWFs are denved bry takmg the reclprocal of the more stnngent (smallest
value) of the aquanc hfe or hmnan health cntenon or toxrc effect level, both expressed in concentration umts '
- of micrograms per liter (ng/L) '

1

PWF = —, if A HHWO or PWF = , if HHWO < AQ .
ST AR Q <« HEWO or PWF = g 1 HHWO < 4Q
vwhere:-,\ : . A | ) o 7‘ S
PWF = ﬁollutantvveigh:tingfachor' i
. 4 !
AQ = chronic aquatic life value (ug/L) ‘
HHWO = human health (mgestmg water and orgamsms value (pg/L)

'. The results of using PWFs rather than TWFs in the cost-eﬁ'echveness analysrs are shown in
Table C-l As Table C-1 shows, the selected option f for BAT-A/C has an average and mcremental cost- .
 effectiveness value of $205/PE, PSES-A/C has an average and mcremental cost-eﬁ'ectlveness value of
‘ ‘$112/PE and the selected option for PSES-B/D has an average and mcremental cost-eﬁ’ectweness value of
" $38/PE. Tables C-2 through cs provrde the detailed supportmg data.
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: ST Tabkc.z" ' | T

o : i Indmh‘ylmdsamlRanovnkbyPonmntBasedeWFl : , : o '
T : . . ) BAT-AIC Fadliﬂa ' .
: , ‘ ' : " .._Factor Removals .
* oﬂ ,
: - ' CHEM3  Acetonitrile : . 1,146 ~ 4.80E-03 - 6l
L o . CHEMS _ Ammonia-N : i - 800,913  4.90E-04 392
: , CHEM10 Amyl Acetate, n- 1,616 - 1.50E-04 0f.
E : . - -| CHEMI11 Pentanol, 1- (amy alcobol) ' 52,174  2.80E-05 1
o : CHEMI12 Aniline o o S ‘ 0  2.50E01 - 0.
- CHEM1S5 Bemzene o 0 '8.40E01 0
, || CHEM25 Methyl ethyl ketone 0  4.80E-05 0
CHEM26 Butyl acetate, n- 0  5.60E-04 0
S o | CHEM27 Butanol, 1- (a-butyl alcohol) o 2.90E-04 0
N ' ; ., .| CHEM29 Methyl-2-propanol, 2- (tert-butyl alcohol) 0 5.60E-06 ot
P . . | CHEMS3S Chlorobenzene 0 1.50E-03 0
CHEM37 Trichloromethane (chloroform) 4,080 1.80E-01 734
CHEM48 Dichlorobenzene, 1,2- 0 1.80E-03 0
"CHEMS1 Dichloroethine, 1,2- . . 147 - 2.60E+00 382
CHEMSS5 Diethylamine 0 5.00E-05 . 0
; : : CHEM60 Dimethylacetamide, N,N- 0 3.70E-07 -0
! : - | CHEMS62 N,N-Dimethylaniline . 0 1.50E-02 0
- : : CHEM64 Dimethylformamide, N,N- . 0 2.90E-04 0
CHEM66 Dimethyl sulfoxide - 3,712 2.90E-07 0
CHEMS67 Dioxane, 1,4- . ; ) 0 3.10E01 -0
CHEM70 Ethanol - : S, 195,517 1.00E-04 - 20
CHEM71 Ethylacetate . ' 87,223 1.00E-04 9
CHEM?77 Ethylene giycol - 0 . 1.50E-05 0
CHEM79 Formaldehyde L —_— 0 4.10E-04 0
CHEMS80 Formamide = . N . 0  0.00E+00 -0
: . '} CHEMS84 Heptane, n- ; S 0 1.10E-02 0
. T © I CHEMS87 Hexane,n-- ‘ ' 241 ° 4.40E-03 1
; : CHEM93 Methyl propanal, 2- (mhxtyxnldehyde) - . 0 3.80E-04 0
N o . CHEMY94 Isopropanol (2-propanol) ] 165,987 1.00E-03 166
K ‘ . CHEM95 ~ Isopropyl Acetate - 286 1.20E-05 S of ) |
; -CHEM96 Isopropyl Ether : o 0 1.10E-04 0
CHEM97 Methanol > . 712931 5.80E-05 41
CHEM101 Meﬂ:oxyeﬂumol, 2- (methyl cellosolve) 0 2.90E-02 0
CHEM102 Dichloromethane (methylene chloride) . 41,905 2.10E-01 8,800
CHEM103 Methyl formate (formic acid, methyl ester) 8,437  1L.60E-06 0
CHEMI105 Methyl isobutyl ketone - : 14,462 3.60E-04 5
CHEM113 ;Petmleum Napﬂm . 0 1.20E-02 0
CHEM114 Phenol ; ' 8,995 - 5.00E-03 45
: CHEM115 Polyethylme Glycol 600 : ‘ -0 1.00E-05 -0
. -| CHEMI17 Propanol, 1- (n—propanol) C T 0 ' 4.90E-06 0
C o CHEM118 Acetone o 17,832  2.90E-04 -5
! S . | CHEM124 Pyridine - s .0 290E02 o
| . s CHEM129 'Tetrahydrofuran - C , 31,821 1.30E-03 41
' , CHEMI130 Toluene : ) C 8,042  1.00E-03 + 8
v CHEMI136 Triethylamine - ) 0 2.60E-05 . 0
- ) : ‘ CHEM139 Xylenes ‘ . , 2,581 . - 7.50E-04 2
! ' CHEMBOD Biochemical Oxygen Demand S-day ‘ 0. 0.00E+00 0
‘ R : . | CHEMCOD Chemical Oxygen Demand : ‘ - 0 O0.00EH0' 0
¥y o CHEMTSS Total Suspended Solids 0  0.00E+00 0
, Totals : 2,160,048 10,660 . '
* Source: U.S. EPA, 1998. Technical Development Document for Effluent. Limilmions Guidelines and Standards
N for the Pharmaceutical Manufacturing Point Source Category.
x o ‘ " U.S. EPA, 1998. Toxic and Pollutant Welghung Factors for Pharmaceuucal Mamfactunng Industry
. . . Final Eﬂ]uent Guldehn&s .
| o
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"~ Table C3

Imlustxy[mdsandkunovalsbyPollutamBuedonPWFs

BAT-B/D Faclilities
Pollutant
Pollutant Removals Weighting PE
[Code
CN- Cyanide 0 1.90E-01 0
CHEM3  Acetonitrile 0 4.80E-03 0
CHEMS Ammonia-N (] 4.90E-04 0
CHEM10 Amyl Acetate, n- 0 1.50E-04 0
CHEMI11 Pentanol, 1- (amyl alcohol) 0 2.80E-05. 0
CHEM12 Aniline 0 2.50E-01 0
CHEMI1S5 Benzene 0 8.40E-01 0
CHEM25 Methyl ethyi ketone 0 4.80E-05 0
CHEM26 Butyl acetate, n- 0 5.60E-04 0
CHEM27 Butanol, 1- (n-butyl alcohol) 0 2.90E-04 0
CHEM29 Methyl-2-propanol, 2- (tert-butyl alcohol) 0 5.60E-06 o]
CHEM35 Chlorobenzene . 0 1.50E-03 0
CHEM37 Trichloromethane (chloroform) 0 1.80E-01 0
CHEM48 Dichlorobenzene, 1,2- 0 1.80E-03 0
CHEMS51 Dichloroethane, 1,2- ‘0 2.60E+00 0
CHEMS5S Diethylamine 0 5.00E-05 0
CHEMG60 Dimethylacetamide, N,N- 0 3.70E-07 0
CHEM62 N,N-Dimethylaniline 0 1.50E-02 0
CHEM64 Dimethylformamide, N,N- 0 2.90E-04 0
CHEM66 Dimethyl sulfoxide 0 2.90E-07 0
CHEM67 Dioxane, 1,4- 0 3.10E-01 0
CHEM70 Ethanol 7477 1.00E-04 1
CHEMT71 Ethyl acetate 0 1.00E-04 . 0
CHEM77 Ethyleae glycol 0 1.50E-05 1]
CHEM79 Formaldehyde 171 4.10E-04 0
CHEM80 Formamide 0  0.00E+00 0
CHEM84 Heptane, n- 0 . 110E-02 0
CHEMS7 Hexane, o- 0 4.40E-03 0
CHEM93 Methyl propanal, 2- (isobutyraldehyde) 0 3.80E-04 0
CHEM94 - Isopropanol (2-propanol) i ’ . 14,646 1.00E-03 15
CHEMS5 Isopropyl Acetate ' " . 0  1.20E05 0
CHEMS6 Isopropyl Ether 0 1.10E-04 0
CHEM97 Methanol 0 5.80E-05 0
CHEM101 Methoxyethanol, 2- (methyl cellosolve) 0 2.90E-02 0
CHEM102 Dichloromethane (methylene chloride) 0 2.10E-01 0
CHEM103 Methyl formate (formic acid, methyl ester) 0 1.60E-06 0
CHEMI10S Methyl isobutyl ketone 0  3.60E-04 0
CHEMI113 Petroleum Naptha 0 1.20E-02 -0
CHEM114 Phenol 0 5.00E-03 0
CHEMI115 Polyethylene Glycol 600 4  1.00E-05 0
CHEM117 Propanol, 1- (n-propancl) 0 4.90E-06 0
CHEMI118 Acetone 0 2.90E-04 )
CHEM124 Pyridine 0 2.90E-02 0
CHEM129 Tetrahydrofuran 0 1.30E-03 0
CHEM130 Toluene 0 1.00E-03 0
CHEMI136 Triethylamine 0 260E-05 0
CHEMI139 Xylenes 0 7.50E-04 0
CHEMBOD Biochemical Oxygen Demand 5-day 0  0.00E+00 0
CHEMCOD Chemical Oxygen Demand 0  0.00E+00 0
CHEMTSS Total Suspended Solids * 0 0.00E+00 0
Totals : _ 22339 15

Source: U.S. EPA, 1998. Technical Development Document for Effluent Limitations Guidelines and Standards
for the Pharmaceutical Manufacturing Point Source Category.
U.S. EPA, 1998. Toxic and Pollutant Weighting Factors for Pharmaceutical Manufacturing Indusuy
Final Effluent Guidelines.
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Table C-4 .

¥

IndmhylmdsandkmnovalsbyPollmmBuedeWFs
PSES-AICFacmﬂa :

POTW  Removals

Acetonitrile 0
CHEM9 Ammonia-N . - 1,425,793 .
CHEM10 ' Amyl Acetate, n- 294,153
CHEM11 Pentanol, 1- (amyl alcohol) ' -0 g
CHEM12 ' Aniline ' I ) 0
CHEMI15 Benzene. 120, 896 82,359
CHEM2S - Methyl-ethyl ketone 0
CHEM26 Butyl acetnte, n- _ 412,547 , 40
CHEM27 ' Butanol, 1- (n-butyl alcwol) ; : 0 :0
CHEM29 Methyl-2-propancl, 2- (tert-butyl alcohol) 6 .0
CHEM35 Chlorobenzene - | 84,094 '104
CHEM37 ATnchlommeﬂmne (ohlorofotm) 45,219 8,066
CHEM48 Dichlorobenzene, 1,2- 16,376 6|
CHEMS51  Dichloroethane, 1,2- L 546 - ) X 322
CHEMS5 Diethylamine ' ‘ 61,644 .. 67% 5.00E-05 1
CHEMG0 Dzmethylacetamnde, N, N- 0. - 7% 3.70E-07 0
CHEMS62 N,N-Dimethylaniline .0 . 83% " 1.50E-02 0
CHEMG64 Dimethylformamide, N,N-J 0 . 7% . 2.90E-04 - 0
CHEM66 - Dimethyl sulfoxide 0 . 95% 2.90E-07 0
CHEMG67. Dioxane, 1,4- 0 75% - 3.10E-01 -0
CHEM70 Ethanol - . 110 8% - " 1.00E-04 0
CHEM71. Ethyl acetate 1,693,800 83% .1.00E-04 29
CHEM?77 ° Ethylene glycol : 0 9%6% 1.50E-05 0
' CHEM79 . Formaldehyde 0 85% 4.10E-04 0
CHEMS80 Formamide 0 67% 0.00E+00 .0
CHEMS4 Heptane, n- © 17,502 37% ' 1.10E-02 122
CHEMS$87 Hexane, n- 1,133,860 37%. 4.40E-03 3,153
CHEM93 Methyl propanal, 2 (isobutyraldehyde) 29,737 73% - 3.80E-04 3
CHEMY94 Isopropanol (2-propanol) ' 11 .. 81% 1.00E-03. -
CHEM95 Isopropyl Acetate 9,426 . © 83% 1.20E-05 0
CHEM96 Isopropyl Ether 9,280 83% 1.10E-04 0
CHEM97 Methanol S22 80% 5.80E-05
CHEM101 'Methoxyethanol, z-(meﬁxyl cellosolve) 978,930 15% " ' 290E-02 ~ 24,131
CHEMI102 Dichloromethane (methylene chloride) 677,934 15% 2.10E-01 121,296
.CHEM103 Methyl formate (formic acid, methyl m) 23,283 83% 1.60E-06 0
CHEMI105 Methyl mobutyl ketone 254,906 81%- 3.60E-04 i8
CHEM113 Petroleum Naptha - S0 80% 1.20E-02 0
CHEM114 Phenol - 0 95% 5.00E-03
| CHEM115' Polyethylene Glycol 600 0 96% 1.00E-05 0
| CHEMI117. Propanol, i- (n-propanol) 0 88% 4.90E-06 0
CHEM118 Acetone, 2,234,971 83% - 2.90E-04 108
CHEM124 Pyridine - 0 0% . 2.90E-02 0
- CHEM129 Tetrahydrofuran 91,062 83% lS 663‘ - 1.30E-03 20
CHEM130 " Toluene - . 640,348 36% 411,104 - . 1.00E-03 411
CHEM136 - Triethylamine ) 374,837 83% 64,472 2.60E-05 2
"CHEMI139 Xylenes, , ' 22,140 20% 17,624 7.50E-04 13
CHEMBOD Biochemical OxygenDemandS-day 0 - ’ ‘ " 0.00E+00 0
CHEMCOD Chemical Oxygen Demand = .. -0 0.00E+00 0
CHEMTSS Total Suspended Solids 0 ‘0.00E+00 0
Totals '10;653,427 3,2;148 240,339

Sounce U S. EPA, 1998. Techmcal Development Document for Eﬁluent Lmntanons Gmdehm and Smndaxds for the Pharmaowucal
Manufacturing Point Source Category

¢
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' ) .» - US.EPA, 1998 Toxic and Pollutant Weightmg Factors for Pha.rmacetmcal Mannfacnnmg Industry Final Effluent Gmde]m&s




Table C-§

IndﬁhyLoadsundRemomhbyPommmmsedonPWFs
. PSES-B/D Facilities

“POTW Removals  Pollutant :
Removals Removal After POTW Weighting PE
Factor Remwovals

0 0
0 0 0
] 0 0
977 139,488 21
] 0 ]
0’ 0 0
0 0 0

0 0 ol
0 "0 0
CHEM?27 Butanol, 1- (n-butyl alcobol) 0 80% 0  2.90E-04 0
CHEM29 Methyl-2-propanol, 2- (tert-butyl alcohol) 0 81% 0  5.60E-06 0
CHEM35 Chlorobenzene 0 18% 0  1.50E-03 0
CHEM37 Trichloromethane (chloroform) 0 1% 0  1.80E-01 0
CHEM48 Diclilorobenzene, 1,2- 0 8% 0  1.80E-03 0
CHEMS1  Dichloroethane, 1,2- 0 7% 0  2.60E+00 0
CHEMS5S5 Diethylamine ] 67% 0  5.00E-05 -0
CHEM60 Dimethylacetamide, N,N- 0 79% 0  3.70E-07 0
CHEM62 N,N-Dimethylaniline 0 83% 0  1.50E-02 0
CHEM64 Dimethylformamide, N,N- 0 79% 0 2.90E-04 0
CHEM66 Dimethyl sulfoxide 0 95% 0  2.50E-07 0
CHEMG67 Dioxane, 1,4- - 0 75% 0  3.10E-01 0
CHEM70 Ethanol .0 89% 0  1.00E-04 0
CHEM71 Ethyl acetate 11,639 - 83% 2,002  1.00E-04 0
CHEMT7 Ethylene glycol 0 9%6% 0  L.50E-05 0
CHEM79 Formaldehyde 0 85% 0. 4.10E-04 0
CHEMS80 Formamide ] 67% 0  0.00E+00 0
CHEMS84 Heptane, n- 0 37% 0  1.10E-02 0
CHEMS7 Hexane, n- 0 37% 0  4.40E-03 (]
CHEM93 Methyl propanal, 2- (isobutyraldehyde) 0 73% 0  3.80E-04 0
CHEM94 Isopropanol (2-propanol) - 300 81% 58 1.00E-03 0
CHEM95 Isopropyl Acetate 217,733 83% 3745  1.20E-05 0
CHEMS6  Isopropyl Ether 0- 83% 0  1.10E-04 0
CHEM97 Methanol 0 80% 0  5.80E-05 0
CHEMI101 Methoxyethanol, 2- (methyl cellosolve) 0 15% 0 2.90E-02 0
CHEM102 Dichloromethane (methylenc chloride) 785,175 15% 668,969 - 2.10E-01 140,483
CHEM103 Methyl formate (formic acid, methyl ester) : 83% 0 1.60E-06 0
CHEM105 Methyl isobutyl ketone 0 81% 0  3.60E-04 0
CHEMI113 Petroleum Naptha 0 80% 0 1.20E-02 0
CHEM114 Phenol 1 95% 0  5.00E-03 0
CHEM115 Polyethyleae Glycol 600 0 96% 0  1.00E-05 0
CHEM117 Propanol, 1- (o-propanol) 0 88% 0  4.90E-06 0
CHEM118 Acetone 1,520,984 83% 254,004  2.90E-04 74
CHEM124 Pyridine 0 0% 0  2.90E-02 0
CHEM129 Tetrahydrofuran 0 83% 0  130E-03. 0
CHEM130 Toluene 0 36% 0  1.00E03 -0
CHEMI136 Triethylamine 0 - 83% 0  2.60E-05 0
CHEMI39 Xylenes 0 20% 0 - 7.50E-04 0
CHEMBOD Biochemical Oxygen Demand S-day 0 0.00E+00 0
CHEMCOD Chemical Oxygen Demand 0 0.00E+00 0
CHEMTSS Total Suspended Solids 0 0.00E+00 (]
Totals 3,346,808 1,101,971 - ' 140,579

Source: U.S. EPA, 1998. Tochnical Development Document for Efflucat Limitations Guidelines and Standards for the Pharmaceutical

Manufacturing Point Source Category.
U.S. EPA, 1998, Toxic and Pollutant Welghtmg Factors for Pharmaceutical Ma.nufacmnng Indusu'y Final Effluent Guidelines.
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