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[. INTRODUCTION TO THE SECTOR NOTEBOOK PROJECT
[.A. Summary of the Secor Notebook Project

Integrated ewironmenta policies basedupon comprehensive aralysis of ar,
water ard land pollution are a bgical supplenent to tradtiona single-media
appoactes o ervironmerta protecion. Environmental regulatory ageries
are beginning to enbrace canprehensive, multi-statute sdutions to fadlity
pemitting, erforcenent ard campliance asswance, educaion/ outreach
reseach, ardregulatory development issues.The cetral concepsdriving the
new poalicy directionarethat palutant releasesd eachervironmerta medium
(air, water ard land) affecteachother, ard thaternvironmental strategiesmust
actively identify and address these inter-relationshipshby designing padliciesfor
the “whole” facility. One way to achieve a whole facility focusis to design
environmental policies for smilar indudrial facilities. By doing so,
environmental concerns that are common to the manufacturing of smilar
products canbe addessed in a canprehensive mannea. Recagnition of the
needto dewelop the industia “sector based” appoachwithin the BPA Office
of Compliance led to the creation of this document.

The Sector Notebook Project was originally initiated by the Office of
Compliance wihin the Ofice d Enforcenert ard Campliance Assuence
(OECA) to provide its saff and managers with summay information for
eighteenspediic industial secors. Asother EPA offices states,the regulated
community, ervironmerta groups,ard the pubic becane interested n this
project, the scope of the ariginal projectwas eparded b its curent form.
The abilit y to design comprehensive, common sense environmental protection
measiresfor gpecfic indudries is depenert on knowledge d severa inter-
related topics. For the pumposesof this project, the keyelemerts chosenfor
incluson are: general indudry information (economic and geographic); a
description of indudrial proceses; padlution outputs; padlution prevertion
oppartunities; Federal datutory armd regulatory framework; compliance
history; and a description of patnerships that have been formed baween
regulatory ageries,the regulated canmunity ard the pubic.

For ary given industy, eachtopic listed above could abne ke the sulpect of
alengthy volume However, in order to produce amanageable document, this
project focuses on providing sunmary information for eachtopic. This
format provides he readerwith a syopss of eachissue,ard references f
more in-dept information is available. The caterts of eachprofile were
reseached fom a \ariety of saurces,ard were usualy condersed fom more
detailed saurces. Thisappoachalowed br awidecoverageof acivities that
canbe further exploredbasedupon the citations ard references isted atthe
erd of this profile. As a cleck an the information included, eachnotebook
wert through an exernal review process. The Ofice d Compliance
appeciates te eforts o al those wio paticipatd in this process wb
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eraled us b dewelop nore complete, acarate ard up{o-date sunmaries.
Many of those who reviewedthis notebook are isted as catacts in Section
X and may be sourcesof addtional information. The individuak ard groups
onthislist do not necessarily concur with al satements within this notebook.

|.B. Additional Information
Providing Comments

OECA'’s Office d Compliance phrs to peiiodicaly review arl updae the
notebooks and will make these updaes available koth in hard cooy ard
electronicaly. If you have any comments an the exsting notebook, or if you
would like to provide addional information, please sesha tard cqoy ard
computer disk to the BPA Office of Compliance, Secior Notebook Project,
401 M St., SW(2223A), Washington, DC 20460. Comments canalso be
uploaded b the Enviro$ere World Wide Web for gereral accesso all uses
of the system Follow instructions in Apperdix A for accessig this system
Once you havelogged n, proceduesfor uploading text are a\ailablefromthe
on-line Enviro$erse Hep System

Adapting Notebooks to Particular Needs

The scopeof theindudry sector described in this notebook approximatesthe
national occurrence of facility types within the sector. In many instances,
indudries within specfic ge@raphic regions or sates may have unque
characteristics hat are rot fully captured in these pofiles. The Ofice d
Compliance erourages ste am local ervironmental agermies an other
groupsto suppkenert or re-packagelte nformation included n this notebook
to include more specific indudrial and regulatory information that may be
available. Addiionally, interested gates may wart to suppkenern the
"Summary of Applicalde Federal Statutes anl Reguhtions’ secton with state
ard local requirements. Compliance a techical assstarce poviders nay
also want to develop the "Pollution Prevention™ section in more detail. Please
contactthe appopriate spea@list listed on the gpering pageof thisnotebook
if your office is interested in assisting usin the further development of the
information or pdlicies addressed within this volume If you are interested in
assisting in the dewlopment of new notebooks for secbrs rot akeady
covered, plea® catactthe Ofice d Compliance at202564-2395.
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[I. INTRODUCTION TO THE PHARM ACEUTI CAL | NDUSTRY

This secton provides lackgound information on the ske, gearaphic
distribution, enployment, production, sales, ard ecaomic condition of the
pharmaceutical indudry. Facilities described within this document are
described in terms of their Standard Indugrial Classification (SIC) codes.

[1.A. Introduction, Background, and Sope of the Notebook

The Sardad Industia Classficaion (SIC) code es#blished by the US.
Office d Managenent ard Budget(OMB) to track he flow of goods ard
serviceswithin the economy is 283 Pr the pramrmaceuicak indudry. The
indudry is further caiegaized ly four 4-digit SIC codesconsisting of:

Medicinalsand Botanicals(SIC 2833)
Pharmaceutical lPeparations(SIC 2834)

In Vivo and in Vtro Diagnosic Subgsances(SIC 2835)
Biological Froducts except diagndgs (SIC 2836)

OMB isinthe process 6charnging the SIC code sptemto a systembased m
smilar produdion processes caled the North American Indudrial
Classficaton System (NAICS). In the NAIC system medicinals ard
botanicakare chsified adNAIC 325411 ad plarmaceuicalprepaationsare
clasified asNAIC 325412.

Accarding to the U.S. Cenaus of Manufacturers, in 1992 he Medicinalsand
Botanicak aml Phamaceuical Prepaations cakegaies accainted for 64
percert of establishmerts ard 81 pecert of the value d shipments in the
industy. In compairison, the In Vitro ard In Vivo Diagrostic Products ard
Biological Products categaies are relatively small. Together theyaccainted
for the remaining 36 percent of estblishmerts ard 19% of the value d
shipmentsin theindudry. In genera, the indudrial processes and subsequent
ervironmertal impacs d the In Vitro ard In Vivo Diagrostic Products ard
Biological Products cakegaies ae different from those d the Medctinals ard
Botanicak amd Phammaceuical Prepaations caegaies. This notebook
concertrateson the two larger caiegaies (SIC 2833 ad 2834)within SIC
283.

[1.B. Characterization of the Pharmaceutical Industry

Asdeifned by its SIC Cade,the pharmaceuicakindugry (SIC 283)consists
of establishments that are primarily involved in fabricating or processing
medicinal chemmcak arl prarmaceutical products. Theindusty alsoincludes
estblishmerts that formulate pfammaceuical products ard are involved n
grinding, grading, and miling of botanical produds. The Census of
Manufacturers defnes anesgblishmert as a sigle physical locaton or a
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facility where manufacturing occurs. If more than one distinct line of
manufacturing occurs at the same location, the Bureau d& Cersus requires
sepaste reports for eachacivity.

Althoughthe indugry is pat of the wo-digit SIC code 28 ér Chemicak ard
Allied Produds, it differs sgnific antly from therest of the chemicals indugry
in its industrial proceses ard regulatory requirements. For exanple, in its
industial processeshe prarmaceuicak industy uses rore batch operations
thanthe chemcakindusty asa whole. Since sane of the tulk manufacturing
operations involve exracing relatively smal, highly concertrated quartities
of active ingredients from much larger volumes of raw méaeria, theindugry’s
production yield for these @erations is correspandingly low.

The plarmaceuicak industy alsorecevesextensiveregulatory oversight by
the US.Food ard Drug Administration (FDA). 1n 1996 ,the Genterfor Drug
Evaluaion ard Research, FDA appoved 131 ew drug appicaions (NDAS),
of which 53 wee new molecubr ertities. Accarding to the Cagressonal
Officeof Techology Assessmert (OTA) in 1993,it costs anaverageof $359
millio nto develop anew drug and complete the drug approval process. Total
drug dewlopmert ard agery review time aweraged 153 yeas for drugs
appovedfrom 1990through1995.More information on the typicalindugrial
procesesard regulatory requirements of thisindugry is providedin Sectons
[l and VI, respectively.

When a plamaceuical compary discovers a conpound that may have
medical patential, the company usudly applies for apaent. Patents are valid
for 20yeasfromthe date of applcaion. Any drug mede fomthe canpournd
may be marketed aly after approval by the federal Food ard Drug
Administration (FDA). The drug development process, beginning withinitial
toxicologytesting, followed by clinical trials for safety and effectiveness, and
review o the appication by the FDA awerages ifteenyeass. When the
compary’'s paent or peiiod of exclusivity has expired, other comparies may
rely on the ariginal manufacturer sdata on sakty ard efeciveress 6 obtain
appoval to market a gereric version of the diug. Companes warting to
manufacture the same drug onceit is off-patent are required to obtain FDA
marketing appoval, based o eviderce hat the gemric verson is
“bioequvaent,” i.e., differsin the rate ard extent of drug alsorption by no
more than 25 pecert nor less hanthe 20 pecert from the aiginal drug
(FDA, 1996) While companes that specialize n the dewlopmernt ard
marketing of brand-name, innovator drugs may have subddiaries that

1 The term “brand name is used interchangesbly with “pioneer drug” or “innovata’s drug produd”. The terms
reflect the fact that the drug produd is the first to contain a particular adive ingredient or ingredients to receve
FDA approval for aspecified use. The term “generic” drugis used to desaibe a piodud that contains the same
adive ingredients but not necessarily the sameexcipients (inactive ingredients) asa ©-called “pioneer drug”.
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Pharmaceutical Industry I ntr oduction

manufacture gemric products, most gereric drug canparies do not conduct
reseach intended o idertify ard dewelop innovator drugs(PhRMA, 1997)

Because bthe high cost ard timeto appoval, effecive paent protecion is
an essetial componert in the decsion to invest in drug devéopment ard
marketing. This is especiadly true for international companies interested in
marketing drugsin seweral countries, eachwith its ovn appoval procedue
ard merketing requirements. While the International Confererce m
Harmonization is proposing harmonized rues for drug registration and
appoval for Europe, Jgpan ard the Urited Sates, eachcountry retains its
own appoval system Inother countries, espeally deeloping caurtries,the
issue 6 adequag paent protecion is a cetral concem of phamrmaceutical
manufacturers (PhRMA, 1997)

Discovery of new compounds Pllowed ky further reseach ard development
(R&D) isone o the pimary functions d the ndusty. The ptarmaceuical
production process srts with an extensive reseach stage,which can last
sewra years. Following the discovery of a rew drug that appeas to have
efficacyintreaing or prevertingilln ess, pre-clinical testsand clinical trials are
conducied. Thena New Dug Applicaion (NDA) is submitted to the FDA
for approval. Accarding to a pimary trade asstation for pharmaceuical
comparies producing lrard name drugs, the Fhamrmaceuical Reseach ard
Manufacturers of America(PhRMA), it takes amwerage @ 15 years o bring
anew drug to market, from time of discovery to appoval (PhRMA, 1996)
It isonly after FDA appoval has beensecued that market distribution in the
U.S. can bagin.

The campeition for discovering new drugs aml kringing themto market is
extremely high. Asa resuk, a sgnificart proportion of the industy’s sa¢sare
reinvested nto reseach ard dewelopmert (R&D). Accading to PhRMA,
total R& D expenditures, both domestically and abroad, by its members, will
be close to $19 hllio n ddlarsin 1997. PHRRMA egimates that over 21% of
total sales will be reinvested into R&D by its members (PhRMA, 1997)

I1.B.1. Product Characterization

The pramaceuical industy manufactures lulk sutstance pltamaceutical
intermedigtes ard actve ingredients which are further processedrito finished
product.

Medicinalsand Botanicals(SIC 2833)

Comparies in the Medtinals ard Batanicalk industy categay are primarily
ergagedn 1) manufacturing bulk orgaric ard inorgaric medicinal chenicals
and their derivatives and 2) processing (grading, grinding, and milling) bulk
botanical drugsard herbs. The industry is made up & egablishmerts or
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facilit ies that manufacture produds of natural origin, hormonal produds, and
basic vitamins, as well as hose thatisolate actve nedicinal principak suchas
alkaloidsfrom botanicaldrugsard herbs (OMB, 1987) These sibstancesare
used as aote ingredients for the Fhamaceuical Prepaations industy
catgay. Comparnes dten produce loth Medicinds and Botanicak amd
Phamaceuical Prepaations at the sane fadlity.

Pharmaceutical lPeparations(SIC 2834)

The Phamaceuical Prepaations industy caiegay is made up & companes
that manufacture, fabricate, ard process awv materials into pharmaceuical
prepaations for human ard veterinary uses. Finished pioducts are sold in
various dsage 6érms including, for exanple, tablets, capsuts, ointments,
sdutions, suspesions, ard povders. These ag 1)prepaationsaimed for use
mainly by dertal, medical, or veterinary professonals, ard 2) those aimed for
use by paiens ard the gemra public (OMB, 1987) A more in deph
discussn of these inished pioducts is provided n Secton I11.A.3.
Phamaceuical products also are dten classfied n terms o their availabilit y
to the gerral pulic.

Both presciption ard over-the-counter (OTC) drugs ae awailable o the
pulic. Presciption drugs carbe purchasedonly with a pesciption from a
licersed leath care piofessonal authorized o prescribe, while OTC dmugs
may be purchased without a prescription. The FDA will consider approving
the swich of a dug from presciption to OTC when the manufacturer
preseis eviderce hat consumers cansef-diagnose the cadition for which
the drug isappoved,i.e., cdd or seasaal alergy, ard directonsfor usecan
be written for the cansumer (PhRMA, 1997)

In Vivoand In Vitro Diagnosic SubsancegSIC 2835)and Bological Froducts(SIC 2836)

ThelnVivo ard InVitro Diagrostic Sulstancesindugry caegay (SIC 2835)
includes facilit ies that manufacture in vivo (tested inside a living organism)
ard in vitro (tesed outsideof a iving orgarnism) diagrostic sulstances. They
produce clemical biological ard radioacive sulstances usedn diagrosing
ard nonitoring heath. TheBiologicalProductsindudry caegay (SIC 2836)
produces hctenal ard virus \accies, toxoids, seums, plasnas, ard other
blood derivativesfor human and veterinary use, other thaninvitro and invivo
diagrostic substances(OMB, 1987)

[1.B.2. Industry Size

Accading to the U.S. Census of Manufactures for the phamrmaceuicak
indudry as a wiole (SIC 283), in 1992 here wee a wta of 1425
establishments employing 194000 pe@le (excluding Pueto Rico). It is
possible that someof the smaller facilit iesidentified by the Censusare actudly
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sales, marketing or distribution centersin which no manufacturing operations
take place. Suchpossble msclassiications have no significart effecton the
cersus satistics dher thanon the rumber of comparies ard estblishmerts.
(U.S. Depatment of Commerce, 1995) The vaelue d total shipments was
over $67 hllio n (see Table 1). Pharmaceuical Prepaations (SIC 2834)was
the largestsecbr in terms o number of faclities (48 pecert), enployment
(63 percent), and value of shipments (75 percent). The remaning facilit ies,
employment, ard vaue d shipments were divided eerly anong the
remaining sectors within the indugry. One exception is the In Vivo and In
Vitro Diagrostic Products sector (SIC 2835)which claims a higher portion
of enployment than SIC codes2833ard 2836. Figure 1 dgplays the value
of shpments by secbr, ard Hgure 2 dsplys enployment by secbr.

A relatively significart number of phammaceuical eseblishmerts are locaied
in Puerto Rico. This isin part the result of the federal government’s padlicy
decsion to ercourage pb creaton by offeringtax incertives to manufacturers
to locate rew plarts in Puerto Rico. A 1996 &x law phassout those tax
incertives over the rext ten yeass.

The effects of the tax incentive are illustrated by the concentration of
phamaceuical plarts in Puerto Rico. Accading to the 1992 Eonomic
Cersus d Outlying Areas which coversstatisticsfor Puerto Rico, there wee
a total of 88 estblishmerts in Puerto Rico. Of these 88,74 establishmerts
were in the Fhamaceuical Prepaationsindusty, 8 weee in the Medtinals
ard Botanicak industy, ard the remaining six estblishmerts were in the In
Vitro ard In Vivo Diagrostic Productsindudry, and the Biological Products,
exceptdiagrostic sulstances ndusty. The total value d shipments d the 88
edablishmertslocated nPueto Ricowasalout $12 hllio n. Pharmaceuical
Prepaations accaunted for alout 92 percent of this. The pramaceuical
indudry in Puerto Rico employed about 25,000 people in the 88
egablishmertsin 1992.
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Table 1: Summary Statistics for the Pharmaceuical Industry
50 STATES PUERTO RICO
Value d Value d
Shipments Shipments
Number of Number of [(millionsof [Employmen] Number of [(millions of | Employment
Industry | Establishments | Companies' | dollars)? t Establishments| dollars)? (000's)
(000's)
|SIC 2833 225 208 6,438 13 8 N/A3 N/A3
[sic2s3q 691 585 [50418 123 74 11097 22
[sic2s3yd 234 205 | 6838 40 5 477 1
[sic2s3d 275 193 |[3974 18 TS N/A®
[ Total 1425 1191 | 67668 194 88 [11924 25

Source: 1992 Casusof Manufcturers, Indugry Seies. Drugs USDepartment of Commerce, Bureau ofthe Census
1995 and 192 Economic Censis of Qutlying Areas Manufactuers: Puerto Rico,US Department of Cormerce,
Bureau ofthe Census 1994.

Defined asa husiness organization consisting of one estaldishment or mare under comman ownership or control.
2Value of all products and services sold by estadishments in the phamaceuticalsindustry.

3Certain census data ae not availale for Puerto Rico. Informatian iswithheld to awoid disclosing data fr individual
fadlities.

Figure 1: Percert of Total Value d Shipments by Sector
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Figure 2: Employment in the Pharmaceuical Industry
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Souce: 1992 US. Cenaus of Manufacturers.

As shown in Table 2, many facilit ies within the pharmaceuicd indugry are
small. Almost 70 percent of the facilities employ fewer than 50 people.
Howewer, a relatively small number of large canpanes accant for a large
portion of the total value o shipmerts, as welasenploymert. For exanple,
accading to the 1992 US. Cersus of Manufacturers, only 36 fadlit ies (less
thanthree pecert) enployed norethan1,000 pepleinthe50states(i.e., not
including Puerto Rico). However, these 36 facilit ies accainted for over 38%
of the total value d shipments for the indugry. Incomparison, 968 fdlit ies
(almost 70 percent) employ fewer than 50 people. However, these facilit ies
accaurted or less hanfour percert of the industy’s value o shpmerts.
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Table 2: Pharmacettical | ndustry (SIC 283) Facility Size
Number of Employees | Number of Facilities Percert of Total Percert of Total Value
Facilities (%) of Shipments @6)
fewer than 10 479 34 06
10 to49 489 34 3.2
50 to249 292 20 19
250 t0999 129 9.1 39
1,000 o more 36 25 38
Total 1,425 100 100

Source: 1992 Casus of Manufacturers, Indudry Seies. Drugs Bureau ofthe Cenaus 1995.
! Does not include Puerto Rico - informatian withheld to awoid disclosi ng data or individual fcilities.
2 Someinformatian withheld to awid disclosing individual fcility data. \alues maybe somewhat higher.

Medicinals and Botanicals(SIC 2833)and Fharmaceutical Peparations(SIC 2834)

The essblishmernt size dstributions for Phamaceuical Prepaations ard
Medicinals and Botanicals are milar (see Table 3). The Pharmaceuical
Prepaations secbr, however, has a sonewhat higher proportion of large
facilities. As is the case with the pharmaceuicak industry as a wiole, a
relatively small number of large estblishmerts accaunt for the majority of the
total value d shpments for the Fhamrmaceuical Prepaationsindusty. Value
of shpment datis not available by eseblishmert size or the Medcinals ard
Botanicak secbr.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Table 3: Employment Size Distribution for Medicinals and Botanicals and
Pharmacetuical PreparationsEstablishments?!
M edicinals and Botanicals Pharmaceuical Preparations
Percert of Percert of
Number of | Number of | Percert of Value of Number of | Percert of Value of
Employees| Facilities Facilit ies Shipments Facilit ies Facilit ies Shipments
< than 10 104 46 N/A2 225 33 04
10 0 49 76 34 N/A2 211 30 2
50 0 249 35 16 N/A2 142 21 10
250 @ more 10 4 N/A2 113 16 88
Total 225 100 100 691 100 100
Source: 1992 US. Cenaus of Manufcturers.
1 Not including Puerto Rico.
2 Informatian has keen withheld to awid disclosing individual estaldishment data.
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Table 4 Ists the largest U.S. phamaceuical companes in terms o U.S.
presciption saks.

Table 4: Top U.S. Pharmaceutical Companies by Sales
Rank Company 1996 RxSaks
(millions of dollars)
1 Glaxo Welcome 5,803
2 Johnn & Johnon 5,275
3 American Home Products 5,251
4 Bristd-Myers Squibb 5,160
5 Merck & Co 5,026
6 Pfizer 4511
7 Novartis 3,786
8 SmithKline Beedham 3,589
9 Lilly 3,567
10 |Abbat 3423
11 |Scheing-Plough 3,272
12 Hoechst Marion Roussé 2474
13 |Roche 2,316
14 Amgen 1,860
15 [Bayer 1,854

Source: IMS America.
I1.B.3. Geographic Didribution

The US. phamrmaceuicak industy hastradtionally beenconcertrated n New
Jewsey, Calfornia, ard New Yak (see kgure 3) Thesethreestatesaccaint
for about one third of the facilities, employees, and value of shipments.
Historicaly, the industy concertrated tere becausehesewere vocatonal
ceners. Other states,suchas Massaalsets, North Carolina ard Maryland,
have seenrecert growth in the pramaceuicak industy, espeally in
biotechnology ard reseach ard deelopmernt.
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Figure 3: Geographic Digribution of Pharmaceuical Facilities(SIC 2833 and 2834)

Pueto Rico
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Souce: 1992 US. Cenaus of Manufacturers.

A significart number of pharmaceuical estblishmerts are also located n
Puerto Rico. According to the 1992 EEonomic @&nsusof Outlying Aeas
which covers statistics or Puerto Rico, there wee a wta of 88
phamaceuicak esablishments in Puetto Rico accainting for almost $12
billion in shipments. Eighty two of these establishments were in the
Phamaceuical Prepaations ard Medrinals ard Botanicak seobrs. These
estblishmertsaccainted for 11 pecert of al enployment ard 15percert of
the value d shipments for these sears. The diving force kehind the
phamaceutcakindusty concertrating in Puerto Rico over the yeass are tax
incertives spedicaly directed atthe ndusty.

Many U.S. firms have facilit ies abroad or own foreign companies in which

both R&D ard producton of pharmaceuicak are canducted. According to

PRRMA, in 1996 ts member firms enployed cbse to 165000 peple

overseasn the producion of presciption phramaceuicak. Of these,alout

42%were enployed n Westem Europe. The rext largestregion for overseas
enployment by PhARMA member comparies s Latin America aml the

Caiibbean with 20 pecent (PhRMA, 1996) Recetly, a rumber of

phamaceuical comparies aemoving producion to Ireland. Smilarly, many

foreign owned phamaceuical firms gperate plamrmaceuical reseach ard

development and produdion facilities in the U.S.
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[1.B.4. Economic Trendsand International Competition
Changesn the US.Health Gare Indugry

During the ealy 1990she Unted Satesphammaceuicalindudry faced najor
challengesassaeiatedwith the changing nature of heath care deivery coupled
with intense market compettion. In 1995 albut 62 pecert of prescriptions
were pad for by insuring third parties, up fom 39 pecert in 1990. Third
patties, including managedcare orgarizaions and Medicad, considercastin
choosing which drugsare appiovedfor reimbursement. Tecmiquessuch as
substituting gereric drugs for brarded dugs are ako used. Low priced
gereric drugs epidly capure a lrge slare of presciptions ance the
originating drug’s paent expires. Likewise, intense R&D rivalries between
companies now mean that new produds may have mgor competition within
months aftter their FDA appoval, as was he case for three canpetng
proteag inhibitors appoved ketween Decenber 1995 ad April 1996.
Comparies have responded to storter product life cyles am cost
containment pressures by forming an increasing number of strategic aliances
ard merging. Howewer, a seadystreamof new produd introductons has
contributed to steadyindusty growth driven by an increasng volume of
pre<riptions. In 1997, reseacch-based canpanes net sales in the Urited
Statesare piojected © reach$661 hllio n, a5.5 percent increase over 1996
(PhRMA, 1997)

Consolidation ofthe Fharmaceuticaldndudry

Compettive pressues ae forcing many companies to restructure armd form
mergers and drategic dliances. Increasing competition from both domestic
ard foreignfirms, as welas fomthe gemric drug merket, has forced nergers
betweenthe larger pharmaceuical comparies ard mid-sized canparies. In
1989, three naor mergers occured between large am md-sized
phamaceuicalcomparies. In1995,thisnumberincreagd b seven. In 1996,
there wee three nergers.

As a resuk of generic compeition, same brand name firms ae kecaming
involved wih companes that manufacture gemric drugs ly purchasng
existing camparies, setting up heir own gereric drug ventures or forming
partnerships (PhRMA, 1996) Also, many smaller biotech ard R&D
companies ae nerging with large ptarmaceuical comparies. Strategic
dliances often involve domestic and foreign pharmaceuical comparies,
biotechfirms, unversity research centers, government agerties suchas he
National Institute o Heath, ard contract reseach organzations. Such
mergers and dliances dlow companies to draw upan eachothers reseach
expettise, bring producisto market more rapidly, and more effectively market
products once they are appoved ly FDA.
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Changesn Geogaphical Gncentations

An increasng number of estblishmerts owned by U.S. companes are
locating outsde he US. A number of forces ae diving these chrges,
including the growing international market for phamaceuical product,
foreign registration requirements and paent laws, laws allowing sales only if
the pioducts are manufactured n the cauntry; ard tax incertives.

Intemational Tiade and @mpetition

The US. phamacedicals industy accants for about one-third of al
phamaceuicak marketedworldwide (seeFigure 4) The ngjor U.S. trading
partners are Europe, Japan Canada, ard Mexco. The largestimporter of
U.S. phamaceuicak is the EuropeanCommunity (EC). In 1993,the EC
alone imported nearly 50% of al U.S. exports (ITA, 1994) Canada aml
Mexico combined mported 15 pecert of all U.S. exports o pharmaceuical
productsin 1993. The North AmericanFree Trade Agreenert (NAFTA),
howewer, hasincreasedhe wlume of trade wih Carada al Mexcoinrecen
yeas.

Although Japan gill remans one of the largest importers of U.S.
phamaceuicak, Japaese plamaceuical comparies have beeninvesting
heavly in their own R&D, thereby reducing Japats import share d U.S.
exports in recern yeas.

In 1993,Europeararnd Jparese pharmaceuical comparies accainted for 27
percert ard 22 pecert of al phamaceuicas narketed worldwide,
respecively (PhRMA, 1996) Chinaard the cauntries of the former Soviet
Union are potentially large merkets for U.S. phamrmaceuicals. Howe\ver,
China is also increasng its production of pharmaceuical and the former
countries d the Sviet Union pose sone mgjor challengesfor U.S. produces
in terms of testing and licensing regulations (International Trade
Administration, 1994)

Major issues dffecting the international competitiveness of U.S.
phamaceutcal firms include pice coitrols ard intellecual propety
protection alroad. Other tradebarriers include breign pricing systens that
favor localy produced phmaceuical, disciminatory registration
requirements, and requirements that foreign companies enter into joint
ventures with domestic firms.
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Figure 4: World Salesof Pharmaceticals, 1995
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Source: Pharmaceutical Resarch and Manufactuars of Anerica, 1997
basd on daa provided by IMS America, 1996.
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Pharmaceutical Industry Industrial Process Description

[ll. INDUSTRIAL P ROCESS DESCRIPTION

Thissectondescibes the mgjor industial processes whinthe plamaceuical
indudry, including the naterials ard equpment used, ard the ploceses
enployed. The sedion is desgned r those interested n ganing a geerd
understanding of theindudry, and for those interested inthe inter-relationship
betweenthe industia processand thetopics desdbed in sultsequen sectons
of this profile -- pollutant outputs, pdlution prevertion opportunities, and
Fedea regulations This section does not attempt to replicate pubished
ergineeing information thatisavaiable for thisindusty. Refr to Secton IX
for a ist of reference da@unents that are a\ailable.

This secton spediicaly contains adesciption of commonly usedproducton

processesassaeiated law materials, and the neterials ether recycled a

trarsferred off-site. This discussion, coupledwith schematic drawings of the
idertified pocessesprovides alesciption of where wases nay be produced
inthe process. A more in-deph desciption of the mgjor wasesproducedoy

phamaceuical manufacturing canbe found in Secton [11.B.

Additionally, it is important to understand the regulatory framework in which
phamaceuicalproducisare manufactured. To protectthe pubic fromurnsake
or ineffecive pramaceuical products, Congress estblished a stingert
regulatory systemto control the reseachard developmert, manufacture ard
marketing of pharmaceuicalproducts. The USFood ard Drug Administration
(FDA) was ddegaed the responsibility for: (i) evaluaing the safety and
efficacyof new drugs;(ii) deermining if the benefitsof thedrug autweighthe
risks and warrant approval for sale; and (iii) reviewing toxicological
pefformance d acive plamaceuical ingredents. For most new
pharmaceuical compounds, FDA oversight begins scon after the dscovery
of the canpound.

[ll. A. Industrial Processes in the Pharmaceutical Industry

The pioducton of phamrmaceuical products canbe broken down into three
main stages:1) reseach ard deelopmert; 2) the cawersion of orgaric ard
natural sutstances nto bulk prammaceuical sulstances @ ingredients through
fermertation, extraction, ard/or chemicalsynthesis;ard 3) the formulation of
the final pharmaceuical product

[ll. A.1. Reseach and Development

Newdrug dewelopmert involves bur principalphases:Pre-ClinicalReseach
ard Dewelopmert; ClinicalReseathand Developmert; Review d New Diug
Application; and Post Marketing Surveillance. Pre-Clinical Research and
Dewelopmert begins after a plomising canpound has beendiscovered aml
isolated n the laboratory. In this phase,the canpound is suhected b

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Secbr Notebook Project 17 Sepenber 1997




Pharmaceutical Industry Industrial Process Description

extensive laboratory ard anmal tests to deermine whether the compound is
biologicaly acive ard safe. The awerage tme to complete this phase $ six
yeas.

After completing the Rre-Clinical Reseath ard Devdlopmert ard before
testing the drug in humans, an gpplication is filed with FDA known as an
Investigational New Drug Application (IND). The application must show the
resuks d the preclinicaltesting ard desil the plars for human clinical tests.
It must also contain information alout the clemical stucture o the
compound ard a geera desciption as b how the campound is
manufactured.

Clinical Researh ard Dewelopmert is typicaly conducted in three phases,
with eachphase nvolving progressively morepele. The first phase which
typicaly lasts almut a year, is aimed at estblishing the diug’'s saéty ard
involvesasmal number of heathy volunteess. The secod phase which lasts
alout two years, helps the scentistsdeerminethedrug’seffeciveress.Inthe
third phese, the drug is used in clinics and hospitals, and scientists must
confirm the resuks d eafier tests aml idertify ary adwerse reactons.
Altogetherthe three plases 6ClinicalResearhard Dewelopmert take about
Six yeass.

Inthe first phase d ClinicalReseachand Developmert, a snall anourt of the
compound is manufactured in a pilot plant for use in the clinical trials. This
batch of compound is called Clinical Trial Material (CTM). At this time, the
manufacturing steps ¢ the canpound ale abko optimized anl improved.
During this phese, attention to waste minimization considerations is mast
effective.

After Clinical Researh ard Dewelopment is completed, the canpary files,
with the FDA, a New Dug Applicaion (NDA) containing camprehensive
data atout the canpound. The NDA mustincludedaiato denonstrate that
the diug is safe ard efecive for use urder the conditions de<ribed in its
labeling. FDA regulationsrequire thatthe NDA contain spediic ard detiled
information on: the canponerts ard camposition of the diug; the methods
ard cantrolsusednthe manufacturing; processng ard packagig of the dug;
ard, da@fromal pre-clinicalard clinicalinvestigaions. In 1993,the nedian
total appoval time for NDAs was21 nonths. This has beensgnificantly
reduced and in 1996 the median totd gpproval time for NDAs was 15
months

Eachstep n the manufacturing process,and the idertity ard quaity of each
ingredient usedm the processmustbe spediied nthe NDA ard appioved by
the FDA. Orce he NDA is approved, cetan charges canot be made
without the filing and approval by the FDA of a suppkenerta applcation,
known asanSNDA. The level of reporting depedson the type d charge
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and may require substantial investment of resources to implement. FDA
appioval may take sveral years to obtain depewling on the reture of the
charge, ard sane charges eenrequire new clinical studies.

Based on dat from a 1995 sudy by the Center for the Sudy of Drug
Dewelopmert at Tufts University, a phamaceuical Reseach ard
Development (R&D) facility discovering and developing a new medicinal
agent will evaluate approximately 5,000 © 10,000 canpounds About 250
of these sutances nay hold therapeuic promise aru erter precinicaltesting.
However, only about five will go on to limited human dinica testing.
Subsequently, only one, after 15.3 years of research and development, willbe
introduced conmercialy asa rew drug (PhRMA, 1997)

Bascreseachisrespmsible for idertifying ard isolating or synthesizing each
new chemical entity that will be evaluaed for its patential therapeutic
effeciveress. Once a éadcompound has keenidertified anl characterized,
some 1,000 elated chemical substanceswill be synthesized and sudied by
laboratory assaysystens. Theseassaysystensare designedto idertity which
compounds exibit the nost spediic ard paent biological effect For each
compound tested, gererally same 5-10 sepaate chemical reactons will be
needed to synthesize the compound. The resultsof biological testingwill t hen
guide he drection of sutsequen synthetic operations. If the resuks ae
unsaisfaciory, thenthe piocess sirts arew.

Should a substance show promise in the laboratory assays, limited animal
studies are sarted. If there is no acivity in the anmal, other related
compounds will be evaluated or the program will be discontinued. Once
biologicaly acive sulstances ae idenrified, they will undergo further
chemical modification to refine their efficacyard sagty.

Once an active candidae has been identified, it will be proposed for formal
development. Phamaceuicaldevelopmert includes be e\aluationof synthetic
methods m a brgerscaé ard the assessent of variousways of formulating
the drug to provide optimum delivery. Up to this paint, only small amounts
have been synthesized for evaluaion. More will be needed for the extensive
animal testing required by FDA. Even larger amountswill be required for the
extensive cinical sudiesin humans required before federa appoval.

1. A.2. Production of Bulk Pharmaceuical Subgances

Bulk pharmaceuical sulstances ypicaly consist of structurally complex
organc chemcal compounds whch are nmanufactured va a sees d
intermedigte steps ad reactons under precise caditions. These sultances
are used m the manufacure o the dmage érm of a formulated
phamaceutical productard are manufactured ty: (1) chemical synthesis; (2)
fermertation; (3) isolation/recovery fromnatural saurces,or (4) acombination
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of these pocesses. Exanples d different drugs poduced ly eachof these
processes a& presened in Table 5.

Table 5: Examples of Pharmaceutical Products by Bulk Manufacturing Process
Chemical Synthesis Natural Produa Extradion Fermentation
Antibiotics Antineopladic Agents Antibiotics
Antihistamines Enzymes ard Digestive Aids Antineopladic Agents
Cardiovascular Agents CNS Deressaits Therapeutic Nutrients
Central Nervous Sytem (CNS) | Hematdogical Agents Vitamins
Stimulants Insulin Steroids
CNS Deressaits Vaccines
Hormones
Vitamins

Most prarmaceuical subgancesare manufactured utilizing “batch” processes.

In a ketch processapaticular sukstanceor “intemrmediate™ is manufactured
ina“canpagn” for petiods ranging from a few days to severa months urtil

sufficiert material is manufactured b satsfy the projecied sads denand. At
the erd of the manufacturing canpaign, arother pharmaceuical intermedete
or substance s made. The sme equpmert with potentially different

configurations ard the sane operating pesonnel are dten used ® make a
different intermediate or substance, utilizing different raw maerials, executing
different processesard generating different waste steans.

Whenthe sane equpmert is used ér manufacturing different intermedistes
and/or different bulk sulstances,the equpmert is thoroughy cleared and
validated pror to itsreuse. Where ckanng of a spedic type d equpmert
is difficult or where a suficiert volume of a cetain intermediste or bulk
sulstance s made e\ery year, the equpmert may be dedcated © the ketch
manufacturing of a paticular intermediste or bulk substance. Where the
equipment is dedicated to the produdion of successie batches o the sane
intermediate or bulk sulstance,the equpmert may not bewasled aml cleared
between batches. Instead, the cleaning schedule will d epend on whether there
isa pdential for caryover of contamnarts or degaded naterials that could
affectthe final product

The spedic methods aml neterials (e.g., water, steam deergerts, ard/or
organic solvents) used to clean the equipment are based on the ability of the
cleanng process © remove residues o raw materials, intermediates,
precusors, degeadaton products, ard isomers (FDA, 1996)
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An intermediateis a mateial produced during a mamifacuring process that must undergo further
mdecular change or processing before it becomes a hulk phamacutical substance.
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Raw materials ae checked or their idertity ard quaity before use n the
manufacturing processes. Additionaly, in-process testing, as well as qudity
assurance/qudit y control (QA/QC) testing in onsitelaboratories, isperformed
during drug pioductmanufacturing. In-procestesting may includesimple pH

measuements or checks a caor, while QA/QC testing typicaly includes
more sphisticatedaralysessuchas clomatograpty. “Upon completion of

the menufacturing operation, batch-production records ae clecked
competert ard respansible personnel for actualyield aganst thearetical yield

of a katch ard to ersure that eachstep has keenperformed ard sgned or”

(McGraw Hill Encyclopedia of Technology).

Chemical Synthés

Most of the canpoundsusedtodayas plammaceuical products are prepaed
by chemcal synthesis, gereraly by a ketch proces (Watthey, 1992)
Cardiovascuhbr agertts, ceriral newvous sgtemagetns, vitamins, artibiotics,
ard artihistamnes ae just a few exanples d the kulk phamacautical
subgances made by this process.

The manufacture of pharmaceuica compounds usng chemical synthesis
involves a conplex seies d processegicluding many intermedete stagesard
chemical reactons pefformed in a sep-by-step fashion. Depenling on the
processthe goerator (or a pogrammed computer) adds eagets, increases
or deceasestie flow rate of chlled waer or steam ard siarts ard sops
punpsto draw the reacbr conterisinto arother vessel At other stagesmthe
proces, solutions may be punped trough filters or certrifuges recycled
within the process, or punped to recycling or disposal facilit ies. Co-produds,
suchas sdk, may be sdd for reuse. Spert acds, metals, ard catlysts may
be recovered and reused onsite or sold for reuse.

The neterial from eachintermediate step nay be isolated ard trarsferred to
the rext step d the procesdor continuedprocessng urtil the final compound
isdelived. Thesesteps nay be al conducied atthe sane manufacturing ste,
or if the intermediate is isolated, it may be transferred to another site for
further processing.

It isimpossible to provide asngle process flow diagram for thisindugry since
eachbulk phammaceuicalsulstanceis different in its manufacture armd seeral
intermediates may be produced in astep-wise fashion prior to the manufacture
of the final active ingredient. Howewer, an exanple chemical synthesis
process bs keenprovided as Fure 5 b show theequpmert usedard where
wastes @ enissbns mght be generated.
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Figure 5: Simplified Proces Flow Diagram for Chemical Syrthesis
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Source: Adapted from Econonic Impactand Rgulatory Hexibility Analysis of Proposed Effluent Guidelines for the
Pharmaceutical Manufacturing Indugry, 1995.

Reacbrs

The nost common type d reacbr vesselis the ketle-type reacbr. These
reacbrs typicaly range n capady from 50 1 seera thousam galons. The
vesses are mede d either stainless stelor glasstined cabon steel

A diagram of a typical reacor vesselis stown in Figure 6. “Reacbrs ae
equipped to provide arange of capabilities that may be required duiing the
batch reacton step. This equpment may include:a pcketfor heaing ard
cooling, hookupsfor charging raw materials ard for discharging the conterts
of the reactbr, an agtation ard recycle ne for mixing, control systens for
temperature and pressure, a condenser system for controlling vent losses, a
return line for refluxing condersalles,a steamejector for vacuumoperation,
a ritrogensupply for paddng ard purging the reacor, ard a nanway for
taking sanples ard adding sdid catalysts, reactrts, ard ather sdid materials
to the reacbr” (USEPA 1993)
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Figure 6: Typical Desgn of a Kettle-Type BatchReacta
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Source: Adapted from Control of Volatile Organic Conpound Enissionsfrom Batch Processes, EPA Guiddine Seies,
1993.

Raw naterials o ingredients, including sdverts, used ¢ produce he
intermediate or bulk sulstances ae chargedinto the reacbr vessel Liquid
ingredients ae drawninto the reacor either by punping or throughvacuum
from drums am sbrage anks. Solids nay be charged nanualy or via
mecharnical mears suchas hrougha vacuumsystem

Once the reacbr vessesare chargedwith theraw meterials, the reacton takes
place. “The reacbr can be operated atatmospheric pressue, elevated
pressue, or undervacuum Because ttheir flexibilit y, reacbrs may be used
in a variety of ways. Besides losting ctemical reactons, they canact as
mixers, heaters, holding tanks, crystalizers, ard evapaators.” (USEPA,
1979) Typical reactons performed include akylations hydrogerations,
brominations, etc. Temperature, pressure, and the degee d mixing are
carefully monitored to achieve the desred product ard to ersure worker
safkty.
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Reacbrs ae dten atacted © processcondersessto recover sdverts from
process perations. Theyarealsooften atacted b other air pdlution control
devices to remove volatile organics or other compounds from vented gases.
Depering on the reacton being caried aut, a reacbr may also be attacted
to adigtillation column for solvent separation and recovery.

Separation

Several sepastion mecharisms are enployedby the prarmaceuicalindusty
including exracton, decating, certrifugation, ard filtration. These
mechanisms may be employed jointly or individudly, in mutiple stages, to
sepadte the intermedite or bulk sutstance fom the reacton sdution ard to
remove impurities. Crystallization is another common technique used to
sepadte the desired acive ingredient or intermediate from the reacton
mixture. Because ¢stallization is widdy used in conjunction with other
separation techiques it is preserted sparately from the other separation
tecmiquesshown in Figure 5 ail discussed below.

Extracion. Extracionisused © separate liquid mixtures by taking adantage
of differences in the solubility of the mixture comporents. A solvent that
preferertially combines wth only one d the canponerts is added ¢ the
mixture. “The resulting mixture consists of an extract (containing the
preferertially combined naterial) ard a @ffinate (containing the residual
phase). Extraction may take placein an agitated reacton vessel (mixer-
setler), in a \ertical cylinder (where the sdvert flows upwad or downward
throughthe iquid mixture), or in a column with internals to mechanically
erhance he catact betweenthe two liquid prases’ (Crume etal., 1992)

Decarting. Decarning isa smple process usetb sepasate mixturesof a iquid
and insoluble solid that has settled to the bottom of a reacbr or ttling
vessel. The liquid over the lid is either punped aut of the vessel or poured
from the vesselleanng behind the insduble sdid ard a cetain armount of
liquid.

Centrifugation. “Certrifugesare usedto remove the intermedete or product
solidsfroma Iquid greant (USEPA1979) Centrifugeswvork onthe piinciple
of certrifugalforce,in which anoutward forceisexerted on a rotating object
Certrifugesare cylinders with rotating baskes withinthem The sdes d the
basketare peforated aml covered with filter medium suchas waven fabric or
metal. Asthe basket rotates, adurry solutionisfed into the centrifugeviaan
inlet pipe. The cenrifugalforce pusks the slurry aganst the rotating basket
forcing theliquid to pasthroughthe peforations, ard the solidsor filter cake
to remain behind, accunulating on the sdes d the kesket “After al of the
slurry has keenfed to the ctamber, a wasHiquid may be introduced o force
the remaining durry liquid through the cake ad filter medium’ (USEPA
1993) Oncethe certrifuge sturned df, the lids(i.e., the ntermediates or
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the final bulk sulstance)are scrapedoff the sdes wih aninternal sciaper or
manualy scaped ait. A diagram of a typicalbasketcertrifuge & shown in
Figure 7.

Figure 7: CrossSection of Typical Top-Suspended Certrifugal Filter
[ 1

l«¢—— Motor

ZEN

(5 ~—— Slurry Inlet

\ Wash Inlet
Solids Ce&ke
Casing ——
T~ Perforated Basket
Filtrate [ } —
Discharge Adjugiable Unloader 7 Removale Vave Plate

Knife Solids Discharge

Source: Adapted from Control of Volatile Organic Conpound Enissionsfrom Batch Processes, EPA Guiddine Seies,
1993.

The exrenely high speeds anh frictiond forces nvolved n cenrifuging,
combinedwith the potential build-up d combusible sdvert vapors, creak a
potential for anexplosive ervironmert to dewelop within the cenrifuge. To
control this, an inert gas, usudly nitrogen, may be introduced into the unit
before the slurry isfed in. “Certrifuges nust be carefully operated © avoid
air infiltration by vortex ertrainmert. Therefore, they usualy are gperated
under nitrogen blarket and kept seakd urder operation” (USEPA 1993)
VOC emssbns may occur when purging the wvessel before loadng ard
unloading (USEPA, 1993)
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Filtration. Filtration is the separation of a fluid-solids mixture involving
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pasage d most of the fluid through a paous barrier (the filter medium)
which retains most of the solid particulates contained in the mixture (Perry’s
1984) In the pramaceutical indudry, “filtration is used © remove solids
froma iquid, whether thesesdidsbe product, processitermedites, catlysts
or cabon paticulates(e.g., froma decdoring sep) (USEPA 1979) Batch
filtration systenrs widely used ly the pramacedical industy are the phte-
ard-frame filter, catridge flters, the rutsche flter, ard cambination
filter/dryers.

“The normalfiltration procedue is simply to force a draw the nother liquar
through a filtering medium Following filtration, the retained solids are
removed” (USEPA, 1979) The wetcake nay then go through a redurry
process whre it iswasledard filtered agan. “This gotion is usually caried
out whena highly specalized poductrequiring highpurity isdesred or when
savents were not removed as pat of the original durry filtration (USEPA,
1993)

Crystallization

After the reacton takes pace the intermedate or final bulk sulstance (vhich
is usualy in sdid form) can be sepaated from the reacton sdution by
crystallization. Crystallization is one of the most common sepaation
techiques ad is often usedalone or in combination with one a more of the
sepastion tecmiques desdbed alove. In crystallizaton, a supesaturated
sdution is created n which crystals of the desied compound are formed.
Supesaturation depends on the solubility of the desired compound. If the
compound’s solubility increases with temperature, supeasaturation can be
achieved by cooling the solution. If the solubility is independent of or
deceases wh temperature, then evaporating a pation of the sdvert will
creae supesaturation. “If neither cooling nor evapaation is desrable,
supesaturation may be induced ly addng a tird canponert. The third
component forms a mix with the original solvent in which the solute is
consderally less soluble” (USEPA 1979) If crystallization is done through
cooling of a solution there will be relatively little VOC emissions, especially
if theequpmert isfully erclosed. “However, whencrystalizaton is done by
sdvert evapaationin avacuumervironmert, there isa geater patential for
emssions’ (USEPA 1993) Further separation of the ciystals from the
supegaturated sdution canbe done by ceririfuging or filtration.

Purification

Once the intermedete or the kulk sulstance has keensepaated, it may need
to bepuified. Depemling ontheintermedate or the bulk substanceproduced,
there may be se\eral purificaion steps nvolved D produce he desied acive
ingredient. In vitamin produciton, for exanple, there ae atleasthreeto four
purificaton steps. Purificaion typicaly is acheved through addtional
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sepaation steps suclasthose descibed alove. Purificaton is often acheved
throughrecrystalliz ation. Washing with additional solvents and filt ration may
also be used.

Drying

The final step in the clenmical synthesis piocess $ drying of the intermedite
or find buk subgance. Drying is done by evaporating the solvents from the
sdids. Solverntsreleasedrom drying operations may be condersed or reuse
or disposal (USEPA 1993)

There ae seerd different types d dryersusedby the pramrmaceuicalindusty
including traydryers, rotary dryers, drumor tumble dryers, or pressure filter
dryers. “The sdlecton of the diyer type depeds primarily on the
characteristics of the lid” (USEPA 1993)

Prior to 1980, probally the nmost common type d dryer used ty the indudry
was te vacuumtray dryer. In a vacuumtray dryer, “the filtered sdid is
placed o trays whch are then manualy stacked o shelves in the diyer.
When the dryer is closed, the trays ae reaed b remove ary liquids. A
vacuumis appled within the diyer so tha drying cantake plce atlower
temperatureswhenneeded” USEPA, 1993)

More often today, tumble dryers or combination filter/dryers are used. In a
combination filter/dryer “the equpment not only acs as aifter, but canalso
function asa productdryer ater the surry has beencompressedard filtered
into cakeform. Heatis introduced b the filter/dryer througha ot gaseas
mediumwhich is blown up throughthe cake util thedesred level of dryness
is acheved” (USEPA 1993) VOC ermissions may occur since he gaswill
ertrain evapaated sdvert which mustbe ventedfrom the drying filter/dryer.

TumMde dryers consist of revolving conical shells ranging in capacity from 20
to 100 gdons. “The rotation of the diyer tumbles the product to erhance
sdvernt evapaation ard may also perform a Herding function” (USEPA
1979) Thes diyers may be operated urder a vacuumor udng hot ar
circulation. When operated umer a vacuum heat is suppied through
conduction from heaed sufaces. Some ar will pass throughthe equipment
due to inward leekage Thus the vacuum exhaug will contain VOCs
(USEPA, 1993) A diagram of a smple tumble dryer is shown in Figure 8.
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Figure 8: CrossSection of Typical Tumble Dryer
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Source: Adapted from Control of Volatile Organic Conpound Enissionsfrom Batch Processes, EPA Guiddine Seies,

1993.

Natural and Bological Product Extraction

Natural productextracton, asthe rame suggess, involvesisolating anacive
ingredient from natural saurces suchasplarts, roots, parasttic fungi or animal
glands This processis often used to produce allergy relief medicines, insulin,
morphine, arti-carcerdrugs,or other prammaceuicakwith uniquepropetties.
Blood fractionation, used ¢ produce pasng, is alo pat of the retural
productexracion proces (USEPA 1995) A samplified diagram of natural
productextraction processesad its ass@iatedwases,is stown in Fgure 9.

The desied acive ingredent, usually presei in raw materials atvery low
concertrations, mustbe extracted fr the final product Therefore, a deining
characteristic of this processsthat the volume of finished pioductis often an
order of magnitude snaller thanthat of the raw materials used At eachstep
in the exracion processthe volume of material being processeds reduced
significartly. Thisinherent nature of the processmakesit anexpersive one
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to utilize USEPA 1995)

Figure 9: Simplified Process Flow Diagram for Natural/Biological Extr action
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Source: Adapted from Econonic Impactand Rgulatory Hexibility Analysis of Proposed Effluent Guiddines for the Pharmaceutical
Manufacturing Indugry, 1995.

Because fithe largevolumereductionsinvolved,anasserly-line processig
method, consisting of seeral operation stationsis used. At eachsutsequen
operation station, alittle nore of the inert material isremoved ard the acive
ingredient is extracted. Asthe wlume of material being processedieceases,
thesizeof the cantainers carrying the meterial alsodeceasestrom containers
capale of carying 75100 galons to, in some ca®s laboratory sze
equpmert (USEPA 1995)

Active ingredents ae recovered by precpitation, purficaion ard sdvent
extraction methods In precipitation, solubilit y is changed by pH adjustment,
sat formation, or addtion of anarti-solvent. Solvertsare used as ésactve
agerts to remove the actve ingredient from the raw materials, suchas parnt
ard anmal tissues.Solverts are asoused ¢ remove fats ard ails, which may
contamnate the product (USEPA 1995) Suchsolvertsremove the fats ard
oils, without damaging the essential active ingredient(s) found in the raw
materials. Ammonia is also used m the exracion stages as a ahod of
controling the pH when extracting from animal and plant sources.
Ammonium sats ae used asuifering chemicak, ard aqueas a arhydrous
ammonia is ued as an adkalizing agent. The high degree of solubility of
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ammoniumsaltsprevertsurwarted pecpitation. Also, anmoniumsaltshave
the adantageof not reactng with arimal ard/or plart tissues(USEPA 1995)
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Fermentation

Most steroids, artibiotics, ard cetain food addiives (suchas vtamins) are
commonly known phammaceutcak whch are pioducedby fermertation. In
fermertation, microorgansns (e.g., bacteria, yeastor fungi) are typicaly
inoculated n a iquid broth supplemerted with nutrients that are actimated
to an ervironment (e.g., temperature, pH, oxyger), conducve t rapid
growth). These nicroorgarismsproduce he degred product(e.g., artibiotic,
steroid, vitamin, efc.) as a lg-product of normal metabolism. Fermertation
involvesthreemain steps:1) inoculumard seed pEpaation, 2) fermertation,
ard 3)productrecovery. A diagram of a fermertation process ad the wases
produced m this proces is shown in Fgure 10.

Figure 10: Smplified Process fFow Diagram for the Fermentation Process
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Source: Adapted from Econonic Impactand Rgulatory Hexibility Analysis of Proposed Effluent Guidelines for the

Pharmaceutical Manufacturing Indugry, 1995.
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SeedPreparation

The fermentation process begins with the introduction of the microbial srain
to aprimary seed fermentation, which iscommanly performed usng shaking-
flaskculture techmiques athe laboratory scak. Oncegrown, the suspesion
is then trarsferred to further seed shges,which may be addtional flask
fermentations, stirred tanks or both. The purpose of this “seed-train” is to
gererate eroughinoculumfor the producion fermertor (typicaly 1-10% of
the pioduction tank volume). Gererally, specal seedtanks are used ér the
fermertor inoculum which are miniature versions (1-10% of sze) of the
production fermertor. If a seedank becamnes cattaninated, it is enptied,
sterilized,ard reinoculated.

Fermentation

Once he fermentor inoculumisready it ischargedinto a serilized rmertor.
During fermertation, the fermertor is usualy agtated anl aeated. The pH,
temperature, ard dissdved oxygencontert of the fermertation broth may be
monitored during fermentation. Fermentation may last fromhoursto weeks,
depemnling on the piocess. A fermertor “broth” is produced, which is then
filtered a cenrifuged b separate out the lids (USEPA 1991)

Product Recovey

Filt ration removes any larger residues from the broth, but it does not isolate
the ative ingredient from the resdues This mug be done by product
recovery processes.Product recovery is achevable throughthree diferent
methods: sdvert exracion, direct precpitation ard ion excharge, or
adorption (USEPA 1995) Sametimes, the actve neterial is contained
within the cels of the microorgarism Cel wal breakage % heat or
ultrasaund, for exanple, may be required to recover the neterial.

In sdvert extracion the active ingredient is removed from the aqueas broth
by contacting it with an organic solvent, in which the produd is more soluble
thanit is in water. Renoval of the actve ageh from the lvent can be
acheved by crystallizaion (USEPA 1995)

The drectprecpitation method of productrecovery involves pecpitation of

the actve ingredient, as ametal sat fromthe lroth using, for exanple, copper
(Cu) ard/or zinc (Zn) as pecpitating agents. The actial choice d the
precpitating agen depens an the piopetrties d the desied actveingredient.

Thebrothisthenfiltered aml the productisrecovered from the sdid residues
(USEPA 1991)
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Addiionally, ion excharge a adsaption may be usedfor productrecovery.
lon exchargeresin (or alternatively, acivated cabon) is contacted wih the
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Pharmaceutical Industry Industrial Process Description

broth ard the productad®rbs onto the resin. The pioductis recovered from
the resin by using a sdvert or by washng the resin with anaciic or basic
solution. It is then crystallized.

lll. A.3. Formulation, Mixing, and Compounding

“The primary objective of mixing, compounding, or formulating operations
are to convert the manufactured buk sulstances nto a final, usalbe form.”
(USEPA 1995) Fgure 11 sows a smplified proces flow diagram for
compounding, formulaton ard packagig. Common dosage fPrms of
pharmacedical produds include tablets, capaules, liquids creams and
ointments, aswell asaensols, pathes am injectade dosages. Table 6 lists
common pharmaceuical dosage érms ar their uses.

Figure 11: Sinplified Process Flav Diagram for Compounding and Formulating

o Tablet
T ! Dust
-~ Fugitive emissions, .
ventemissions A
A Solvent .
: Emission-VOCs
Non-Contact
Cooling Water Excipi ens & Aqueousbased Solvents
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Mixing & Tableting & > Equi me?wt — Capaules
’ Granulation > E lati quip
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Active Ingredient
(Drug)
Wastewater Wastewater
(wade darches, (solverts,
sugars detergents)
BOD, COD, TSS)

Source: Adapted from Econonic Impactand Rgulatory Hexibility Analysis of Proposed Efluent Guiddines for the
Pharmaceutical Manufacturing Indugry, 1995.
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Aswith the kulk manufacturing operations, many final products are pioduced
in batch utilizing acampagn regimen. At theend of the produdion campagn,
arother product may be formulated aml packaged usg the sare equpmert
ard the sare peronnel. Additionally, formulaton ard packagig is
performed in accadarce wih “good manufacturing pracices”(GMP). GMP
is regulated by the FDA and sets forth the minimum mehodsto be used in,
and the facilities and controls to be used for the manufacture, processing,
packing, or holding of a diug to asure that such drug nees the sfety
requirements ard the quaitty ard purity characteristics hat it purports a is
repreerned to possess.

Following formulation, thefinished poductmay be packaged ahe sanesite
or it may be trarsferred to arother site. Packagng includes phcing the fina

formulated poduct into containers, labeling, ard prepaing for shipping.

“The packagng camponerts of a plamrmaceuical productare \ital to its saé
ard efective use. Bestes sering the patert as a caveniert unt of use,the
composite packageunit container, labeling, ard shpping canponerts) must
provide appopriate identificaton ard necessar information for proper use
including warnings ard (pre)cauions arl presevation of the pioducts
chemical ard physicalintegrity” (Kirk-Othmer, 1994)

Batch production recads ae used ath descibe eachmanufacturing siep n
detail. At various sagesm the formulation ard packagig process, quality
control checks are utilized. All raw materials ae clecked pior to use n a
process ad the find dosage forms require a nyriad d tests to assue
therapeuic benefit. For exanple,the cantert unformity, color, homogereity,
dissolution, stahilit y, identity, and potency of the produd must be deermined
ard meetstated langes. Repesenative sanples ae cdlectedattheerd of the
formulation stage ad submitted to the chlemical ard/or microbiological
laboratories br final assajng. Repesemative sanples are alkso cdlecied
during packagig operations. The quaity control unit of the phamaceuical
manufacturing company has the responsibility and authority to approve or
reject al raw maerials, in-process maerials, packaging maerials including
containers, closures,ard labeling meterials, as well as he final product

The equpmert used o formulate ard packagehe final productis cleared,
maintained, ard satitized atappopriate intervals. Actual maintenance arl
cleanng schedules ard results are dacumented. As desribed urder bulk
manufacturing, the nethods, equipment, ard meterials used €.g., water
wash steam detergerts, organc sdverts) to cleanthe equpment are
speciied an a perproduct basis.
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Table 6: Pharmaceutcal Dosage Forms

Dosage Constituents, properties Uses
Form
Solids

powders, comminuted or blended, dissolved or mixed with water externd, internal

bulk

effervescem CO,-releashg baserngredents ora

insufflation insufflator propds medicated powder into body cavity body cavities

lyophilized reconstitution by pharmacist d unstable products various wses including

parenteral ard oral
capsues small-dosebulk powder enclosed in gdatin shell, active ingredient plus internal
diluent

troches, prepared by piping and cutting or disk candy technology; compounded with slow dissdution in mouth

lozerges glycergektin
| compressed  dissoled or mixed with water; greatvariety of shapes ad formulations oral ard external

tablets
z pdlets for prolonged action implantation
m coakdtablets coatng protective, slow release oral
E Liguid Solutions
: Syrups sweeterer, solvent, medicina agen flavoring agem, medicinal

spirits acohol, water, volatile subgances flavor or medicinal
u collodions pyroxylin in ether, medicinal agen (casbr oil, canphor) extema for coms ard
o bunions

parenteral sterile, pyrogenfree,isotonic, pH close o that of blood; oily or aqueous intravenous, intramuscular,
n sdutions sdution subcutaneous injecion

ophthalmic sterile, isaonic, pH close to that of tears; viscosty builder eye treatment
m nasal aqueous, isotonic, pH close o that of nasal fluids; sprays or drops nose treament
> mouthwash, agueous, antiseptic refreshment, short term

gamgles baceria cortrol
H inhalations administered with mechanical devices medicaton of tractea or
: bronchioles
U' Liquid Dispersions

suspersions powder susperded in water, alcohol, glycol, or anoil oral dosing, skin applcaion
u emulsions, oil-in-water or water-in-oil oral, externa or injection
q lotions

Semiolid and plagic dispersions
¢ ointments hydrocarbon (dily), adsarptive water-washable, or water-sduble bases; external
emulsifying agets, glycols, medicaing agen

n pases anl ointments with high dispersed olids and waxes, respectively externd
m certes

suppostories  theobioma oi, glycinerated gektin, or polyethylene glycol ba® plus insettion into body cavity
m medicinal agen

Source:Adapted fromZanowvaik, P., 1995, Pharmaceuticals” in Kirk-Othmer, Encyclopedia of Cheigal Technology,

: vol. 18, 4th edtion.
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Tablets

Tablets accaint for the mgjority of solid medicatons taken orally in the
United Sates. “Taldets canbe made b acheve rapid drug release o to
produce dedyed, repeaed a prolonged therapeuic acton” (Kirk-Othmer,
1994) Tablets canbe compressed or molded, ard may be coated.

To prepae atablet, the actve prarmaceuical ingredient is combined wih a
filler, such as suga or sarch, and abinder, such as corn syrup or starch. The
filler is added to ensure that the active ingredient is diluted to the proper
concertration. A hinder is needed ¢ bind tablet paticles together. A
lubricart, suchasmagnesumsterate or padyethylene glycol, may be added
facilit ate equipment operation, or to dow disintegration or dissolution of the
active ingredient.

Tablets ae pioduced ly compresson of powder blerds a grarulations. In

directcompressbn, theingredients are blerdedand thencompressedito the
final tablet without modifying the physical nature of the material itself. “The
most widdy used and maost general method of tablet preparation is the wet-

grarulation method” (Renington, 1995) In wet grarulation, the actve
ingredient is powdered and mixed with thefiller. This mixture is then wetted

ard Herded wth the binder, forming a sdution. Coarse garules brmwhich

are mxed wih lubricarts suchas nagnesum steaiate ard then compressed
into tablets. Slugging or dry grarulation is used wtentablet ingredients are
sersitive to moisture or temperatures assoiated wih drying or when the
tablet ingredients have sufficient inheent binding or cohesive properties. Dry

grarulation includesweighing, mixing, dugging, dry screenng, lubrication,

ard compression. Slugging requires large heaw presses to compress larger
tablets, between20-30 grans in weight. These &rge tblets are thenground

and sceered D a degied mesh size hen recanpressed fito final tablets
(USEPA, 1991)

Coating may be used to offer protection from moisture, oxygen, or light, to
mask urpleasah taste a appeaarce, ard to impart distinctive cdors to
facilit ate patient recognition. “Enteric coatings are used to dday the release
of theaciveingredient in the sbmachard prolong therapeuic actvity. The
latter are used dr drugs tat are urstalde to gastic pH a enzymes, cause
nausea advomiting, or irritation to the somach or stould be presemin high
concertrations in the intestines' (Kirk-Othmer, 1994) Coating isdonein a
rotary drum. The caating sdution is poured aito the tablets. In many
opermtions, aqueas cating sdutions ae row used msteadof sdvern based
(usualy methylere cHoride) sdutions. As the dum rotates, the tablets
became coated. Orce cated,theyare dried in the drumard may be sert to
arother rotary drum for polishing. Polishing works by the friction creaed
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Pharmaceutical Industry Industrial Process Description

Capailes

whenthe tablets rotate ard rub aganst eachother. Un-coated tablets may
also bepdished.

Once the tablets pass qudity control requirements, they may be hdd or sent
directy to packagng. Coatedtablets ae sanped wthidertifying information
(e.g., brand name, code number) in arotary ink press.

After tablets, the nost common sdid oral dosage 6rm is the capsié.
Capaulescomein soft and hard shelled varieties. Hard capsulesor “dry-filled”
capaules are formed by dipping meal pins into a solution of gdatin of a
spedfic temperature. The temperature cantrols the viscasity of the geétin
ard hence he thickness of the capsud wals. When the pns are removed
from the sdution, a hard coating of gektin formson the pns. The caating is
dried and trimmed. “These capaules are filled by introdudng the powdered
material into the longererd or body ard the capsud ard thenslipping on the
cap’ (Renmington, 1995)

Soft shelled capaules are formed by placing two continuous gdatin films
betweenrotary die phtes. Asthe phtes ae lrought together, the wo gekhtin
films join and seal, forming the two halves of the capaule. Asthe two halves
join, the ingredients, which canbe a iquid, past a powder, are injectedinto
the capaules. “Commaercially fille d soft gdatin capsules comein awidechoice
of szesard shapes they may be round, oval, oblong, tube or suppasitory-
shaped” Renington).

Liquid Dosage

In formulating a Iquid product, the ingredients are first weighed ard then
dissdved n anappopriate iquid. The sdutions ae nmixedin glasstined a
stainless stel vesse$, after which they are sbred n tanks bdore final
packagng. Presevativesmay beaddeda prevert mold ard bacieral growth.
If the liquid will be used for injection or ophthalmic use, Serilization is
required. In this case,the caitainer, which has also been previously
sterilized/depyrogenated, is fille d with liquid which has either been rendered
sterile by asepic filtration in a serile ervironmert ard/or the ertire container
ard its canteris are terminally heatsterilized n anaubclave.

Ointmentsand Geams

Ointments ae usudly made ly blerding the bulk acive ingredient with a kese,
suchas a pebleumdeiivative or wax The mixtureiscooled,rolled out, ard
poured nto tubes by machinesard packagedSEPA, 1991)
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Creans ae sensolid enulsions ard are ether oil-in-water or water-in-oil,
rather than being petoleumbased. “Gererally, the ingredents o the two
phasesre heakdsepastely, thenare nmixed aml sirred vigorously to achieve
enulsificaion” (Kirk-Othmer, 1994)

As with all other dosage érms, equipmert is wasled aml cleared esed m
batch recad requirements. Howewer, because D the greasy nature of
ointment ard creamproducton, cleanng often is done with deergerts.
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[ll. B. Raw Material Inputs and Pollutant Outputs

Phamaceuical batch processes useumerous raw materials aml gererate
wastes anl enmssons. In generd, the waste ard enissons generated depend
on the raw materials ad equpmernt used,as well as te manufacturing
process erployed. In desgning bulk manufacturing processes;onsideration
is given to the availabilit y of the starting maerials and their toxicity, as well
asthewastes (e.g., mother liquars, filter residues, and other by-produds) and
the enissons gemrated. A desciption of some of the cansiderations given
is provided in Section V, Pollution Prevention Oppartunities.

Whenhbulk manufacturing reactons are canplete, the sdverts are plysicaly
separated from the resulting product Due D purity concems, solverts often
are rot reused m a ptammaceutical process. They may be sdd for non-
phamaceutcalusesused or fuelblerding operations, recycled,or destoyed
through incineration.

This secton descibes the raw materials aml assciated wase steams and
same of the nore common tecmologies usedd control these wasts. Much
of this information is summaized in Table 7.
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Pharmaceutical Industry

Industrial Process Description

Table 7: Sunmary of Typical Material Inputs and Pollution Outputs in the Pharmaceutical Industry

Proces I nputs (examples of Air Emissions Wastewater Resdual
some commonly used Wastes
chemicals provided)
Chemical Solvents, catalysts, VOC amissions from Process vaste waters with Readion residues
Synthesis readarts, eg. benzene, reador vents, manvays, spent solvents, catalysts, and reador
- Reation | chloroform, mehylene mateial loadng ard readants; pump seal wates, bottom wastes
chloride tduene, unloadng, add gases wet scrubber wastewater;
methanol, ehylene (halogen adds, sulfur equipmert cleaning
glycol, meahyl isobutyl dioxide, nitrous oxides); wastewate; wastewate
ketone (MiBK), xylenes, | fugitive emissions, from maybe high in BOD, COD,
hydrochloric add, €c. pumps sample TSSwith pHof 1-11.
collections, valves, tarks
- Segparation | Separation ard extradion | VOC emissions from Equipment cleaning wash
solvents, eg.. mehanol, filtering systems which wateas, ills, leaks, spent
toluere, hexanes, eftc. aren’t contained; ard separation solvents
fugitive emissions from
valves, tarks ard
centrifuges
- Purification | Purification solventseg.. | Solvent vapars from Equipment cleaning wash
methanol, tduene, purification tarks, wates, ills, leaks, spent
acebne, hexanes, efc. fugitive emissions purification solvents
- Drying | Finished active drug(9 or | VOC emissions from Equipment cleaning wash
intermediates marual lcadng ard wates, ills, leaks
unloadng of dryers
Natural Product | Plants, roots, arimal Solvent vapars & VOC’s | Equipmert cleaning wash Spent raw
Extr action tissues, extradion from extradion watea's, pent solvents mateials (plarts,
solvents, eg.. ammaia, chemicals (ammaia); natural produd roots etc.)
chloroform, phenal, extradion wastewatea have
toluere, etc. low BOD, COD, TSS ad pH
of 6-8.

Fer mentation Inoculum, sugas, Odoriferous gpses, Spent fermentor broth, Waste filter cake,
starches, nutrients, extradion solvent vapars, | fermentation wastewater fermentation
phosphates, fermentation | particulates containing sugas, garches, residues
solverts, eg.. ethanal, nutrients, etc.; wastewate
amy alocohol, mehanal, tends to have high BOD,

MiBK, aceione, efc. COD, TSS and have pH of 4-
8.

Formulation Active drug, binders Talet duds, ather Equipment cleaning wash Particulates,
(starches), suga, syrups | particulates wate's (pent solvents), spills, | waste packaging,
efc. leaks; wash wate's typically rejected tabets,

contain low levels of BOD, cgplesetc.

COD, TSS and have pH of 6-
8.

Source: Development Document for Proposed Effluent Limitations Quidelines ard Standardsfor the Pharmaceutical
Manufacturing Roint Source Caegary, US EPA, Washington, DC., February 1995.
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1. B.1. Raw Materials

“The phamaceuical manufacturing industy drawsupon worldwide sairces
for the nmyriad d raw materials it needs to produce nedicina chemicak.
Fermentation operations require many new raw maerias falling into genera
chemical classiicaions suchas cabohydrates, cabonates, steep iquas,
nitrogen ard phosphorus canpounds,arti-foamagerts, ard various aails arl
bases. These ckmicak ae used as cbon ard rnutrient sources, as bam
control addtives, ard for pH adpstment in fermertation processesVarious
sdvents, acds, ard bases ag abko required for exracion ard puification
processes.

Hundreds d raw materials ae required for the chemical synthesis processes
usedobytheindusty. Thesemclude agaric ard inorgaric canpounds arm are
usedm gas,liquid, ard sdid forms. Plart ard anmal tissues a& akoused ly
the prarmaceutcal manufacturing industy to produce \arious hologicalard
natural extraction products’ (EPA, 1995)

Each manufacturing or formulation plant is specal, differing from other
similar phrarmaceuical plartsin size, typesof intermedetes, bulk sulstances,
or products produced,anounts ard typesof solverts used, ard thus in the
raw materials used ad wasesemissions generated.  Most bulk
pharmaceuica reactons require orgaric sdverts to dissdve clemcal
intermedistes aml reagets. Because D the high reactvity of many
phamaceutical reageis ard intermediates, pharmaceuical sdverts must be
non-reactve, provide anervironmert which alows eficiert heat trarsfer
during erdothemmic or exothermic reactons, ard fadlit ate efficient eectron
trarsfer. Often halogerated sdverts, suchasmethylere chloride,provide the
optimum choice for pharmaceuical reactons. The nost commonly used
sdvert in the phamaceuical industy is metharol, an oxygerated agaric
sdvert. Other common sdvertsusedare etianol, acebne, ard isoproparol.
Tables 8, 9, ard 10 slow the typical sdverts (and whether or not they are
priority pdlutants a hazadous ar pdlutants) used m chemcal synthesis,
biological ard netural extracion, ard fermertation processestespecively.

Final bulk sulstances fom the kulk manufacturing processes & usedn
formulation operations, along with other raw materials a ingredients. The
produdion of these ingredients is described under Section I11.A .2.
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Table 8: Solvents Usedin the Chemical Synthesis Process
Chemical Priority Hazard ous Chemical Priority Hazard ous
Pollutant Air Pdllutant Pollutant Air
Under the under the Under the Pollutant
Clean Water Clean Air Clean Water under the
Act Act Act Clean Air
Act
Acebne Ethylene glycol X
Acetonitrile X Formaldehyde X
Ammonia (aqueous) Formamide
n-Amyl acette Furfura
Amyl Alcohol n-Heptane
Aniline X n-Hexane X
Benzere X X Isobuyraldehyde
h 2-Butanone (MEK) X Isopropanadl
z n-Butyl acette Isopiopyl aceate
n-Butyl alcohol Isopropyl ether
m Chloroberzere X X M ethanol X
Chloroform X X Methylamine
z Chloromethane X X Methyl cellulose
: Cyanide X Methylene cHoride X X
Cyclohexare Methyl formate
u o-Dichloroberzere (1,2- X Methyl isobutyl X
o Dichloroberzere) ketone (MiBK)
1,2-Dichlorobenzene X 2-Methylpyridine
a Diethylamie Petroleum ngohtha
Diethyl Ether Phend X X
m N,N-Dimethyl Polyethylene glycol
aceanide 600
> Diethylamine n-Propanad
[ | N,N-Dimethylaniline X Pyridine
: N,N- X Tetrahydrofuran
Dimethylformamide
U‘ Dimethyl sufoxide Toluene X X
“ 14-Dioxane X Trichlorofloromethane
Ethandl Triethylamine X
< Ethyl aceate Xyleres X
Source:adapted fomDevelopnent Docunent for PropoedEffluentGuidelinesandStandadsfor the Fharmaceutical
{ Manufacturing Point Souice Category, 1995 and & Ehvironnent Laws, 1994,
(a8
wl
7))
=
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Table 9: Sdvents Used in Biological and Natural Product Extr action
Chemicals Priority Hazard ous Chemicals Priority Hazard ous
Pollutants Air Pollutants Air
under the Pollutants under the Pollutants
Clean Water under the Clean Water under the
Act Clean Air Act Clean Air
Act Act
Acebne Ethylene glycol X
Acetonitrile X Formaldehyde X
Ammonia (aqueous) n-Heptane
n-Amyl acette n-Hexare X
Amyl alcohol Isoproparol
n-Butyl alcohol Isopoopyl aceate
Chloroform X X Isopropyl ether
1,2-Dichloroghane X Methanal X
Diethylamine Methylene X X
chloride
Diethyl ether Petroleum
naphtha
N,N- X Phend X X
Diethylformamide
Dimethyl sulfoxide n-Proparol
1,4-Dioxane X Pyridine
Ethandl Tetrahydrofuran
Ethyl aceate Toluene X X

Source:adaptedromDevelopnent Docurrent for Proposd Effluent Gidelinesand Standadsfor thePharmaceutical
Manufacturing Point Souice Category, 1995 and & Environnent Laws, 1994,
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Table 10: Solvents Usedin Fermentation Processes
Chemicals Priority Hazard ous Chemicals Priority Hazard ous
Pollutants Under Air Pollutants Under Air
the Clean Water Pollutants the Clean Water Pallutants
Act under the Act under the
Clean Air Clean Air
Act Act
Acebone n-Heptane
Acebnitrile X n-Hexare X
Ammonia (agueous) Isoproparol
n-Amyl acette Isopiopyl
aceate
Amyl alcohol M ethanol X
n-Butyl aceate M ethyl
cellulose
n-Butyl acohd Methylene X X
chloride
Chloroform X X Methyl X
isobutane
ketone (MiBK)
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Table 10: Solvents Usedin Fermentation Processes
N,N- X Petroleum
Diethylformamide naphtha
Ethandl Phend X X
Ethyl aceate Toluene X X
Formaldehyde X Triethylamine X

Source:adapted fomDevelopnent Docunentfor ProposdEffluentGuidelinesand Standadsfor the Fharmaceutical
Manufacturing Point Souice Category, 1995 and & Environnent Laws, 1994,

[ll. B.2. Air Emissbns and Control Systems

Both gaseas agaric ard inorgaric compounds,as wel as paticulates, may
be emitted duiing prammaceuical manufacturing ard formulation. Some of
the wlatile orgaric canpounds (VOC) ard inorganc gaseshat are enitted
are chssiied as hzadous ar pdlutants (HAPs) underthe CkeanAir Act.

The type aml anourt of enissbns gerrated are depedert on the gperations
conducied by the faciity, as wel as tow the product is manufactured o
formulated. “Each (pharmaceuical) plart is urique, differing from other
plarts in sze, typesof products manufactured, anounts ard typesof VOC
used,ard ar pdlution control problems ercountered” (EPA, 1979)

Bulk Manufacturing

Aspreviously descibed, the industy manufactures nost bulk pharmaceuical
sulstances ad intermedetes in canpagnsvia ketch processesFollowing the
completion of one canpaign, arother bulk sulstance a intermedete is
typicaly made using the sane equpmert (e.g., reacbrs, filters, dryers). The
reactrts ard sdverts used m manufacturing the rext bulk subsénce a
intermediate may vary greetly from the ones previously used. While some
reactons may require the use 6 halogereted sdverts, the rext reacton may
use aother sdvert or no sdvert atal.

This widevariationsin bulk manufacturing makes predicting typical or annud

awerage enssons dificult. This is because le enissbn gererated awe
predcated a whatbulk sutstance a intermedite is manufactured aml over
what length of time, ard which equpment ard raw materials ae used Some
bulk substances and intermediates are made frequently, while others may be
made aly once eery two to threeyeaisoveraoneto two week peiod. This
has dten preverted the catulation of typical enission rates for each
operation. Howewer, anappoximate ranking of ermisson saurces las keen
edablished by EPA ard is preserted below in orderof decreasng magnitude.
The first four sources generally will account for the nmgjority of emissons
from a ulk manufacturing plart.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

*Dryers

Secbr Notebook Project 44 Sepenber 1997




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Pharmaceutical Industry Industrial Process Description

Formulation

*Reacbrs

Distillation units

*Storage ad trarsfer of materials
oFiltration

sExtraction

Centrifugaton

Crydtalliz ation

Dryers are ane d the largest saurces & VOC emssbns in bulk
manufacturing. In addtion to the loss of solvert during drying, manual
loading ard unloading of dryers canrelease skvert vapors into anbiert air,
espeally whentraydryers are used.VOCs ae akogererated fromreacton
ard sepagtion steps va reacbr vents ard manways. Certrifuges may be a
saurce d VOC emssbns, espeally in top loading types,where sdids ae
manuadly scooped out.

Typical controls for these emisson saurces,excluding sbrage ad trarsfer
operations, include cadersers, sciubbers, calbonabsarbers am, on occason,
incinerators. “Storage aml trarsfer emssons canbe controlled by vapor
return lines, vent condensers, conservation vents, vent scrubbes, pressure
tanks ard cabon alsorbers. Foating roofs may befeasble controlsfor large
vertical sorage anks’ (EPA, 1979)

Both paticulatesard VOCs may be formed dumg mixing, compounding,
formulation, ard packa@ing steps. Becausehese conpounds nay pose a
dangerto workers, through direct inhalation, they are a pmcipal concern.
Depermling onthe process ad the katch recad requirements, the paticulates
(e.g., tablet dusk) may be recycled kack nto the formulation process.
Howewer, sametimes the paticulates ae cdlectedfor destuction or dispcsal.

As in bulk manufacturing, the type and quantity of compounds emitted
dependson the operation. For example, formulation facilit ies may or may not
emt VOCs. Some formulation operationsdo not requirethe use dsdverts,
some may only use stverts for cleanng, ard sane may use sétvers in
granulation and coating operations. In some facilities, organic compounds,
suchas ehanol or isopropyl alcohol, might be used m the formulation of the
product ard VOCs may be emitted duing mixing, formulation, ard/or

packagng.

Air Pollution Control EQuipment

More thanone type d arr control equpmernt may be usedatarny onetimein
any onefacility. A description of the variousequipment used by the indugry
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is provided below.

Condensers. Condersers are widely used m the pramaceuicalindusty to
recover sdverts from process perations (a process cadenser) ard as ai
pollution control devices to remove VOCs from vented gases. Process
conderses differ from conderseis used as apdlution control devces astie
primary puipose d a piocess caderseris to recover material asanintegral
partt of a unt operation. The processconderseristhefirst conderserlocatd
after the pioces equpment and suppats a vapor-to-liquid phase charge for
the vapors produced m the ploces equpmert. Exanples of proces
condensers include digtillation condensers, reflux condensers, process
condersessin line kefore the vacuumsaurce,ard process cadersersusedm
stripping or flashing operations. The pimary puipose d a cawderserused
as an ar pdlution control device is to remove VOCs prior to venting.

Condersation is the pioces of converting a gasor vapor to liquid. In this
method, gas steans from vents cattaining VOCs ae cooledto below their
sauration temperatures,converting the gasmto a VOC Iquid. Thisremoves
someVOCsfromthe gas, but someremans. The amount of VOCsremaning
in the gas depends on the temperature and vapor-liquid equilibrium of the
VOC. Lowerling the temperature o the canderser gererally lowers the
contert of VOC in the gas seam

“In the nost common type, sufface codersess, the calarnt does rot directy
contactcondersable vepors, rather heatistrarsferred acrossasurface(usualy
a tube wall) separating vapor ard coolart. In this way the colart is not
contamnated wih condersedVOC ard may be directly reused. The type d
coolart used depeais m the degee d cooling needed dr a paticular
situation” (EPA, 1979) Coolarts in common use ae watr, chilled water,
brine, ard glycol.

Saubbers. Scuubbes or gas alsorbers are ugd b remove one a more
congtituerts from a gas seamby treament with a liquid. “Absorption is
important in the plamaceuical industy because @y VOCs anl other
chemicak being used a& sduble in water or aqueais sadutions. Therefore,
water, causic or acidic scubbers canbe appled to a veriety of air pdlution
problems’ (USEPA 1979)

When usng ascrubber as an air palution control device, the solubilit y of the

congtituents in the gas stream in the absorbing liquid must be determined.

“The rate of transfer of the soluble constituents from the gas to the liquid

phaseisdeterminedby diffusional processes ccurring on eachside d the gas
liquid interface” (Theodore ard Bonicore, 1989)
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The main types o scrubbers used a@ packeddwer, plate a tray tower,
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venturi scrubber, and spray tower. Each type of scrubber is designed to
provide ntimate contact between the scubbing liquid ard the gaseas
constituerts sothat masstrarsfer betweenphasess promoted. The degee
of control acheved is depenert on the residercetime of the gasard liquids
the interfacal area, andthe physical and thermodynamic properties d the
VOC speces nvolved.

Combustion or Incineration. Another mehod used for controlling VOC
emissions is combugion or incineration. “In general, factors that influence
the eficiercy of combusion are: (1) temperature, (2) degee d mixing, (3)
residerce ime in the canbuston chamber, ard (4) type d VOC canbusted.
Since nore wase steans caitain dilute VOC cancertrations, they require
that suppenerta fuel maintain the recesary combugion temperatures

(EPA, 1979) Although combudion systens can acheve high removal

efficiercies,these sgtens ae typicaly moreexpersivetoinstal, operate,ard
maintain, and heave secadary enmissons assoiated wth their operation.

Addtionally, a srubber may berequired to control inorgaric ga®s produced
ashy-products of combugion.

“Equipmert used © control wage gags by combugion canbe divided nto

three caggaies. direct combustion or flaring (not often used l the

phamaceuicalindusty), themmal oxidation, ard caglytic oxidation. A direct
combustor or flareisa devce nwhich air ard al the canbustible wasegases
reactat the kurner. In contrast, in thermal oxidaton, the canbustible wasé

gases passver or around a kurner flame into a residerce clanber where

oxidation of thewaste gases is completed. Catalytic oxidation is very smilar

to thermd oxidation. The man difference is that after passing through the

flame area,the gases passver a catlyst bed which promotes idaion at a

lower temperature than does hemmal oxidation” (Theodore ard Buonicore,

1989) Efficiercy rates of cafalytic oxidizers in degroying VOCscanreach
close to 98% (Buonicore ard Daus, 1992)

Adsorption. Adsorption is another method for removing VOCs from ges
streams. This mehod filters out the volatiles by passing them through a
packed ctumn of acivated cabon, silicates,aluminas,alumnosilicates, or
ary other surface wich isporousand hasa microcrystalline sructure. Asthe
gasstreampassesiroughthe cdumn, the VOCs adsidb to the surfaceof the
media. The adsaption material in the cdumn evertualy becames satirated,
ard nust be either regererated or dispesed. Most saberts may be
regererated repeaedly by pasing hot gasor seamthroughthebed. VOCs
will desorb into the gas or seam. The high VOC concentration in the gas or
steamcanthen be removed through condersaion. Adsaption canbe alout
98%efficiert inremoving VOCs nthe wase gasstream(Crume ard Fortzer,
1992)
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lll. B.3. Wagtewater

Phamaceuicalmanufacturers use wadr for process perations, aswell asfor
other non-process pysoses. Howewer, the useard discherge pracicesard
the characteristics of the wastewater will vary degpending on the operations
conduded at the facility. Additionally, in some cases, water may be formed
as par of a cremcal reacton.

Proces water includesary water that, during manufacturing or procesing,
comes into directcontactwith or resuks from the use dary raw meterial or
producion of anintermedite, finished poduct, byproduct, or wage. Proces
wasewaerincludes wadr thatwas usedioformed duing the reacton, water
used b clean proces equpmert ard floors, ard punp sal water. Non-
process wastwaer includes lncontact cooling waer (e.g., used m heat
exchangers), noncontact ancillary water (e.g., boiler blowdown, bottle
washng), santary wastewater, ard wasewater from other saurces é.g.,
storm water runoff).

Based on the responses from 244 fadlitiesto a1990 308 Quesonnaire, EPA
esimated the awerage ddy wasewater gereration by the plarmaceuical
manufacturing indudry to be 266 million gdlons. Additionally, EPA learned
that more than hdf of the responding fecilities have implemented water
conservation measues. Suchmeasues nclude:careful monitoring of water
use, installation of aubmatic monitoring ard akm systens o in-plant
dischargesjmplementation of aternative production processesieuse dnon-
contact water as pocess rakeup waér ard treaiment of contact cooling
water to dlow reuse.

Phamaceuical manufacturers gemrate processwastewater containing a
variety of conventiond paameters (e.g., BOD, TSS, and pH) and other
chemcal constituerts. The top ten chemicak dsctarged by the
phamaceuicalindusty are piovided n Table 11.0f these conpounds, two
are “priority pollutants’3. The top four compounds ae axygerated agaric
sdverts (e.g., metharol, ethanol, acebne, ard isoproparol).
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3 Priority pdlutants are the pdlutants listed in 40 CRR pat 403, Appendix A.
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Table 11:Chemicals Discharged in Wastewater by the Pharmacedical
M anufacturing Industry
Quantity Percert of Total # of FacilitiesReporting
Constituent Name Discharged (Ibsiyr) Loading Constituents
Methanol 15388273 28 82
Ethanal 6,802384 12 97
Acetone 4,573,766 84 55
Isopropanol 4565370 8.4 85
Acetic acid 4328691 79 44
Methylene chloride 3,590640 6.6 47
Formic acid 2,136059 3.9 9
Ammonium hydroxide 1,365,741 25 32
N,N-Dimethylacetamide 1,046333 19 7
Toluene 783364 14 43

Source:adaptedromDeveloprentDocurrentfor Proposd Effluent Gidelinesand Standadsfor the Fharmaceutical
Manufacturing Point Souice Category, 1995 and & Ehvironnent Laws, 1994,

Most proces wastewater receves sane treaiment, either in-plant at the
process unit prior to commingling with other facility wastewater or prior to
discharge b a pemitted outfall. Table 12 providesa trerd aralysis prepaed
by EPA of wasewager treatment tecmologies used Y the plamaceuical
indugry. EPA found that“since1986,the use of neutralizaton, equaizaton,
actvated sudge,primary clarficaion, multimedia filtration, seamstripping,
secandary clarificaton, grarular acivated cabon, and oxidation have all
increasedwhile the use baerted bgoons, cHorination, wase sthlizaion
ponds, ard trickling filters have decea®d sightly” (USEPA 1995)

More than half of the surveyed fecilities provide pH adjustment or
neutralization to adust the pH pror to discharge. Additiondly, because
waskewaer treament can be sersitive to spkes d high flow or high
constituert concertration, many treament systens include equataton.
Advanced hological treament is used to treatbiochemical oxygendenand
(BODy), chemcal oxygendenmand (COD), total suspeded sdids (TSS), as
well as \arious agaric cangtituerts. Biological systens canbe dividedinto
two basic types:aepbic (treatment takes paceinthe preserce d oxygen ard
araepbic (treatment takes paces m the alserce d oxygen. Very few
phamaceuicalfadlit ies (only two) use anaerobic treatment. However, more
than30percert us aeobic systenssuchasacivated sudge aeated bgoons,
trickling filter, ard rotating biological contaciors (RBC).
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Table 12:Wastewater Treatment Technology Trends
Percertage d Facilities Using | Percertage d Facilities Using
Tr eatment Technology Technology Prior to 1986 Technology in 19891990
Neutralization 260 443
Equalizatin 201 286
Activated dudge 169 205
Settlealle solids removal 133 NA
Primary sedimentation 120 NA
Aerated lagoon 75 4.9
Primary darification 3.9 9.8
h Chlorination 3.6 25
z Palishing pads 3.2 NA
m Waste galilization pond 29 2.5
z Trickling filter 2.9 20
: Multimedia filtr ation 2.3 6.1
u Stream gripping 19 5.7
o Evaporation 1.9 NA
a Secondary carification 1.6 209
[y Granular adivated carbon 1.3 3.3
> Oxidation 1.0 20
-l Dissolved air flotation 1.0 NA
: pH adjugment NA 500
u Phase separation NA 123
“ Note: Total pecentageis na 100 kecawse fcilities nay use multiple treatnent tecmologies.
4 NA - Not available.
ﬁ Source: adapted fom Developnent Docunent for Proposed Effluent GQuidelinesand Standads for the
n Pharmaceutical Manufactung Point Souce Categoy, 1995 and \$ Envionnent Laws, 1994.
m Althoughthe pramaceuicalindusty has routinely utilized ecovery systens
to recover and reuse solvents, only four facilit ies were identified by EPA as
m usng dream gripping to remove gags ard/or organc clemicak from
: wastewater sreams. Sixty one facilit ies were identified that use distillation

either to recover a spedic sdvert from a piocess sieamor to treatone or
more process wast steans. Howewer, accading to PhARMA, it islikely that
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these facilit ies use this method to recover a specific solvent from a specific
process seamrather than to treat wasewaer from numerous @eratons
since he treament technology is not applicable to the wide range d wase
characteristics canmon in the plamrmaceuical industy.

I1l. B.4. Solid Wages

Both nonhazadous aml hazadous wases ae germrated duing al three
stages 6 phamaceuical manufacturing. These wass carinclude df-spec
or obsdete raw materials ar products, spet sdverts, reacton residues,used
filt er media, ill bottoms, used chemical reagents, dugs from filt ration or air
pollution control equpmert, raw meaterial packagng wases, laboratory
wastes, spills, aswell as wastes generated duiing packaging of the formulated
product

Filter cakesard spemn raw materials (plants, roots, animal tissuesetc.) from
fermertation ard retural productextracion are two of the largestsaurces @
residualwasesin the ptammaceuicalindusty. Other wasesincludereacton
residues ard filtrates from chenical synthesis rocessesThese vastes nay be
stripped ¢ ary sdvents which remain in them ard then dispcsed as éher
hazadousor nonhazadouswases. Typicaly, sdid wases ae shppedoff-
site for disposal or incineration.

A number of pracices ae implemented ty the industy to reduce wast
gereration ard material losses.  Typical pracices nclude pocess
optimizaion, productonscheduling, materialstracking ard inventory control,

specal material handling ard sbrage pocedues, prevertive maintenance
programs, ard wase steamsegegaton.
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lll. C. Management of TRl Chemicals in the Production Process

The Pdlution Prevertion Act of 1990 PPA requires fadlities to report
information aout the management of Toxics Release Inventory (TRI)
chemicals in waste and efforts made to diminate or reduce those quantities.
These da have beencdlected amualy in Secion 8 of the TRI reporting
Form R beginning with the 1991 eporting year. The datisummarized lelow
cover the years 1994 through 1997 ad are neart to provide a lasic
understanding of the quatities of wage handled by the indugry, the nmethods
typicaly usedio managethis wase, ard recer trerds n these nethods. TRI
wase managenent dag canbe used v assessrémds n saurce reducion
within individud indugries and facilit ies, and for specific TRI chemicals. This
information could then be used asa ol in idertifying opportunities for
pollution prevertion compliance asstarce acivities.

While the quatities reported or 1994 ad 1995 ae esimates of quarities
alreadymanaged,the quartities reported for 1996 ad 1997 ae projecions
only. The PPA requires these projections to encourage facilit ies to consider
future wase gemration ard saurce reduction of those quatities as welas
movement up the wase managenent hierarchy. Future-yearesimates ae not
commitments that facilit ies reporting under TRI are required to meet.

Table 13 sbws that the TRI reporting phamaceuicd fadlit ies managed
about 382millio n poundsof produdion related wastes (total quantity of TRI
chemicak in the wase from routine producion operations n Colunn B) in
199%. From the yearly data presented in Column B, the total quantity of
producionrelated wagesincreagd etweenl1994 ad 1995.Thisisprobaly
in pat because e rumber of chemicak an the TRI list almost doubled
betweenthose years. The quatity of wasesgererated wasalsoprojecied ©
increa® in 1996 ad 1997.The efectof producion increagson the anount
of wases geprated has ot beenevaluated.

Values h Column C ake intended b revealthe pecertage d TRI chenicak

that are ether trarsferred off-site or releasedo the ervironmert. Colurmn C

is cakulated by dividing the total TRI trarsfers and releases rgported n

Sectons 5 ard 6 of the TRI Form R) by the total quartity of producton-

related wase (reported n Section 8 of FormR). Colunn C shows a decease
in the pation either trarsfered off-site or releasedd the ervironmert from

50 pecert in 1994 b 46 pecent in 1995. The wase releagd D the

ervironmert or trarsferred off-gite for disposal decea®d dightly in 1995to

about 10 pecent of total wastes generated, as shown in Column J. This

deceasng trerd is projected © continue trough1997.
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Industrial Process Description

The owverall proportions of wages managed off-site (Columns D, E, and F)
ard onsite (Columns G, H, ard 1) charge \ery little from yearto year. About
50 pecert of the indudry’s TRl wages were managed am-site through
recycling, erergy recovery, or treatment as slown in cdumns D, E, ard F,
respecively. Almost all of these o-site managed wastés wee recycled a
treaed m-site. Only alout two percert were usedm erergyrecovery. Waste
that is trarsferred off-site canbe divided nto portions that are recycled off-
site, recovered for erergy off-site, or treaed off-site as slown in coums G,
H, and |, respectively. The remaning portion of the produdion related
wases, 10 pecert, shown in colurm J, is either releasedd the ervironmert
throughdirectdischargesto ar, land, water, ard urderground injection, or it
is disposed df-site.

Table 13:Source Reduction and Recycing Activity for the
Pharmacetticals Industry as Reported within TRI
A B C J
Quartity of On-Site Off-Site %
Produdion- Releasd
Related [% Releazd|[ D E F G H | and
Waste and Disposed®
Year | (10°lbs)* | Trangferred %  |% Energy % % Energy Off-site
Recycled| Recovery | % Treatad | Recycled| Recovery | % Treated
1994 324 50% 139% | 20% | 335% | 53% | 217% | 133% [ 108%
1995 382 46% 168% | 16% | 343% | 47% | 216% | 117% [ 9.7%
1996 404 NA 187% | 16% | 371% | 51% | 188% | 104% [ 84%
1997 414 NA 204% | 16% | 359% | 55% | 184% | 99% 8.3%

Source: ToxicsReleas Inventoy Databa®, 1995.
& within this indugry sector, non-produdion related waste < 1% of produdion related wastes for 1995.
® Total TRI trarsfers ard releases aseported in Section 5 ard 6 of Form R as a pesertage ofproduction related wastes.
¢ Percentage of production related waste released to the environment and transferred off-site for disposal.
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IV. CHEMICAL RELEAS E AND TRANSFER PROFILE

This section is designed to provide background information on the pollutant
releasesHat are reported ty this industy. The kest saurce d comparative
pollutant releasanformation isthe Toxic Rekase ventory (TRI). Pursuart
to theEmergency Planning and Community Right-to-Know Act, TRI includes
self-reported facility release and transfer data for over 600 bxic chemicals.
Fecilities within SIC Codes20 trough 39 (marufacturing indudries) that
have more than 10 enployees,ard that are atmve weght-based reporting
thresholds are required to report TRI on-site releases and off-site transfers.
The information presemed within the secbr notebooks is delived from the
most recenly available (1995) TRI reporting year (which includesover 600
chemicak), and focuses pmarily on the on-site releases reported by each
secbr. Because RI requires cansistent reporting regardlessof secbr, it is
anexcelent tool for drawing canpatisonsacrossindusties. TRI datprovide
thetype,amount ard media recepbr of eachchenicalreleased ptrarsferred.

Although this se¢or notebook does ot presen historical information
regarding TRI chemicalrelease®ver time, please ote that in gereral, toxic
chenical releagshave beendeclning. In fact, accading to the 1995 Dxic
Relkase mventory Public Data Rekase,reported asite releases btoxic
chemicals to the environment decreased by 5 percent (854 million pounds)
between1994 ad 1995 (ot including crenicaksaddedand removed fromthe
TRI chemical list during this peiod). Reported iEleags dropped ly 46
percert between1988and 1995. Reported rarsfers of TRI chemicakto off-
site locations increased by 0.4 percent (11.6 million pounds) between 1994
ard 1995. More detiled information canbe obtained fom EPA's annual
Toxics Retase mventory Public Data Rekase bok (which is awailable
through the BPCRA Hotline at800535-0202), or directy from the Toxic
Relea® Inventory Systemdaitbase (for user suppat cal 202260-1531)

Wherever passble, the secbr notebooks presem TRI dai@ as he pimary
indicaor of chemical release wihin eachindustial category. TRI daia
provide he type, anount ard media recepor of eachchemcal released o
trarsferred. Whenother saurces d pdlutant release dathave beenobtained,
these da have beenincluded b augnert the TRI information.

TRI Data Limitations

Certain limitations exist regarding TRI daa. Release and transfer reporting
are limited to the approximately 600 chenicak on the TRI list. Therefore, a
large portion of the emissions from indudrial facilities are not captured by
TRI. Within sane secbrs, (e.g. dry cleanng, printing ard trarspatation
equipment cleaning) the mgority of facilit ies are not subject to TRI reporting
becauselieyare rot considered manufacturing industies, or becausehieyare
below TRI reporting thresholds For these sectors, release information from
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other sources has beenincluded. Inaddition, many facilit ies report more than
one SC codereflectng the rmultiple operations caried aut onsite. Therefore,
reported releases ah trarsfers may or may not al be asseiated wih the
indudrial operations described in this notebook.

The readerstould ako be awae that TRI "pounds released'data presemed
within the rotebooks is not equialent to a"risk” ranking for eachindusty.
Weighting eachpound of release equbl does not factor in the relative
toxicity of eachchemcal that is released. The Agercy is in the proces of
deweloping anappoach to assgn toxicological weights o eachchemcal
releasedso that one candifferentiate between padlutants with significart
differencesin toxicity. Asapreliminary indicator of the environmental impact
of the industy's nost commonly released chmicalks, the rotebook briefly
summarizes he toxicological propettiesof the top five chermicak (by weight)
reported ky eachindusty.

Definitions Assocated with Section IV Data Tables
General Definitions

SIC Code -- the Sardad Industia Classiicaton (SIC) is a shtistical
classficaton stardard used or al estblishmert-based Federa ecaomic
statistics. The SIC codes facilit ate comparisons between facilit y and indugry
daa.

TRI Facilities-- are manufacturing fecilit ies that have 10 or more full-time
enployees ad are alwve esablished chemical throughput thresholds.
Manufacturing facilities are ddined as facilities in Standard Indugrial
Classification primary codes 20-39. Facilities must submit estimates for al
chemicak that are an the TRI list ard are alove throughput thresholds.

Data Table Coumn Heading Defnitions

The following defnitions are based upa sardard defnitions developed ly
EPA’sToxic Rekasdnventory Program. The caegaiesbelow represemthe
possble pdlutant destnations that canbe reported.

RELEASES - are an on-site discterge d a toxic clemical to the
ervironmert. This includes enssons to the ar, discherges b bodies d
water, releases a the facility to land, as well as contained disposal into
underground injecion wels.

Releasesto Air (Point and Fugitive Air Emissions) -- Include dl air
emissions from indudry activity. Point emissions occur throughconfined air
streans as dbund in stacks, vents, duds, or pipes. Fugitive emissbns include
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equpmert leaks,evapaative losses ifom suface mpoundments ard splls,
and releases from building ventilation systems.

Releasesto Water (Surface Water Discharges)-- ercompass ayn releases
going drecty to streans, rivers, lakes, ocears, or other bodies d water.
Relkases dueotrunoff, including sorm water runoff, are ako reportade to
TRI.

Releasesto Land -- occur within the boundaries of the reporting facilit y.
Releases to land include disposal of toxic chemicals in landfills, land
treament/applicaion farming, sufaceimpoundments,ard other land dispcsal
methods (such as Soills, leaks, or waste piles).

Underground Injection -- is a catained release 6a uid into asulsurface
well for the purpaoseof wase dspasal. Wastes cantaining TRI chenicalk ae
injected nto either Classl wellsor Class V wdbk. Class Iwels are useda
inject liquid hazadous wases @ dispese o industial ard municipal
wasewaers keneah the lowemost underground saurce d drinking water.
ClassV wells are gerrally used o inject non-hazadous tuid into or alove
anundemground source d drinking waer. TRI reporting doesnot currently
distinguish betweenthese wo types ¢ wels, althoughthere ae important
differences n ervironmertal impactbetweenthese o methods d injection.

TRANSFERS -- is atransfer of toxic chemicals in wastes to afacility that is
geographically or physically separate from the facility reporting under TRI.
Chemicals reported to TRI as transferred are sent to off- site facilit ies for the
purpose d recycling, erergy recovery, treament, or dispcsal. The quanities
reported represem a novement of the cremical away from the reporting
facility. Except for off- site transfers for disposal, the reported quantities do
not necessaly represen ertry of the chemicalinto the ervironmert.

Transfers to POTW s-- are wasewaer trarsferred throughpipes @ sewes
to a pulicly owned treatments works (POTW). Treatment or removal of a
chemical from the wasewater depewl on the reture of the cremcal aswell

as he treamment methods pesen atthe FOTW. Not all TRI chemicak can
be treatd a removed by aPOTW. Some chemical, suchas netals, may be
removed, but are not destroyed and may be disposed of in landfills or

discherged b receving wagrs.

Transfers to Recycing -- are sent off-site for the purposes of regenerating
or recovery by a variety of recycling methods, including sdvert recovery,
metals recovery, ard acd regereration. Orce hese ckmicak have been
recycled, they may bereturned to the originating facilit y or sold commaercially.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Secbr Notebook Project 57 Sepenber 1997




Pharmaceutical Industry Releases and Tranders Profile

Trandersto Energy Recovey -- are wases canbusted off-site in industial
furnaces or erergy recovery. Treaiment of a clenical by incineration is not
considered © be erergy recovery.

Transfers to Treatment -- are wasesmoved off-site to be treaed trough
a \variety of methods, including neutralizaton, incineration, biological
destruction, or physical sepaation. In same casesthe clemicak ae not
degroyed hut prepaed r further wade managenent.

Transfers to Disposal -- are wastes taken to another facility for disposal
gererally as a élease ¢ land or as annjection underground.
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Pharmaceutical Industry Releases and Tranders Profile

IV.A. EPA Toxic Release Inventory for the Pharmaceutical Industry

This secton summarizes TRI dat of pharmaceuicalfadlit ies reporting SIC
codes2833 ad 2834 aghe pimary SIC code Pr the fadlity. Of the 916
phamaceuical estblishmerts reported by the 1992 Gnaus of
Manufacturers, 200 eported © TRI in 1995.

Accarding to 1995 TRI dat, the reporting fadlit ies released (discharged to
the air, water, or land without treatment) and transferred (shipped off-site) a
total of 177 million poundsof pollutants, madeup of 104 dfferent chenicak.
This represents about 3 percent of the 5.7 hillio n pounds of TRI chemicals
released amh trarsferred by al manufacturers that year. In compaiison, the
chemical indudry (SIC 28) as awhole produced 1.7 billio n poundsthat yesr,
accaurting for alout 30 pecert of al releases ahtrarsfers.

Of the pramaceuical industy’s TRI releases57 pecent go to the ar, 25
percert to undemground injecion, 17 pecert to sufacewaters, ard 1 pecent
to the land. This release profile differs from other TRI indudries which
average appoximately 59 pecert to air, 30 pecert to water, ard 10 pecert
to land. Table 14 ists the plammaceuical industy’s TRI reported chemical
releases.

Of the plamaceuical industy’ s trarsfers, alout 55 pecert are trarsferred
for erergy recovery off-site, 19 pecert for treament off-site, 13 percert are
trarsferred to POTWSs, 12 pecert for recycling off-site, and about 1 pecert
for dispacsal off-site. Table 15liststhe pharmaceuicalindusty's TRI reported
toxic chemicaltrarsfers.

Of the top ten most frequertly reportedtoxic chemcak on the TRI ligt, the
prevalerce d volatile chemcalk explains the ar intensive toxic cremical
loading of the plamaceuical industy. Seven of the ten most commonly
reported bxic chemcak ae highly volatile. Six of theten are \olatile orgaric
compounds (methanol, dichloromethare, toluere, ethylene glycol, N,N-
Dimethylformanide, ard acebnitrile). Theseare primarily sdverts used b
extractacive ingredients ard for cleanng equpmert. The ptimary mears o
release ¢ the ervironmert are from fugitive ar ard pant air saurces. Large
guartities d metharol, N,N-Dimethylformamde,and acebnitrile, howewer,
are released ha urdemground injecion. Other commonly reported clemcalk
released ath trarsferred ale acds (ydrochloric, sufuric, ard phosphoric)
which canbe used 6r pH cantrol or as caalysts.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Secbr Notebook Project 59 Sepenber 1997




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

108laid Y000RIoN 1Q28S

09

/66T Joquadas

Table 14:1995 Redasesfor Pharmaceutcal Facilities(SIC 2833 & 2834)in TR,
by Number of Facilities Rerting
(Releases reported in poundsyear)

AVG.
CHEMICAL NAME # REPORTING FUGITIVE POINT WATER UNDERGROUND LAND TOTAL RELEASES
CHEMICAL AIR AIR DISCHARGES INJECTION DISPOSAL RELEASES PER FACILITY
METHANOL 104 1,396,868 2,100,445 841,250 5,820,000 1,370 10,159,933 97,692
DICHLOROMETHANE 63 2,386,880 4,611,794 21,635 83,000 5 7,103,323 112,751
HYDROCHLORIC ACID
(1995 AND AFTER "ACID AEROSOLS" ONLY) 62 68,269 532,143 10 0 5 600,427 9,684
TOLUENE 54 498,932 593,839 10,025 9,100 0 1,111,89 20,591
AMMONIA 42 772,824 380,822 1,665,336 0 232,413 3,051,395 72,652
PHOSPHORIC ACID 31 5,194 5,160 20 0 5 10,379 335
ETHYLENE GLYCOL 30 21,721 2,638 20,200 0 500 45,059 1,502
ACETONITRILE 25 206,608 106,670 1,405 219,000 5 533,688 21,348
N,N-DIMETHYLFORMAMIDE 20 63,972 10,598 69,005 1,000,000 1,700 1,145,275 57,264
CHLORINE 19 4,315 9,036 16,633 0 5 29,989 1,578
N-HEXANE 18 201,267 258,124 2,384 5,300 5 467,080 25,949
TRIETHYLAMINE 17 22,262 15,957 10,030 5,900 5 54,154 3,186
ZINC COMPOUNDS 16 765 11,169 73,686 100,000 121,500 307,120 19,195
CHLOROFORM 14 55,536 88,826 3,105 0 0 147,467 10,533
N-BUTYL ALCOHOL 14 145,024 476,734 255 6,600 0 628,613 44,901
METHYL ISOBUTYL KETONE 14 273,952 109,175 15,000 6,500 0 404,627 28,902
XYLENE (MIXED ISOMERS) 14 10,712 107,105 0 0 0 117,817 8,416
FORMIC ACID 13 21,550 3,173 5,160 1,400 5 31,288 2,407
NITRIC ACID 13 §,029 12,928 10 0 0 20,967 1,613
METHYL TERT-BUTYL ETHER 11 4,061 18,449 0 12,000 0 34,510 3,137
SULFURIC ACID 11 22,283 3,091 0 0 0 25,374 2,307
NITRATE COMPOUNDS 10 0 0 2,082,243 0 16,875 2,099,118 209,912
FORMALDEHYDE 9 2,662 3,772 2,000 0 0 8,434 937
CYCLOHEXANE 9 47,574 147,052 700 33,000 0 228,326 25,370
DICHLORODIFLUOROMETHANE 8 22,610 195,178 0 0 0 217,788 27,224
CERTAIN GLYCOL ETHERS 7 1,310 27,944 5 0 0 29,259 4,180
TERT-BUTYL ALCOHOL 7 26,713 19,473 2,400 36,000 0 84,586 12,084
METHYL ETHYL KETONE 7 20,624 51,120 50 31,000 0 102,794 14,685
NAPHTHALENE 7 515 1,014 0 0 0 1,529 218
PYRIDINE 7 2,820 3,003 5 13,000 0 18,918 2,703
COPPER COMPOUNDS 6 6 67 0 0 0 73 12
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g Table 14,cont.: 1995 Retasesfor Pharmaceuical Facilities(SICs 2833 &2934) in TRI
h 2 by Number of Facilities Rerting
z Q (Releases reported in poundsyear)
g— # REPORTING FUGITIVE POINT WATER UNDERGROUND LAND TOTAL AVG. RELEASES
m o CHEMICAL NAME CHEMICAL AIR AIR DISCHARGES INJECTION DISPOSAL RELEASES  PER FACILITY
~ COPPER COMPOUNDS 6 6 67 0 0 0 73 12
z Y] CYANIDE COMPOUNDS 6 425 868 5,810 2,800 0 9,903 1,651
.§ . MANGANESE COMPOUNDS 6 260 1,005 26,905 0 505 28,675 4,779
g CHLOROMETHANE 6 28,840 97,844 44,000 0 0 170,684 28,447
: - TRICHLOROFLUOROMETHANE 6 59,306 61,801 0 0 0 121,107 20,185
DIQ-ETHYLHEXYL) PHTHALATE 6 255 292 0 0 0 547 91
u ETHYLBENZENE 5 789 977 0 0 0 1,766 353
1,2-DICHLOROETHANE 5 928 1,313 269 10,000 0 12,510 2,502
o 2-METHOXYETHANOL 5 9,130 9,455 0 0 0 18,585 3,717
BROMINE 5 780 389 10 0 5 1,184 237
n ARSENIC COMPOUNDS 4 5 10 0 0 0 15 4
NICKEL COMPOUNDS 4 0 75 434 0 96 605 151
m CHLORODIFLUOROMETHANE 4 31,484 30,009 0 0 0 61,493 15,373
CHLOROACETIC ACID 4 24 5 16 0 0 45 11
> BENZOYL PEROXIDE 4 0 0 0 0 0 0 0
C,_\D SODIUM NITRITE 4 0 0 15,000 0 0 15,000 3,750
H BARIUM COMPOUNDS 3 10 5 250 0 0 265 88
ANILINE 3 3,896 1,173 0 0 0 5,069 1,690
: BENZENE 3 2,970 582 0 760 0 4,312 1,437
ETHYLENE OXIDE 3 12,143 9,550 0 0 0 21,693 7,231
u DICHLOROTETRAFLUOROETHANE (CFC-114) 3 4,978 2,260 0 0 0 7,238 2,413
PERACETIC ACID 3 255 5 5 0 5 270 90
“ HYDRAZINE 3 285 50 3 0 0 338 113
OZONE 3 250 522 0 0 0 772 257
q TETRACYCLINE HYDROCHLORIDE 2 0 754 0 0 0 754 377
ISOPROPYL ALCOHOL (MANUFACTURING,
STRONG-ACID PROCESS ONLY, NO SUPPLIE 2 61,250 140,250 0 0 0 201,500 100,750
ﬁ METHYL IODIDE 2 1,100 850 0 0 0 1,950 975
n PROPYLENE OXIDE 2 500 1,330 5 0 0 1,835 918
FREON 113 2 3,500 38,119 0 0 0 41,619 20,810
m 0 ACRYLIC ACID 2 33 2 0 0 0 55 28
(9] PHTHALIC ANHYDRIDE 2 1 0 0 0 0 1 1
%
-] 1
(o}
(]
\l
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Table 14,cont.: 1995 Retasesfor Pharmaceuical Facilities(SICs 2833 & 2934)in TR,

by Number of Facilities Reprting
(Releases reported in poundsyear)

#REPORTING FUGITIVE POINT WATER UNDERGROWD LAND TOTAL AVG. RELEASES
CHEMICAL NAME CHEMICAL AlIR AIR DISCHARGES INJECTION DISPCSAL RELEASES  PER FACILITY
BENZOYL CHLORIDE 2 0 2 0 0 0 2 1
BENZYL CHLORIDE 2 5 5 0 0 0 10 5
EPICHLOROHYDRIN 2 290 50 0 0 0 340 170
M-XYLENE 2 1565 571 250 0 0 2,386 1,193
PHENOL 2 255 255 0 0 0 510 255
DIETHANOLAMINE 2 500 1,000 5 0 0 1,505 753
14-DIOXANE 2 270 260 0 0 0 530 265
DIMETHYLAMINE 2 23500 15250 250 0 250 39250 19625
TETRACHLOROETHYLENE 2 2,239 14000 0 0 0 16239 8,120
DIAZINON 2 5 278 5 0 0 288 144
ZINC (FUME OR DUST) 2 0 2 0 0 0 2 1
TITANIUM TETRACHLORIDE 2 5 10 0 0 0 15 8
HYDROGEN FLUORIDE 2 250 8,350 0 0 0 8,600 4,300
ABAMECTIN 2 0 0 16 0 0 16 8
ANTIMONY COMPOUNDS 1 5 5 0 0 0 10 10
CHROMIUM COMPOUNDS 1 0 0 0 43000 0 43000 43000
COBALT COMPOUNDS 1 0 0 0 0 0 0 0
SELENIUM COMPOUNDS 1 0 3 0 0 0 3 3
FAMPHUR 1 0 0 0 0 0 0 0
CARBON TETRACHLORIDE 1 60 400 67 0 0 527 527
PHENYTOIN 1 0 0 0 0 0 0 0
DICHLORVOS 1 5 250 5 0 0 260 260
1,1,1-TRICHLOROETHANE 1 76,500 52,500 0 0 0 129000 129000
BROMOMETHANE 1 50 21 0 0 0 71 71
CHLOROETHANE 1 163 0 0 0 0 163 163
CARBON DISULFIDE 1 2450 21000 0 0 0 23450 23450
PHOSGENE 1 240 5 0 5 0 250 250
DIMETHYL SULFATE 1 0 8 0 0 0 8 8
ISOBUTYRALDEHYDE 1 11 25 0 0 0 36 36
SEC-BUTYL ALCOHOL 1 250 71,799 0 0 0 72,049 72,049
METHYL CHLOROCARBONATE 1 250 0 5 0 5 260 260
QUINOLINE 1 5 0 5 0 5 15 15
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Table 14,cont.: 1995 Retasesfor Pharmaceuical Facilities(SICs 2833 & 2934)in TR,

by Number of Facilities Reprting
(Releases reported in poundsyear)

#REPORTING FUGITIVE POINT WATER UNDERGROWD LAND TOTAL AVG. RELEASES

CHEMICAL NAME CHEMICAL AlIR AIR DISCHARGES INJECTION DISPCSAL RELEASES  PER FACILITY
BIPHENYL 1 5 0 0 0 0 5 5
O-XYLENE 1 2400 54 0 0 0 2,454 2454
1,2-DICHLOROBENZENE 1 244 2490 0 0 0 2,734 2,734
124-TRIMETHYLBENZENE 1 250 250 5 0 0 505 505
CUMENE 1 250 250 5 0 0 505 505
ACETOPHENONE 1 5 5 0 0 0 10 10
NITROBENZENE 1 3891 321 0 0 0 4,212 4212
ALLYL CHLORIDE 1 321 27 0 0 0 348 348
CHLOROMETHYL METHYL ETHER 1 0 0 0 0 0 0 0
MALEIC ANHYDRIDE 1 5 5 0 5 0 15 15
CHLOROBENZENE 1 12 11 0 0 0 23 23
CYCLOHEXANOL 1 93 133 0 0 0 226 226
2-ETHOXYETHANOL 1 29 91 0 0 0 120 120
PROPYLENE 1 5 5 0 0 0 10 10
N,N-DIMETHYLANILINE 1 5 35 0 0 0 40 40
MALATHION 1 0 2 0 0 0 2 2
THIABENDAZOLE 1 175 3,504 0 0 0 3,679 3,679
ETHYL CHLOROFORMATE 1 250 250 5 0 5 510 510
1,3-DICHLOROBENZENE 1 1,200 80 0 0 0 1,280 1,280
LITHIUM CARBONATE 1 0 0 0 0 0 0 0
N-METHYL-2-PYRROLIDONE 1 7 0 0 0 0 7 7
TETRACHLORVINPHOS 1 5 5 5 0 0 15 15
TRIFLURALIN 1 6,900 250 0 0 0 7,150 7,150
BENFLURALIN 1 750 250 0 0 0 1,000 1,000
PROMETRYN 1 0 0 0 0 0 0 0
NICKEL 1 0 0 250 0 0 250 250
THIOPHANATE-METHYL 1 0 187 0 0 0 187 187
SODIUM AZIDE 1 0 0 0 0 0 0 0
VINCLOZOLIN 1 0 0 0 0 0 0 0
PERMETHRIN 1 0 0 0 0 0 0 0
PRORCONAZOLE 1 0 0 0 0 0 0 0
200 6664939 10500358 4936137 7438370 375274 29915078 149575
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Table 15:1995 Tranders for Pharmaceuical Facilities(SICs 2833 & 2834)in TR,

by Number and Fadlities Reporting
(Trandersreported in poundslyear)

AV(]
# ENERGY TRANSFER]
REPORTING POTW  DISPOSAL RECYCLING TREATMENT RECOVERY TOTAL PER]
CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY|
METHANOL 104 10,078,077 15,765 2,895,743 6,162,576 45,367,761 64,531,571 620,496
DICHLOROMETHANE 63 751,775 16,824 5,012,106 7,276,313 1,235,911 14,292,929 226,872
HYDROCHLORIC ACID
(1995 AND AFTER "ACID AEROSOLS" ONLY) 62 1,760 0 40 42,681 50 44,531 718
TOLUENE 54 414,049 1,561 3,339,411 6,122,272 19,740,070 29,617,363 548,470,
AMMONIA 42 1,071,827 1,465 . 112,847 9,600 1,195,739 28,470]
PHOSPHORIC ACID 31 3,105 0 . 57 . 3,162 1024
ETHYLENE GLYCOL 30 554,598 3,852 336,439 61,127 77,350 1,033,366 34,446
ACETONITRILE 25 95,246 1 2,069,030 3,383,572 2,740,790 §,288,639 331,546
N,N-DIMETHYLFORMAMIDE 20 183,581 139,701 148,797 237,849 1,603,998 2,313,926 115,696
CHLORINE 19 5 . . . . 5 0]
N-HEXANE 18 12,278 2,700 240,109 1,441,312 1,138,050 2,834,449 157,469
TRIETHYLAMINE 17 187,407 12 3,600 198,784 247,722 637,525 37,501
ZINC COMPOUNDS 16 9,575 750,130 . 22,330 5,957 787,992 49,250)
CHLOROFORM 14 106,977 750 44,703 702,085 30,985 885,500 63,250]
N-BUTYL ALCOHOL 14 489,700 1 . 107,940 953,422 1,551,063 110,790]
METHYL ISOBUTYL KETONE 14 260,567 0 1,573 230,440 1,016,450 1,509,030 107,788
XYLENE (MIXED ISOMERS) 14 7,961 . 250 9,823 1,572,510 1,590,544 113,610]
FORMIC ACID 13 86,010 . . 37,750 29 123,789 9,522
NITRIC ACID 13 5 . 250,803 339 . 251,147 19,319
METHYL TERT-BUTYL ETHER 11 27,370 0 . 278,900 1,070,683 1,376,953 125,178
SULFURIC ACID 11 0 . . . 0 0]
NITRATE COMPOUNDS 10 100,018 . . 135 100,153 10,015
FORMALDEHYDE 9 251,529 3,650 . 190 . 255,369 28,374
CYCLOHEXANE 9 755 600 250 15,100 311,350 328,055 36,451
DICHLORODIFLUOROMETHANE 8 0 . 95,320 137,292 . 232,612 29,077,
CERTAIN GLYCOL ETHERS 7 146,087 . . 26 312,401 458,514 65,5024
TERT-BUTYL ALCOHOL 7 6,066 4,950 . 251 425,850 437,117 62,445
METHYL ETHYL KETONE 7 1,190 . 750 5,432 260,702 268,074 38,296
NAPHTHALENE 7 0 0 . 92 435 527 75
PYRIDINE 7 207,128 5 11,765 2,937 92,177 314,012 44,859
COPPER COMPOUNDS 6 467 1,410 . 9,300 11,427 1,905
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Table 15,cont.: 1995 Tranders for Pharmaceuical Facilities(SICs 2833 & 2834)in TR,

by Number and Fadlities Reporting
(Trandersreported in poundslyear)

AV(]
# ENERGY TRANSFER]
REPORTING POTW  DISPOSAL RECYCLING TREATMENT RECOVERY TOTAL PER]
CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY]
CYANIDE COMPOUNDS 6 285 . . 104 389 65
MANGANESE COMPOUNDS 6 6,650 §,116 . 500 15,266 2,544
CHLOROMETHANE 6 20 . . 42 . 62 10]
TRICHLOROFLUOROMETHANE 6 0 . 104,310 233,270 167,833 505,413 84,236
DIQ2-ETHYLHEXYL) PHTHALATE 6 281 13,698 2,912,911 . 647 2,927,537 487,923
ETHYLBENZENE 5 316 . . 3,266 74,215 71,7197 15,559
1,2-DICHLOROETHANE 5 3,124 250 100,597 2,074 36,300 142,345 28,469,
2-METHOXYETHANOL 5 976,200 . 1,524,333 2,500,533 500,107}
BROMINE 5 2,640,807 259,632 . . 2,900,439 580,088
ARSENIC COMPOUNDS 4 60 7,494 . 3,608 11,162 2,791
NICKEL COMPOUNDS 4 0 422 83,180 14 83,616 20,904
CHLORODIFLUOROMETHANE 4 0 . . . 0 0]
CHLOROACETIC ACID 4 0 . . 2,628 . 2,628 657}
BENZOYL PEROXIDE 4 1,502 250 . 2,797 1,303 5,852 1,463
SODIUM NITRITE 4 124,660 . . 13,009 137,669 34,417,
BARIUM COMPOUNDS 3 170 58 . 14 . 242 81
ANILINE 3 2,500 11,833 . 24,922 867 40,122 13,374
BENZENE 3 523 20 . 96,050 335,350 431,943 143,981
ETHYLENE OXIDE 3 0 . 750 750 250)
DICHLOROTETRAFLUOROETHANE (CFC-114) 3 0 1,689 15,787 17,476 5,825
PERACETIC ACID 3 0 0 0]
HYDRAZINE 3 0 0 0]
OZONE 3 0 . . . 0 0]
TETRACYCLINE HYDROCHLORIDE 2 1,256 112 . 500 1,868 934
ISOPROPYL ALCOHOL (MANUFACTURING,
STRONG-ACID PROCESS ONLY, NO SUPPLIE 2 1,300 1,300 650)
METHYL IODIDE 2 0 . 0 0]
PROPYLENE OXIDE 2 20,750 . 180 20,930 10,465
FREON 113 2 0 16,000 62 16,062 §,031
ACRYLIC ACID 2 0 2,758 2,758 1,379
PHTHALIC ANHYDRIDE 2 0 0 0]
BENZOYL CHLORIDE 2 0 0 0]
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g Table 15,cont.: 1995 Tranders for Pharmaceuical Facilities(SICs 2833 & 2834)in TR,
=} e .
h > by Number and Fadlities Reporting
z S (Trandersreported in poundslyear)
g— AVG
m S # ENERGY TRANSFER|
= REPORTING POTW DISPCBAL RECYCLING TREATMENT RECOMVERY TOTAL PER|
- CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY
E 3 BENZYL CHLORIDE 2 5 } 10 15 g
o) EPICHLOROHYDRIN 2 0 0 . . 0 o
:. Q M-XYLENE 2 20 87,148 78059 165227 82614
PHENOL 2 250 548 . 798 399
u. DIETHANOLAMINE 2 1,500 . . 47916 49416 24709
1,4-DIOXANE 2 4170 2 300 8,960 13432 6,714
o DIMETHYLAMINE 2 0 38000 . 2,100 . 40,100 20050
TETRACHLOROETHYLENE 2 0 . 510 . 49005 49515 24758
DIAZINON 2 0 1,060 1,609 2,669 1,334
a ZINC (FUME OR DUST) 2 0 1,223 1,223 612
TITANIUM TETRACHLORIDE 2 0 0 o
HYDROGEN FLUORIDE 2 0 . 0 o
m ABAMECTIN 2 0 . 5,582 5,582 2791
ANTIMONY COMPOUNDS 1 0 53,200 . 53,200 53,200
> o CHROMIUM COMPOUNDS 1 250 260 5 515 515
= ° COBALT COMPOUNDS 1 2,920 . 2,920 292
SELENIUM COMPOUNDS 1 260 13,641 13,901 13,901
: FAMPHUR 1 0 1,540 1,540 1544
CARBON TETRACHLORIDE 1 40 . 45782 45822 45822
PHENYTOIN 1 0 19300 . 19300 1930(
u DICHLORVOS 1 0 250 . 250 500 500
1,1,1-TRICHLOROETHANE 1 0 106250 106250 10625(
BROMOMETHANE 1 0 . 0 o
CHLOROETHANE 1 0 2,489 . 2,489 2,489
CARBON DISULFIDE 1 1,120 18 11390 12528 12524
PHOSGENE 1 0 . 0 o
DIMETHYL SULFATE 1 0 . . 0 o
¢ ISOBUTYRALDEHYDE 1 0 8,647 640 9,287 9,287,
SEC-BUTYL ALCOHOL 1 0 0 o
n METHYL CHLOROCARBONATE 1 0 . 0 o
QUINOLINE 1 0 250 250 25
LLI %
9)
o
%
= B
©
©
\‘
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g Table 15,cont.: 1995 Tranders for Pharmaceuical Facilities(SICs 2833 & 2834)in TR,
=) g i
h > by Number and Fadlities Reporting
z S (Trandersreported in poundslyear)
g— AVG
m ] # ENERGY TRANSFE]
=~ REPORTING POTW DISPCSAL RECYCLING TREATMENT RECOMWERY TOTAL PER
R CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY
E S BIPHENYL 1 0 . . 0 0
‘('_D' O-XYLENE 1 0 100000 613800 161800 16180(
, Q,_ 1,2-DICHLOROBENZENE 1 6,480 14000 91891 112371 112371
124-TRIMETHYLBENZENE 1 4,800 . 4,800 4,80(
u. CUMENE 1 1,167 1,167 1,167
ACETOPHENONE 1 0 . 0 0
NITROBENZENE 1 5 5,914 5,919 5919
ALLY L CHLORIDE 1 0 0 0
CHLOROMETHYL METHYL ETHER 1 0 0 0l
n MALEIC ANHYDRIDE 1 0 . 0 0
CHLOROBENZENE 1 0 179228 179228 179228
CYCLOHEXANOL 1 0 . 0 0
m 2-ETHOXYETHANOL 1 4 25004 25008 25004
PROPYLENE 1 0 . 0 0
> (o] N,N-DIMETHYLANILINE 1 10000 . . 328000 338000 338004
H ~ MALATHION 1 0 26 273 . 299 299
THIABENDAZOLE 1 271 2,160 2431 243]]
: ETHYL CHLOROFORMATE 1 0 0 0
1,3-DICHLOROBENZENE 1 1,400 . 1,400 1,400
‘ ’, LITHIUM CARBONATE 1 0 750 750 750
N-METHYL-2-PYRROLIDONE 1 249000 . 249000 24900(
u TETRACHLORVINPHOS 1 0 4,200 4,200 4,20(
TRIFLURALIN 1 0 18000 18000 18,004
BENFLURALIN 1 0 14000 . 14000 14004
PROMETRYN 1 0 . . 203 203 203
NICKEL 1 0 18 400000 . 400018 400014
THIOPHANATE-METHYL 1 0 2677 2,677 2671
¢ SODIUM AZIDE 1 0 . 0 0
VINCLOZOLIN 1 0 1,030 1,030 1,030
n PERMETHRIN 1 0 . 0 o
PROPICONAZOLE 1 0 1,025 1,025 1,025
LU Y%
D
m _8- 200 19119179 1,394801 18,168,/83 27330633 81213752 147239047 736195
= s
O
(o]
\‘
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Pharmaceutical Industry Releases and Tranders Profile

The TRI daabase contains a detalled compilation of seif-reported, facilit y-
specific chemical releases. The top reporting facilit ies for the phrarmaceuical
indudry are listed below in Tables 16. Facilit ies that have reported only the
SIC codescovered urderthis notebook asa primary SIC code appeaon the
first list. Table 17 contains additional facilities that have reported the SIC
code cwvered within this report, ard one a more SIC cades hat are not
within the scopeof this notebook. Therefore, the second list includesfacilit ies
that conduct multiple operations -- some that are urder the sc@e d this
notebook, and some that are not. Currently, the facilit y-level data do not
allow pdlutant releasesd be brokenapat by industial process.

Table 16:Top 10 TRI Releagng Pharmaceuical Manufacturing Facilities
Total TRI Releasesin

Rank Facility Pounds
1 Pharmacia & Upjohn Co, Portage Michigan 8,307,190
2 Wamer-Lambert Co, Holland, Michigan 2594111
3 Eli Lilly & Co. - Tippecanoe Labs, Shaddand, Indiana 2,504810
4 Upjohn Mfg., Ca, Barceloneta, Puerto Rico 2,001450
5 Pfizer Inc., Groton, Connecticut. 1,761385
6 Eli Lilly & Co- Clinton Laborataies, Clinton, Indiana 1,282605
7 Abbott Chemicals, Inc., Barceloneta, Puerto Rico 1,193,707
8 Pfizer Inc., Southport, North Carolina 1,164350
9 Schering-Plough Produds, Inc., Las Piedras, Puerto Rico 756089
10 Biokyowa Inc., Cgpe Girardeau, Missouri 6693869

Source: US ERA 1995 DxicsReleas Inventoy Databa®.

& Being included on this list does not mean that the release is asociated with non-compliance with environmentall

laws.
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Pharmaceutical Industry

Releases and Tranders Profile

Table 17:Top 10 TRI Releasng FacilitiesReporting Pharmaceuical Manufacturing SIC
Codesto TRI?
SIC Codes Total TRI Releasesin
Rank Reportedin TRI | Facility Pounds
1 2834 Pharmacia & Upjohn Co, Portage Michigan 8,307,190
2 2819,2834,2842, | Monsanto Co,, Luling, Louisiana 5,698031
2865,2869,2873,
2879
3 2834 Warner-Lamibert Co, Holland, Michigan 2594111
4 2834 Eli Lilly & Co. - Tippecanoe Labs, Shaddand, 2504810
Indiana
5 2834 Upjohn Mfg., Ca, Barceloneta, Puerto Rico 2,001450
6 2833 Pfizer Inc., Groton, Connecticut. 1,761385
7 2834,2869,2969 | Ethyl Carp., Orangeburg, South Carolina 1,284456
8 2833,2834 Eli Lilly & Co- Clinton Laborataies, Clinton, 1,282605
Indiana
9 2819,2821,2824,| Dow Chemical Co, Midland, Michigan 1,228629
2834,2865,2869,
2879,2979
10 2833,2834 Abbott Chemicals, Inc., Barceoneta, Puerto Rico 1,193,707

Source: US EFA ToxicsReleas Inventoly Databa®, 1995.

& Being included on this list does not mean that the release is asociated with non-compliance with environmentall

laws.
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Pharmaceutical Industry Releases and Tranders Profile

IV.B. Summary of Selected Chemicals Rekased

The following is asynopss of current scientific toxicity and fate information
for the top chemicals (by weight) that facilities within both SIC 2833 anl
2834 glf-reported ageleagdto the environmert based upa1 1994 TRI daia
Because tis secton is based upo sef-reported Elease dat it does rot
attempt to provide nformation on managenent practces erployed ty the
secbr to reduce he release 6 these ckmicals. Information regarding
pollutant release educions over time may be availablefrom EPA’s TRI ard
33/50 programs, or direcly from the ndustial trade asscations that are
listed in Section VIII of thisdocument. Since these descriptions are cursory,
please cosult the saurces eferenced lelow for a nore detiled desciption
of both the chemicalk desdibed in this secton, ard the clenmicak thatappear
on the 1ull list of TRI chemicak appeang in Secton IV.A.

The lrief desciptions povided lelow were taken from the Hazadous
SubstancesData Bark (HSDB) ard the Integrated Rgk Information System
(IRIS). The discussions of toxicity describe the range of possible adverse

heath effects that have beenfound to be asseiated wih exposure to these
chemicak. These aderse efects may or may not occuratthelevelsreleased
to the environment. Individuds interested in a more detailed picture of the

chemical concertrations assaiated wih these aderse effects stould cansult

a toxicologist or the toxicity literature for the clemcal to obtain more

information. The efects listed bdow must be taken in context of these
exposure assurptions that are nore fully explained within the full chemical

profiles in HSDB. For more information on TOXNET? , contact the

TOXNET help line at1-800231-3766.

Methanol (CAS: 6756-1)

Toxicity. Metharol is readly alsarbed ty the gastointestinal tractard the
respiratory tract, and is toxic to humans in moderate to hgh doses. In the
body, metharol is converted nto formaldetyde aml formic acd. Metharol is
excreted as érmic acd. Obsewnedtoxic efects athigh dose bvels gererally

& TOXNET isa mmputer system run by the National Library of Medicine that includes a rumber of toxicological
datalases maraged by EPA, National Cancer Institute, ard the National Institute for Occupatianal Safety and
Health. For mare informatian on TOXNET, contad the TOXNET help line at 800-231-3766Datatases includel
in TOXNET are: CCRS (Chemical Carcinogenesis Research Information System), DART (Developmental ard
Reprodudive Toxicity Datalase), DBIR (Directory of Biotechnology Information Resources), EMICBACK
(Environmental Mutagen Information Center Backfile), GENE-TOX (Genetic Toxicology), HSDB (Hazadous
Substances Data Bank), IRIS (Integrated Risk Information System), RTECS (Registry of Toxic Effects of Chemical
Substances), ard TR (Toxic Chemical Release Inventory). HSDB contains chemical-specific informatian on
marufaduring ard use, chemical ard physical properties, safety and handling, toxicity and biomedical dfects,
phamaal ogy, environmental fateand exposure paential, exposure sandards ard regulations, manitoring ard
analysis mehods ard adlitional references.
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include cetral nervous sgtemdanage ard blindness. Long-term exposure
to high levels of methanol via inhalation cause liver and blood damage in
animals.

Ecologicaly, metharol isexpectd b havelow toxicity to aquaic orgarsns.
Concertrations lethal to half the argansns d a test population are expeced
to exceed me ng metharol perliterwater. Metharol is not likely to persist
in water or to bioaccunulate in aquaic orgarsirs.

Carcinogenicity. There is currently no eviderce b sugges that metharol is
carcinogeric.

Environmental Fate. Liquid metharol is likely to evapaate wren left
exposed. Metharol reacs in air to produce brmaldehydewhich contributes
to the formation of ar pdlutants. In the atmosplere it canreactwith other
atmospleric chremcak a be wasled out by rain. Metharol is readly
degaded ly microorgarisims in sdls ard suface wagrs.

Physical Properties Methanol is a colorless, highly flammable liquid.
Methanol is miscible in water and has a boiling point of 147 degeesF.

Methylene @loride Dichloromethane]CAS: 75-09-2)

Toxicity. Short-termexposureto methylere cHoride (M C) isassaiated wih
certral nervous sywtem effects, including headacles, giddiness, stupar,
irritabilit y, and numhness, and tingling in the limbs. More severe neurological
effects are reported fom longertemrm exposure, appaently dueto increased
carbon monoxidein the blood from the break down of MC. Contact withMC
causesrritation of the eyes,skin, ard respratory tract

Occupaional exposure to MC has abobeenlinked b increasednciderce d
spontaneous atortions in women. Acute danagesto the eyesard upper
respratory tract, unconsciousress,ard deah were reported n workers
exposed to high concertrations of MC. Phosgere (a degadaton product of
MC) paisoning hes keenreported © occur in sewera cases ware MC was
used in the presere d anopenfire.

Populations at specal risk from exposure to MC include doese peple (due
to accunulation of MC in fat), ard pegle with impared cadiovascuér
systens.

Carcinogenity. MC isa probable human carcinogen via bath inhdation and
oral exposure, based on limited evidence in humans, and sufficient evidence
in animals.
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Environmental Fate. When spilled on land, MC is rapidly lost from the soil
suiface troughvolatilizaton. The remainderleacles troughthesulsoil into
the groundwater.

Biodegradaion is possible in natural waters but will probably be very dow
compared wihevapaaton. Little sknownalout bioconcertrationinaquatc
organsns a adsaption to sediments kut these age not likely to be significart
proceses. Hydrolysis is not an important proces under normal
environmental conditions

MC releasednto the amosplere degades va cantactwith other gasesvith
a half- life of several months. A small fraction of the chemical diffusesto the
stratosphere where it rapidly degadesthrough exposure to ultraviolet
radiation and contact with chlorine ions. Being a moderately soluble
chemical, MC is expeced © patialy return to eath in rain.

Physical Properties Methylere cHoride sa cdorlessilquid. Itissduble o
2 pacent in water and has a boiling paint of 104 degeesF.

Ammonid& (CAS: 766441-7)

Toxicity. Anhydrous anmonia isirritating to the skn, eyes,nose,throat, ard
upperrespiratory system

Ecologicaly, ammonia isa saurce d nitrogen(an essetial elenert for aquaic
plart growth), ard mey therefore cantribute to eutrophication of starding or
slow-moving suifacewater, paticulary in nitrogenlimit ed waterssuch asthe
Chesapeake Bajnaddtion, aqueas anmonia ismodetrately toxic to aquaic
organisns.

Carcinogenicity. There is curently no evderceto sugges thatanmonia is
carcinogeric.

Environmental Fatee Ammonia combines with sulfate ions in the
atmosphere and iswashed out by rainfall, resulting in rapid return of ammonia
to the sal ard suface wadys.

Ammonia is a cemral compound in the ervironmertal cycling of nitrogen
Ammonia in lakes, rivers, ard sreans is converted b nitrate.
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& The reporting sandards for ammania were changed in 1995. Ammanium sulfateis ddeted from the list ard
threshold ard release deerminations for aqueous ammania are limited to 10 percent of the total ammaia present
in solution. This changewill r educe the amaunt of ammania reported to TRI. Camplete ddails of the revisions
can be found in 40 CRR Part 372.
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Physical Properties. Ammonia is a cdorless gas atitmospleric pressue,
but is shipped as iquefed conpressed gas It is soluble o alout 34 pecert
in water and has aboiling paoint of -28degreesF. Ammanialt is corrosive and
has a pugert odor.

Toluene (CAS: 108-88-3)

Toxicity. Inhalation or ingeston of toluere cancause bBadachks,confusion,
weakress,ard memory loss. Toluere nay alsoaffectthe waythe kidneys ard
liver function.

Reactonsof toluere (see enironmertal fate) in the amosplere contributeto
the formation of ozone in the lower atmosplere. Ozae canaffect the
respiratory system, especialy in sensitiveindividuds such asasthmaor dlergy
sufferers.

Some studies have shown that unban animals were harmed when high levels
of toluere were inhaled by their mothers, athoughthe sane effects wee not
seenwhenthe mothers were fed large quatities o toluere. Note that these
results may reflect amilar diffic ulties in humans.

Carcinogenicity. There is currently no eviderce © sugges that toluere is
carcinogeric.

Environmental Fate. A portion of releases ttoluere o land ard waier will
evapaate. Toluere may also be degaded ly microorganisns. Ornce
volatiliz ed, toluene in the lower atmosphere will reactwith other atmospleric
componerts contributing to the formation of ground-levelozoneard other air
pollutants.

Physical Properties Toluere iquid witha sveet purgert odor. Itissolube
to 0.07 percent in water and has a boiling point of 232 degeesF.
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IV.C. Other Data Sources

The toxic ctemical release dat obtained fom TRI capures many of the
facilities in the pharmaceuical industy. It also alows for a canparson
acrossyearsand indudry sectors. Reported chemicals are limited however to
the appoximately 600 eported clenmicak. Most of the hydrocarbon
emssbns from phamaceuical fadlit ies are not captured by TRI. The EPA
Office d Air Qualty Plaming ard Sardards has campiled ar pdlutant
emission factors for determining the total air emissions of priority palutants
(e.g., total hydrocarbons, SO,, NO,, CO, particulates, efc.) from many
chemical manufacturing saurces.

The EPA Office of Air's Aerometric Information Retrieval System (AIRS)
contains a wde range d information related to stationary saurces of air
pollution, including the emissions of a numler of air palutants which may be
of concemwithin a paticularindusty. With the excepion of volatile orgarc
compounds (VOCs), there s little overlap with the TRI chemicals reported
alove. Table 18 summarizes anual releases bcatbon monoxide (CO),
nitrogen dioxide (NO,), particulate matter of 10 micronsor less(PM,), totd
paticulate (PT), sulfur dioxide SO,), and volatile organic compounds
(VOCs.
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Source: U.S. EPA Office of Air and Radiation, AIRS Database, 1997. ||

Table 18: Air Pollutant Releases by Industry Sector (tons/year)
Industry Sector CO NO, PM,, PT SO, VOC
Metal Mining 4,670 39,849 63,541 173,564 17,690 915
Nonmeal Mining 25,922 22,881 40,199 128,661 18,000 4,007
Lumbe and Wood 122,061 38,042 20,456 64,650 9,401 55,98
Produdion
Fumiture and Fxtures 2,754 1,872 2,502 4,827 1,538 67,604
Pulp and Paper 566,883 358,675 35,0300 111,210 493,313 127,80ﬂ
Printing 8,755 3,542 405 1,198 1,684 103,012”
h Inorganic Chemicals 153,294 106,522 6,703 34,664 194,153 65,42"
z Organic Chemicals 112,410 187,400 14,596 16,053 176,115 180,35("
Petroleum Refining 734,630 355,852 27,497 36,1411 619,775 313,98]H
m Rubbe and Misc. Rastics 2,200 9,955 2,618 5,182 21,720 132,94!H
z Stong, Clay and Concrete 105,059 340,639 192,967 662,233 308,534 34,33"
: Iron and Sed 1,386,461 153,607 83,938 87,939 232,347 83,882"
u Nonferrous Metals 214,243 31,136 10,403 24,654 253,538 11,052"
o Fabricated Metals 4,925 11,104 1,019 2,790 3,169 86,472”
a Electronics and Computes 356 1,501 224 385 741 4,866“
Motor Vehicles, Bodies, 15,109 27,355 1,048 3,699 20,378 96,332lI
m Parts ard Accessaies
> Dry Cleaning 102 184 3 27 155 7,441
= Ground Trangportation 128,625 550,551 2,569 5,489 8,417 104,821
: Metal Casting 116,538 11,911 10,995 20,973 6,513 19,03]
U‘ Pharmaceuticals 6,586 19,088 1,576 4,425 21,311 37,214
z Plastic Resinsand 16,388 41,771 2,218 7,546 67,546 74,13ﬁ
Manmade Fibers
< Textiles 8,177 34,523 2,028 9,479 43,050 27,76*
{ Power Generation 366,208 5,986,759 140,760 464,542 13,827,511 57,384“
n Shipbuilding and Repair 105 862 638 943 3,051 3,96*
L
7))
=
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IV.D. Comparison of Toxic Release Inventory Among Séected Industries

The following information is presemned asa comparson of pdlutant release
ard trarsfer data actoss ndustial caegaies. It is providedto give a gemral

serge as to the Elative scaé o releases amh trarsfers within eachsecor

profiled urderthis project Please ote that the following figureard table do
not contain releases and trarsfers for industia caegaies that are rot

included n this project ard thus camot be used ¢ draw caclusions
regarding the total release ath transfer amourts that are reported b TRI.

Similar information is available within the annud TRI Public Data Release

Book

Figure 12 s a gaphicalrepresertation of a simmary of the 1995 RI datfor

the phamaceuical industy ard the aher secors piofiled in sepaate
notebooks. The kar graphpresens the total TRI releases ahtota trarsfers
on the \erticalaxs. The graphis based o the datiin Table 19 ard is meart

to facilit ate comparisons among the relative amourts of releases, transfers,

and releases pe facility both within and among these sectors. The reader

should note, however, that differencesin the proportion of facilit ies captured

by TRI exst anong industy secbrs. This canbe a factor of poor SIC

matching and relative differences in the number of facilities reporting to TRI

fromthe varioussectors. Inthecasof the prarmaceuical indudry, the 1995
TRI data preserted here covers 200 fdlities. Only those facilit ies listing
primary SIC codes falling within SIC 2833 an 2834 wee used.

Comparisons of the reported pounds released or transferred per facility in
Table 19 denongtrate that the prarmaceuicalindusty is alove aerageiniits
pollutant releases and transfers pa facility when compared to other TRI
indugries. Of thetwenty manufacturing SIC codes listed in the TRI database,
the mean amount of pdlutant release pe facility (including pharmaceuical
facilities) was approximately 101000 painds The TRI releags of the
average plamaceuical fadlity (SIC 2833ard 2834)were 150000 pounds
making the indudry 1.5 times higher in pe facility releases than for other
industies. For trarsfers, the meanof pharmaceuical fadlit ies was about 4.6
times as much as that of dl TRI manufacturing facilities (161,000 painds
transferred off-site pea facility compared to 736000 pounds pe
phamaceuical fadlity). This comparison is difficult to interpret dueto the
divergert nature of theindudrieslisted in Table 19 ad the diferencesin the
raw materials aml proceses used b manufacture the spedic industy’s
products. The hkatch nature ard large olumes o raw materials used D
produce he relatively small anmounts of high purity pharmaceuical products
may accaunt for the higherratereleasedard trarsferred by the pramrmaceuical
indudry.
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Figure 12: Summary of TRI Releases ad Transfers by Industry
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“ Range Range Range
22 Textiles 2833, Pharmacetticals 333,334 NonferrousMetals
2834
24 Lumber and Waod 2861- Orgaric Chem Mfg. 34 Fabricaied Metals
ﬁ Produds 2869
n 25 Fumiture and Fixtures | 2911 Peroleum Refining 36 Electronic Equip. and
Comp.
Ll 26112631 | Pulp and Paer 30 Rubber and Misc. 371 Motor Vehicles, Bodies,
Plastics Parts, and Accessales
m, 27112789 | Printing 32 Stong Clay, and 3731 Shipbuilding
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2821,

2823,2824

Plastc Resins ard
Manmade FHbers

332,336

Metal Casting
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Table 19: Toxics Release Inventory Data for Sdected Industries

TRI Rdeass TRI Transfers

Industry Sector SIC #TRI Total Ave. Total Ave. Trans. || Total Releases|| Average Retases +

Range Facilities Releases | Releasesper || Transfers | per Facility +Transfers || Transfers per Fadility

(million Ibs.)| Facility (million Ibs.)| (pounds) (million Ibs.) (pounds)
(pounds)

Textiles 22 339 178 53000 70 21000 248 74000
Lumber ard Wood Roducts 24 397 30.0 76,000 41 10,000 34.1 86,000
Furniture and Fixtures 25 336 376 112000 99 29000 475 141000
Pub and Paper 26112631 305 2326 763000l 565 185000 2891 948000
Printing 27112789 262 339 129000 104 40000 443 169000
Inorganic Chem. Mfg. 28122819 413 607 468000l 217 191000 4385 659000
Plastt Resins ard Manmade 28212823," 410" 641 156000" 1924 469000" 2565 625000"
Fibers 2824
Pharmaceuticals 2833,283 200 299[  150p00f| 1472| 736000 1771 886000
Organic Chemical Mfg. 28612869 402 1483 598000l 2086 631000 9468 1,229000]
Peroleum Refining 2911 180f| 738 410000(l 292 162000 1030 572000
Rubber and Misc. Plastics 30 1,947 1431 73000 1026 53000 2457 126000
Stone, Clay, and Cancrete 32 623 439 70000 318 51,000 757 121000
Iron and Stee! 331 423 907 214000l 5139]  1,215000] 6046 1,429000]
Metal Casting 332,336 654 360 55000 739 113000 1099 168000
Nonferrous Metals 333,334 282 2017 715000(| 164 582000 3657 1,297000
Febricated Metals 34 2676 835 31,000 3505 131000 4340 162000
Electroric Equip. ard 36 407 43 11,000" 688 169000" 731 180000"
Comp.
Motor Vehicles, Bdies, 371 754 793 105000" 194 257000" 2733 362000"
Parts, ard Accessogs
Shipbuilding 3731 43 24 56000]| 41 95000]| 65 151000]|

Source: US EFA ToxicsReleas Inventoy Databa®, 1995.
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V. POLLUTIO N PREVENTION OPPORTUNITIES

The best way to reduce pdlution is to prevert it in the first place. Some
companes have creaively implementedpallution prevertion techiques bhat
improve efficiency and increase profits while a the same time minimizing
environmertal impacs. This canbe done in many ways, suchas educing
material inputs, re-engineering processes to reuse by-produds, improving
managenent practices,ard enploying sukstitution of toxic chemcalk. Some
smaller facilities are able to actudly get below regulatory thresholds just by
reducing pdlutant releagsthroughaggessive padlution prevertion padlicies.

The Pdlution Prevertion Act of 1990 etablished a rational pdlicy of
managing wase through saurce reducion, which mears prewerting the
gereration of waske. The RollutionPrevertion Act alsoestblished as ational
policy a hierarchy of wase managenent optionsfor situaionsinwhich saurce
redudion cannot be implemented feasbly. In the waste management
hierarchy, if saurce reducion is not feasble the rext alternative is recycling
of wases, followed ly erergy recovery, ard wase treatment as a ast
alternative.

In order to ercourage hese appracles, this secton provides loth gereral
ard campary-speciic desciptionsof pdlution prevertion acivitiesthathave
beenimplemented within the pramaceutical industy. While the list is not
exhaustive, it does povide cae information that canbe used ashe strting
point for facilities interested in beginning their own padlution prevention
projects. Whenpossble, thissecton provides nformation from realacivities
that canbe, or are bkeing, implemented Ly this secbr -- including a dscussn
of asseiated casts, time frames, ard expeced ates o return. This secton
provides summay information from activities that may be, or are being
implemented by this sector. Please note that the activities described in this
section do not necessarily apply to dl facilities that fall within this sector.
Facilit y-specific conditions must be carefully considered when pdlution
prevertion options ae ewaluaied, ard the full impacs d the clarge nustbe
examned b deermine row eachoption affects air, land ard water padlutant
releases.

The kulk manufacturing processes o the phamaceutical industy are
characterized ly alow ratio of finished poductto raw meterial. Therefore,
large quatitiesof residualwasearegererated, espeally in fermertation ard
natural produd exracion. Chenical synthesis processes gnerate wastes
containing hazadous spehsdverts ard reactarts, combined wth residual
wases suclas eactonresidues Equipmert cleanng water and residue,often
containing hazadous clenicak, also are a ngjor wase steam(U.S. EPA,
1991)

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Secbr Notebook Project 81 Sepenber 1997




Pharmaceutical Industry Pollution Prevention Opportunities

Source reduction is one nmethod by which the industy aims to reduce hese
wases. Howewer, saurce reduction methods sich as pocess mdificaions

and meaterial substitutions may not be as easlly implemented in the

phamaceutical industy as in other manufacturing secors. Thisis because
ary significart chargeto the producion process 6 anexsting product, may

needappioval fromthe Food ard Drug Administration (FDA). If acompary

wishes b charge he nmethod of making adrug a acive ingredient that goes
into it, the FDA requires the canpary to prove that the ‘new’ drug is of the

same or better qudity as the old drug and that any reformulation will not

adversely dffect the identity, srength, qudity, purty, or bioavailabilit y of the

drug. The proces of gahering information to suppat the charge am

awating FDA review ard appoval can be lengthy, time-consunming ard

expersive.

Asa resuk, many pharmaceuical companes ae looking atways to minimize
wase in future production processest the reseach ard developmen stage.
Incorporating pdlution prevertion at the strt of a rew drug dewopmert
processs much more ecanomical, efficiert, ard ervironmertally sound (see
Section VI. D. for further details). The factors afecing the plamrmaceuical
indugry’ spadlution prevention effo rtswere documented by PhARMA members
ina 1997 dounent ertitled Pharmaceutical hdugry Wage Minimization
Initiatives.

Many phamaceuical comparies have alkeady implemented pdlution
prevention programs in their manufacturing fecilities. Although padlution
prevertion may not always beasulstitutefor control tecinologies, it is often
viade ard is an increasngly popular method for meeing ervironmental
compliance requirements. Some exanples d innovative wase reducton
programsthatincorporate sairce reduction as welas ecycling ard reuseare
preseied in the case stdies hat appeaiin this secton.
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V.A. Material Subgitutions

Substituting raw materials to lessen the volume and/or toxicity of waste
gererated is a type d source reducion (U.S. EPA, 1991) Ore o the nost
common oppartunities for material sulstitutions in the phamaceuicalk
industy is found in the tablet coating process. Urtil recertly, many tablet
coating operations involved the use 6 methylere cHoride aml other
chlorinated solvents. By switching to aqueous-based coating films, many
firms have reducedthe hazadouswase contert in their arr ard efluert wase
streans, as welas he cast of purchasing chenicalk. Aqueais-based clearnng
sdutions are alsobeing used nore frequenly for equpmert cleanng instead
of solvert-based olutions (U.S. EPA, 1991)
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Material Subgitutidd@cokt])IO N PREVENTION CASE STUDIES

Mrikkert dloBodatidxiésr Northbridge, CA recertly replaced seera different orgaric sdvert
coating meterials used o medicine tablets with a wager-based cating meterial.
EhtteecnceBl aubé Fhanceetizigicads eniblimerliebe texy metalsp By ¢oe prestrmés iobestbdna,
Wwbisleerr dte & atipaol saves SHEROCHESEar het PEE:feemihbEseveagatiedolvedt tyaBiv
Bb@amacedibab$ T3R0O @i peidtas & epnedbeigopne a edasosel angéar sd b2 Theya rew
bifirharentbbt tizesiap pstresityithe Dt i gusestIBanORE ybave Dhe sndptaotdriy
byevetts@ datinas pdi3datitdrgdtas duahkeribsims] FeslSth efms o disik e Werkers,
ardries Tiwelproaagenitbihenadkapechuino ecthp lpravithretriet B aVientii& HFArisson
stardards.

* Schering-Plbugh Laboratories is switching to a coated naturd kraft (CNK) paperboard for
vis paolagiy tdbkisvrarderptehfaioppicisei thaci thdpnsrab vy paclagicbroatetitd, as
wetiiass theyoleraattidteompistitinl eV frbenrpsnoarddsanotdpieticia dhrotin chizibeytbulvis
Giteted) \aith thvi et erbnediE trihe nvstead wavine b Idmer aenidihieg @uskpk ) g teatakisoy/-
balssehtmaiertigls sobuts delors ¢ iBiSey Abeexthactionpesy aseipeskdde sifadil?®p00
paiysansnd beuittbsaveoup ifiie & thitian i 1 bermpodrameexpbtds totetinerdiiiesionstracied
ushng nbutyl acette, a ron-toxic chemical, in closed cetrifuges,reducing fugitive
efvistiovidesTReilauerd, dapityinvViesttkersnfior ¢oi 4. drdj ot claloeoet ame 61 E10 rfridionit s
prodectoriop emliaispéEing asst sedincton iogd pietsothlm e $ ese dt herre lesewig
thvexad hst, [ayinieng cebd renilitae iviadg itAoicitr uashafienel. sBasddrarstisis stitatecbfect will
gleanae packagigregupshednt bbr28qmeteytnaanlitagiahag lepopodent , 2i7petake umbased
adutiontyhs poitittted Libedastdos waith iy 29ED0r mrey set alienjniatecholiesbee
fadlld y. pounds of MiBK releases to the air and water.

Stk Wiadle il ynd/ deicle e tut doholveniviefar thanoer osatirynactuwy- tizsied inoinngiednd .
e rnee<atietenn cHed dxs isdmioleyicabahilateetbatai saidietdhel imtthestzetab
felhat datiing opleespodipifoohel \aaties: Zsthodbt thhgrihQablm kdadiiazadelaxd-DA-
Yyplovett hooitieaere et vescloftolsstheles dif 8fe patey thedhopt on shesducgbaged
wiakseial orathdtidmite [sodtititoni nesuked itecpfaseacmuluat sicids, inatigved gy debiat
Kieetitscand leataalingistureayvovatediadd. duiing aqueas cating. Also, the
phamaceutical acive nigrates throughthe aqueas cating causing discdorizaion ard
oty ibel laenal{abie katll én EisraddnPAT Mienghecrers ohed sa df tiogatinst itate maefas Iring
Glarasiyeliduoheshet ttutaakio| est sasivedit Biayesnet Haae aitbe SphegDaskes kst ed/anaped
resoeus teechichandling! systers et indasdesfahsi mhioneateiiadds, bradetiaiedoacause
tidoemidsyesg spbibihe. drineroapd aaniyestver—ts fat, the egulippteaiiveski & netjiopmert on
thewewep rite ssnapatiaincalyrsiied Ea8ogeasescr gacihabivest pue hacreseed oly

$BARIYO0 N disposal costs of the nore than479 bns of hazadous wade gemrated by the
old system ewery year The esimated pa)back perod for the nodificaions is three \ears.

n addiion. the rew systemcut VOC enissons {o the 3 0M aimnos 000 paingspe
yearto ze.
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Material Subditution (cont.)

*The Fhammaci ard Upjphn, Inc. Sterile Marufacturing area n Kalamazo has receved
FDA appoval for a Thimerosalfree brmulation of one d its pioducts. This new
formulation will eliminate the use of Thimerosal, a mercury based preservative, in the
manufacture of the drug Atgam. Atgam will be manufactured without any preservative
usng rew closed cdunn chromatograpty ard Restictive Access Barer technology.
Atgamis used b prevert organtransplnt rgjection ard in the treatment of apbstic arema.

*The Eli Lilly Cleaning Technology Center in late 1996 nitiated a brmal screenng
program to idertify potential aqueais kased cbarers as eplacenerts for the various
organc ard cHorinated sdverts currently used m bulk phammaceuical manufacturing
equpmert cleanings In one productline, 8,700 lters of acebne percleanng wasreplaced
with anakaline aqueas based clearer for anegimated amual reducion of 17400 lters of
acebne. An acid aqueas kased ckarer replaced netharol in arother productline,
resulting in metharol reductons of 25800 lters peryear. In cleanng gperations
associated wih arother product, anakaline aqueas based clearer replaced 1100 iters
of metharol ard 600 iters of ethylene dichloride percleanng. This resulted n an
edimated amual reducion of 368000 iters of metharol ard 1200 iters of ethylene
dichloride.
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V.B. Process Mbdifications

Process modificationsare aterations to or modemization of existing processs
to reducewase gereration. Process mdificaions caninvolve re-desgning
chemical transfer systems to reduce spillage and other material losses. For
exanple, in batch operations, eachloading and udoading of the reacbrs ard
other equipment increases the risk of chemical spills and solvent vapor
releases. Batch operations often require more frequent reacor cleanouts
using significant volumes of cleaning solution and solvents. With continuous
operations, the reactr isloaded mce aml sdvertsard reacartsarefed into
the reacor continualy, thereby redudng the risk o pdlutant releases S
EPA, 1991)

Thusswitching from batch to continuousoperationsfor cettain products may
potentially reduce large volumes of wastes. Switching to a continuous or
patially continuousprocess may be possible for afacility that is the primary
producerof a poductwhichisin constant dermand. For exanple, Hoffmam
La Roche' s facility in Nutley, NJ is one of the primary producers of Vitamin
E inthe country. Consequenly, muchof their vitamin production equpment
isdedcated am run as semcontinuous erations.

Process chrges hat optimize reactons ard raw material use ca reduce
wagde ard releagsto the ewvironmert (US EPA, 1995) Modificatons as
simple as caeful monitoring of reacton palameters (tenpetatures, pH, etc.)
candramaticaly improve manufacturing eficiercy. Production inmany of the
large pharmaceutcal companies is computerized and highly automated.
Computers equpped wih computer aided degn (CAD) programs visualy
simulate the pioducton process o the sceen The aubmated systemallows
producion managers to turn on the ketch process ad control temperatures,
pressue, ard other procesgparameters, fromthe keypoard. While, the system
runs, producion personnel are free to do other things suchas cleck
equpmert or take productsamples. Suchcareful aubmated monitoring may
insure aganst the formation of fouling wase atthe ottom of reacor vesses,
thereby reducing the reed br addtional cleanng, as wellas ésseling the risk
of damegedbatches of productwhich have to be disposed US BPA, 1991)
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POLLUTIO N PREVENTION CASE STUDIES
Process Mdifications

*As patt of their “Environmert 2000" program, Bristol-Myers Squbb has sarted to look at
Produa Life Cycle (PLC) management as away to implement palution prevention. PLC
involves nvestigating the ervironmertal impacs o a piooduct at every stage d producton:
R&D, manufacturing, ard packagig. Pollution prevertion options ae row being
investigated at the very beginning of drug development. This diminates the possibilit y of
lengthy Suppémertary Drug Approval applcaions with FDA. Using PLC managenent,
Bristol-Myers Sjuibb discovered he use b a fltration membrane for their 6-
aminopenicillanic acid produdion (see Section V.A. Case Studies).

*At its East Hanover, NJ facility, Sandoz Pharmaceuical Co. charged pocessesnits
reacors, to reduce stvert usage.An inert atmosplere alove the reacton mixture is used
during synthesis o protectthe reacton from exposure to oxygen In the previous pocess,
nitrogenflowed cattinuously over the mixture, carying awaywith it a cetain anount of
sdvert vapors. The ntrogengas larketing process uses aon-flowing nitrogenlayer that
only bleeds at a very small anount of nitrogenard sdvert.

¢In their main drug deelopmert lab in Tippecanoe, IN, Eli Lilly and Company has
implemented a pdution prevertion program. Begnning in the R&D phase,the canpary
assesses¢ ervironmerta impacs d every new productard deermines where waseés can
be minimized. As aresult, Eli Lilly developed a new process which eiminated the use of
methylere cHoride, auminumwases,use ¢ anodoriferous raw material, ard al

distillation stepsfrom produdion of adrug urder development for the treatment of
ogeopoross.

*One d Hoffmam La Roche’s mgjor manufacturing processes usesygbl ether as an
extractive sdvert, muchof which had to be dispcsed d as wastwater. After the pioduct
is recovered, the glycol ether is distilled and reused. The overhead from the distillation is
primarily water with same glycol ether which is dispcsed as wastwaer. The piocess was
redesigned to increase pea pass recycle of the glycol ether in the distillation column by

12%. Asa resul, use @ the cremcalwas educed ly alout 60%ard sdvert releases
decea®d ky 300000 painds peryearard the ketch cycle ime wasreduced ly four hours.
Annual savings are $250000.
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Proces Modifications(cont.)

*At one of its facilit ies, Hoffman La Roche was usng 110000 gallons of metharol peryear
for cleanng equpmert during product chargeovers. Metharol wasbeing used r al

cleanng ard rinsing stages. To reduce netharol usage ath the assoiated wase dspacsal
costs, a rew method was deeloped wlereby a wo-stage wagr-based atanng is done before
a final metharol rinse. This reduced he anount of metharol used © alout 30000 galons per
yearard saves alout $49000 peryear.

*In one d its manufacturing processesHoffmanLa Roche exracted a sythesized
phamaceuical intermedite from toluere into water, ard thenfrom water into chloroform.
Becausedluere was stuble in the extracton, it contaninated he choroform ard creaed a
waste sream of the mixed solvents. The company diminated the waste sream by steam-
distillin g the toluene from the water S0 that the toluene never came in contact with the
chloroform. Choroform use deaased ¥ 76 pecert which was suficiert to remove this
material from the list of chemicals the facilit y was required to includein its Toxic Release
Inventory report. The pojectsaved $22000 peryear.

*At its West Point, PA facility, Merck Co. made a smple changein the sequence of process
steps useda manufacture a \accie, which resuked n a sulstantial reduction of mercury-
based wasts. Thimerisd, a nercury-based clenical was used as agsewative during an
intermedigte process s#p. Thus aly wase steamproduced duing the rest of the piocess
was caotamnated wih mercury. A process chrge wasiiitiated to add himerosalat the erd
of the process. By dimating mercury in waste sreams generated prior to the addition of
thimerisol, mercury contaminated wastes generated during manufacturing were dramatically
reduced.

*At its Hint River plart in Albany, Geagia, Merck used stamijets to produce a acuumin
the process vessel during the produdion of an antibiotic. This results in dichloromethane
being mixed wih steamard sulsequenly evapaating into the ar. The seamjets were
replaced wih liquid ring vacuumpunps whch reduced ai enmssons. Dichloromethare
emssions were further reduced ly maintaining the vacuumpunp sealfluid atsubzero
temperatures wihich conderses be dchloromethare vapor soit canbe recycled am reused.

*Phamaci ard Upjohn’s wasewatr treaiment process was odified © significartly reduce
wade dsposed ly its Undemground Injection Control operation. A modificaion suggesed Ly
an employee diminated about 1 million pounds of solid waste. This madification involved
sulstituting a kag filter for a pecaat vacuumfilter. The precaat vacuumifilter used a
diatomaceaus flter medium, which gererated large wlumes o sdid wase. The bag filter
creaes nuchless wast pervolume of liquid filtered. The usedifter bags ae incinerated on
Site, thereby greatly redudng landfill w astes.
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Proces Modifications(cont.)

*In converting to a rew process ér bioconversion of a seroid intermedete, Pharmacia amd
Upjohn, Inc. has diminated gpproximately 90,000 painds of dimethylformamnide wase ard
appoximately 190000 painds of filter aid wage peryear. In addtion, solvert handling was
reduced from about 6 million poundsto about 600000 paindsard aqueaswage was
reduced mare than 4 million pounds per year.
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V.C. Good Opeiating Practices

Ore d the eastst ard most ecaromical waysto acheve source reducton is
to implement good operating pracices. Phammaceuical comparies ateady
follow alist of Good Manufacturing Practices (GMP) guiddines outlined by
the FDA. In same caseshese nvolve gaod operating practces hat will
reduceraw materials use ad wase gemration. Asaresuk, many comparies
have developed environmental policies for dl of thar facilities, both in the
U.S. ard alvoad. Typicaly, pdicies may be written for enployee taining,
enployee leath ard saéty, hazadous clenical sgll cleanup procedures,
equpmernt maintenance pocedues,leak de¢cion, ard enmergercy respmse
procedues

Management commitment. Good operating practices sart with on-site
commitment and understanding of the need and mehods for pallution
prevention, from top management levels to the plant floor. Without facilit y-
wide efortsto reduce pdlution, source reduction may not be succesful (US
EPA, 1991)

Employeetraining. Anenployee taining programisessetia to the success
of a ource reducion program. Employeesshould be trained in safe handling
of equpment, chemicalk, and wases. They should ako be informed d ary
potentially harmful heath effects d the hazadouschenicaktheyhandle. As
well asbeing trained in properoperation of equpment ard chermcalhandling,
employees should be trained in spill cleanup and mehods for detecting
chemicalreleags(US BPA, 1991)

Maintenance programs. Maintenance programs should target both
prevertive ard carectve naintenance d equpmert. This mears that
equpment should be regulally chedcked aml cleared D insure its pioper
functioning, ard danaged equpment should be repared quickly. Routine
cleanng, minor adustments, testingand replacenert of pats, should bea pat
of the maintenance piogram. Additionally, good recad keeping of equpmert
checks, repars, cleanng, ard equpment failure will help to reduce he
likelihood of future equpment breakdavns ard ary asseiated pdlution
releages(US BPA, 1991)

Inventory control. The wide range d chemicak usedin the pharmaceuical
indudry makes it essential to instigate an efficient inventory tracking system,
suchas a first-in, first-out” pdicy ard chenicak must be propeily labeled
with their name, dat of purchase,ard dat of expiration. Thishelpsto insure
that older, un-used chenicak do not have to be needesdy discaded US
EPA, 1991) In addtion, having one peson responsible for the dstribution of
chemicak am suppies insures a nore efficiert tracking system (US EPA,
1995) Inventory tracking isa valualde ard eay method for reducing wages
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Spill prevention and dorage. Spill and leak prevention are critical to
pollution prevertion. Tightly secued sorage @nks ae a keyto awiding
spills.  Containers should have good valves with tight stopping devices to
avoid the spilling or dripping of hazadous chenicak. Storage cotainers
should have legible sgns indicaing the cateris of the cantainer, heath
hazad wamings (where necessar), ard spill deanup procedures in case of
emergercties. Large dums carberaisedalovetheground to awoid carrosion.
An organized storage area facilit ates fast and easy removal of chemicals, as
well as redudion and cleanup of pills (U.S. EPA, 1991)
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POLLUTIO N PREVENTION CASE STUDIES
Good Opeating Practices

*At its Kenilworth, NJ facilit y, Schering-Plough Pharmaceuicak hes a cetral warehouse
with a canputerized nventory system Raw naterials cane into the waehouse n large
volumes. Materials ae weghed accading to batch requirements, labeled, ard thensert
to different process areas throughout the facility. This eiminates excess raw material
wases anl ersures that only the anounts reeded a& used.

* Sandoz Phamaceuicak hes ako deweloped a sgtemto improve scheduling of batch
operations in their facilities worldwide and domestically. Accurate scheduling reduces the
charces ¢ excess wa&s aul costs, which occurwhena tetch chargeover takes pace.

At its Nuley, NJ phrt, Hoffmam La Roche was ale to idertify ard repar more than900
saurces @ fugitive ermissons. In addtion, the canpary installed ultradow temperature
condersers to remove sdverts from vent streans. The captired sdverts are recycled a
treaed df-site.

*The Fhamacia ard Upjohn, Inc. Pueito Rico Tecmical Opeations group was he first
offshore location to implement the company’s pdlution prevention program. The local
pollution prevertion teamhelps the phrt setpadlution prevertion goals. The teamreports
progress bward meeing gaals amualy. As a resuk, the Butyl Alcohol recovery efficiercy
at the facilit y has been increased to 95%and Acetone to 96% The facilit y has been
tracking wage indices(Tons of wade gerrated vs. Kilograns of product produced)ard
results for several wastes show redudions over afour-year peiod. The pdlution
prevertion program has keenfully implemented atal Pharmacia ard Upjohn U.S. sites.
Underthe program individualbusness unts set goals ard report on progress amualy.
More than 300 pdlution prevertion projects, many of themin the reseach ard
dewelopmert areas have beenrecaded snce the piogram garted in 1990.

*The Clemical ard Fermentation operation at Pharmaci ard Upjohn, Inc. in Kalamazo
has kegunusing interlocked \aelve systens an jackeed cmlers. The rew valve systens
help prevert the nadwertert discharge d metharol, used asefrigerart, to surface wagrs.
They aso have begunusng new drip-less pipe couplers to reduce solvent losses and pills
from hase connections
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V.D. Recycing, Recovey, and Reuse

“Recovery and recycling include drectreuse ¢ waste material, recovering
used materials for a sepaate use,ard removing impurities from wase ©
obtain relatively pure substances (EPA 1991) Although “strict qualty
control requirements d the phammaceuical industry often restrict reuse
oppartunities, somedoexst” (EPA 1991)ard are cansidered valuahle by the
industy since hey reduce he volume of raw materials usedard the amount
of wade gemrated ard disposed.

Exceptfor in-process ecycling, EPA doesnot considerrecycling, recovery,
ard reuse b be saurcereducton tecmiques. Howewer, in-process ecycling,
which includesthe reuse @ recrculation of a clenical within a processand
may include ecovery or reclamation, is consdered a sarce reducton
technique. The plamaceuical industy often uses his form of recycling
which is dedcatd to ard plysicaly integrated wih the plamaceuical
manufacturing process g mears o piping or arother form of conveyance.

Recyling ard recovery provides he plamaceuical industy a geat
opportunity to reduce the volume and toxcity of spent solvents. As
descibed in Secion 3, sdverts are used dr a wide range of applcatons,
from synthesis, exracion, ard puificaion of acive ingredients to cleanng
process equment. The types & sdvert recovery enployed nclude
distillation, evaporation, decareation, certrifugaton, ard filtration. Howewer,
limit ations exist with both on and off- site recycling and recovery snce several
types @ sdverts (including wagr), reactrts, and ather contanmnarts may be
presen. Thesematerials mustbe exracted b alow the sdvert to be reused
eitherin a plammaceuical process oin arother process.Additionally, specal
techniques ad equpmert must be used 6 break azetropes brmed duing
the clemical reactons.

In addtion to solvents, sane residual wases nay also be recovered ard
reused. For exanple, filter cakes fom fermentation processes & usudy
disposed of in landfills. An dternative being used in some facilit ies is to
callectthe wase filter cakesyecover ary valuablle by-products, ard thensel
the cakedo be used asdrtilizers o sal addtives. To be used as &ftilizer,
the nitrogen phosphorus ard paassium contert mug be greaer than 5%,
which sometimes can be achieved by redudng the maisture content in the
filter cake US BPA, 1991)
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POLLUTIO N PREVENTION CASE STUDIES
Recycing, Recoveryand Retse

*Nycomed Inc. manufactures ulk pharmaceutical products by batch processng. In
processng a poduct for medical diagrostic imaging, the canpary installed closed bop
distillation unts to recover al of its methanol washes and methanol-containing wastewater.
The methanol recovery system can distill approximately 2,000 gallons perdayof 70 pecert
metharol to more than 995 percert metharol, which canbe reused n the sare process.
Nycomed Inc. diminated water discharges of methanol, reduced hazadous wasg, ard
saved apppoximately 680000 painds of metharol in the first half of 1992,saving $54438
in the same period.

*The Fhamacia ard Upjohn, Inc. Chenical ard Fermertation operation in Kalamazao
reusesmore than 195millio n pounds of solvent annudly. Approximately 80% of the ste’s
total solvent requirement and 90% of the Ste’s chlorinated solvent requirement is met by
reused stvert. The reused sbvert denand is met througha canbination of in process
solvert reuse (150million pounds) and distillation (45 million pounds). There are now sx
centralized distillation units. On Ste solvent reuse and recovery in chemical processes
helped te canpary exceed is 3360 Rogram gaals. The aclevement was canmemorated
by a Natonal Performance Revew Environmertal Chanrpion Award given to the campary
by Vice Pesdert Al Gorein 1995.

*Phamaci ard Upjohn, Inc. Chemical Process Reseah ard Developmert deweloped a
proprietary distillation process for splitting Tetrahydrofuran from a mixture of acohol,
water, ard other wases. Without the rew process,Tetrahydrofuran forms azedtropic
mixtures with alcohol which cannot be distilled. This process now recovers gpproximately
1 million pounds of THF per year.

« Pharmacia and Upjohn, Inc. is evaluaing the passibilit ies of reusng waste solvent
condersat produced fom their cryogeric ar palution control equpmert. They have
identified one methylene chloride rich stream to recover as atrial. An estimated 2.5 million
pounds d thiswask sdvert is gererated amualy. Recoery by anoff-site recycler or on
site reclmation are keing further evaluated.
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V.E. Pollution Prevenion Re®arch

Because bcomprehensive regulations from both the FDA and the BPA,
phamaceuical companes are continuously reseaching rew ard innovative
waysto reduce heir wases. Many comparies ae sarting to look atpalution
prevertion options ealy in developmert ard are cdlaborating with
universities aml ather reseach institutions to deelop new technologies hat
will help reduce or eiminate wastes. Some of these technologies, still in the
reseach ard testing stages,are dscussed édow.

Solvent Ninimization

Ore pdential reseach area whch has keenidertified s in supecritical
sdverts. Supecriticalfluidsare known to be very effecive sdvertsard can
function as amalternative to tradtional chorinated ard other toxic sdvents
usedn phamaceuicalsepaations. These stvertsare inasupecriticalstate,
meanng that they are at a very high temperature am/or pressue. A
relatively small chargeinthetemperature ard/or pressuein supecriticalstate
can lead to large changes in the solubilit y of chemicals in the solvent. This
increase in solubility is ideal for separations becausetie overall volume of
solvert neededs reduced NJIT, 1991)

Sepaation Improvements

Separation of acive ingredients from sdverts is one o the most importart
processesn the prarmaceuical industy. Reseach has keenconducied to
find separation methods which generate fewer by-produds and less waste.

Onre tecology with sucha pdential isinorgaric membrane reacors. “They
are in effect reacors with built-in sepaators which may have patential for
reacton sequerces wih much better reacbr utilizaton ard product
concertrations’ (NJIT, 1991) Inorganc membranes eralde a continuous
removal of productard a catrolled addiion of reacart. Thisincreaseshe
potential for higher yields aml greaer sekctvity by chemicals, which could
reduce he wlume of sdverts required, thereby reducing costs ard wases.
Also, becausehe reacton ard sepaation are canbined n a sngle step,the
emssons assoiated wih the tradtional trarsfer step etweenreacton ard
sepaation are diminated (NJI'T, 1991)
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VI. SUMMARY OF APPLICABLE FEDERAL STATUTES AND REGULATI ONS

This secton discusses e Federal regulations that may appy to this secor.
The purpose of this section is to highlight and briefly describe the applicable
Federa requirements, and to provide citationsfor more detailed information.
The three bllowing secions are included:

Section VI.A contains a gerral overview o major statutes

Section VI.B contains a ist of regulations spediic to this industy

Section VI.C contains a st of perding ard proposed regulations

Section VI.D containsa gereral overview o other federa statutesapplicalie
to the indudry

Section VI.E. contains a gemra overview o state regulations affecing the
indugry.

The desriptions within Secton VI are intended slely for gerera
information. Deperding upa the reture or scqpe o the actvities ata
particular facility, these summaies may or may not necessaly describe all
applcable environmertal requirements. Moreover, they do not constitute
formal interpretations o clarificaions of the satutesand regulations. For
further information reades stould consult the Cale d Federal Reguéations
ard state a local regulatory agermies. EPA Hotline contacts ae ako
provided br eachmgjor statute.

VI.A. General Description of Major Statutes
Resource Conservain And Recovery At (RCRA)

RCRAOof 1976 ,whichanmerded he Slid Waste Disposal Act, addeses solid
(Suktitle D) ard hazadous Suktitle C) wase managenent activities. The
Hazadous and Solid Waste Amerdments (HSWA) of 1984 $rengthered
RCRA' s wase nmanagement provisions ard added Suktitle I, which governs
underground gorage anks (USTS).

Regulations promulgaed pursuant to Sultitle C of RCRA (40 CRR Parts
260-299) edablish a “cradleto-grave” system governing hazadous wage
fromthe pant of gererationto dispcsal. RCRAhazadous wasgs nclude te
specific maerials listed in the regulations (commercial chemical produds,
desgnated with the cale "P' or "U"; hazadous wases fom spediic
industies/saurces,desgnated wih the cale "K'; or hazadous wasges fom
non-speciic saurces desgnated wih the cale "F') or materials which exhibit
a hazadouswaste characteristic (ignitahilit y, corrosivity, reactvity, or toxicity
ard desgnated wih the cade "D").
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Regubted erities hat generate hazadous wase ae sulect to wase
accunulation, manifesting, ard recad keepng srdards. Facilities must
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obtain a pemit either from EPA or from a Sate ageny which EPA has
authorized to implement the permitting program if they sore hazadous
wastes for more than 90 days before treatment or disposal. Facilities may
treat hazadous wase sbred n lessthanninety-day tanks a containers
without apermit. Sultitle C pemits contain general facility sandardssuch
as caitingercy plars, energercy procedues,recad keepig ard reporting
requirements, financial assuance nechanisms, ard unt-specfic stardards.
RCRAalso contains provisions (40 CHR Part 264 Subpait Sard §26410)for
conducting carecive actons which govern the ceamup o releases D
hazadous wase a constituerts from sdid wase nmanagenent urits at
RCRA-regulated fadlit ies.

Although RCRA is a Federa statute, many States mplement the RCRA
program. Currently, EPA has ddegaed its authority to implement various
provisions of RCRA to 47 of the 3 States anl to two U.S. territories.
Delegation has not been given to Alaska, Hawaii, or lowa.

Most RCRArequirements ae rot indugry specfic but apply to ary compary
that generates, trarspats, treas, stores, or dispases d hazadous wase.
Here are sane important RCRA regulatory requirements:

Identification of Soid and HazardousWastes (40 CFR Pat 261)
lays out the piocedue e\ery gererator should follow to determine
whether the material in question created is considered a hazadous
wask, sdid wasg, or is exenpted fom regulation.

Standardsfor Generators of Hazard ous Waste (40 CFR Pat 262)
establishestheresponsihilit iesof hazadous wasg germratorsincluding
obtaining an EPA ID number, preparng a nanifest, ensuring proper
packagng ard labeling, meeing strdards for wase accumlation
units, ard recad keeping ard reporting requirements. Gereratorscan
accunulatehazadouswagefor up © 90 da (or 180daysdepemling
onthe amount of waste generated) without oltaining a pemit.

Land Disposal Restrictions (LDRs) (40 GFR Pat 268) are
regulations pohibiting the dspcsal of hazadous was¢é on land
without prior treatment. Under the LDRs program, maerials must
meet LDR treament stardards pror to placenentin a RCRAland
disposal unt (landfill, land treatment unt, waste pile, or surface
impoundment). Generators of waste sulject to theLDRsmust provide
notification of such to the designated TSD facility to ensure proper
treament prior to dispcsal.
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Used Oil Managanment Standards (40 CFR Pat 279) impose
managenent requirements afecting the sbrage, tramspatation,
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burning, processing, and re-refining of the used oil. For parties that
merely generate used oil, regulations establish storagestandards. For
a paty considered a usedil processo, re-refiner, burner, or marketer
(one who gererates ard sels off-speciication used d), addtional
tracking ard papework requirements mus be satisfied.

RCRA contains unt-specfic sardards for al urits used b store,
treat or dispese d hazadous waste, including Tanks and
Containers. Tanks am cantainers used o store hazadous wase
with a high volatile organic concentration must mest emission
stardardsunderRCRA Reguéations (40 CR Part 264265, Subpart
CC) require generators to test the waste to determine the
concertration of the wase, to saisfy tank ard container ermissons
stardards, ard to inspect and monitor regulated urts. These
regulations gpply to dl facilit iesthat store such waste, including large
guartity gererators accunulating wase ptior to shpment off-site.

Underground Storage Tanks (USTs) containing petoleum ard
hazadous sulstances ae regulated urder Suhtitle 1| of RCRA
Sultitle I regulations (40 CFR Part 280) contain tank desgn ard
release deection requirements, as well as financial responsibility and
corrective acton stardards or USTs. The UST program also
includesupgraderequirementsfor existing tanks that mugt be met by
Decenber 22,1998.

Boilers and Industrial Furnaces (BIFs) that use or burn fud
containing hazadous wase nust comply with strict desgn ard
operating dardards BIF regulations (40 GFR Pat 266, Sulpart H)
addessunit desgn, provide peformance $ardards requireemnissions
monitoring, ard restrict the type d waste that may be burned.

EPA's RCRA/Supefund/UST Hotline,at (800) 4249346, responds to
guesions and digributesguidance regarding all RCRA regulations The
RCRA Hotlineoperatesmeekday$rom9:00a.m.to 6:00 pm,, ET, excluding
Federal holidays

Comprehensve Environmental Rspons, Compenation, And Liability Act (CERCLA)

CERCLA, a 1980 &wv commonly known as Supefund, authorizes EPA to
respand to releasesor threaered Eleasesopf hazadous sulstances hat may
erdarger puldic heath, welfare, or the ervironment. CERCLA also eralles
EPA to forcepatties respasible for ervironmertal contarmnation to cleanit
up a to reimburse the Supefund for response costsincurred by EPA. The
Supefund Amendmerts ard Reauthorizaion Act (SARA) of 1986 evised
various sections of CERCLA, extended the taxing authority for Superfund,
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and created a free-standing law, SARA Title Ill, also known as the
Emergency Planning and Community Right-to-Know Act (EPCRA).

The CERCLA hazard oussubstancereleasereportingregulations (40CFR
Pat 302)direct the peson in charge d a faclity to report to the Natonal
Respase Ceter (NRC)ary ervironmertal release ba lazadous sulstance
which equa$ or exceeds aeportade quanity. Repatade quarities ae
defined ard listed in 40 CFR 83024. A relea® report may triggera response
by EPA, or by one or more Federa or State energercy respaise auhorities.

EPA implements hazardous swstance responsesaccading to procedues
outlined nthe Natonal Oil ard HazadousSubstancesPollution Contingercy
Plan(NCP) (40 CFR Pat 300) The NCP includesprovisions for pemarert
clearups, known as emedial acions, ard other clearups eferred to as
"renovals.” EPA gererdly takes emedial acions only at sites on the
National PrioritiesList (NPL), which curently includesappioximately 1300
sites. Both EPA ard gates caract at other sites; however, EPA provides
responsible paties the gppartunity to conductremoval and remedial acions
ard ercourages comunity involvenert throughout the Superfund respanse
process.

EPA's RCRA/Supefund and FPCRA Hotline, at (800) 4249346, anavers
guesions and referencesguidance perining to the Supéund piogram.
The ERCLA Hotline operatesweekdaygrom 900 am.to 6:00 pm,, ET,
excluding Federal holidays.

Emergency Panning Axd GCommunity Ryht-To-KnowAct (EPCRA)

The Supeafund Amendments and Reauthorization Act (SARA) of 1986
created EPCRA, dso known as SARA Titlelll, a satute designed to improve
community accessd information atout chemcalhazads aml to fadlit ate the
devdopment of chemical energercy respase pars by State aml local
governments. EPCRA required the essblishmernt of State energercy
response canmissons (SERCs) responsible for coordinating cetain
emergercy respase adlvities arm for appanting local enmergeng/ plaming
committees LEPCs).

EPCRA ard the BPCRA regulations (40 CFR Pats 350-372) egablish four
types of reporting obligations for facilit ies which store or manage specified
chemicak:

EPCRA 8302requires facilit ies to notify the SERC and LEPC of the
presere d ary "extremely hazadous sulstance” (the list of such
substancesisin 40 CFR Pat 355, ApperdicesA ard B) if it has such
sulstance nexcess bthe sulstancesthreshold plaming quanity, ard
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directs the facilit y to gppaint an emergency response coordinator.

EPCRA 8304 requires the facilit y to notify the SERC and the LEPC
inthe event of areleaseequaing or exceedng the reportalde quartity
of a CERCLA hazadous sibsance o an EPCRA exrenmely
hazadous sulstance.

EPCRA 8311 and 8312require a facility a which a hazadous
chemical as dehed by the Occupaional Safety ard Heath Act, is
presemin ananount exceedng a spedied treshold to sulmit to the
SERC, LEPC ard local fire depatment material sakty dai@ sheet
(MSDSs) or lists of MSDS's ard hazadous ctemicalinventory forms
(also known asTier | ard 1l forms). Thisinformation helps the local
government respond in the event of a ill or release of the chemical.

EPCRA 8313requires manufacturing facilit iesincluded in SIC codes

20 through 39, which have ten or more enployees ard whch

manufacture, processor use spetied clemcak in anounts greater
thanthresiold quartities, to submit anamual toxic chemcalrelease
report. Thisreport, commonly known asthe Form R, covers releases

and transfers of toxic chemicalsto variousfacilit ies and environmental

media, ard alows BPA to compile the rational Toxic Rekase
Inventory (TRI) database.

All information submitted pursuant to EPCRA regulations is pulicly
accestile, unless potected ly a rade seat claim.

EPA's RCRA, Supefund and FPCRA Hotline, at (800) 4249346, ansnvers
guesions and digributesguidance egarding the emeagency planning and
community right-to-know regulations The EPCRA Hotline opeates
weekdaysrom 900 am.to 6:00 pm,, ET, excuding Federal holidays.

Clean Wder Act (CWA)

The primary objective of the Federal Water Pollution Control Act, commonly
referred to as he CWA,, isto restore amd maintain the ckenical physical ard
biologicalintegrity of the retion's suface wagrs. Pollutants regulated urder
the CWA include "priority" pollutants and vaious toxic pdlutants;
"conventiond" padllutants, such as biochemical oxygen demand BOD), total
susperded sdids (TSS), fecalcdiform, oil ard grease,ard pH; and"non-
conventional" pdlutants which are pdlutants rot idertified as eher
conventiond or priority.
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The CWA regulates both direct ard indirect disclarges. The National
Pollutant Discharge Himination Sygem (NPDES) program (CWA 8402)
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controls directdischarges nto navigalde wagrs. Directdischargesor "point
saurce” dsclarges ae from saurces suchas ppes ad sewes. NPDES
pemits,issued B either EPA or anautorized Sate (EPA hasauthorized42
States b admnister the NPDES program), contain industy-speciic,
technology-based and/or water qudity-based limits, and establish palutant
monitoring requirements. A facilit y that intendsto dischargeinto the nation's
waters must obtain a pemit prior to initiating its discharge A pemit
applcart mug provide quattative aralytical dat idertifying the types @
pollutants present in the facilit y's efflu ent. The permit will t hen set forth the
conditions and effluent limitations under which a facility may make a
discharge.

A NPDES pemit may dso includedischargelimits based on Federa or State
water qualty criteria or stardards hat were desgned b protect desgnated
usesof surface wagrs, suchassuppating aquaic life or recreaion. These
stardards, urlike the techologicd stardards, gererally do not take into
accaurt tecologicalfeashilit y or costs. Water qudity criteria and sandards
vary from state to state, ard sie to site, depenling on the use @ssfication
of the receving body of water. Most states bllow EPA guidelines, which
propose aquat life ard human heath criteria for many of the 126priority
pollutants.

Storm Water Discharges

In 1987 he QWA wasanerded b require EPA to edablish a pogram to
addess sormwater discharges Inresponse, EPA promulgated the NPDES
storm water pemit applcaton regulations. These egulations require that
facilities with the following sorm water discharges apply for an NPDES
permit: (1) a dscharge assoiated wih industial acivity; (2) a dscharge
from alarge or medium municipd storm sawer system; or (3) a discharge
which EPA or the Sate deermines b contribute to a violation of a waer
qudity sandard oris a significant contributor of pollutants to waters of the
United Sates.

The term "storm water discherge assoiatedwith industial acivity” mears a
storm water dischargefrom one of 11 categories of indudrial activity defined
at40 CFR 12226. Six of the caegaies are defned by SIC codeswhile the
other five are identified through narrative desciptions of the regulated
indudrial activity. If the primary SIC code of the facility is one of those
identified in the regulations, the facilit y is subject to the storm water permit
application requirements. If any activity at afacility is covered by one of the
five narrative cakegaies, storm water dischargesfrom those areas wiere the
activities accur are sulpect to storm water discharge pemit appicaion
requirements.
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Those facilit ies/activities that are subject to sorm water discharge permit
applcation requirements ae derified kelow. To deermine whether a
paticular facilit y falls within one of these categories, the regulation should be
consulted.

Category i: Facilitiessubject to sorm water efflu ent guiddines, new
saurce peformance sardards, or toxic pdlutant effluert stardards.

Category ii: Facilities dassified as SIC 244umber and wood
produds (except wood kitchen cabinets); SIC 26paper and alied
products (except papeboard cantainers ard products); SIC 28-
chemicals and dlied produds (except drugsand pants); SIC 291-
petroleum refining, and SIC 311-leather tanning and finishing, 32
(except 323)stone, clay, glass, and concrete, 33-primary metals,
3441{abricatedstructural metal, ard 373ship ard boat building ard

reparing.

Category iii: Facilities classified as SIC 104metal mining; SIC 12-
coa mining; SIC 13-0il and gas extraction; and SIC 14-nonmetallic
mineral mining.

Category iv. Hazadous wase ftreament, storage, or dispcsal
facilit ies.

Category v: Landfills, land gplication dtes, and open dunps that
receve or have receved industia wases.

Category vi: Facilities classified as SIC 5015used notor vehicle
parts; and SIC 5093-autmotive scrap ard wage neterial recycling
facilit ies.

Category vii: Steam dectric power generating facilit ies.

Category viii: Faclilit ies classified as SIC 40+ailr oad transportation;
SIC 414ocal pasenger trargportation; SIC 424rucking ard
warehousng (exceptpulic warehousng ard storage) SIC 43-U.S.
Postal Service; SIC 44-water transportation; SIC 45+transportationby
air; ard SIC 5171 petroleumbulk sorage ations ard terminals.

Category ix: Sewage teatment works.

Category x: Construction acivities exceptoperations that resuk in
the dsturbance d less hanfive acres d total land ara.
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Category xi: Facilities classified as SIC 20food and kindred
products, SIC 21tobaccoproducts; SIC 22+textilemill produds,; SIC
23-appael related products; SIC 2434wood kitchen cabnets
manufacturing; SIC 25furniture aml fixtures SIC 265papeboard
containers ard boxes, SIC 267-converted paperard papeboard
produds; SIC 27-printing, pulishing, and dlied indudries; SIC 283-
drugs SIC 285-paints, varnishes, lacque, enamels, and alied
products, SIC 30+ubbe ard plagics SIC 31{eaher ard leaher
products (exceptleaher andtanning ard finishing); SIC 323glas
products, SIC 344{abricaed mnetal products (except fabricated
structural metal); SIC 354ndudrial and commercial machinery and
computer equipmert; SIC 36<electronic ard other electical
equpmert ard camponerts, SIC 37-trarspatation equpmert (except
ship ard boat building ard reparing); SIC 384measiring, amlyzing,
and controlling instruments, SIC 39-miscellaneous manufacturing
indudries; ard SIC 42214225pulic warehousng ard gorage.

Pretreatment Program

Another type d discherge that is regulatedby the CWA isone that goes b a
pulicly-owned treament works (POTWSs). The retional pretreatment
program (CWA 8307{)) controls the indirect discharge d pdlutants to
POTWs by "indudrial users." Facilit ies regulated under §307§) mus meet
celtain pretreament stardards. The gaal of the pretreaiment program is to
protect municipal wasewatr treaiment plarts from danage hat may occur
when hazadous, toxic, or other wases ae discharged nto a sewersystem
ard to protectthe quaity of sudgegererated by these plarts. Dischargesto
aPOTW areregulatedprimarily by the FOTW itsef, rather thanthe State or
EPA

EPA has dewloped tchmology-based $ardards for indudrial users of

POTWs. Different stardardsapply to existing ard new saurces wihin each
catgay. "Categaical' pretreatment stardardsapplcalle to anindusty on

a retionwide lesis are dewloped ty EPA. In addtion, arother kind of

pretreatment sandard, "local limits," are developed by the POTW in order to

assist the POTW in achieving the efflu ent limitations in its NPDES pamit.

Regadless d whether a State is authorized b implement either the NFDES
or the pretreatment program, if it developsits own program, it may enforce
requirements more stringent than Federal sandards.

Spill Prevention, Control and Countermeasure Plans
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The 1990 diPdlution Act requires that fadlit ies that could reasonably be
expected to discharge oil in harmful quantities prepare and implement more
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rigorousSpill Prevention Control and Countermeasure (SPCC) Planrequired
underthe ONVA (40CFR 81127). There ae abo criminal and civil penalties
for ddiberate or negligent spills of oil. Regulations covering response to oil
dischargesard catingercy plars (40 CFR Pat 300), ard Faality Response
Plarsto ail discharges(40 CFR 811220)ard for P(B trarsformersand P(B-
containing itenms were revised ard finalized n 1995.

EPA’s Office of Water, at (202)2605700,will dir ect calleswith quesions

about tre CWA to the appopriate BPA office. EPA also maintainsa

bibliographic databas of Office of Water publications which can be
accesed through the Gound Water and Diinking Water resource centerat

(202) 260-7786.

Sak Drinking Water Act (SDWA)

The WA mandaies hat EPA estblishregulationsto protecthuman heath
from contaminants in drinking water. The law authorizes EPA to develop
national drinking water stardards aml to creak a pint Federal-State system
to ersure compliance wih these sardards. The WA alsodirects BPA to
protect undemground sources of drinking water through the caitrol of
underground injecion of liquid wages

EPA hasdeweoped prmary ard sscandary drinking water stardardsunderits
SDWA autority. EPA ard autorized sates eforce the pimary drinking
water sandards, which are, contaminant-specific concentration limits that
apply to certain pubdic drinking water supplies. Primary drinking water
standards consist of maximum contaminant level goals (MCLGs), which are
non-erforcealte heath-based gals, ard meximum contaminart levels
(MCLs), which are erorcealte limits set as close to MCLGs as possible,
considering cost and feasibilit y of attainment.

The SDWA Underground Injection Control (UIC) program (40 CFR Pats
144-148)isa pemit programwhich protectsundemground sourcesof drinking
water by regulating five classes of injection wells. UIC pemits include
desgn, operating, ingpecion, ard nonitoring requirements. Wells used D
inject hazadous wases nust also comply with RCRA coarrective acion
stardards n order to have RCRA pamit by rule status, ard must meet
applicade RCRA land disposal restrictions stardards. The UIC pemit
program is primarily state-erforced,since EPA has authorized al but a ew
states b administer the program.

The SDWA dso provides for a Federally- implemented Sole Source Aquifer
program, which prohibits Federal fundsfrom being expended on projects that
may contaninate the sde or principal saurce d drinking watr for a gven
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area,and for aStateimplementedWellhead FPotection program, desgned D
protectdrinking water wels ard drinking water reclarge aeas.

EPA’s Sat Drinking Water Hotline, at (800) 426-4791,ansvers quesions
and digributesguidance petaining to SDWA sandads The Hotline
operatesfrom 900 am.through5:30p.m., ET, excluding federal holidays

Toxic SubtancesControl Act (TSCA)

TSCA grarted EPA authority to creae a egulatory framewark to calectdata

on chemicak in orderto evaluate, as®ss, mitigate, ard cantrol risks whch

may be posed ly their manufacture, processng, ard use. TSCA provides a
variety of control methods © prevent chemcak from posing urreasmale

risk.

TSCA stardards nay appy atary point duting achenical slife cycle. Under
TSCA 85, EPA has established an inventory of chemical subdances. If a
chemicalis not alreadyon the inventory, ard has rot beenexcluded ly TSCA,
a premarufacture rotice PMN) must be submitted to EPA prior to
manufacture a import. The PMN must idertify the chemical ard provide
available information on heath ard ervironmertal effects. If available daa
are ot suficiert to ewaluat the ctemcak efects, EPA can impose
restrictions perding the dewlopmernt of information on its heath ard
environmenal effects. EPA canalsorestrict significart new uses échenicalk
based upao faciors suchas te piojected olume ard use 6 the chemical

Under TSCA 86, EPA canban the manufacture ar distribution in commerce,
limit the use, require labeling, or place aher restrictions on chemicak that
pose umeasmale risks. Among the chemicak BPA regulates umler 86
authority are aslestos, chorofluorocamons (CFCs), ard pdychorinated
biphenyls (PCBS).

EPA’'s TSQA Assistance hformation Sevice, at (202) 554-1404, ansvers
guesionsand digributesguidancepertaining to Toxic SutiancesControl
Act gandards The Serice opeatesfrom 830 am.through 430 pm,, ET,
excluding Federal holidays.

Clean Ar Ad (CAA)

The CAA ard its anendmerts, including the CkeanAir Act Amendmerts
(CAAA) of 1990, are deggred 0 “protect ard erhance he retion's ar
resources scas b promote the puldic heath ard welfare ard the producive
capady of the pgulaton.” The CAA conssts of six sectons, known as
Titles,which directEPA to estblish national stardards for anbiert air qualty
ard for EPA ard the Sates b implement, maintain, ard erforce hese
standardsthroughavariety of mechanisms. Under the CAAA, many facilit ies
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will be required to obtain pemits for the first time. State and local
governments oversee manage,and erforce nmany of the requirements of the
CAAA. CAA regulationsappear a 40 CFR Parts 50-99.

Pursuant to Title | of the CAA, EPA has established nationd ambient air
qudity sandards (NAAQSS) to limit levels of “criteria pdlutants,” including
caibon monoxide, lead,nitrogendioxide, particulate matter, volatile organc
compounds (VOCSs), ozone, ard sufur dioxide. Geayraphic areasthat meet
NAAQSsfor a gven pdlutant are chssiied as @aeinment areasthose thatdo
not meetNAAQSsare clasifiedasnon-attainment areas Under8110 d the
CAA, eachState nustdeelop a Sate Implenertation Plan(SIP) to idertify
saurces @ ar pdlution ard to determinewhatreducionsarerequiredto meet
Feder ar qualty sardards. Revised NAAQSsfor paticulatesard ozone
were proposed h 1996 ad may go into effectaseaty aslate 1997.

Title 1 alsoautorizes BPA to estblish New Source Rerformance Sardards
(NSPS$, which are retionally uniform emission sandardsfor new stationary
sourcesfalling within paticular indudrial categories. NSPSsre based onthe
pollution control techhology available to that categay of industial saurce.

UnderTitle I, EPA estblishes ard erforcesNational Emisson Stardardsfor

Hazadous Ar Pollutants (NESHAPS), nationally uniform stardards aiented
towards controlling paticular hazadous ar pdlutants (HAPs). Title |,

section 112(c) of the CAA further directed BPA to deelop a Ist of sources
that emt ary of 189 HAPs ardto dewvelop regulations for these caegaies of

sources Todate, EPA haslisted 174 ca¢gaiesard deeloped a shedule for

the establishment of emission sandards The emission sandards will be
developed for bath new and existing ources based on "maximum achievable
control techmology (MACT)." The MACT is deined as he caitrol

technology achieving the maximum degree of redudion in the emission of the
HAPs, taking into accaint cost ard other factors.

Title Il of the CAA pettains to mobile saurces,suchas cas, trucks, buses,

ard plares. Rebrmulated gastine,aubmobile pdlution control devices,ard

vapor recovery nozzles an gas pums ae a ew of the mechansmsEPA uses
to regulate nobile ar enissbn saurces.

Title IV of the CAA estblishes a suiur dioxide ennssbns program desgned
to reducetheformation of acid rain. Reducion of sufur dioxide eleases Wi
be obtained by granting to certain sources limited emissions alowances,
which, beginning in 1995, will be set below previous levels of sulfur dioxide
releases.

TitleV of the CAA of 1990 ceatd a peamit program for all "major sources
(and cetain other saurces)regulated urderthe CAA. Ore purpose d the
operating pemit is to include in a sngle document dl air emissions
requirements that apply to agiven facility. States are developing the permit
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programs in accadarce wih guidarce aml regulations from EPA. Orce a
State program is gpproved by EPA, pemits will be issued and manitored by
that State.

TitleVI of the CAA isintended b protectstratospteric ozone by phasing out
the menufacture o ozone-depkting cremicak am restrict their use ard
distribution. Producton of Clas | substances including 15 kinds of
chlorofluorocarbons (CFCs) ard cHoroform, were phased at (except for
essential useg in 1996.

EPA's Clean Ar Technology énter, at (919) 5410800, providesgeneasl

assistance and imdrmation on QA\A dandamds The Statophelic Oodne
InformationHotline,at (800)296-1996,providesgeneal information about
regulations promulgated undefitle M of the CAA, and BPA's EPCRA

Hotline, at (800) 5350202, ansvers quesions about accidental elease

prevention undelCAA 8112¢). In addition, the Gean Ar Technology
Centetrswebgte includegecentCAA rules EPA guidance documentand

updates of EPA activities(Wwwepagovitn then slect Directoly and then
CATC).
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V1.B. Industry Specific Requir ements

The phamaceuical industy is affeced ly sewra maor federa
ernvironmenal statutes. In addtion, the industy is suhectto numerouslaws
ard regulations from state ard local governments desyned b protect ard
improve the naion’'s hedth, safety, and environment. A summary of the
major federal regulations affecing the prarmaceuical industy follows.

Clean Ar Ad (CAA)

The original CAA authorized EPA to st limits on pharmaceuical plart
emissions. Same of these new source paformance sandards(NSPS)apply
to phamaceuical manufacturers including those for flares 40 CHR Part 60
Sulpatt A), ard gorage d volatile organc liquids (40 GFR Pat 60 Sulpart
Kb). The CleanAir Act Amerdmerts of 1990 &t control sardards by
indudrial sourcesfor 41 pdlutants to be met by 1995 ad for 148 dhe
pollutants to be reached by 2003. Under the ar toxics provisions of the
CAAA, more sources are covered including small businesses. The Hazadous
Orgaric Naiond Emissons Sardard for Hazadous Ar Pollutants, also
knownasHON, covershundredsof chencakard thousandsof procesunits.
The plarmaceuicalindusty is affected ty stardardsfor equpmert leaks 40
CFR Part 63 Subpart H), equpment leaks fom phamaceuical processes
usng cabon tetracHoride a methylere choride @40 CFR Pat 63 Sulpatrt 1),
ard gardards for enissions from halogerated slvert cleanng (40 GFR Pat
63 Subpat T). The HON a$o includesinnovative provisions such as
emissions trading, that offer indudry flexibility in complying with the rule's
emssons goals.

Specific industies ae regulated urderother National Emissbn Stardards for
Hazadous Air Pollutants (NESHAP). These strdards ae keing deeloped
for the phamaceutical industy (see %cion VI. C). Title V o the CAA
introduces a new pamit system that will r equire all mgor sources to obtain
operating pemits to cover all applcalle control requirements. States wee
required to dewvelop ard implement the program in 1993 ad the first pemits
wereissued n 1994. In Decener 1994, Schering-Plough Phamaceuical s
facility in Kenilworth, New Jersey, was the first in the nation to receive a
facilit y-wide pe'mit under this Title V program.

Clean Wder Act (CWA)

The deanWater Act, first pased in 1972 ad anended n 1977 ad 1987,
gives BPA the aubority to regulate effluerts from sewagereatment works,
chemicalplarts, ard other industial saurces nto waters. The actses “best
available” technology stardards or treament of wases br both direct ard
indirect (to a Publicly Owned Treatment Works (POTW)) discharges. In
1983,EPA proposed efluent guideinesfor the ptammaceuicalmanufacturing
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point saurce categay. These gudeines ae curently undergoing revisions
(see &cion VI. C). Theimplementation of the guidelines & left to the shates
who issueNational Pollutant DischargeElimination System (NPDES) pamits
for eachfacility.

The phamaceuical manufacturing efluert guideines br point saurce
categay (40 GFR Pat 439)isdivided nto proces specfic effluert guideines
as follows:

Fermertation - 40 CFR Pat 439 Subpatt A,

Natural productexracion - 40 CFR Pat 439 Subatt B,

Chemical synthesis - 40 GFR Pat 439 Subpatt C,

Mixing, compounding, formulation - 40 CFR Pat 439 Supatt D, ard
Researcch - 40 GFR Pat 439 Subatt E.

Each Subpat consists of effluent limitations representing the amount of
effluert reducion possible by udng ether best pracicalde control
techndogies (BPT), best conventiond padllution techndogies (BCT), or best
available techmologies BAT). BPTs are used dr discharges fom existing
point sourcesto control conventiond and nan-conventiond pollutantsaswell
as smne priority pdlutants. BCTs ake usedor dischargesfrom point saurces
to control conventional pollutants. Finally, BATsare used to control priority
pollutants and non-conventiond pollutants when directly discharged into the
nation’ swaters. Stardards ae piovidedfor cyaride,biologic oxygendenand
(BOD), chemical oxygendenand (COD), total suspededsdids(TSS) ard
pH. Guidelines br BCT ard BAT for the reseacch cakegay, new saurce
performance sandards (NSPS),and pretreatment sandards for new and
existing saurces,are being revisedard arein the final rule stage gee %cton
VI. C).

The Storm Water Rule (40 CHR 812226) requires phammaceuical fadlit ies
discharging gormwater asociated wihindugrial acivities (40 CFR 812226
(b)(14)(xi)) to apply for sorm water permits.

Sak Drinking Water Act Undeiground hjection @ntrol Program

The federal Underground Injection Control (UIC) program was established
underthe piovisions of the SDWA of 1974. Thisfederal program pre<ribes
minimum requirementsfor effectivestate Ul C programs  Since ground water
is a ngjor saurce d drinking watr in the Urited Sates,the UIC program
requirements were desgned D prevert contanmination of Undemground
Sources of Drinking Water (USDW) resulting from the operation of injection
wells. A USDW is ddined as an “aquifer or its portion which supplies any
puldic water system or contains a suficiert quanity of ground water to
supply a pultic water system or contains lessthan10,000milligramspe liter
total dissdved sdids anl is not anexenpted aqguier.”
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Since the passagefohe Safe Drinking Water Act, state ard federal regulatory
agerties tave modified exsting programs or deweloped rew strategies 0
protect ground water by establishing regulationsto control the pemitting,
congruction, operation, monitoring, ard closure d injecion wels. In
Michigan where al five of the pharmaceuical industy’s injecion wels are
located, the state has rot saught authority to implement the federal UIC
program but does egulate use d injecion welsthroughstate law. The BPA
is the responsible regulatory agency for implementing the UIC program inthe
state.

The five wels used ly the pharmaceuicalcompanesin Michiganare termed
hazadous Chss linjecion wels since they inject hazadous wase into

formations below the UDW. The process 6 sekcting a sie for a Chss |
disposal well involves evaluaing many conditions with the mast important

being the deermination that the urderground formations possess the natural

abilit y to containand isolate the injected waste. A detailed sudyis conduded

to deermine the suitabilit y of the underground formation for disposal. The
receving formation must be far below ary usatbe ground waters ard be
sepaated from them by confining layers of rock, which prevert fluid

migration into the gound watkr. The injecton zone in the receving

formation must be of suficiert sze aml have suficiert pore spaceo accept
ard maintain the injected wasgs.

Class| injection wels are regulated n 40 GFR Pat 146,Sulpart G. Sulpart

G requires facilit ies with injection wells to submit operating reports and to

submit plarsfor testing ard monitoring the wases,hydrogedogic canditions,

condition of the well materials, mecharicalintegrity of the wel, ard anbiert

conditions in adpcen aqufers. Subpait G ako ses critena for siting Class
| hazadous wase injecion wels, construction requirements, corrective
action procedues,operating requirements, ard closure phars.

Resource nservation and Rcovey Act (RCRA)

The Resurce Caoservation ard Recovery Act (RCRA) waseracted n 1976
to address poblems related to hazadous aml sdid wase managenent.
RCRA gives BPA the auhority to estblish a ist of sdid ard hazadous
wases aul to estblish stardardsand regulations for the treaiment, storage,
ard disposal of these wasts. Regulationsin Sultitle C of RCRAaddressthe
idertificaion, gereration, trarspatation, treatment, storage,ard dispasal of
hazadouswades Thes regulationsare found in 40 CRR Part 124and CFR
Parts 260279. Under RCRA, persons who gererate wade nust determine
whether the waseisdefined as stid wase a hazadous wase. Solid wases
are cansdered razadous wases f they are listed by EPA as tazadous a if
they exhibit charactkeristics d a hazadous wase: toxicity, ignitability,
corrosivity, or reactvity.
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Products, intermedetes, ard off-specficaton products potentially gererated
at pharmaceuicalfadlit ies that are considered hazadous wases aelisted in
40 GFR Pat 261 33(f). Someof the handling ard treatment requirementsfor
RCRA hazadouswage gemrators are covered urder40 CFR Part 262 aml
include he following: deermining what constitutes a RCRAwazadous wase
(Subpart A); manifesting (Subpait B); packagng, labeling, ard accunulation
time limits (Subpat C); and record keeping and reporting (Subpart D).

Many pharmaceuicalfadlit ies sore somehazadous wases athefadlit y for
morethan 90days, and are therefore, asoragefacilit y under RCRA. Storage
facilit ies are required to haveaRCRAtreaiment, storage, ard disposalfadlit y
(TSDF) pemit (40 CHR Part 26234). Some phamaceuical fadlities are
considered TSDF facilities and are subject to the following regulations
covered under 40 CFR Part 264: cortingency plans and emergency
procedues(40 CFR Pat 264 Subpartt D); manifesting, recad keepig, ard
reporting (40 GFR Patt 264 Sulpart E); use ard managenent of containers
(40 CFR Pat 264 Subpatt 1); tank systems (40 CFR Pat 264 Subpatt J);
surface mpoundments (40 CRR Part 264Subpatt K); land treatment (40 CHRR
Part 264 Subpait M); corrective action of hazadouswage releags(40 CRR
Pat 264 Subpar S); ar emissions stardardsfor proces vents of proceses
that proces or gererate hazadous wages(40 CFR Part 264 Subpart AA);
emssbns sardards or leaksmn hazadouswasehandling equpmert (40 CRR
Pat 264 Supart BB); ard emssions sardards for containers, tanks, ard
suiface mpoundments that contain hazadous wases 40 CRR Part 264
Subpatt CC).

A number of RCRA wases tave beenprohibited fom land disposal urless
treaed b meetspecfiic stardardsunder the RCRALand Disposal Restiction
(LDR) program. The wases cwoered by the RCRALDRs are listed n 40
CFR Pat 268 Supait Card include a mmber of wagescommonly gererated
at phamaceuical fadlities. Standards for the treatment and storage of
restricted wases ae desdbed in Subparts D ard E, respecively.

Many phamaceuical manufacturing facilities ae ako subect to the
underground gorage ank (UST) program (40 CFR Pat 280) The UST
regulations gpply to facilities that store ether peroleum poduds or
hazadous sulstances €xcept hazadous wase) idertified urder the
Comprehensive Environmental Response, Compensation, and Liability Act.
UST reguations addess deginstardards,leak deg¢cton, operating pracices,
respanse O releases,financia respangbility for releases,amd closure
stardards.
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Comprehensve Environmental Rsponse Compenation and Liability At (CERCLA)

The Comprehensve Environmental Response Compensation and Liabilit y Act
of 1980(CERCLA) ardthe Supeiund Amendmertsard Reautorizaion Act
of 1986 GARA) provide he hesic legal framewak for the federa
“Superfund” program to cleanupabardoned hazadous wase stes (40 CHRR
Patt 305) The 19865ARA legidationextendedthestaxesfor five yeas ard
adted a rew broad-based corporate ervironmertal tax, appicalde to the
allied chemicas (SIC 28) indudry, which includes the phamaceuicak
indugry. In 1990, Congress pased a $smple reauhorizaion that did not
substantially charge te law but exended he program autority urtil 1994
and the taxing authority urtil the end of 1995. A comprehensive
reauborizaion wasconsidered n 1994 ,but not pased. Sincethe expiration
of the taxing authority on Decentoer 31,1995, taxes for Supefund have been
temporarily suspeded. The taxes canonly be reinstated ky reauhorization
of Supefund or an omnibus reconciliation act which could specifically
reauhorize Bxing autority. The alied chemical indugry pays alout $300
million ayear in Supefund chemical feedsock taxes. Supeafund’s liability
stardard is swch that Potentially Respnsible Parties (PRPs) may pay the
ertire cost of clearup at sites, eventhoughthey may be respansible for only
a fraction of the wase.

Titlelll of the 1986 SARA amendments (also known as Emergency Response
and Community Right-to-Know Act, EPCRA) requires al manufacturing
facilities, including pharmaceuical fadlit ies, to report annud information to
the puldic alout storedtoxic sutstancesaswell as elease bthese sutances
into the ervironmert (42 US.C. 9601) Thisis known asthe Toxic Relea®
Inventory (TRI). EPCRA also establishesrequirementsfor federal, sate, and
local governments regarding energercy plaming. In 1994, over 300 nore
chemcakwereaddedo the list of chermicalk for which reporting isrequired.

Toxic SubtancesControl Act (TSCA)

The phamaceuical industy is spedicaly excluded fom same of the
requirements of TSCA. Any drugsmanufactured,procesed, ard distributed
in commerce ae exluded ly deinition from the Inventory Repating
Regulations (40 CFR Pat 7104(c)) ard the Pe-Manufacturing Ndtice
requirements (40 CFR 72030()) of TSCA.
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VI1.C. Pending and Proposd Regulatory Requir ements
Clean Ar Ad (CAA)

Underthe CkanAir Act, Natonal Emissbns Sardards for Hazardous Ar
Pollutants (NESHAPS) are leing dewloped br the pramaceuical
manufacturing indudry.

Clean Wder Act (CWA)

As patt of the CeanWater Act revision process,the efluert guideines br
the prammaceuical indudry (40 CRR 439)are currently being revised ard
reviewed. A mgor pat of the review considers the incluson of limitations
for toxic and nan-conventiond volatile organic pollutants. Additionaly, the
1983 Naw Source Performance Standards(NSPS) ér conventional pdlutants
will also be reevaluated.
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VI1.D. Other Federal Regulations Affecting the Pharmaceutical Industry
Food and Dug Adminigration (FDA)

The Food ard Drug Administration (FDA) is pat of the Deparment of
Heath ard Human Services. FDA has the shtutory autority to regulate a
wide range d products such as pre<ription and over-the-counter drugs
foods,hbiologics (e.9., blood plasna, vaccihes), medicaldevces €.9., needes,
heat valves) veterinary drugs, cosnetics ard cansumer goods that enit
radiation. Thisauthority has been granted to FDA by Congress under various
laws including the Federal Food, Drug and Cosmetic Act and the Public
Heath Service Act.

There ae five Centers within FDA that dealwith FDA-regulated aticles:
Certer for Drug Bvaluaion ard Reseath (CDER), Center for Biologics
Evaluaton ard Reseath (CBER), Certer for Veterinary Medicine (CVM),
Certer for Devices ad Radological Health (CDRH), ard Cerer for Food
Safety and Applied Nutrition (CFSAN). The Centers review scientific
information provided ly personswishingto placeFDA-regulated aticles nto
interstate commerce in order to determine whether regulatory requirements
are met. FDA has dfices throughout the US. where testing of FDA-
regulated aticles & performed ard where investigators are lesed.
Investigators goto U.S. and foreign manufacturing fecilit ies and other types
of facilities involved in FDA-regulated activities to verify that they are in
compliance wih FDA regulations.

FDA’sgeneral approach toregulating variousarticlesis smilar, however, due
to the diverse reture of these poduct, there ae regulatory requirements
tallored to eachtype d FDA-regulated aticle. Below is a sunmary of
information relating to the typeof products regulated ty CDER. Additional
information on other FDA-regulated aticles nay be located n 21 CFR or by
contacing FDA directly.

The manufacturing facilit ies that produce drugsfor human use are regulated
by CDER. The mehods facilities, and controls used for the manufacture,
processng, ard packng of a diug ae reviewed ly FDA to deermine whether
theyare adequatto ersure ard presewve the dug’s idertity, strength, qualty
ard puiity. Thesecharacteristicsare citicalto ersure the saéty ard eficacy
of a dug for human ue. CDER conducts a <ientific review o
manufacturing methodsard proces controlsfor the drug substanceand drug
product Feld investigators canduct on-site reviews b verify the accuacy
of the information submitted to CDER and to determine facilit y compliance
with FDA’s Gaod Marufacturing Pracices GMPS).
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Howewer, inaccadarce wih the Natonal Environmertal Policy Act of 1969
(NEPA), which requires al Federd agermiesto assess lte ervironmertal
impacts d their acions, CDER has integrated he consideration of the
ernvironmental impacs of appoving drug poduct appicatons into its
regulatory proces (21 CFR Pat 25). Whenanervironmertal review urder
NEPA is required, the review focuses a the erwironmerta impacts do
consumer use ard disposal of the drug ard is based on information submitted
by the manufacturers, or on a manufacturer s cettificaion thatanapplcaton
fals within an estblished cakgay of appicaions excluded fom the
requirement to submit information.

After the ariginal appoval from CDER, anapplcart may wish or need o

make charges n the method of manufacture, testing, etc. descibed in their

applcation. Anapplcart isrequiredto notify FDA alout eachcharge neach
condition established in an approved gpplication (e.g., ingredients, solvents,

processespeyond the variations akeadyprovidedfor in the appicaton (21
CFR 831470(a)). Depenling on the type d charge, the appicart notifies
FDA alout it in (1) a sipplenert requiring FDA appoval before the charge
ismade 831470(b)), (2) a supplenen for chargesthat may be made tefore
FDA appoval (831470(c)), or (3) anamualreport (831470(d)). Charges
requiring FDA appoval before they are made nay include clanges in the
synthesis of the drug productor chargesin solverts; the addiion or dektion

of aningredient; ard charges n the nethod of manufacture a in-process
control of the diug product manufacturing proces. The regulations speciy

the nethod of reporting cetain charges. CDER also provides addional

guidarce a the nmethod of reporting charges ad docunmentation needed ¢

suppat chargesin guidarce or indudry (e.g., “Guidarce r Indudry,

Immediate Rekase 8lid Oral Dosage Brms, Scak-Up ard Post Approval

Changes: Chemistry Manufacturing and Controls, In Vitro Dissdution

Testing ard In Vivo Bioequivalence Daumentation,” November 1995)

The charges h a manufacturing process that a manufacturer may wish to
undertake b prevert or reduce pdlution would most likely be reported n a
suppkenert requiring FDA appoval before the crargecould be made €.9.,
8831470(b)(1)(iv) ard 31470(b)(2)(v)). Chargessuchasthes dtenrequire
the manufacturer, before submitting the sipplenenal applcationto the FDA,
to generate dat that denonstrate the proposed clarge dees rot adwersely
affectthe idertity, strength, qualty or purity of the diug. An appicart may
ak FDA to expedieitsreview if a dedly in making the chargewould impose
anexraardinary hardship onthe appicart (831470(b)). For chargesrelating
to pdlution prevertion, “expedited eview” is typicaly reseved or those
charges nandaed by the Federal, State a local environmental protecton
agerties, which must be accanplished within a spedied ime frame. The
grarting of anexpedied review does rot charge the type d docunentation
that needsto be submitted to CDER to suppat the charge.
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Pharmaceutical Industry Federal Statutes and Regulations

Summay of FDA RegulationsApplicable to the Rarmaceutical hdugry
Statutory Authority

The Federal Food Drugard Cosmetic Act, principaly Sectons201,301,501,
502,503,505,506,507,512,701,704.

CDER Reguations

21 GFR Pats 300499

M anufacturing Information Submittal

Manufacturing Information Submitted to CDER in Investigational New Drug
Applicatons (INDs), New Dwmug Applicaions (NDASs), Antibiotic
Applications, Abbreviated New Drug Applications (ANDASs), and
Abbreviated Antibiotic Drug Applications (AAD As)

INDs: 831223(@)7)(i)

Other applcatons: §831450(d)(1)(i) ard 31450(d)(1)(ii)(a)

Reporting Changesin M anufacturing Methods and Controlsto CDER

IND Information amerndmerts; 831231

Suppenens ard other chargesto anappioved appkaton: 831470

Good Manufacturing Practices(GM Ps)

Current Good Marufacturing Practice h Manufacturing, Processing, Packing,
or Holding of Drugs Gerera, Pat 210

Current Good Marufacturing Pracicefor Finished fhamaceuicaks: Part 211
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VI1.E. Other Statutes and Regulations Affecting the Pharmaceutical Industry
State Statuteand Regulations

Most gates have long-established broad-based environmenta regulatory
programs. Mary of these egulatory sctemes wee eracied to implement
federa programs ard hase been grarted local primacy by the USHPA.
Gererdly, the shte piograms are allowedto be more restrictive thanfedera
requirements ard, in same casesthey are.

Some states wth high concertrations of phamrmaceuical manufacturing
facilities, have their own regulations peataining specifically to the indudry.
For exanple, both New Yok ard New Jesey have Reasoally Achievalde
Control Technology (RACT) requirements for process specific volatile
organic compound (VOC) emissions. Other dtates may have similar
requirements under their own State Implementation Plans (SIP3.

Intemational Standads

TheU.S. Phamaceuicalindusty islargely aninternational industy in which
many companies have manufacturing facilities and sales and distribution
operationsin countries aher thanthe U.S. Inaddtionto U.S. federa statutes
ard regulationsthereareinternational laws, regulations, treaies, conventions
and initiatives which are drivers of the environmental programs of
phamaceuical comparies. The Bagl Convention, 1SO 14000 tardards the
ervironmertal requirements d NAFTA, ard the ewlving EuropeanUnion
Direcives anl Regudtions are a w exanples d important international
ernvironmenal stardards aml programs which affect this industy.

Drug Enforcement Aminidration Regulations

Phamaceuical manufacturing operations may also be regulated urder the
Controlled Substances Act. ThisAct regulates te manufacture, distribution,
ard dispersing of controlled sulstances ad is erforced by the Dmg
Enforcenert Administration (DEA). Exanples d phamaceuical products
regulated under this Act include Demerol, Percodan, Ritalin, Valium, and
Darvon. A list of controlled sulstances carbe found in $1308 d 21 G-R.
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The statute provides ‘tlosed” swtem for virtualy ewery peison who
legitimately handles controlled substances, other than the ultimate user. As
ameansof controlling the distribution of regulated produds, DEA setsqudas
limiting the quantities which may be manufactured or produced to that
anmount which is necessarto meetthe legitimate needs 6the United Sates.
The regulations set spediic requirements for how such compounds ae
handled and stored at amanufacturing facility. 1naddition, when disposed of,
these sufiances nust be destoyed in the preserce d DEA personnd in
accadarce wih the regulations found in 21 CRR, Secion 130721.
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Pharmaceutical Industry Compliance and Enforcement History

VIlI. COMPLI ANCE AND ENFORCEMENT HI STORY

Background

Until recenly, EPA has focused mch of its atention on measuing
compliance with spediic ervironmertal statutes. This appioachalows the
Agercy to track campliance with the Clkan Air Act, the Resarce
Conservation and Recwery Act, the Ckan Water Act, ard other
ernvironmental statutes. Within the last se\eral yeass, the Agercy has begun
to suppkenert sngle-meda compliance ndicatrs with fadlit y-specific,
multimedia indicators of compliance. In doing so, EPA isin abetter position
to track compliance with all statutes at the facility level, and within specific
indugrial sectors.

A mgor sep in building the capacity to compile multimediadaafor indugrial
secbrs was he creaion of EPA'sIntegrated Daa for Enforcemnert Analysis
(IDEA) system IDEA has the capady to “read nto” the Agercy's single-
media datbases, exract compliance recads, ard metch the recads ©
individual facilities. The IDEA system can mach Air, Water, Waste,
ToxicsPesicideseEPCRA, TRI, ard Enforcenert Docketrecads or a gven
facility, and generate alist of historical permit, inspection, and enforcement
activity. IDEA dso hasthe capabilit y to analyze daa by geographic area and
corporate holder. Asthe capady to gererate multimedia canpliance daa
improves, EPA will make available more in-depth compliance and
erforcemnent information. Additionally, sector-specific measues d successir
compliance asstarce eforts ae urderdeweopmert.

Compliance ard Enforcement Profile Desciption

Using inspecion, violation, ard erforcenernt datafromthe IDEA system this
secton provides nformation regarding the historical compliance aml
enforcement activity of this sector. In order to mirror the facility unverse
reported n the Toxic Chemical Profile, the datareported wihin this secton
consists of recads aly from the TRI reporting universe. With thisdecsion,
the sekcion criteria are cansistent across seatrs with certain excepions.
For the sectors that do not normally report to the TRI program, daa have
been provided from EPA's Facility Indexing System (FINDS) which tracks
facilities in dl media databases. Please note, in this section, EPA does not
attempt to ddine the actud number of facilit ies that fall within eachsecor.
Instead, the section portrays the records of a subset of facilities within the
secbr that are wel defned within EPA datbases.

As a check a the relative size d the full secor universe, most notebooks
contain an estimated numker of facilit ies within the sector accading to the
Bureau of Census (See Section I). With sectors dominated by small
busnessessuchas netal finishersard printers, the reporting universe wthin
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the EPA daabases may be small in comparison to Censusdaa. However, the
group selected for inclugon in this data analysis section should be consistent
with this secior's gereral makeup.

Following this introduction is a list deining eachdat cdumn presemed
within this sed¢ion. These aues epresen a retrospecive sunmary of
inspectons ard erforcenert acions, ard sdely reflect EPA, State, ard local
compliance assuance acivities that have beenertered into EPA datbases.
To idertify ary charges n trerds, the BPA ran two dat queres,one for the
five cakrdar yeass (April 1, 1992 b March 31, 1997)ard the other for the
most recen twelve-month period (April 1, 1996 b March 31,1997) The
five-year aralysis gives anawerage ével of acivity for that perod for
compaiison to the nore recern acivity.

Because st inspectons focus o single-media requirements, the dat
gueies peseted inthissecton are takenfrom single mediadatabases. These
databases danot provide dah on whether inspectons are saitelocalor EPA-

led. Howewer, the table lreakng down the unverseof violations does gve
the readera cuude neasuenert of the BPA's amd states'efforts within each
media program. The presented dada illustrate the variations across EPA

Regons for cettain secbrs? This variation may be attributable to state/local

data entry variations gpecific geographic concentrations, proximity to

population ceners, sersitive ecaystens, highly toxic chemicak usedn

produdion, or historical noncompliance. Hence, the exhibited data do not

rank regional peiformance a necessaly reflectwhich regions may have the
most compliance problems

Compliance ard Enforcement Data Definitions
General Definitions

Fadlity Indexing Sysem (FINDS) -- this system assigns a comman facilit y
number to EPA single-media pemit recads. The HNDS identificaion
number dlows EPA to comple and review dl permit, compliance,
enforcement and pallutant release daa for any given regulated facilit y.

Integrated Data for Enforcement Analysis (IDEA) -- is adada integration
system that can etrieve information from the mgjor EPA program office
databases. IDEA usesthe FINDS identification number to link separate daa
recadsfrom EPA’s databases. Thisalowsretrieval of recadsfrom across

2 EPA Regions includethe following dtates: | (CT, MA, ME, RI, NH, VT); Il (NJ, NY, PR, VI); lll (D C, DE, MD,
PA, VA, WV); IV (AL, FL, GA, KY, MS, NC, SG, TN); V (IL, IN, MI, MN, OH, WI); VI (AR, LA, NM, OK,
TX); VII (1A, KS, MO, NE); VIII (CO, MT, ND, SD, UT, WY); IX (AZ, CA, HI, NV, Pacific Trus Territories); X
(AK, ID, OR, WA).
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media or statutes for any given facility, thus creating a “mester list” of
recordsfor that facility. Some of the daa systems accesdile throughIDEA
are:. AIRS (Air Facility Indexing and Retrieval System, Office of Air and
Radation), PCS (Pemit Compliance Sstem Office d Water), RCRIS
(Resaurce Canservation ard Recovery Information System Office d Solid
Waste), NCDB (National Compliance Data Base, Office d Prevertion,
Pesticides ard Toxic Substances) CERCLIS (Comprehersve Environmertal
and Liability Information System, Supefund), and TRIS (Toxic Release
Inventory System). IDEA also contains information from outside sairces
such as Dunard Bradsteet ard the Occupabnal Safety ard Heath
Administration (OSHA). Most daa queies displayed in notebook sections
IV ard VII were conducted usng IDEA.

Data Table Coumn Heading Defnitions

Facilities n Search -- are besed m the unverseof TRI reporterswithinthe
listed SIC code lange. For indudries not covered urder TRI reporting
requirements (metal mining, nonmetallic mineral mining, eectric power
generation, ground transportation, water transportation, and dry cleaning), or
indugries in which only a very small fraction of facilit ies report to TRI (e.g.,
printing), the rotebook usestie HNDS universe br execuing dat queres.
The SC cade range setcted for eachseach is deined by eachnotebook's
sekcted SC cade coverage desdbed in Secion Il.

Facilities Inspected --- indicates the level of EPA and date agency
inspections for the facilities in this data search. These values show what
percentage of the facility universe is inspected in a one-year or five-year
period.

Number of Inspections -- measues te tta number of inspecions
conducied in this secbr. An inspecion ewert is counted eachtime it is
entered into a sngle media daabase.

Average Time BetweenlInspections -- provides amwerage éngth of time,
expressed in months, between compliance inspections at afacilit y within the
defined unverse.

Facilities wih One orMore Enforcement Actions-- expressestie rumber
of facilit ies that were the subject of a least one enforcement action within the
defined time period. This category is broken down further into federal and
state actions. Dataare obtained for administrative, civil/ judicial, and criminal
erforcenert acions. Administrative actons include Ndices ¢ Violation
(NOVs). A fadlity with multiple enforcement actions is only cournted once
in this column, e.g., afacility with 3 enforcement actions counts as 1 fecilit y.
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Total Enforcement Actions -- descibes the total humber of erforcenen
actionsidertifiedfor anindustial secbr acioss al ervironmental statutes. A
facilit y with mutiple enforcement actions is counted mutiple times, eg., a
facilit y with 3 enforcement actions courts as 3.

State Lead Actions -- shows what percertage d the tota erforcenernt
actions are taken by state ard local ervironmertal agermies. Varying levels
of use by dates of EPA dda systems may limit the volume of actions
recaded as stte eriorcenert acivity. Some states exensively report
erforcenert actvitiesinto EPA daisystens, while other statesmay usetheir
own daa systens.

Federal Lead Actions -- shows what percertage d the total erforcenen
actions are taken by the Urited Sates Hwironmertal Protecion Agercy.
Thisvalue ncludes eferralsfromstateagercies. Mary of these agonsresuk
from coordinated or joint state/federal efforts.

Enforcement to Inspection Rate -- is a ratio of erforcenernt acions to
inspectons, ard is preseited for comparative purposes aly. Thisratio isa
roughindicator of the relationship betweeninspecions ard erforcenert. It
relates the rumber of erforcenert acions ard the rumber of inspecions that
occurred within the ane-year or five-year petiod. This ratio includes the
inspectons ard erforcement acions reported under the CeanWater Act
(CWA), the CkanAir Act (CAA) ard the Resorce nservation ard
Recovery Act (RCRA). Inspectons and acions from the TSCA/FIFRA/
EPCRA datbase ae ot factored into thisratio becausemnost of the actons
taken under these programs are not the result of facility inspections. Also,
this ratio does mt accaint for erforcenert acions ansing from non-
ingpection compliance monitoring ectivities (e.g., <eif-reported water
discharges)that canresuk in erforcenert acion withinthe CAA, CWA, ard
RCRA

Facilities wih One or More Violations Identified -- indicats he
percertage d inspeced fciities having a volation idertified h one o the
following daa categories: In Violation or Signficant Violation Status
(CAA); Reportable Nonconpliance, Current Y ear Noncompliance, Signific ant
Noncompliance (CWA); Noncompliance and Significant Noncompliance
(FIFRA, TSCA, and EP(RA); Unresolved Violation and Unresolved High
Priority Violation (RCRA). The values pesered for this coumn reflectthe
extent of noncompliance within the neasued ime frame, but do not
distinguishbetweenthe serity of the roncompliance. Violation status nay
be a pecusor to anerforcenert acion, but does rot necessaly indicate that
an enforcement action will o ccur.
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Media Breakdown of Enforcement Actions ard Inspections -- four
columms idertify the pioportion of total inspectons ard erforcenert actions
within EPA Air, Water, Waste, ard HFRA/TSCA/EPCRA datbases. Each
colum is a pecertage of either the “Tota Inspectons,” or the “Total
Actions’ column.

VII.A. Pharmaceutical Industry Compliance History

Table 20 provides aroverview o the reported conpliance ard erforcemnent
data for the plamrmaceuical indudry over the pas five yeass (April 1992 b
April 1997) Thes dat are abko broken out by EPA Region thereby
pemitting ge@raphicalcomparisons. A few pointsevidert fromthe daaare
listed below.

*Regbn Il has nore thantwice he rumber of pharmaceuical fadlit ies than
ary other Regbonard more thanhalf of al inspectons nationally were caried
out in this Region. The high rate of inspectionsin relation to the numkber of
facilities is reflected in the Region's relatively low average time between
inspections (6 manths)

*Regons VI had only five pharmaceuical fadlit ies (identified by the IDEA
system) ard arelatively highaverage tme betweeninspecions. Howewer, in
the past five years four enforcement actions were brought aganst facilitiesin
the Regon, giving it one d the hghesterforcenert to inspecion rates.

*Regon X had only one pramaceuical fadlity identified by the IDEA
system. In the past five years this facilit y was inspected twice and had two
erforcemnert acion brough aganst it.
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Table 20: Five-Year Enforcement and Compliance Sunmary for the Pharmaceutical Industry

A B C D E F G H I J

Region Fadlities | Fadlities | Number of Average Fadilitie s Percent Percent
in Inspecte | Inspections Months with 1 or Total State Federal Enforcemernt
Search d Between More Enforcemen Lead Lead to Inspection

Inspections | Enforcement t Actions Actions Actions Rate
Actions

I 8 5 11 44 0 0 0% 0% --
Il 60 53 624 6 21 95 84% 16% 0.15
11 18 16 111 10 3 3 100% 0% 0.03
v 24 17 227 4 12 83% 17% 0.05
\% 22 16 143 4 5 60% 40% 0.03
VI 5 5 17 18 1 4 0% 100% 0.24
VI 12 8 37 19 1 1 100% 0% 0.03
VIII 6 5 22 16 0 0 0% 0% --
IX 8 3 7 69 0 0 0% 0% --
X 1 1 2 30 1 2 50% 50% 1.00
TOTA 164 129 1,201 8 35 122 80% 20% 0.10
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VI11.B. Comparison of Enforcement Activity B etween Sdected Industries

Tables 21 ad 22 alow the canpliancehistory of the pharmaceuticalindusty
to be compared wih the dher industies covered by the industy secor
notebooks. Comparisons between Tables21 aml 22 pemit the idertificaion
of trends n compliance arl erforcenert recads d the industy by comparing
data covering the lastfiveyearsto thatof the pastyear Some points evidert
from the dat are listed below.

*The plamaceuical industy had one d the hghest inspecion rates as
indicated ly its relatively low average tme betweeninspecions (8 months)
compared b other industies.

«Compared D other secbrs, the phamaceuicalindusty had a elatively high
enforcement to inspection rate (0.07) and arelatively high percent of facilit ies
inspectd wih violations (105 pecert).

Tables 23 ad 24 povide a nore in-depth comparison between the
phamaceuicalindusty ard ather secbrs by breaking out the canplianceard
erforcenen dat by ervironmental statute. Asin Tables 21 ad 22,the daa
cover the last five years (Tade 23) ard the previous year (Talde 24) to
facilit ate the identification of recer trerds. A few points evidert from the
data are listed below.

*Overthe pasfive years, alout 80percert of the industy’s inspectonswere
for CAA ard RCRA Ovwer the past year CAA ard RCRA inspections
accaurted for almost 90 pecert of inspectons. This trerd is primarily due
to an increase n CAA inspecions ard a decease n CWA and
FIFRA/TSCA/EPCRA/Other inspections.

*Thepercertageof CAA erforcenert acionsincreasedrom 49 pecert over
the past five years to 71 pecent in the past year. At the same time the
percertage d CWA erforcenen acions deceasedrom 25 pecert to 14
percert.
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VI1.C. Review ofMajor Legal Actions

This secton provides sumary information alout mgor cases Hat have
affected his secior, ard Suppénerntary Environmertal Projects (SEPs).
SEPs are compliance agreements that reduce afacilit y's sipulated penalty in
return for anernvironmertal projectthat exceeds he value d the reduction.
Often, these pojects fund pdlution prevertion actvitiesthatcansignificartly
reduce the future palutant loadings of afacility.

VII.C.1. Review ofMajor Cases

Asindicated n EPA’s Enforcement AcomplisimentsReport, FY1995 and
FY1996publications, 5 sgnificart erforcenert acionswereresdved letween
1994 anl 1996 or the prarmaceuical indugry.

In the Matter of Ciba-Geigy, Inc.. OnNovember 7, 1994,Region |l issued
anadmnistrative cansert order to Ciba-Geigy, Inc., assessg a pealty of
$130000 fr violations of EPCRA at its Toms River, New &rsey, fadlity.
The order was based upon aninspection of Ciba-Geigy’ sfacilit y that resulted
in a skteencount complaint alleging that Ciba-Geigy failed to report that it
used cdin of the following: coppercompounds; glycol ethers; chromium
compounds cobalt compounds C.I. Disperse Y ellow 3; diethanolamine and
ethylene glycol during the caérdar years 1988 hrough 1991.

Ciba-Gegy Superfund Site On October 18, 1995, Region Il issued an
admnistrative ader on consert urder Sectons 104, 107, and 122 d

CERCLA to the Ciba-Geigy Corporation. Theorder requires Ciba-Geigy to

perform, under EPA oversight, afeasibility sudy for Operable Unit Two to

dewelop and ewaluate remedial akernatives br appoximately twerty-one

potential saurce aeas & groundwater contamination on the ste. The

estimated cost of the work that CibaGeigy will perform is $20million. In

addition, Ciba-Geigy will also pay al of EPA’s unreimbursed past response

costs, $797000, plusal of EPA’ s future response costs, including oversight

costs.

The ste is on the Natonal PrioritiesList ard locatedin Toms River, Ocean
County, New Jerey. Groundwater at the ste is contamnated wih orgaric

ard inorgaric canpounds,and emanates fom suiface ad sutsurfaceformer

disposal areason the ste. Pursuart to a sttlement with EPA in 1994,Ciba-

Gepy iscurrently remediating thegroundwater contamnation. EPA recertly

completed a laseine pullic heath risk assessemt or saurce aea suface
sadls, as wdl as aremedial investigaion to examne the reture ard exent of

the contamination in the source areas & the site. 1n performing the feasibilit y

study for the saurce aeas,Ciba-Geigy has ageed b ad@t EPA’s risk
assessert ard remedial investigaton report.
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TakedaChemical ProductsUSA Inc. (NC): OnAugug 31, 1995,Region

IV ertered into a cansert agreenert/consert order (CACO) resdving claims
against Takeda Chemical Produds USA, Inc., for violations of RCRA at its
vitamin manufacturing plant in Wilmington, North Carolina. As pat of a
solvert extraction proces, Takeda gearated a ty-product referred to as
DAS-fuel, which Takeda ntended © burn for erergy recovery. Prior to
receving ary pemitsto burn the DAS-fuel, Takeda gearated DAS-fuel ard
stored t on-site for apetiod in excesof 90 day without a pemit or interim

status and lter shippel it off-site.  EPA determined thet the DAS-fud

(essentially spent toluene mixed with DAS water and polymers) was FO05
hazadouswade. As a result, on Septenber 24, 1994,Region IV issued a
complaint for illegd storage of hazadous wasg, failure to make ahazadous
wase deermination, ard failure to manifest the DAS-fuel shpped df-site.

The CACO requires Takeda b paya cvil peralty of $99000, but alows
Takeda o bring DAS<uel back ar-site for reprocesing, provided Takeda
manages ay wase it produces as aesult as a hzadous wase.

Abbott Laboratories A consert ageenert ard fina order was sgned in
Sepenmber 1995,conceming Abbott LaboratoriesCorporation’ sviolations of
RCRAsstardardsapplcalde to the turning of hazadous wase in boilersand
industial furnaces BIF) atits Nath Chicagq lllinois facility. Negotiations
with Abbott Laboratoriesafter issuarce d the camplaint in February 1994
resulted n a pemity of $182654. Abbott also agreed b conduct a
suppkenerta environmertal project (SEP) that will allow Abbott to recover
ard recycle the nethylere cHoride poduced m its manufacturing processes
and will reduce fugitive methylene chloride emissions. The SEP involves
three separate, dbeit amilar, operations, replacing “wet” vacuum punp
systens with “dry” pumpsard highefficiercy condersess. The piojecied ccst
of the SEP is $480000.

VI11.C.2. Supplementary Environmental Projects (SEPS)

Suppemental ervironmertal projects (SEPs) are erforcenert options that
require the non-compliant facilit y to complete specific projects. Information
on SEP cases cabe accessedia theinternetat EPA’ sEnviro$erse welsite:
http://es.inel.gov/sep.
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Page 130ntentionaly left blark.VIIl. COMPLIANCE ACTIVITIES AND INITIATIVES

This section highlights the activities undertaken by this indugry sector and
puldic agermies b voluntarly improve the secbr's ervironmertal
performance. These agvities include tose indepemlertly initiated by
industia trade asociations. In this secton, the rotebook also contains a
listing ard desciption of national ard regional trade asscations.

VIII. A. Sector-related Programs and Activities

The Fhamaceuical Reseach ard Manufacturers o America PhRMA) ard
EPA are casidering deeloping campliance aml regulations guides,
concerning the interacions of EPA ard FDA regulatons for the
phamaceuical industy.

VIIl. B. EPA Voluntary Programs
33/50 Rogram

The 33/50 Pogram is a giound breaking program that has focused on
reducing pdlution from seventeenhigh-priority chemicalk throughvoluntary
partnershipswith indudry. The program's name sensfromitsgoals. a 33%
reducton in toxic releagsard trarsfers by 1992,ard a 50%reducion by
1995, aganst a keseline d 1.5 hillio n pounds of releases and transfers in
1988. The results have beenimpressive: 1,300 canparies have joined he
33/50 Pogram (represerting over 6,000 fadlities) and have reacted te
national targets a yearaheadof schedule. The 33%goal wasreacked n 1991,
ard the 50%gaal -- a reduction of 745millio n poundsof toxic wastes -- was
reacked n 1994. The 33/50Program canprovideca® studieson many of the
corporate accanplishmerts in reducing wase.

Table 25 ists those camparies participating in the 33/50 pogram that
reported he SIC codes2833 ad 2834 b TRI. Some of the canparies
shown aso listed facilities that are not produdng pharmeceuticals. The
numkber of facilities within eachcompary that are paticipaing in the 3350
program ard thatreport pharmaceuical SIC codes s stown. Where a\ailable
ard quanifiable aganst 1988 eleagsard trarsfers, eachcompary’s 33/50
goals for 1995 ad the actial total relea®s ard trarsfers and percent
reducton between1988ard 1994 ae presried. At the time of pulicaton
of this docunment (Augug 1997) 1995 33/50 Rigram TRI daia were not
available.

Table 20 $iowsthat 34 canparies comprised of 160 fadlit ies reporting SIC
2833 anl 2834 ae paticipated nthe 33/50program. For those canparies
shown with more thanone plamrmaceuical manufacturing fadlit y, dl facilit ies
may not be paticipaing in 33/50. The 33/50goalsshownfor comparieswith
multiple pharmaceuical fadlit ies, however, are company-wide, potentially
aggregaing mae than one facility and fecilities not carrying out
phamaceuical operations. In addtion to compary-wide gals, individual
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facilities within a company may have their own 33650 goals or may be
speciicaly listed asnot patticipaing in the 3350 program. Since he actal
percent redudions shown in the last column gpply to all of the companies
phammacedical manufacturing facilities and only pharmaceuical
manufacturing facilities, direct comparisons to those company goas
incorporating non-phamaceuicalfacilities or excluding certain facilit ies may
not be possible. For information on specific facilities participating in 3350,
contact David Sapkin (202260-6907)at the 33/50 Pogram Office.
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Table 25:Pharmacetical Industry Participation in the 3360 Program

Parent Company Company-Owned | Company-wide 1988 TRI 1994 TRI Actual %
(Headquaters Location) Phamaceutical % Redudion Releases and Releases and Redudion for
Facilities Goal! (1988- Transfers d Transfers d Phamacutical
Reporting 3350 1995) 3350 Chemicals | 33/50 Clemicals | Facilities (1988
Chemicals (pounds) (pounds) - 1994)

3M Minnesota Mining & 2 70 885,011 194,850 78

Mfg.. Canpany -

St Paul, MN

Abbot Laboratories - 6 20 3,017,869 2,869,793 50

North Chicago,IL

AmericanHome Products 19 50 1,828,970 930,992 49

Corporation -

Madison NJ

Anabolc Incomporated - 1 75 39,602 0 100

Irving, CA

Baxter International Inc. - 8 80 921,282 33,312 96

Deeffield, IL

Boelringer Ingelheim Corp. 2 50 198,500 247,166 -245

Ridgefield, CT

Bristal-Myers Syuibb Co. - 15 50 4,876,002 2, 305,269 53

New York, NY

Burroughs Wellcome Co. - 2 26 469,075 193,171 59

Durham, NC

Ciba-Geigy Compary - 14 50 2,613,266 1,179,471 55

Tarrytown, NY

Coaiing Rlace hcomorated - 1 ok 149,000 0 100

Verona, WI

Dow Chemical Compary - 1 50 115,000 109,100 5

Midland, M1

Eastman Koda Company - 1 50 87,350 15,766 82

Rocheser, NY

Eli Lilly and Company - 7 50 5,749,879 1,194,760 79

Indianapolis, IN

Fisons Company - 1 ok 3,395 2,229 34

Rocheser, NY

Ganes Chemicals Inc. - 2 b 67,018 19,586 71

Calstadt, NJ

Hoectst Celanese ®mpary 1 50 0 0 --

Corpus Christi, TX

Hoffmam-La Roche Inc. - 5 62 2,154,667 1,230,361 43

Nutley, NJ

Johnn & Johnon - 2 65 258,090 234,444 9

New Brunswick, NJ

Mallin ckrodt Group Inc. - 1 50 0 500 --

Saint Louis, MO
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Table 25:Pharmacetical Industry Participation in the 3360 Program
Merck & Compary Inc. - 7 50 5,863,293 927,225 84
Whitehouse Station, NJ
Monsanto Compary - 3 25 9, 200 3,480 62
Saint Louis, MO
Par Phamacedical Inc. - 1 ok 194,099 0 100
Spring Valey, NY
Perrigo Compary - 2 95 638,235 0 100
Allegan, Ml
Pfizer Incorporated - 10 50 2,492,314 3,250,940 -30
New York, NY
Sandoz Corporation 18 50 572,915 100,439 82
New York, NY
Scheing-Plouch Corp. - 7 70 3,181,202 1,867,558 41
Madison, NJ
Smithkline Beectam 6 81 2,882,573 35,469 99
Americas -
Philadelphia, PA
Solvay America hc. - 1 * 0 36,474 --
Hougon, TX
Syntex USA Incorporated - 3 33 1,093,051 393,493 64
Palo Alto, CA
Tishcon Corporation - 2 *k 3,900 113,000 -2797
Westbury, NY
United Organics Carp. - 1 * 0 5,950 --
Williamston, NC
Upjohn Gompany - 3 50 7,128,339 5, 654,150 21
Kaamazoo, Ml
Upsher-Smith Laboratories 1 100 94,000 320,000 -240
Inc. -
Minneapolis, MN
Warner-Lambert Compary - 4 40 197,540 242,638 -22
Morris Rains, NJ
Total 160 47,784,637 23,711,586 50

Source: US EFA 33/50 FPogram Office, 1996. 1995 33/50 RI data wasnot available at tira of publication.
! Company-wide Reduction Gods aygregae al company-owned facilities which may include facilities mot producing

phamaceuicals.

* = Redudion god na quantifiable agang 1988 TRI daa
** = Use reduction goalonly.
*** = No numeric reduction goal

Environmental Leadeship Program

The Environmental Leadership Program (ELP) is a national initiative
developed by EPA that focuses on improving environmental performance,
encouraging voluntary compliance, and building working relationships with
stakelolders. EPA initiated a ane yearpilot programin 1995 ly selecing 12
projects at indudrial facilities and federal installations that demondrate the
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Project XL

principles d the B_P program. These pinciples nclude: environmertal
management systems, mutimedia compliance assurance, third-paty
verificaion of compliance, puldic measues d accantability, padlution
prewertion, community involvenert, ard mentor programs. In return for
patticipating, pilot paticiparts receved pubic recaynition ard were given a
period of time to correctary violations discovered duing these egerimental
projects.

EPA is m&ing plans to launch its full-scale Environmental Leadership
Programin 1997. The ull-scale piogram will be facilit y-based with a 6-year
paticipation cycle. Facilities that meet certain requirements will be ligible
to paticipat, suchas taving a canmunity outreachiemployeeinvolvenment
programs and an environmental management system (EMS) in placefor 2
years. (Contact: http://es.inel.gov/elp or Debby Thomas, ELP Deputy
Direcior, at 2025645041)

Project XL was initiated in March 1995 & a pat of President Clinton's
Reinventing Environmental Regulation initiative. The projects seek @
acheve cost effecive ervironmertal benefits by providing paticiparts
regulatory flexibilit y onthe condition that they produce greater environmental
benefits. EPA and program participantswill negotiate and sgnaFinal Project
Agreement, ddailing specific environmental objectives that the regulated
entity shall satisfy. EPA will provide regulatory flexibilit y as an incentive for
the paticiparts supeior ervironmertal performance. Participarts are
ercouraged b seek sakeloldersuppat from localgovernments, busnesses,
and environmental groups EPA hopes to implement fifty pilot projects in
four categories, including indugrial facilit ies, communities, and government
facilit ies regulated by EPA. Applications are being acceped on a rlling
basis.

In 1996, EPA accepéd a poposal by Merck to deiver supeior
environmental protection while alowing flexible operation a its
phamaceuical manufacturing fadlity near Elkton, Virginia. Merck, dong
with its sakeholders, developed asimplifie d air pamit for the facilit y that will
cap btal ar emissbns d criteria pdlutants at less hanrecern acual levels
and dlow the facility to make changes and additions to its manufacturing
processes as sa as hey are reeded whout prior approval. The upfont
environmental benefit which will enable Merck to operate flexibly under the
emissions cap will come from converting the coal burning powerhouse to
natural gas. This conversion will r educe the Ste's actud air emissions by over
900 bns peryearof criteria pdlutants, ard 50 bns peryearof hazadousair
pollutants.

Under the pioposal, EPA ard the Virginia Depatment of Environmertal
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Quality (VADEQ) will adopt the Prevention of Significant Deterioration
(PSD) pemit through different mechansms under their respecive
jurisdictions. EPA plars to promulgate asite-specfic rule making in orderto
make adjusments to current applicable regulations to dlow for the flexible
operation of the pe'mit. The Virginia State Air Pollution Control Board will
promulgate avariarnceto makethe PSD pemit legaly erforcealte understate
laws. These poposed actons ard the daft pemit were sulject to pulic
comment and it is expected that the pemit will be issued to Merck during
1997.

For addtional information regarding XL projects, including appicaton
procedues ard criteria, see the May 23, 1995 Federa Register Notice.
(Contact:Fax-on-Demand Hatline 202260-8590,Web: http://www.epagov/
ProjectXL, or Christopher Knopes atEPA’s Ofice d Policy, Plaming ard
Evaluaion 2022609298)

Climate Wse Program

Climate Wise is helping US industries turn energy efficiency and palution
prevertion into a caporate aset. Suppoted ly the techical asistarce,
financing information and pulic recognition that Climate Wise offers,
paticipating companies are developing and launching comprehensive
industial erergy efficiercy ard pdlution prevertion acion plars that sawe
money ard protectthe ervironmert. The reaty 300 Gimate Wise companies
expectto save more than $300millio n and reduce greenhouse gas emissions
by 18 million metric tons of carbon doxide equivalent by the year 2000.
Some of the actons comparies ae urdeitaking to acheve these esults
include process improvements, boiler and seam system optimization, air
compressa systemimprovements, fuel switching, ard wase reatrecovery
measures including cogeneration. Created as pat of the Presdent’s Climate
Change Action Plan, Climate Wise is jointly operated by the Department of
Energy ard EPA. Underthe Hanmany other programs wetre also launched
or upgradedincluding GreenLights, WasteWi$e ard DoE’sMotor Challenge
Program. Climate Wise provides an unbrella for these programs which
ercourage conpary paticipaion by providing information on the range d
partnership oppartunities available. (Contact Panela Hemman EPA, 202-
2604407 o Jan Vemet, DoE, 202586-4755)

Energy StarBuildings Program

EPA sENERGY STAR BuildingsProgramis avoluntary, profit-based program
desgred © improve the erergy-efficieney in commercial ard industial
buildings Exparding the siccesful GreenLights Program, ENERGY STAR
Buildings was launched n 1995.This program relies on a 5stage $rategy
designed to maximize energy savingsthereby lowering energy bills, improving
occupam comfort, ard preverting pdlution -- all at the sane time. If
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implemented inevery commercial and indudrial building inthe United States,
ENERGY STAR Buildingscould cut the nation’ s energy bill by upto $25 hillio n
and prevert up o 35% of cabon dioxide enmssions. (This is equvaent to
taking 60 million cars of the road). ENERGY STAR Buildings paticipants
include corporations; small ard medium sized lusnessesjocal federal ard
state governments; non-profit groups;schools; universities;ard heath care
faciities. EPA provides tecical ard rnon-techical suppat including
sdftware, workshops, manuals, communicaion tools, ard aninformation
hotline. EPA’s Ofice d Air ard Radation manages he qperation of the
ENERGY STAR Buildings Rogram. (Contact GreenLight/Energy Star Hotline
at1-888-STAR-YESor Maria Tikoff Vargas EPA Program Director at202-
2339178 o vist the BENERGY STAR Buildings Program webste at
http://www.epagov/appdsar/buildingsd)

Green LightsProgram

EPA’s Green Lights program was initiated in 1991 ad hasthe gal of
preverting pdlution by ercouraging U.S. institutions to use eergy-efficiert
lighting techndogies. The program saves money for businesses and
organizatons ard creaks a atarer ervironmert by reducng pdlutants
releagdinto theatmosphere. The program hasover 2,345 paticipartswhich
includemgor corporations, small and medium sized busnesses, federal, Sate
ard local governments, non-profit groups schools, unversities ard heath
care facilities. Each paticipant is required to survey their facilities and
upgrade ighting wherewer it isprofitade. Asof March 1997 paticiparts had
lowered their eectric bills by $289millio n annudly. EPA providestechnical
asistarce D the paticiparts througha decsion suppat software package,
workshops aml manuals, ard aninformation hotline. EPA’s Officeof Air ard
Radation isrespmsible for operating the GreenLights Program. (Contact
Green Light/Energy Star Hotline at 1-888-STARYES a Maria Tikoff
Vargar, EPA Program Director, at 2022339178 he )

WageWs$e Program

TheWasteWi$eProgramwasgarted in 1994 ly EPA’s Office d Sdid Waste
and Emergency Response. The program isamed a reduang municipd solid

wases ly promoting wase prewertion, recycling cdlecion ard the
manufacturing ard purchase o recycled poducts. Asof 1997,the program
had alput 500companes asmembers, one third of whom are Fortune 1000
corporations. Menbers agee b idertify and implement acions to reduce
their solid wages setting wage reducton goals ard providing EPA with
yearly progress reports. To member companies, EPA, in turn, provides
techicalassstarce,puldications, networking opportunities, ard netionalard

regional recaynition. (Contact WasteWi$e Hdline at1-800-3729473 o

Joame Oxley, EPA Program Manager, 703-308-0199)
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NICE

The U.S. Depatment of Energy is administering agrant program called The
Nationa Industia Compeitiveress hrough Energy, Environment, ard
Economics (NICE®). By providing grarts of up o 45 pecert of the total
project cost, the piogram ercourages mdusty to reduce ndustial wase at
its saurce aml becane more erergy-efficiert ard cost-compettive through
wase ninimizaton efforts. Grarts are used ¥ industy to desgn, test, ard
denonstrate rew proceses ard/or equipmert with the pdential to reduce
pollution ard increase eergy efficiercy. The program is open to all
indudries; however, priority is given to proposals from paticipants in the
forest products, chemcalk, petroleumrefining, steel aluminum, metal castng
ard glas manufacturing sctors. (Contact http//www.oit.doe gov/acces/
nice3,Chris Sifri, DOE, 3032754723 a Eric Hass, DOE, 3032754728)

Desggn for the Environment DfE)

DfE is working with several indudries to identify cost-effective palution
prevertion strategies hat reducerisksto workers ard the ervironmert. DfE
heps hushesses copare aml ewaluae the peformance, cost, pdlution
prevertion benefits, ard human heath ard ervironmertal risks assaated wih
existing ard aternative techologies. The gal of these projects s to
ercouragebusnessesd consider ard use carer products, processesard
technologies For more information alout the DfE Program, cal (202) 260-
1678. To obtain copiesof DfE materials or for gereral information alout
DfE, contactEPA’sPdlution Prevertion Information Cleainghouseat(202)
260-1023 o visit the DIE Website athttp://esinel.gov/dfe.

VIII. C. Trade Assaiation/Industry Spon®red Activity
VIII. C.1. Environmental Programs

The Phamaceuicads Reseach ard Marufacturers & America (PhRMA)
coordinates the reseach-based phmaceuical industy’'s respase to
industy-speciic ernvironmertal issuessuchas te prarmaceuical MACT.
PhRMA works through an ervironmertal committee, a seres d
sultommittees espansible for regulatory areas suclas waér ard ar, ard ad
hoc work groupsto addess narrowly-focused issues

The reseach-based phmaceuical industy alsorelies on other broad-based
trade assoations for issues Hat affect the larger bushess conmunity.
Several of the FMRMA members ae abo members o the Clemical
Manufacturers Assaiation (CMA) ard therefore ae pat of CMA’s
Resmnsible Cae® Initiative.
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In addtion, many pharmaceuicad comparies have beenimplementing their
own ervironmertal programs ard initiatives to reduce he envronmertal
impacs d their products and manufacturing processes.These pograms are
both company-wide and a the facility level. More information on such
programs can be obtained by contacting individud companies and fecilit ies.
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VIII. C.2. Summary of Trade Assaiations

PhamaceuicalReseazthard Marufacturers

of America PhRMA)

1100 15h Street NW Budget$20000000
Washington, D.C. 20035 Staff: 80

Phone: (202) 835-3400 Members: 40 canparies
Fax: (202) 8353414 Affilia tes: 30 companies

ThePhamaceuicalResearhard Marufacturers o America PhRMA) isa ron-profit
organzaion which wasegablished in 1958. Its main function is to asist reseach
based plarmaceuical comparies in discovery, development, and merketing of new
drugs br humans. Comprised & most of the largestpharmaceutcalcompanesinthe
United Sates,PhRMA members ae pimarily ergagednreseachand development
of new medicines. To be a member of PhARMA, acompary mustbe heavly involved
inreseachard developmen (R&D) ard mustalso manufacture ard merket finished
dosageformdrugsundertheir own brard name. PRRMA member compariesinvest
neaty $19 hllio n a year in discovering and developing new drugs Additionally,
PhRMA members accaint for appoximately 90%of total pharmaceuicalsaksinthe
United Sates.

Gereric Phamrmaceuical Industy

Assciation

1620 IStreet NW Budget $1-2,000000
Washington, D.C. 200064005 Staff: 6

Phone: (202) 8339070 Members: 46 canparies

Fax: (202) 8339612

The Gemric Phamaceuical Industy Assaiation (GPIA) is a pimary trade
assaiation for manufacturers and distributors of gereric drugs.Its main puldicaion
is“GPIA News.

National Phamaceuical Alliance

(NPA)

421 King Steet Suie 222,

Alexardria, VA 22314

Phone: (703) 8368816 Budget $250500000
Fax: (703)5494749 Members: 165 canparies

The Natonal Phamaceuical Alliance (NPA) is an organization which represents the
interests d small pramaceutcal compariesard allied indudries. Members of NPA
dewelop hioequivalent versions of mgor brarded poducts, creae pooducts of
alternative combinations, strengths, ard/or dosage érms, ard market productswhich
are rot produced ly largercomparies ard which would not be available to the pubic
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otherwise. NPA asssts in meeing these gals for its member comparies. NPA also
pubishes a bi-monthly journal called “NPA & News, Washington Report.”

AmericanPhamaceuical Assaiation

(APRA)

2215 Mnstitution Ave. NW

Washington, DC 20037

Phone: (202) 6284410 Budget $12000000
Fax: (202) 7832351 Members; 44000

The American Phamaceuical Assaiation (APhA) is a piofessonal scciety that
includesphammacstsin all practice setings,educabrs, studerts, reseachers, ediors
ard pubishers of phamaceuical literature, pharmaceuical chemists ard scentists,
ard food ard drug officials. APhA promotes quadty heath cae ard canprehensive
phamaceuical care throughthe appopriate use bphammacysewices. APhA works
to: representhe interests o the professon before governmental bodies;interpretsand
dissenmatesinformationonde\elopmerntsin heath care;ard assuequalty pharmacy
sevices ad patert care. APhA fosters professonal edication ard training of
pharmacists, suppats the Academy of Pharmaceuical Reseach ard Science, the
Acadeny of Phamrmacy Pracice aml Managenent, ard the Acadeny of Studerts of
Phammacy. APhA also pulishes a quaery newsletter, Academy Rporter, and
monthly journals including, American Pharmacy (Joumal of the American
Pharmaceutical Asociation) ard Joumal of Pharmaceutical Sciences

United Sates Pamacqed

Convention (USP)

12601 Twinbrook Pky.

Rockville, MD 20852

Phone: (301) 8810666 Budget $20000000
Fax: (301) 8168247 Members: 395

The Unted Sates amacqeirl Convention (USP) is a recaynized auhority in
medicine, pharmacy, and dlied sciences. USP revises and pulishes legdly
recagnized canperdia o drug sardards ncluding the National Formulary.
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National Assaiation of Phammaceuical Marufacturers (NAPM)
320 Od Country Road -Sute 205

GardenCity, NY 11530

Phone: (616) 7413699

Fax: (516) 7413696

Nonpresciiption Drug Marufacurers Assaiation
1150 Wnnecticut Averue, NW

Washington, DC 20036

Phone: (202) 4299260

Fax: (202) 2236835

National Wholesale Druggist’s Association
1821 MchaelFaradayDrive

Sute 400

Reston, VA 22090

Phone: (703) 7870000 ex. 240

Fax: (703) 7876930
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IX. CONTACTS/ACK NOWLEDGM ENTS/REFERENCES

For further information on sekcted bpics wihin the pramaceuicalindusty
a list of puldicatons ard catacts ae provided lelow:

Contacts’
Name Organization Telephone Subject
Emily Chow EPA/OECA (202)564-7071 Chemical Industry Branch,
Regulatory requirements ard
compliance assbtance
Jaanne Berman EPA/OECA (202)564-7064 Chemical Industry Branch,
Regulatory requirements ard
compliance assbtance
I Frank Hurd EPA/OW (202) 2607182 Regulatory Requirements (CWA)
z Randy McDondd EPA/OA (919p415402 Regulatory Requirements (CAA)
L Umesh Dholakia | EPA Region |1 (212)6374023 Regulatory Reguirements (CAA)
z Nancy Sager FDA- Center for Drug | (301)5945629 Information on Human Drugs
Evaluaion ard
: Research
u Daniel Kearns FDA - Center for (301)8273031 Information on Biologics
Biologics Evaluation
o and Research
n Charles E.Eirksa, | FDA - Center for (301)594-1683 Information on Veterinary
[ Veterinary Medicine Medicine
m Mervin Parker FDA - Center for (301)5942186 Information on medical devices
> Devices and and radiological health
i Radiological Health
Buzz L. Hoffman FDA - Center for (202) 4183005 Information on foods
: Food Sfety and
u Applied Nutrition
“ Tom White PhRMA (202) 8353546 Environmental Affairs
CAA: Clean Air Act
Gf. CWA: CleanWater Act
OECA: Office d Enforcenent ard Campliance Assuance
L~ & OA: Office d Air
(a8 OW: Office d Water
m FDA: Food and Drug Administration
PhRMA: Phamaceuical Researh ard Marufacturers o America
: & Many of the contacts listed abovehave provided vauable background information ard comments duing
development of this dacument. EPA appeciates this suppat and aknowledges that the individualslisted donot

necessarily endarse all gatements mack within this notebook
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