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IDENTIFICATION OF SUBSTANCES THAT ARE THE SUBJECT OF

THE PROPOSED ACTION

The active ingredients will be manufactured at various sites worldwide. The

drug product BiDil™, is a tablet formulation manufactured from the active ingredients at

Global Pharm Inc. 'The molecular structure of hydralazine HCI and ISDN are shown in

Figures 5-1 and 5-2, respectively.

5.1
5.1.1

5.1.1.1

5.1.1.2

51.1.3

NOMENCLATURE
Hydralazine Hydrochloride

Chemical Name
1(2H)Phthalazinone hydrazone hydrochloride

United States Adopted Name (USAN)

Hydralazine Hydrochloride

CAS Registry Number
304-20-1
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5.1.1.4

5.1.1.5

5.2.1

5.2.1.1

5.2.1.2

5.2.1.3

Molecular Formula and Weisht
CH;N,-HCI; 196.64

Physical Description

White crystalline powder

Figure 5-1
Structure of Hydralazine Hydrochloride

NHNH:

Isosorbide Dinitrate (ISDN)

Chemical Name

1,4:3,6-Dianhydro-d-glucitol-2,5 dinitrate

United States Adopted Name (USAN)
Isosorbide dinitrate (ISDN)

CAS Registry Number
87-33-2 (ISDN)

64044-51-5 (Lactose)
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5.2.1.4 Molecular Formula and Weight
C¢HsN,0; (ISDN); 236.14 (ISDN)
Ci.H,0,, (Lactose); 342.30 (Lactose)

5.2.1.5 thsica] Description

White crystalline powder

Figure 5-2
Structure of ISDN

5.3 IMPURITIES AND ADDITIVES
The raw materials of BiDil™ are presented in Appendix C, Table C.5-1. As

seen from the table, most of the raw materials (except the active ingredients) are readily

biodegradable.
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FINDING OF NO SIGNIFICANT IMPACT
NDA 20-727
BIDIL TABLETS

[hydralazine HCl/ isosorbide dinitrate]

The National Environmental Policy Act of 1969 (NEPA) requires all Federal agencies to assess
the environmental impact of their actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug product applications as an integral part of its
regulatory process.

The Food and Drug Administration, Center for Drug Evaluation and Research has carefully
considered the potential environmental impact of this action and has concluded that this action
will not have a significant effect on the quality of the human environment and that an
environmental impact statement therefore will not be prepared.

In support of their new drug application for BiDil Tablets, Medco Research, Inc. (Research
Triangle Park, NC 27709) conducted a number of environmental studies and prepared an
environmental assessment in accordance with 21 CFR 25.31a (a) (attached) which evaluates the
potential environmental impacts of the manufacture, use and disposal of the product.

Hydralazine HCI and isosorbide dinitrate are synthetic drug substances which are combined in
an oral tablet administered for the treatment of congestive heart failure. Hydralazine HCI is
manufactured by Sumika Fine Chemicals Co. Ltd. (Osaka 541, Japan). Isosorbide dinitrate is
manufactured by EMS-Dottikon AG (Dottikon, Switzerland). Combination tablets are
manufactured by Global Pharm Inc., (Don Mills, Ontario, Canada). The drug product is
distributed by Medco Research, Inc. All facilities are certified to operate in accord with
applicable environmental regulations. The drug product, either 37.5 mg hydralazine HCI
combined with 10 or 20 mg isosorbide dinitrate or 75 mg hydralazine HCl combined with 20 or
40 mg isosorbide dinitrate will be used in hospitals, clinics and by patients in their homes.

Hydralazine HCl is extensively metabolized in-vivo. It and its metabolites will be excreted into
the sewer system. Chemical and physical properties indicate that they will be restricted to the
aquatic environment. Hydralazine decomposes by photolysis, slow hydrolysis and aerobic bio-
transformation. As hydralazine is not expected to persist in the aquatic environment, its
toxicity to aquatic organisms was not evaluated. Isosorbide dinitrate is known to be
metabolized completely in-vivo. It also decomposes by photolysis. The maximum expected
environmental concentrations (MEEC) of both drug substances in the aquatic environment
based only on maximum production estimates for the next 5 years are less than 1 ppb and as a
result, environmental effects are not expected.
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Disposal includes out of specification lots, returned, unused or expired product, empty or
partly used product and packaging. These will be disposed at licensed incineration facilities
and landfills. Empty or partially empty packages generated in American hospitals and clinics
will be disposed according to their regulations. Empty or partially empty containers from home
use will be disposed in the community solid waste management system which may include
landfills, incineration and recycling. Minimal quantities of unused drug may be disposed in the
sewer system. '

The Center for Drug Evaluation and Research has concluded that the product can be
manufactured, used and disposed without any expected adverse environmental effects.
Precautions taken at the sites of manufacture of the bulk product and its final formulation are
expected to minimize occupational exposures and environmental release.

Adverse effects are not anticipated upon endangered or threatened species or upon property
listed in or eligible for listing in the National Register of Historic Places.

ATE

PREPARED BY: Florian Zielinski, Review Chemist
Division of New Drug Chemistry I

DATE IVISKON CONCURRENCE: Robert ] Wolters,
Division of New Drug Chemistry I
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Attachments: Environmental Assessment (Ref.: Vol. 1.6, pages 1 to 78)
Material Safety Data Sheets (Ref.: Vol. 1.6, pages 47 to 52)
a) hydralazine HCIl
b) isosorbide dinitrate
Compliance Statements (Ref.: Vol. 1.6, pages 75A, C & E , 76A and 78)

" Original: NDA 20-727
HFD-357 FONSI File [NDA # 20-727]
HFD-357 Docket File .
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HFD-110 CSO, Gary Buehler
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NON-CONFIDENTIAL

Environmental Assessment of BiDil™

Medco Research, Inc.
85 T.W. Alexander Drive
Research Triangle Park, NC 27709

This Environmental Assessment (EA) Report and the Appendix A of this report containing
the MSDS and the compliance certificates from the manufacturers are non-confidential.
Appendix B is a confidential appendix that contains the study reports in support of the
Environmental Assessment Report. Appendix C is the full EA report that contains
confidential trade secrets or information from which these trade secrets can be derived. This
material could be beneficial to competitors and, therefore, this appendix should not be
duplicated for distribution. : :
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1. DATE
February 8, 1996

2. NAME OF APPLICANT
Medco Research, Inc.

3. ADDRESS
85 T.W. Alexander Drive
Research Triangle Park, NC 27709

4, DESCRIPTION OF THE PROPOSED ACTION
4.1 REQUESTED APPROVAL
Medco Research, Inc. is seeking the approval of NDA _20-727 for the

manufacture, packaging, distribution and use of the drug product, BiDil™ tablets in four
strengths pursuant to Section 505(b) of the Food and Drug Cosmetic Act.  The BiDil™ tablets
have two active ingredients: 1) hydralazine HCI [1(2H)Phthalazinone hydrazone hydro-
chloride]; and 2) isosorbide djnitrate [1,4:3,6-Dianhydro-d-glucitol-2,5-dinitrate; (ISDN)].
The ISDN as manufactured has 25% isosorbide dinitrate and 75% lactose. The quantity of
ISDN in the tablet strengths presented below represents active ingredients only. Approval is
sought for the manufacture of BiDil™ tablets of differing combinations of the two active

ingredients hydralazine hydrochloride and isosorbide dinitrate as stated below in Table 4-1.

item 3 Page 7



Table 4-1
BiDiI™ Tablets Strengths Requiring NDA Approval

Hydralazine (in mg) ISDN (in mg)
1. 75 40
2. | 75 20
3. 37.5 20
4. _ 37.5 10

The maximum forecasted quantities of the active ingredients that will be
required to manufacture the drug product from 1997 to 2001 are presented in confidential
Appendix C. Since the hydralazine and ISDN are two active ingredients in the drug product
their amounts for each year are provided separately in this appendix.

The Environmental Assessment (EA) Report has been prepared and submitted
in accordance with 21 CFR § 25.31 (a). The full EA report is presented in the Confidential
Appendix C of this public EA document [Freedom of Information (FOI) Document]. The
subject matter presented in the Confidential Appendix C includes proprietary information that
cannot be disclosed. Appendix A of this public document (FOI document) is a non-
confidential Appendix containing Material Safety Data Sheets (MSDS) for the raw materials.
Appendix B is a confidential Appendix of the public document containing study reports in

support of this EA.

4.2 NEED FOR ACTION
BiDil™ is the combination of hydralazine and ISDN/Lactose in one formulation

that is used for the treatment of congestive heart failure.
The major effects of hydralazine are on the cardiovascular system.

Hydralazine, by altering cellular calcium metabolism, interferes with the calcium movements
within the vascular smooth muscle that are responsible for initiating or maintaining the

contractile state. The peripheral vasodilating effect of hydralazine results in decreased

2
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arterial blood pressure (diastolic more than systolic); decreased peripheral vascular
resistance; and an increaéed heart rate, stroke volume, and cardiac output. The preferen.tial
dilatation of arterioles, as compared to veins, minimizes postural hypotension and promotes
the increase in cardiac output.

The principal pharmacological action of isosorbide dinitrate is relaxation of
vascular smooth muscle, producing a vasodilatory effect on both peripheral arteries and
veins, with predominant effects on the latter. Dilation of the postcapillary vessels, including
large veins, promotes peripheral pooling of blood and decreases venous return to the heart,
thereby reducing left-ventricular end-diastolic pressure (preload). Arteriolar relaxation

reduces systemic vascular resistance and arterial pressure (afterload).

4.3 PRODUCTION LLOCATIONS

Three major locations are involved in the manufacture of the drug product

‘BiDiI™ (Figure 4-1), two involved in the manufacture of two active ingredients and one
location in the manufacture of drug product BiDil™ tablets. Medco Research, Inc. will be
the distributor of BiDil™ tablets in the United States. Approval is sought to manufacture the
formulated drug product, BiDil™ tablets, at the following locations:
1. _Surﬁika Fine Chemicals Co. Ltd.,. Daiichi Karai Koraibushi Bldg., 2-7
Koraibashi 4-chome Chuo-Ku, Osaka 541, Japan - manufacturer of
" Hydralazine HCI.
2. EMS-DOTTIKON AG, CH-5605, Dottikon, Switzerland - manufacturer of
ISDN/Lactose. '
3. Global Pharm Inc., 865 York Mills Road, Unit 2, Don Mills, Ontario
M3B 1Y6 Canada - manufacturer of the drug product, BiDil™ tablets.
The two active ingredients from the overseas locations will be shipped to Global Pharm Inc.
for production of the drug product. All packaging operations are carried out at the Global
Pharm Inc., Canada facility. Approval is also sought to manufacture and package the drug
product at Global Pharm Inc., Canada, for distribution by Medco Research Inc., 85 T. W
Alexander Dnve, Research Triangle Park, NC 27709
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Manufacture of Manufacture of
Hydralazine HCI ISDN/Lactose

- EMS-DOTTIKON AG,
Sumika, Japan Switzerland

|

Manufacture
BiDil™ Tablets

,Global Pharm Inc., Canada

i

Y

Packaging

Global Pharm Inc., Canada.

Figure 4-1 | ,
SITES RELEVANT TO THE MANUFACTURE
OF BiDil™ TABLETS
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4.4 LOCATIONS OF USE AND DISPOSAL
As medication prescribed to treat congestive heart failure, BiDil™ tablets will
be ingested by patients throughout the United States. The drug substances and its metabolites

are excreted by patients which will enter municipal treatment systems through domestic

sewage.
Off specification lots of active ingredients or any unused drug product that is
returned to Medco Inc. (beyond expiration date) will be sent to one of a number of

alternative contractors for incineration.

5. IDENTIFICATION’OF SUBSTANCES THAT ARE THE SUBJECT OF
THE PROPOSED ACTION
The active ingredients will be manufactured at various sites worldwide. The
drug product BiDil™, is a tablet formulation manufactured from the active ingredients at
Global Pharm Inc. The molecular structure of hydralazine HCI and ISDN are shown in
Figures 5-1 and 5-2, respectively.

5.1 NOMENCLATURE
5.1.1 Hydralazine Hydrochloride
5.1.1.1 Chemical Name

1(2H)Phthalazinone hydrazone hydrochloride

5.1.1.2 United States Adopted Name (USAN)

Hydralazine Hydrochloride

5:1.1.3 CAS Registry Number
304-20-1
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5.1.1.4

5.1.1.5

5.2.1

5.2.1.1

5.2.1.2

5.2.1.3

Molecular Formula and Weight
CyH;N,-HCI; 196.64

Physical Description

White crystalline powder

Figure 5-1
Structure of Hydralazine Hydrochloride

NENE,

Isosorbide Dinitrate (ISDN)

Chemical Name
1,4:3,6-Dianhydro-d-glucitol-2,5 dinitrate

United States Adopted Name (USAN)
Isosorbide dinitrate (ISDN)

CAS Registry Number
87-33-2 (ISDN)
64044-51-5 (Lactose)-
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5.2.1.4 Molecular Formula and Weight
CeHN,0; (ISDN); 236.14 (ISDN)
C,H,,0,, (Lactose); 342.30 (Lactose)

5.2.15 Physical Description
White crystalline powder

Figure 5-2
Structure of ISDN
n N2
H _O
B
LY
H4 ONOZ
53 " IMPURITIES AND ADDITIVES

The raw materials of BiDil™ are presented in Appendix C, Table C.5-1. As
seen from the table, most of the raw materials (except the active ingredients) are readily

biodegradable.

6. INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT

The drug product is manufactured by blending the two active ingredients,
ISDN/Lactose and hydralazine HCI. This is then immediately followed by the addition of
the other raw materials (Appendix C, Table C.5-1) which are then processed into the drug
~ product, BiDil™ tablets. All processing equipment is enclosed to minimize release of the raw
materials to the environment. All the components of the drug product with the exception of
Opadry Dark Orange, Opadry Dark Yellow, and purified water are dispensed by modules |
designed for computerized weighing and dispensing in a closed system. Appendxx C, Flgure

C.6-1 and Attachment C.15-1 illustrate this manufacturing process.

7
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6.1 SYNTHESIS OF HYDRALAZINE HCI AT SUMIKA FINE CHEMICALS
' - CO. LTD., JAPAN V

Synthesis of the active ingredient, hydralazine HCI, is conducted by Sumika
Fine Chemicals Co. Ltd., Japan." Compliance with environmental laws, occupational safety,
and health by the manufacturer and governmental agency are provided in Appendix C,
Attachment C.15-2 and C.15-3, respectively.,

6.2 SYNTHESIS OF ISDN AT EMS-DOTTIKON AG, SWITZERLAND
Synthesis of the active ingredient ISDN is conducted by EMS-DOTTIKON

AG, Switzerland, ISDN is subsequently diluted with lactose prior to shipment and use.

Compliance with environmental laws, occupational safety, and health by the manufacturer

and governmental agency are provided in Appendix C, Attachment C.15-2 and C.15-3,

respectively.

6.3 PREPARATION OF THE DRUG PRODUCT, BiDil™ TABLETS AT
GLOBAL PHARM INC., CANADA

6.3.1 SUBSTANCES EMITTED DURING MANUFACTURING

Atmospheric Emissions

Air emissions from the manufacture of BiDil™ tablets are estimated to be
T Y Kg per lot of tablets. Equipment used in the manufacture of the tablets is equipped
with Rotoclone dust collectors. “The majority of the dust collected is discharged into the
sanitary sewer. A small portion of dust L~ ng is released into the air. No organic
materials are used in the manufacturing process and thus no volatile organic emissions are
anticipated.

Aqueous Wastes

Drug product which is lost into the aqueous waste stream is from equipment
c]eamng, exhaust air scrubbers, vacuum cleaners, etc. and is estimated to be —= Kg per lot
of tablets. All wastewater from, this facility is discharged to the Municipality of Metropohtan
Toronto -i’rivate]y Owned Treatment Works (POTW) where it is treated and then released.

8
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Solid Wastes

Solid wastes from the manufacture of BiDil™ tablets represent the largest part
of material loss. This is estimated to only be ~ Kg per lot of tablets. Dust captured in
filters and vacuum cleaners, rejected tablet cores, and residuals from equipment cleaning
make up the bulk of this solid waste. This waste is identified as pharmaceutical waste and -
disposed of by incineration, Non-hazardous waste (bottles, corrugated cardboard, fiber
drums, etc.) is collected and landfilled in the Municipality of Toronto run landfill under Bill
#143.

6.3.2 CONTROLS EXERCISED ON RESIDUALS AND EMISSIONS

No volatile organic emissions will be generated during production of the drug
product. Emission controls consist of Rotocloné dust collectors which control the release of
particulates generated during manufacturing. Aqueous wastes are sewered into the general
wastewater discharge. Solid wastes are disposed of at permitted waste facilities. The

manufacturing facility is not permitted to dispose of hazardous waste on site. All hazardous

~ and pharmaceutical waste is incinerated. A spill procedure and spill control team are in

place. Philip Environmental, 124 Cushman Road, St. Catharines, Ontario, Canada, has been

retained to provide an emergency back up to the facility onsite spill control team.

6.3.3 | COMPLIANCE OF PROPOSED ACTION WITH APPLICABLE

EMISSION REQUIREMENTS

Since particulate and volatile organic emissions are insignificant, manu-
facturing the drug product will be in compliance with the Ontario Environmental Protection
Act, Section 9. The manhfacturing facility has a Certificate of Approval for air emissions
from the Canadian government (Approval Numbers; 8-3358-92-006 and 8—4305—92-938).
Amendment of the Certificate of Approval to include manufacturing of BiDil™ tablets is in
progress.

Wastewater from manufacturing is regulated by the Municipality of
Metropolitan Toronto under BY-LAW #153-89. The Global Pharm, Inc. facility is

~ registered as a'waste generator in the province of Ontario under Regulation 309 Section 15(4)
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of the Environmental Protection Act. The registration number is ON0039500. Non-
hazardous solid wastes will be landfilled by the Municipality of Toronto under Bill 143.
Incineration of hazardous and pharmaceutical waste is conducted by Laidlaw Medical
Services in Gatineau, Quebec (Provincial 1.D. #L7530-07-20).

Certification of compliance with applicable emission requirements for the
manufacture of drug product at Global Pharm Inc. from the facility manager is provided in

Appendix A-2,

6.3.4 EFFECT OF THE PROPOSED ACTION ON COMPLIANCE WITH
CURRENT EMISSION REQUIREMENTS
Emissions and releases from the manufacture of active ingredients and drug
product will not exceed the limitations of current permits and proposed permit amendments.
Manufacturing will be scheduled to fit within the existing framework-of activities for which

current and proposed emission requirements are applicable.

6.4 OCCUPATIONAL SAFETY

Employees are trained in the proper operation of equipment and chemicals

used in manufacture of the drug product in order to minimize potential safety, health and
environmental risks. The air handling system for each manufacturing module is separate and
is filtered and monitored to maintain the exposure of chemical to personnel bélow all
threshold values. Extensive safety training is mandated, and Material Safety Data Sheets
(Appendix A-1) are available to personnel for chemicals handled in the manufacturing area.
Employee training is conducted on the chemical hazards associated with manufacturing.
Specified personal protective equipment (e.g., gloves, self contained filtered
air respirators, safety shoes, eye protection, disposable body suits, etc.) and engineering
controls designed for the equipment (e.g., exhausts to remove dust) are adequate to protect
the employees. _
The safe transport of all drug-related materials is ensured by fbﬂowing

protocols which include formal quaiiﬁcation of vendors, training of personnel, and rigid
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specification of containers and materials. Access to drug substances and products is

restricted to authorized personnel.

6.5 AMOUNT OF SUBSTANCES ENTERING THE ENVIRONMENT

Human drugs find their way into the environmental compartments (i.e., soil,

air, water) through manufacture, use, disposal and accidental spills. The two major sources
of environmental exposure of the drug are: 1) the patients who use the drug product; the
drug product and/or its metabolites are discharged into the domestic sewer through excreta of
the patients; and 2) manufacturing plants; release of the drug or its precursors or by-
products through wastewater from the manufacturing plants. In either case the municiﬁal
domestic sewage could be the main recipient of these contaminant sources. The domestic
sewage is finally discharged into the municipal wastewater treatment plant (WTP). The
concentrations and releases in the subsections below are estimated without taking into
consideration any degradation of the drug or its products at the manufacturing plants or
during transport in the municipal sewage to the WTP, and, therefore, are worst case
scenarios. The fate of emitted drug substances in the environment is discussed in Section 7.0
and the effects of these substances are discussed in Section 8.0, with a summary provided in

Tables 7-1 and 7-2.

6.5.1 Human Elimination

For the sake of estimation of Maximum Emitted Environmental Concentrations
(MEEC), it is assumed that all the drug is consumed by patients and excreted intact through
urine and feces. Hydralazine is extensively metabolized in the human body. Studies
measuring the urinary excretion of radioactivity after oral administration of '*C-hydralazine
indicate that 52 to 90% of the dose is ultimately found in the urine. About 10% of the
administered activity is found in the feces. Only small amounts of hydralazine (1 to 15%)
are found in the urine. The most abundant urinary metabolite is 4-(2-acetylthydrasino-
phthalazin-1-one (Figure 6-1). The major circulating metabolite of hydralazine in man is
hydralazipe pyruvic acid hydrazone (HPH) which is known to degrade in urine. In rats,
HPH was metabolized to expired carbon dioxide (Ludden et al., 1982). Thus, hydralazine
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could be eliminated substantially before being excreted through urine or feces. ISDN is
known to be completely metabolized in humans to isosorbide-5-mononitrate and isosorbide-2-
mononitrate (Figure 6-3). The relative concentration of these metabolites in urine and feces
is not known (Bogaert, 1983). The MEEC of hydralazine HCI at the WTP is likely to range
from C 3. ppb. The MEEC of ISDN at the WTP is likely to range from L 3 to
0.391 ppb. The worst case concentrations of € 3 ppb for hydralazine and L I ppb for
ISDN are used for the risk assessment table (Tables 11-1 and 11-2).

7. FATE OF EMITTED SUBSTANCES IN THE ENVIRONMENT

Information is presented that is relevant to the environmental transport and fate

of hydralazine and ISDN. Assessment of transport and fate is accomplished by an evaluation
of processes affecting transport (between air, water, and soil) and processes affecting
chemical and biological degradation. The methodology involved in this evaluation and its
application to specific chemicals is discussed in Water-Related Environmental Fate of 129
Priority Pollutants (USEPA, 1979; Howard, et al., 1990). The procedures outlined in the
Environmental Assessment Technical Assistance Handbook (USFDA, 1987) were followed to

study the environmental fate of hydralazine and ISDN.

BiDil™ is a drug developed for the treatment of congestive heart disease, As
stated earlier, BiDil™ has two active ingredients, hydralazine hydrochloride and ISDN. The
metabolism of hydralazine and ISDN in humans is outlined in Figures 6-1 and 6-2.
Hydralazine is extensively metabolized in the human body leading to production of several
metabolites. ISDN is completely metabolized to isosorbide 5-mononitrate and isosorbide 2-
mononitrate. Eventually, these metabolites will be found in the human excreta. Because of
the structural similarity of metabolites with both the active ingrediénts and also as a worst-
~ case concentration scenario that excluded human elimination, it was assumed that all
~ hydralazine HCI' and ISDN would be consumed and excreted intact. The environmental fate
studies were therefore conducted with hydralazine HCI and ISDN.
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7.1 AIR

Minimal or no emissions of'BiDil”" are expected to be released into the
atmosphere during manufacture or use of the product by patients. Hydralazine is a white to
off-white odorless crystalline powder with a melting temperature of 275°C. Its relative
stability (high melting temperature) in solid form suggests that volatilization in air is an
unlikely phenomenon. Therefore, air emissions in its solid form are unlikely. Dust from the
manufacturing of bulk drug will be trapped by vent filters that are collected and disposed of
by landfilling or incineration. If any bulk drug should escape the dust collection system, it
will precipitate with rain and become photolyzed in the condensing moisture. BiDil™ is a
tablet formulation and no air emissions are expected during manufacture because of the
containment measures that are in place. In the event of accidental release of aerosols, both
hydralazine and ISDN are likely to photodegrade extensively aqueous solutions.

The raw material components of the drug product are trapped by vent filters
during manﬁfactuﬁng will be disposed of by landfilling or incineration. All the equipment
washes are also contained, collected and disposed of as liquid washes and sewered. Based on
this information, manufacture and use of BiDil™ should have no impact in the "Air" environ-

mental compartment.

7.2 WATER

BiDil™ will be introduced to the aqueous environment via elimination by
patients and via releases from manufacturing. Minimal release of the drug substance is
expected to the sewer and no release from manufacturing of drug product to aqueous
environment (sewer) is expected due to contained handling of the wastes resulting from
equipment cleaning and other operations during formulation. Biodegradation and photo-
degradation in the aeration and settling tanks of the WTP are expected to decrease its
concentration significantly before the sewage effluent is released to surface water.

‘ As stated in Subsection 6.5.1, the Maximum Emitted Environmental
Concentration (MEEC) of BiDil™ at a typical wastewater treatment plant due to patient usage
is estimated to be - — pug/L \ — 1 ppb). Hydralazine is extensively metabolized in the
human bbd_y and ISDN is completely metabolized. In addition to the elimination in the
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human body, extensive photodegradation in the WTP will eliminate metabolites of these two

active ingredients of BiDil™. The worst case Expected Environmental Concentration (EEC)

in the WTP are L I4ug/L T  Ippb) for hydralazine HCland L T ng/L & 7 ppb) for
ISDN. ’

In the water of a sewage treatment facility, or in the surface water that dilutes
the effluent, BiDil™ (or its by-products) would be affected by environmental prbcesscs that
include biodegradation, photolysis, and hydrolysis. The methodology and results of the
environmental fate studies conducted for hydralazine and ISDN are summarized below.

7.2.1 Aerobic Biodegradation in Water - Hydralazine Hydrochloride

The test chemical, hydralazine HCI, was tested for biodegradability in an
aqueous aerobic medium at a nominal test chemical concentration of 10 mg C/L. Production
of CO, was measured during the 28-day test period. A reference chemical (glucose) at a

nominal concentration of 10 mg C/L was tested concurrently to verify the viability of the

microbial inoculum. Blank systems containing no chemical were also tested to monitor the
background CO, produced by the inoculum. The study was conducted in the dark at a
temperature range of 22 & 3 °C. The test was terminated at 28 days. The percent
biodegradability was calculated as a function of the CO, production in the test systems as
compared to the amount of material applied. After the 28-day incubation, the mean
theoretical CO, evolved for the applied dextrose was 92.4%, verifying that the microbial
inoculum was viable and active. The microbial plate count of the test solutions at day 28
also confirmed the presence of viable microorganisms. For the test chemical, hydralazine
HCl, apprbximately 1.24% of the theoretical value of CO, was produced during the same
incubation period. Detectable quantities of CO, evolution were not observed until the day 28
sampling. Total organic carbon analysis was performed at test initiation and termination for
- the test solutions. The mean percent of carbon removed from the test and reference systems
was 0 and 97.9%, respectively. HPLC analysis was performed on the day O and day 28 test
solﬁtions. The percent of hydralazine HCI remaining at day 28 was determined to be 18.2%
of the day O concentration. These results indicated that hydralazine HC] was not
signiﬁcaﬁt]y mineralized to CO, under the test conditions. These results were confirmed by
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the TOC analysis of the day 28 test chemical treatment media (the mean percent of carbon
removed was 0%). Based on results from the HPLC analyses of the test media (which
indicated that 18.9% of the test media remained as hydralazine HCI), it can be concluded
that hydralazine HCI was biotransformed. A full study report is provided in Appendix B-1
and a summary of results is provided in Table 7-3. '

7.2.2 Aerobic Biodegradation in Water - ISDN

The test chemical, isosorbide dinitrate (ISDN)/Lactose 25/75%, was tested for
biodegradability in an aqueous aerobic medium at a nominal test chemical concentration of
10 mg C/L. Production of CO, was measured during the 28-day test period. A reference

chemical (glucose) at a nominal concentration of 10 mg C/L was tested concurrently to verify

the 'viability of the microbial inoculum. Blank systems containing no chemical were also
tested to monitor the background CO, produced by the inoculum. The study was conducted
in the dark at a temperature range of 22 + 3 °C. The test was terminated at 28 days. The
percent biodegradability was calculated as a function of the CO, production in the test
Systems as compared to the amount of material applied. After the 28-day incubation, the
theoretical CO, evolved for the applied dextrose exceeded 100% of theoretical in all three
replicates, verifying that the microbial inoculum was viable and active. The microbial plate
count of the test solutions at day 28 also confirmed the presence of viable microorganisms. -
- For the test chemical, ISDN/Lactose 25/75%, approximately 89% of the
theoretical value of CQ, was produced during the same incubation period. No lag period
was observed for the test chemical to begin evolving CO,. The estimated time for 50%
mineralization was 3.9 days (correlation coefficient = 0.957). Total organic carbon analysis
was performed at test initiation and termination for the test solutions. The mean percent of
carbon removed from the test and reference systems was 76.0 + 2.6 and 97.8 + 1.2,
- respectively. HPLC analysis was performed on the day 0 and day 28 test solutions. The
mean percent of ISDN remaining at day 28 was determined to be 98.3% of the day 0
cox;centration, indicating that almost all the mineralization observed was from the lactose
component of the test chemical. These results indicated that ISDN/Lactose 25/75% was -
rapidly_‘ mineralized (~89% in 28 days) under the test conditions. However, based on results
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- from the HPLC analyses of the test media (which indicated that 98.3% of the test media
remained as ISDN) and the results from the TOC analysis of day 29 test chemical treatment
media (the mean percent of carbon removed was 76.0%), it can be concluded that the |
mineralization was due to the lactose composition. A full study report is provided in
Appendix B-2 and a summary of results is provided in Table 7-4.

7.2.3 Aqueous Photodegradation - Hydralazine Hydrochloride
The aqueous photodegradation of the test chemical, hydralazine hydrochloride
(referred to as hydralazine »in the report), in pH 5, 7, and 9 buffers was determined at

25 + 3°C. A xenon arc lamp was used as the light source and illumination at the test

samples was approximately the intensity of sunlight at equinox 40°N latitude. A nominal
concentration of 100 ug/mL hydralazine was used for both the preliminary and definitive

studies.
A preliminary study was conducted to validate the HPLC method for analysis

of hydralazine in buffer solutions, determine the preliminary photolysis half-lives and define
procedures and sampling schedule for the definitive study. The HPLC method showed
retention time consistency for hydralazine across five concentrations ranging from 2.5 ug/mL
to 25 ug/mL and the calibration curve developed from these concentrations was linear with a
correlation coefficient of 0.99995, confirming the validation of HPLC method. Both direct
and indirect photolysis potentials were investigated in a preliminary study. Hydralazine
rapidly degraded under indirect photolysis conditions (1% acetone as a sensitizer) at all pHs,
including time 0 samples which showed <21% hydralazine, suggesting too rapid a degrada-
tion in the presence of aéeton,e. Therefore, evaluation by indirect photolysis was
discontinued. There was no degradation of hydralazine in non-exposed samples that
contained no acetone. The estimated half-lives of hydralazine under direct photolysis
conditions was 20.9, 18.8, and 3.29 hours in pH 5, 7, and 9 buffers, respectively. Based on
the preliminary study results the definitive study was conducted only under direct photolysis
conditions.

For the definitive study, the measured concentrations of the dosing solution as

determin‘éd by high performance liquid chromatography (HPLC) were 90.5, 90.2, and
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80.4 pg/mL for the pH 5, 7, and 9 dosing solutions, respectively, against a nominal
concentration of 100 ug/mL. Three replicates each of exposed samples and dark controls
were analyzed by HPLC at various sampling intervals. Based on the results from HPLC
analysis, the

percent photolyzed, the direct photodegradation first-order rate constant, and half-life values

under experimental conditions for hydralazine are as follows:

Percent Rate Constants
pH Photolyzed (hour™) t%4 (hours)
5 15.2 -3.46 x 107 200
7 65.3 -3.32 x 107 20.9
9 76.6 -2.19 x 107! 3.17

The nonexposed samples displayed no appreciable loss of hydralazine
throughout the study with >93.7% of hydralazine remaining at termination for all pH
levels.

A chemical actinometer, p-nitroanisole (PNA), was used as a reference
chemical in the definitive study and exposure conditions were the same as the test chemical.
The photodegradation first-order rate constant and half-life for PNA was -0.0532 hour? and
13.0 hours, respectively. Nonexposed samples of the actinometer did not lose any PNA

throughout the study.
The published quantum yield for PNA (2.82 X 10*) was used to calculate the

hydralazine quantum yield at equinox 40 °N latitude (3). Calculated quantum yield values at
equinox 40°N latitude, at pH 5, 7, and 9 were 2.92 X 10%, 9.88 X 10, and 3.09 X 103,
respectively. These quantum yield values agree with values calculated from measured light
intensity from the xenon lamp at pH 5, 7, and 9; and the values were 3.90 X 104,

1.07 X ;0'3, and 3.02 X 107 respectively. This agreement confirms that the xenon lamp

simulated natural sunlight in the photolysis study.
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The quantum yield values for hydralazine were used to estimate photolytic
half-life values versus latitude and season. The half-life values for hydralazine at the
surface of water at pH 5, 7, and 9 with varying season and latitude were estimated using
the quantum yield values based on measured intensity values (Q,). At pH S, the half-
lives ranged from a low of 116 hours (summer, 20° N) to a high of 1777 hours (winter,
50° N). At pH 7, the half-lives ranged from a low of 16.3 hours (summer, 20° N and
30° N) to a high of 151 hours (winter, 50° N). At pH 9, the half-lives ranged from a
low of 2.83 hours (summer 30° N) to a high of 22.8 hours (winter, 50° N).

In conclusion, the test chemical, hydralazine hydrochloride, undergoes
direct photodegradation in aqueous media with half-lives of 200, 20.9 and 3.17 hours in
pH 5, 7, and 9 buffers, respectively. Based on these results, photodegradation appears
to be a likely removal mechanism for hydraiazine in the aqueous environment. A full
study report is provided in Appendix B-3 and a summary of results is provided in
Table 7-5.

C.7.2.4 Aqueous Photodegradation - ISDN
The aqueous photodegradation of the test chemical, isosorbide dinitrate

(ISDN), was studied at a temperature of 25 + 2 °C by exposing ISDN in pH 7 buffer
sensitized with 1% acetone (indirect photolysis) to a xenon arc light source. The xenon
arc light source used was approximately the intensity of sunlight at equinox 40 °N

latitude. Since the test chemical was not known to dissociate, the photolysis study was

conducted only at pH 7.
A preliminary study was conducted to validate the HPLC method for

analysis of ISDN in buffer solutions, determine the photolysis half-lives and define
procedures and sampling schedule for the definitive study. The HPLC meéthod showed
retention time consistency for ISDN across five concentrations ranging from 0.8032 to
40.16 pg/mL and the calibration curve developed from these concentrations was linear
with a correlation coefficient of 0.99993, confirming the Validation of the HPLC
method. Both direct and indirect photolysis potentials were investigated in the prelimi-
nary study. The nominal test chemical concentration for the direct photolysis study was
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12.55 pg/mL, and 10.00 pg/mL for the indirect photolysis study. ISDN degraded in
less than 24 hours under indirect photolysis conditions (1% acetone as a sensitizer) at
pPH 7. Degradation of ISDN under direct photolysis was slow, having an estimated half-
life of 269 hours at pH 7. Based on the preliminary study results, the definitive study
was conducted only under indirect photolysis conditions. |

For the definitive study, the measured concentrations of the dosing
solution as determined by high performance liquid chromatography (HPLC) was 10.22
pg/mL against a nominal concentration of 10.00 ug/mL. Three replicates each of
exposed samples and dark controls were analyzed by HPLC at various sampling
intervals. Based on the results from HPLC analysis, the percent photolyzed, photo-
degradation first-order rate constant, and half-life values under experimental conditions
for ISDN were calculated and are 86.6%, -0.0878 hours™ and 7.89 hours respectively.
The nonexposed samples displayed no appreciable loss of ISDN throughout the study
with >99% of the ISDN remaining at termination.

A chemical actinometer, p-nitroanisole (PNA), was used as a reference
chemical. PNA was exposed to the xenon arc source for thé same exposure period as
the test chemical. Based on the results from HPLC analyses, a photodegradation first-
order rate constant and half-life for PNA under experimental conditions were calculated
to be -0.0939 hour? and 7.38 hours, respectively. The nonexposed samples of the
| actinometer displayed no loss of PNA throughout the study. }

A reaction quantum yield of 2.82 x 10 for PNA (3) was used in deter-
minations of reaction quantum yields for the test chemical. The reaction quantum yield
for ISDN under indirect photodegradation conditions was calculated to be 2.74 X 103
for the pH 7 buffer system based on the mean solar data for light intensity at equinox
40° N latitude listed in the U.S. EPA 40 CFR §796.3800 (5). The reaction ‘quantum
yield for ISDN was also calculated as 1.82 X- 102 for the pH 7 buffer system based on
measured light intensity values from the xenon light source. The quantum yield value
from both calculation methods agree, therefbre, quantum yield value based on measured
intensity values were used for all subsequent calculations since they reflected the actual
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test conditions. This agreement confirms that the xenon lamp simulated natural sunlight
in the photolysis study.

The quantum yield values for ISDN were used to estimate photolytic half-
life values versus latitude and season. The half-life values for ISDN at the surface of
water at pH 7 with varying season and latitude were estimated using quantum yield
values based on measured intensity values (Q,). At pH 7, the half-lives ranged from a
low of 27.6 hours (summer, 30°N) to a high of 168 hours (winter, 50° N).

In conclusion, this study demonstrates that ISDN undergoes indirect
photodegradation in aqueous media with an experimentally measured half-life of 7.89
hours. Based on thesé results, photodegradation appears to be a likely removal
mechanism for ISDN in the aqueous environment. A full study report is provided in

Appendix B-4 and a summary of results is provided in Table 7-6.

C.7.2.5 Hydrolysis - Hydralazine Hydrochloride
The hydrolysis of hydralazine was studied in pH 5 acetate buffer, pH 7

phosphate buffer, and pH 9 borate buffer. A preliminary study was conducted to
validate the HPLC method for analysis of hydralazine in buffer solutions, determine the
hydrolysis potential and define procedures and sampling schedule for the definitive
study. The HPLC method showed retention time consistency for hydralazine across five
concentrations ranging‘from 2.5 pg/mL to 25 pg/mL and the calibration curve developed
from these concentrations was linear with a correlation coefficient of 0.99995. The
preliminary hydrolysis study was conducted at 50°C in the three aqueous buffer solutions
(i.e., pH S5, 7, and 9) for a period of 5 days. The percent of hydralazine recovered after
5 days of incubation at 50°C was 3.0, 2.9, and 3.0% for pH 5, 7 and 9 buffers,
respectively. These recoveries of hydralazine corresponded to percent hydrolyzed of
'97.0, 97.1, and 97.0% for pH 5, 7, and 9 buffers, respectively. The preliminary study
was also conducted at 25 + 1°C in three aqueous buffer solutions for a period of 24 .
hours. The percent hydralazine recovered after 24 hours of incubation at 25°C was
98.5, 98.4, and 58.6% for pH 5, 7 and 9 buffers; respectively. The estimated half-lives
at 25°C were 660, 950, and 32 hours for pH 5, 7, and 9 buffer systems, respectively.
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The sampling schedule for the definitive study was established based on the preliminary
study results.

A definitive study was conducted at a nominal test concentration of
100 pg/mL (100 ppm) in pH 5, 7, and 9 aqueous buffer solutions in a controlled
environmental chamber maintained at 25 + 1°C. For the pH 5 and 7 test systems, the
mean percentage of hydralazine left in the buffers at 28 days was 84.8% and 14.1% of
time O, respectively. Following 8 days of hydrolysis at 25 °C, the mean percent of
hydralazine left in pH 9 buffer was 11.9% of time 0.  These recoveﬁes of hydralazine
corresponded to percent hydrolyzed of 15.2, 85.9, and 88.1% for pH 5, 7, and 9
buffers, respectively. Based on the results from HPLC analysis, the percent hydrolyzed,
the hydrolysis rate constant, and half-life values for hydralazine under experimental
conditions were determined in pH 5, 7, and' 9 buffers and are calculated as follows:

This study demonstrated that hydralazine undergoes extensive hydrolysis at
pH 9 (t4, 66.;1 hours) followed by pH 7 buffer (t'2). The hydrolysis of hydralazine at
PH 5 was less pronounced with t'4 of 2510 hours. At an elevated temperature of 50°C,
hydralazine was extensively hydrolyzed (=97%) in all three pH buffers (5, 7 and 9).
These results indicate that hydrolysis could be an important removal pathway for
hydralazine from the environment in warmer climates at all three pH ranges and at pH 9
in moderate climates. A full study report is provided in Appendix B-5 and a summary
of results is provided in Table 7-’7.

7.2.6 Hydrolysis_- ISDN
A hydrolysis study with the active ingredient isosorbidedintrate (ISDN)

was conducted at a nominal test concentration of 20 ug/mL (20 ppm) in three aqueous
buffer solutions in a shaking water bath maintained at 50 + 1 °C. The buffer systems
were pH 5 acetate buffer, pH 7 phosphate buffer, and pH 9 borate buffer. The concen-
- tration of ISDN in each test sample at day 0 and day 5 was measured using high-
performance liquid chromatography (HPLC). Following 5 days of hydrolysis at 50 °C,
the mean percent of ISDN in solution from triplicate sampleé was 101%, 101%, and
101% of time O for the pH 5, 7, and 9 test systems, respectively.
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The data generated during this study showed that the test chemical, ISDN,
did not hydrolyze at 50 °C in the pH range between 5 and 9. Therefore, the hydrolysis
- rate definitive test was not performed since the test chemical concentration is greater
than 90% or more of the initial concentration. The test chemical is considered
hydrolytically stable. The half-life would be equal to or greater than a year at 25 °C. A
full study report is provided in Appendix B-6 and a summary of results is provided in
Table 7-8.

7.2.7 Probable Fate of BiDil™ in Aquatic Systems
Photodegradation, and biodegradation in the WTP will diminish or

eliminate the amount of drug substance likely to be released to the natural aquatic

- compartment. Therefore, the actual concentrations that will be present near an effluent
outfall of the WTP can be expected to be much smaller than that entering WTP and
would continue to diminish in natural waters with dilution and with the passage of time
due to biodegradation and photodegradation in natural surface waters. Downstream from
the effluent outfall, the expected environmental concentration (EEC) of BiDil™ or its by-
products is expected to be essentially zero. However, worst case estimations of EEC for

hydralazine and ISDN are presented in Tables 11-1 and 11-2.

7.3 SOIL _

As seen from the fate in the WTP aquatic matrix, the majority of
hydralazine and ISDN iﬁ the WTP are expected to be eliminated by photodegradation
and to a smaller degree, biodegradation and hydrolysis. Thus, soil is an unlikely

environmental compartment.

8. : ENVIRONMENTAL EFFECTS OF RELEASED SUBSTANCES

Since significant eliminations of hydralazine and ISDN occur in the human

body and in WTP, no environmental effects studies were conducted.

26

Item 3 Page 32



9. USE OF RESOURCES AND ENERGY

The proposed action requires a moderate commitment of company

resources. However, chemicals that will be used are common commodities of
commerce. Moreover, no irreversible or irretrievable commitment of limited national
resources will be involved. The estimated use of energy for the manufacture of BiDil™
tablets at the Global Pharm Inc. facility is (3" kw/hr of electricity and [ 71 of

natural gas.

As discussed in Subsection 8, the environmental impact of releases from
manufacturing and use of the product is negligible. Therefore, it is unlikely that

threatened or endangered species could be affected.

10. MITIGATION MEASURES
Controls exercised on emissions at the Global Pharm facility are described

in Section 6.3.2. Compliance of the proposed action with applicable emission require-
ments 1s described in Section 6.3.4.

Material Safety Data Sheets (MSDS) are provided'in Appendix A-1.
Unused drugs (past the labeled expiration date) are returned to Medco Inc. for disposal

by landfilling or-incineration. Waste minimization studies are an ongoing activity at

Global Pharm Inc. facilities.

11. ALTERNATIVES TO THE PROPOSED ACTION

No potential adverse environmental impacts have been identified for the
proposed action. Little or no release of hydralazine hydrochloride and ISDN, active
ingredients of BiDil™ tablets to the environment outside WTP is expected due to
elimination within the human body, extensive photodegradation, biodegradation, and
hydrolysis in the WTP. Because no adverse environmental impact is expected,
alternatives to the proposed action are not being considered. If this product were not

manufactured (as a no-action alternative), BiDil™ would not become available as

medjcation to treat patients with heart ailments.
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"Table 7-3. Aerobic Biodegradation of Hydralazine Hydrochloride in Water
Onpe Page Summary

TEST CHEMICAL: HYDRALAZINE HYDROCHLORIDE

TITLE OF STUDY: AEROBIC BIODEGRADATION OF HYDRALAZINE HCl IN WATER
NATURE OF STUDY: AEROBIC BIODEGRADATION - ENVIRONMENTAL FATE _

STUDY PERFORMED BY: L ' J

SUMMARY OF RESULTS

For the test chemical, hydralazine HCI, approximately 1.24% of the theoretical value of CO, was produced during the
28-day incubation period. Detectable quantities of CO, evolution were not observed until the day 28 sampling. Total organic
carbon analysis was performed at test initiation and termination for the test solutions. The mean percent of carbon removed
from the test and reference systems was 0 and 97.9%, respectively. HPLC analysis was performed on the day O and day 28
test solutions. The percent of hydralazine HCI remaining at day 28 was determined to be 18.2% of the day O concentration.
Based on results from the HPLC analyses of the test media (which indicated that 18.9% of the test media remained as
bydralazine HCI), it can be concluded that-hydralazine HCI was biotransformed significantly.

Removal of Hydralazine HCI from Test Solutions

Hydralazine
Hydralazine Hydralazine HCl
HCI Conc. HCIi Conc. Concentration
Day 0 Day 28 (as Percent of
Carboy (pg/ml) (ug/ml) Day 0)
Test-1 S o :
L J

Test-2 L

Test-3 [ o J

- Average 21.29 3.86 18.2
Standard 0.16 1.5 7.1
Deviation

ENVIRONMENTAL SIGNIFICANCE

Hydralazine hydrochloride was biotransformed extensively as indicated by the removal of >70% of hydralazine from
the test solutions; indicating potential for removal from WTP through this process.
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Table 7-4. Aerobic Biodegradation of Isosorbide Dinitrate in Water
One Page Summary

TEST CHEMICAL: Isosorbide dinitrale (SDN)
TITLE OF STUDY: AEROBIC BIODEGRADATION OF ISDN IN WATER :

NATURE OF STUDY: AEROBIC BIODEGRADATION - ENVIRONMENTAL FATE _
STUDY PERFORMED BY: [ | I
SUMMARY OF RESULTS

The test chemical, isosorbide dinitrate (ISDN)/Lactose 25/75 %, was tested for biodegradability in an aqueous
serobic medium at a nominal test chemical concentration of 10 mg C/L. For the test chemical, ISDN/Lactose 25/75%,
approximately 89% of the theoretical value of CO, was produced during the 28 day incubation period. No lag period was
observed for the test chemical to begin evolving CO,. The estimated time for 50% mineralization was 3.9 days (correlation
coefficient = 0.957). Total organic carbon analysis was performed at test initiation and termination for the test solutions.
The mean percent of carbon removed from the test and reference systems was 76.0 + 2.6 and 97.8 + 1.2, respectively.
HPLC analysis was performed on the day 0 and day 28 test solutions. The mean percent of ISDN remaining at day 28 was
determined to be 98.3% of the day O concentration, indicating that almost all the mineralization observed was from the lactose
component of the test chemical.

Concentration of ISDN on Day 0 and Day 28 by HPLC Analysis

ISDN Conc. ISDN Conc. ISDN
Day 0 Day 28 Concentration
Carboy (ug/mL) (ug/mL) (as % of Day 0)

Test-1

( | ]
Test-2 E | J

Test-3 [ ' ’» ]

Average 6.34 6.23 98.3
Standard 0.10 : 0.02 1.36
Deviation

ENVIRONMENTAL SIGNIFICANCE

Biodegradation is not an important removal pathway for the lactose component (75%) of ISDN in the WTP.
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Table 7-5. Aqueous Photodegradation of Hydralazine Hydrochloride
One Page Summary

TEST CHEMICAL: HYDRALAZINE HYDROCHLORIDE

TITLE OF STUDY: DETERMINATION OF THE AQUEOUS PHOTODEGRADATION OF HYDRALAZINE

NATURE OF STUDY: PHOTODEGRADATION - ENVIRONMENTAL FATE

STUDY PERFORMED BY: U
SUMMARY QOF RESULTS

The aqueous photodegradation of the test chemical, bydralazine hydrochloride (referred to as hydralazine in the
report), in pH 5, 7, and 9 buffers was determined at 25 1 3°C. A xepon arc lamp was used as the light source and illumina-
tion at the test samples was approximately the intensity of sunlight at equinox 40°N latitude. A nominal concentration of 100
pg/mL hydralazine was used.

The measured concentrations of the dosing solution as determined by high performance liquid chromatography (HPLC)
were 90.5, 90.2, and 80.4 pg/mL for the pH 5, 7, and 9 dosing solutions, respectively, against a nominal concentration of
100 ug/ml. " Three replicates each of exposed samples and dark controls were analyzed by HPLC at various sampling
intervals. Based on the results from HPLC analysis, the percent photolyzed, the direct photodegradation first-order rate
constant, and half-life values under experimental conditions for bydralazine are as follows:

Percent Rate Constants
pH Photolyzed (bour?) t1%4 (hours)
5 15.2 -3.46 x 10? 200
7 65.3 -3.32 x 107 20.9
9 76.6 -2.19 x 10" 3.17

The nonexposed samples displayed no appreciable loss of hydralazine throughout the study with >93.7% of
hydralazine remaining at termination for all pH levels. ‘

In conclusion, the test chemical, hydralazine hydrochloride, undergoes direct photodegradation in agueous media with
half-lives of 200, 20.9 and 3.17 hours io PH 5, 7, and 9 buffers, respectively. Based on these results, photodegradation
appears to be a likely removal mechanism for hydralazine in the aqueous environment.

ENYIRONMENTAL SIGNIFICANCE
. The rapid photodegradation of hydralazine hydrochloride in the aqueous buffers of pH 7 and 9 suggests that
photodegradation may be a major removal pathway in the wastewater treatment plant (WTP). Because of this reason, the
potential for bydralazine hydrochloride to reach aquatic or terrestrial compartment outside of the WTP may be minimal,
suggesting no significant environmental impact through human use.
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Table 7-6. Aqueous Photodegradation of Isosorbide Dinitrate
One Page Summary

TEST CHEMICAL: Isosorbide dinitrate (dSDN)

TITLE OF STUDY: DETERMINATION OF AQUEOUS PHOTODEGRADATION OF ISDN 3
NATURE OF STUDY: PHOTODEGRADATION - ENVIRONMENTAL FATE
STUDY PERFORMED BY: . J

SUMMARY OF RESULTS

The aqueous photodegradation of the test chemical, isosorbide dinitrate (ISDN), was studied at a temperature
of 25 + 2 °C by exposing ISDN in pH 7 buffer sensitized with 1% acetone (indirect photolysis) to a xenon arc light source. -
The xenon arc light source used was approximately the intensity of sunlight at equinox 40 °N latitude. Since the test chemical
was not known to dissociate, the photolysis study was conducted only at pH 7.

The measured concentrations of the dosing solution as determined by high performance liquid
chromatography (HPLC) was 10.22 ug/mL against a nominal concentration of 10.00 pg/mL. Three replicates each of exposed
samples and dark controls were analyzed by HPLC at various sampling intervals. Based on the results from HPLC analysis,
the percent photolyzed, photodegradation first-order rate constant, and half-life values under experimental conditions for JSDN
were calculated and are 86.6%, -0.0878 hours’ and 7.89 hours respectively. The nonexposed samples displayed no
appreciable loss of ISDN throughout the study with >99% of the ISDN remaining st termination.

Percent Rate Constants
pH Phbotolyzed (hour™) t'4 (hours)
7 86.6 -0.0878 7.89

: In conclusion, this study demonstrates that ISDN undergoes indirect photodegradation in aqueous media with
an experimentally measured half-life of 7.89 hours. Based on these results, photodegradation appears to be a likely removal
mechanism for ISDN in the aqueous environment.

ENVIRONMENTAL SIGNIFICANCE
The rapid photodegradation of ISDN in the aqueous buffer of pH 7 suggests that photodegradation may be a major
removal pathway in the wastewater treatment plant (WTP). Because of this reason, the potential for ISDN to reach aquatic or
terrestrial compartment. outside of the WTP may be minimal, suggesting no significant environmental impact either through
buman use or manufacturing.
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Table 7-7. Hydrolysis of Hydralazine Hydrochloride
One Page Summary

i TEST CHEMICAL: HYDRALAZINE HYDROCHLORIDE

. TITLE OF STUDY: HYDROLYSIS AS A FUNCTION OF pH OF HYDRALAZINE ' | ]
| NATURE OF STUDY: HYDROLYSIS - ENVIRONMENTAL FATE ]
{ STUDY PERFORMED BY: L | 3 |

SUMMARY OF RESULTS

A definitive study was conducted at a nominal test concentration of 100 pg/mL (100 ppm) in pH 5, 7, and 9 aqueous
buffer solutions in a controlled environmental chamber maintained at 25 + 1°C. For the pH 5 and 7 test systems, the mean
percentage of hydralazine left in the buffers at 28 days was 84.8% and 14.1% of time 0, respectively. Following 8 days of
hydrolysis at 25 °C, the mean percent of hydralazine left in pH 9 buffer was 11.9% of time 0.  These recoveries of
hydralazine corresponded to percent hydrolyzed of 15.2, 85.9, and 88.1% for pH 5, 7, and 9 buffers, respectively.

Based on the results from HPLC analysis, the percent hydrolyzed, the hydrolysis rate constant, and half-life values
for hydralazine under experimental conditions were determined in pH 5, 7, and 9 buffers and are calculated as follows:

- Percent Rate Constant  Half-life
pH Hydrolyzed hour’! (hours)
5 15.2 -2.77 x 10* 2510
7 85.9 -3.10 x 107? 224
9 88.1 -1.04 x 107 66.4

This study demonstrated that hydralazine undergoes extensive hydrolysis at pH 9 (t'4, 66.4 hours) followed by pH 7
buffer (t'4). The hydrolysis of hydralazine at pH 5 was less pronounced with t'4 of 2510 hours. At an elevated temperature
of 50°C, hydralazine was extensively hydrolyzed (=97 %) in all three pH buffers (5, 7 and 9). These results indicate that
hydrolysis could be an important removal pathway for hydralazine from the environment in warmer climates at all three pH
ranges and at pH 9 in moderate climates.

ENVIRONMENTAL SIGNIFICANCE

Hydrolysis is an important removal pathway for hydralazine from the environment in warmer climates (=97 %
removed at 50°C at all three pH ranges and at pH 9 in modemn climates.
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Table 7-8. Hydrolysis of Isosorbide Dinitrate
One Page Summary

| TEST CHEMICAL:  Isosorbide dinitrate (ISDN)

i TITLE OF STUDY: HYDROLYSIS AS A FUNCTION OF pH OF ISDN ]
| NATURE OF STUDY: _HYDROLYSIS - ENVIRONMENTAL FATE » |

}

%

l B

i STUDY PERFORMED BY: © 3 ]

SUMMARY OF RESULTS
A hydrolysis study with the active ingredient isosorbidedintrate (ISDN) was conducted at a nominal test concentration

of 20 ug/mL (20 ppm) in three aqueous buffer solutions in a shaking waler bath maintained at 50 + 1 °C. The buffer

systems were pH 5 acetate buffer, pH 7 phosphate buffer, and pH 9 borate buffer. The concentration of ISDN in each test

sample at day O and day 5 was measured using high-performance liquid chromatography (HPLC). Following 5 days of

hydrolysis at 50 °C, the mean percent of ISDN in solution from triplicate samples was 101 %, 101%, and 101 % of time O for
the pH 5, 7, and 9 test systems, respectively.

The data generated during this study showed that the test chemical, ISDN, did not hydrolyze at 50 °C in the pH
range between 5 and 9. Therefore, the hydrolysis rate definitive test was not performed since the test chemical concentration
is greater than 90% or more of the initial concentration. The test chemical is considered hydrolytically stable. The half-life
would be equal to or greater than a year at 25 °C. '

Concentration  Concentration  Percent of Initial Percent
pH (Day 0) (Day 5) Measured Dose Hydrolyzed
5 205 + 0 20.8 + 0.1 101 1.5
7 20,6 + 0 20.8 + 0.1 101 -0.97
9 205+ 0 20.7 £ 0.2 101 -0.98

ENVIRONMENTAL SIGNIFICANCE

ISDN is hydrolytically very stable and hydrolysis is not & removal pathway for ISDN in the environment.
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PREPARERS

Ranga Velagaleti, Ph.D

Director

Environmental Fate and Assessment Division
Analytical Biochemistry Laboratories, Inc.
7200 East ABC Lane

Columbia, Missouri 65202

Wes Winberry, B.S.

Program Manager

Environmental Fate and Assessment Division
Analytical Biochemistry Laboratories, Inc.
7200 East ABC Lane

Columbia, Missouri 65202

The preparers’ resumes are provided in Appendix C, Attachment C.15-4.
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13, ERTIFICATI

REPARER ,
The undersigned certify that the information presented-is true, accuraté, and
complete for preparation of the Environmental Assessment Report in accordance with
21 CFR 25.31(a).

Signature &1% W Date A~ %-9L
_ = (/

Title Director, Environmental Fate and Assessment

Signature A)\_,QA A)‘»«L\ Date X2 - 8 - 7 <

Title Program Manager, Environmental Fate and Assessment

SPONSOR

The undersigned certifies that the information presented herein and
provided to Ranga Velagaleti by Medco Research, Inc. (applicant) is true, accurate,
and complete to the best of our knowledge.

Signature W M‘VZ( Date 3/(3/4(/

Title Director, Regulatory Affairs
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APPENDIX A-1

Material Safety Data Sheets
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R S T U TP N S G ~.'.U
EMS-DOTTIKON AG

Product-Characterjsation

1.1. Name of Product .ISOSORBIDEDINITRATE / LACTOSE 25/75 %
l1.2. Synonym(s) ........ ce e IEDN/Lactose 25/75 % ..........
1.3. Prod-No EMS P 1004 1.4, CAS-RN 87-33-2 IBDN

64044-51-5 LACTOSE
1.5. Molecular Weight 236.14 (I8BDN) :

1.6, Formula c688N208 ISDN
1.7. Aspect of the Mixture

... White, crystalline powder, no distinct odour IR

Physical Constantg (ISDN)

2.1. Melting Point 69 °C 2.2. Boiling Point ...ec
2.3. Solidification Point ces *C

2.4. Density.(..°c) eeses g/ml 2.5. Bulk Density ... kg/m3
2.6, Vapor Pressure (..°C) »++. Ibar

2.7. Solubility (20°C) 1.1 g/1 (in water); freely soluble in

many organic solvents (f.e. alcohol, ether, acetone)

FEire and Explosion Hazard pata

3.1. Flash Point ce. *C 3.2. Temp of Ignition ... ¢¢

3.3. Explosion Limits lower: ...... upper: ......
3.4. Decomposition Temp. about 150 *C, ISDN is an explosive
3.5. Maximum Heat Medium Temperature (Method 'Geigy-Kilhner') 70°cC

3.6. Hazardous Decomposition Products:
ceeessssesssses toxic fumes of CO,, CO, NO , NHy .0.vvvrnnnnnn.

3.7. Incompatabilities: sensitive to alkaline hydrolysis ..........

3.8. Additional Information: ISDN is an explosive .................

Transport Regulations (Mixture)

IMDG-Code: 4.1 'RID/ADR: 4.1 / 23 b UN-No : 2907
ADNR : 4.1/ 23 b ICAO/IATA-DGR : 4.1 / UN-No 2907
Customs Tariff No. : CH 3003,.9000 / B8 3003.90

Additional Information: Packaging Group II

St 200000 errrrLLLTLIIEPLIOIESLTSEOIBLOILOCEOROEOEIOTBERTSI OSSN
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Name of Product: ISOSORBIDEDINITRATE/LACTOSE 25/75% Page 2
(ISON{Lactose 25/75%)

. Security Regulations

L4
R-Sentences: ¢ o o X - T,
S-Sentences: o W0 ¢ ¥ - T
Additional Informations: ..t ittt e

6. Protective Measure / Storage / Handling

6.1. Technical Protective Measures
work only in clean rooms, attend to a good ventilation of rooms

6 9 5 06 5006060 05 20O PP IS EE S OO0 UL ILPI e s RPEeree o0 ® 058006 00 0

------ 8 5 8 5 5 5 5 5 8 0 9 9 ¢ P T 0PSSO B L E P LS s P L s 000 Esee e s

6.2. Personal Protective Measures

Respiration: ..yes... Eyes: ..yes....
Skin : ..yes... _ Others: Certesens

6.3. Working Hygiene
ISDN may cause haadache .........c.ciittencvnnrennnnsoas ceaeee

6.4. Fire- and Explosion Protection
mixture is to be stored in a dry and cool place in well closed
containers & B B e 6 0 & D B O S O P S S sa S e eSS ® 0 & s o 0 ® ¢ & 6 0 ¢ 8 0o

6.5. Waste Disposal
burning ...‘....‘..."'..........'.......'.......'...‘.'.I......

> 6 9 5 6 0 6 5 65 5 0 5 5 0 5 0 8P DO OO LN S NN EEII SO EPILEOLLN 000N

7. Emergency, Fire and First Aid Procedures

7.1. In case of Released or Spilled Material
wipe together and hold for waste disposal (burning) ...........

e 58 2 0 6 6 6 60 P D PSSO S S O P EE S O LP OV I LSOOI OSSN SSe L0 s sl 0

7.2. Extinguishing Media adapted: Foam, Dry Chemical, CO,, Water
spray ® 6 0 0 0 0 0P 0 0 P e e 0 0SSP OO O S
incompatibile: ....ccciiecirrncerresansesnnsen

7.3. First Aid
remove contaminated persons to fresh air; ...........0000n0000e

wash skin and eyes with plenty of water .........coveevenvecses

...... .-.0.00.0.00otuoo.ooooo-no-no-oo'o.o...noao.p.ooooo'i."'

7.4. Additional Informations
pure ISDN is a highly explosive I! ..........cccciniiececnnes

ooooooo © © 5 5 5008060006665 068 6090060606 0s0s0ss0ee0ssE00ss0ees0s0sseseeRsD
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Name of Product:  |ISOSORBIDEDINITRATE/LACTUSE 25/75% Page 3
(ISDN{Lactose 25/75%) E

»< Health Hazard Data (I8SDN)

8.1. Instruction Sheets ‘ Hommel: none Kihn-Birett: none

8.2. Literature Information

RTECS# L2 4385000 MSD Book: .. .. none ..
Sax; Dangerous Properties: none Merck-Index 10, 5074
Chapman/Hall; Dictionary of Organic Compounds: ..... none .....

8.3. Tox-Data oral: LD., (rat) 747 mg/kg LDy, (mouse) 1050 mg/kg
intraperitoneal: LD;, (rat) 620 mg/kg LDso (mouse) 720 mg/kg

8.4. Additional Information
registered in BINBCS Master Inventory I (1987), No 2017409 ....
registered in BPA/TBCA InVentory (1989) ...uvveeeeceooeesonnnns

9. Ecology
9.1. Toxicity for Water Organism

l...I'I'......0"_.0.'0.'......'."........Ol'l‘.'l....‘lb......

PR R I I R W ) Dotknown MR R I A L A R I R R N N T A S S ARG

9.2. Toxicity for Fishes

10. Addj dicatjions

ISDN itself is an eXplosive SUDStANCE ....ivitrrnrnennennonnes
The mixture 25/75% with lactose is harmless ..........oovvnsve..

© 6 2020000000 PLLS L0 E 0L NL PG00 ELLLOEELIOIEEIEOLEOEPRIOGEPSPOOCPOEIEBEEOLOEOLEES

oday's knowledge.

Date: December 20, 1993
Superseded: January 06, 1993

-MS-Dottikon AG Tel 057-26-11-55 Quality / Analytical
Fax 057-24-21-20 Department
{MSP1004x) , Dr.M.Aellen
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: 5511 fumed silica,
a Cabot performance chemical.

MATERIAL SAFETY DATA SHEET

DATE REVISED ISSUED BY

"DATE ISSUED
April, 1990 Regulatory Compnance Omce

CAB-O-SIL®

" HAZARD RATING

CHEMICAL NAME OR COMPOSITION |
RE

Silicon Dioxide, Amorphous — CAS #112945-52-5 o

1 0

TRADE NAME & SYNONYMS HEALTH REACT.
CAB-O-SIL Fumed Silica, Colloidal Silica, Pyrogenic,
Amorphous, Synthetic Silica

CHEMICAL FAMILY MOLECULAR FORMULA

P..ERMISSIBE | ACGIH

CAS NO. COMPONENT PERCENT EXPOSURE Total
LIMIT Dust
112945-52-5 Silica, amorphous, fumed, cryst.-free 99 plus 20 mppcf 10 mg/im?

PHYSICAL CHARACTERISTICS
Fine White Powder, Odorless

BOILING PCINT FREEZING POINT SPECIFIC GRAVITY (WATER =1.0)
NA NA 2.2
.VAPOR PRESSURE (mm Hg. at 20° C) pH
NA 4.0(4% Aqueous Slurry)

VAPOR DENSITY (AIR = 1) SOLUBILITY IN WATER
v Insoluble

2 SECTIONIVAFIREANDE

~ FLASH POINT (SPECIFY Msmoo) FLAMMABLE (EXPLOSIVE) LIMITS (PERCENTAGE BY VOLUME)

LOWER EXPLOSIVE LIMIT UPPER EXPLOSIVE LIMIT
NA NA ' NA
FIRE EXTINGUISHING MEDIA i NA
SPECIAL FIRE FIGHTING PROCEDURES NA

JNUSUAL FIRE AND EXPLOSION HAZARDS ,
See Section IX

CAB-O-SILY is a registered trademark of CABOT Corporation.,
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CONTAINER DISPOSAL

. » . n N

. - . - - - -

TOYICITY CAB-O-SIL fumed sillca is not considered a potentla! carcinogen by IARC, NTP, or OSHA.
entry: inhalation. Non-toxic Oral LD50 = Greater than 5000 mg/kg.

ACUTE
None known other than possible temporary discomfert due to inhalation of dust concentration(
AN

Primary route(s) of

EFFECTS above the permissable exposure limit.

OF
OVEREXPOSURE

CHRONIC
None known

EMERGENCY AND FIRST AID PROCEDURES
Flush eyes with plenty of water.

For inhalation discomfort, move victim to fresh air.

GENERAL REACTIVITY

Stable
INCOMPATABILITY ( MATERIALS TO AVOID)

None
HAZARDOUS DECOMPOSITION PRODUCTS

None

CONDITIONS TQ AVOID

HAZARDOUS POLYMERIZATION

Spilled CAB-O-SIL fumed silica is not a hazardous waste under U.S. Federal RCRA regulations.

WASTE DISPOSAL METHOD o .
CAB-O-SIL fumed silica may be swept up or vacuumed for normal disposal.

Ordinary methods for non-hazardous waste.

- I %
EYE PROTECTION ' GLOVES

‘ Satety goggles recommended Not necessary
RESPIRATORY -

NiOSH approved dust respirator recommended for concentrations above TLV {10mg/m?)
VENTILATION . OTHER

Adequate for dusty environments None

Dry powdered materials can build static electrical charges when subjected to friction.

Proper precautions, when using CAB-O-SIL fumed silica in the presence of flammable or explosive liquids,

should be taken to prevent ac

cidents. (See NFPA-77 Static Electricity)

CAB-O-SIL fumed silica is not restricted/non-hazardous

.The data arlxd conclusions contained herein are based on studies made in Cabot Corporation laboratories and are belie_v.ed to be_reliable.
However, we do not guarantee that similar results and/or conclusions will be obtained by others. We disclaim any liability resulting from
the use of the contents of this report since the conditions of use are beyond our control. Furthermore, nothing contained herein shall be (
construed as a recommendation to use any product in conflict with existing patents covering any material or its use.

5M 4-1-90
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MATERIAL SAFETY DATA SHEET Explotxb® Page [ of 4

EDWARD MENDELL CO., INC.

293! Raxs 22, Pitlersow. NY, USA [25A3-5970 Tk «(914) 3733414 Fax: + (914) §78-3484

Church House. 43 Chrwoh Stwet. Kaugmae, Surrey. A2 OSN UK. Tal: +(44) 737 222323 Fax: + (44) 737 122545

ERODUC ]

Product Name ﬂ\r Vo

Sodium starch glveolate NF: Sodhun sarch ghoollata BP

Oxter Names:

Chermicsl Name: Starch @arbaxymessy! ether, sodism sgit

Moteculsr Formsula Nox agpiiczbie.

Molecudar Weight; Eytimazed 500.000 - 1,000,000

2 PRODUCT INFORMATION

Chemical Description: Crogs-iinked. Jow asbstitined carboxymethyl cher of potata sarch.

CAS 2063-38-1

FiNECS: Not Avaladle

JUpply Crass: Non-imrardous,

3. BAZARDSIDINTIFICATION
Hazard Class: Notr Regutated
Hesith Hemard: Mzv be boomaial if isgested in great guantity, May be uritating to eyer
. and U mhald a5 dust.
4 RST MDD ?

Eves: Irrgate thoroughiy with water. If discouudm persists ubtain medical
atlention.

Skin Wash ol (DOrDUWRIY with s83D Ihd Waler,

Ingestion No hazard anucipued from ingestion incidemat ro indumnal
eponme. Wish out mouth therouzhly with water. In sovers s
obtain medics! sttemtun,

Inhalaring: Frof-hazardous: misnce dust. Remave from eosure, [firttation
pemnas obtain medical alfention,

‘ Extingishing MecEa: Wate, dry powder, CO;
* Fire and Explosion Hazargs: Comiustible. Dust sxplosion kaxad Avoid conditions of dust
Item 3 Page 55
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sgﬂT B8Y: KINGSLEY AND KEITH; £.25.85 9:23; 1 514 442 4304 => 4166260111; r2/4

SEVF BY:azndell 1-1183 5 1944 aeaded - S144428809:2 O/ 5
MATERIAL SANETY DA LA SHEET Expiotab® Page 2 of 4
COBOERTADO NS
Protective Mesmarey: Notmal pracaudons aains sreoke iohalgion,
Hazardous Deocmposmon: COs. HAO. and typend cosbe ston by-produas
LS ACCIDENTAL MELEASE MEA SURLS (SPILLAGE)
Persanal Precautions: Dust mask wloves (cloverills 20d sopyles recormmended.

" Emviroomenta) Precaumions: Non-azardous. Spills mf thia material are oot sabjoct 10 anry special
reparting requirements under cyment eovirownemal legisistios in
either ke USA of Ewropean Usson,

Recovery: Swues wp produat and dispom of in accondance with local
regulzgons _
7. STORAGE AND HANDLING (N NORMAL USF)
Sworse, Sion in well dosed cortaine 10 avoid moimare cptake
(hvgroscopic) and comszination by other massals,
Yeatdason: . L tocad venlation  Dusdng may ocour,
Handling: Dux mask, gloves, (Covernds and goggies recvamended. Geaning
procedures shovid mirvuize 2oy dust creation,
s / N N (N

Occupmivnal Exposure Limis: — Namhizardous musmee dus. OSHA Permissble Exposure Limit
{PEL) fof mumance dusts: [S mpm’ jotal dua and § myinr’

respiraale fraction.
Engintening measyrss: U locad ventilation Dusdr may occur.
Paronal Protective Equpment:  Respirstory: Dust mask recormmended
. Hand: Gloves rocommendad.
Eve Gutgles recommended.
Onher (Cloverails recommended
3 PHYSI A ]
Appearaxce: ' Whe to off-white fine powder,
pH (s delivered): Not sppbeable.
Visceniy: Nix apphcable.

S0/€9°d
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MATERIAL SAFETY DATA SHEET Fxplotab® Page3 of 4
Botling Paint Not applicable
Fhsh Pont; Not pplicable.
Yopour Fresare: Not zppheable
Yuapous Demity- Not applicable.
Relstive Deaxty (SG): Paticie dorsiry | 5 g/ml
Selubiliry: Practically irsoluble bt methylene chiorider izsakible but swails in
comact with wirer.
0. STABTLITY AND REACTIVITY
Siabitiry Stablc unle recomimended cupditions of xorage,
Candiions to avord: Hegh temperuure, hah bumidity.
Muterials w0 ovoid: Onddizing submtancon
Recommended Matenals ror NorTRJ TR eTats used in 1he CoNSTIXLION Of Processing equipment
ProcesyHandling Equipmernt: for the food/pharmaceuriaa] indusries.
1. TOXICOLOGICAL INFORMATION
Shomnt Teem: Nons krown No hazard sricipated tocidexal to industrial
wxpusure.
Eya. None kmown. N hizrd anmicipated incidental (o iadustrial
oposue Mechamceal mritant. May couse serarching ko eye
LT
Skin: Moot known, No harard anticipetsd s datal o dusstriad
CPOWIE.
bngextion: Norm krown. No hazard anticipated insdenal ta indusmal
exposure. -
Infrabegion: Nene kuown. No hazrg amisipated Incidental to industrinl
tposure,
Loog Term Effects; No evidencr of cranogensc. murigenie. o tertsogenic effects.
2, OLOGICAL RMAT

Gn/bn "4

111n97991b

No dsta
No daga,
Noss known
ltem 3 Page 57
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SENT BY: KINGSLEY AND KEITH;  £.25-95 0:24; 1 514 442 4304 => 418828011 1;
SENT BY'mendei) - 13040 meadeii-
MATERIAL SAFETY DATA SHEET Fxpiotab® Page d of 4
I3 DISFQSAL CONSIDFRATIONS
My be dixposad of 'n acoordancs with kocal raeulations
14, T s Dy T
Packagine (Sier & £0kg polyeuitykeas wocd Sbreboard drams.
Dexcriprinay
Trnsport Qassficeaion; Not Regulzred
Proper Skippiog Name: Not wpplicahje
[CAQATA/IMDG Class: Nox xppiicabie.
Packmg Group: Not sppheable.
ADR Class: Not applicahle
Transport Hazard Symbo; None.
Ilaxard [emt Mumber "ot Regulared
Experzwocy Astwon Code: Not epplicable.
Otber: None
18, FOR Su &
Supply Claxsification: Not Regulxted
Hxzard Pletogram: Not reqiorad
Risk Phrases: This rzerial ts wenerally regsrded as swe when bandled am! used in
) pPropoiatd murner,
Safery Phryses: This ouserial Is genevally regarded as sate when bandied aad used in
AR 3BOrOANSIE Tanoer, -
Orher Apphicabls Reguixzions: Neone knewn

16 OTHER INFORMATION

Nore

Darg; Aay 2 1994, JRG

ﬂnabmimhmimisba'u-wdwbecmbuzbmtp\upcnmwbcdlin&éwwwlbcuwduatmid'_

"Mendel shall not be beld liablc for any damaze mﬁdng&umhnn&gwﬁvmmatnncnzmm.

ansen 4

111n929a1h 'NN YH4
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Product Name: Avicel® PH Microcrystalline Cellulose #M

‘-
-

MATERIAL SAFETY DATA SHEET
This document has been prepared to meet the requirements of the U.S. OSHA Hazard Communication
Standard, 29 CFR 1910.1200; the EEC Directive, 91/155/EEC and other regulatory requirements,

1. Company and Product Identification

FMC CORPORATION FMC CORPORATION NV
Pharmaceutical and Bioscience Division Avenue Louise 480-B9
1735 Market Street 1050 Brussels, Belgium

Philadelphia, PA 19103 (US.A))

C_b.cmicaLNam_ﬁ : Microcrystalline Cellulose

Brand Name : Avicel® PH 101, 102, 103, 105, 112,200
Chemical Family : Carbohydraie

Formula : (CeH1005)x

Synonyms . Microcrystalline Cellulose, MCC

EMERGENCY TELEPHONE NUMBERS:

U.S.A. & Canada Europe

Medical (303) 595-9048 Medical 01 (303) 595-9048
Chemtrec (800) 424-9300 Transponation 01 (202) 483-7616
Plant (302) 451-0100 Plant (Cork) 35321354133
General Information: (215) 299-6000 Brussels 3226455511

2. Composition/Information on Ingredients

Ingredient Name CAS # EEC Symbol and Risk Phrases
Microcrystalline Cellulose 9004-34-6 Not classified as dangerous

3. Hazards Identification

Accumuiauon of overhead sewed dust may form explosive concentrations in air when disturbed and dispersed.
Potential Health F(fects:

Minimally imitating (o the eyes and non-irritating o the skin. No adverse human effects known.

4. First Aid Measures

Exes : Flush with water for al icast 15 minutes. If irritation occurs and persists, obtain medical auenton.

SKin 1 Wash with plenty of soap and water. Get medical atiention if irritation occurs and persists.

‘Inhalation : Remove o fresh air. If breathing difficulty or discomfort occurs and persists, obtain medical attention.
Ingestion  : Drink plenty of water. Never give anything by mouth to an unconscious person. If any discomfort persists,

obuain medical atiention.
Notes to Medical Doctor: This compound has very low toxicity. Trcaument is symptomatc and supportive only.

ltem 3 Page 59
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Product Name: Avicel® PH Microcrystaliine Cellulose

S.

Fire Fighting Measures

H ous D tion P

: Water -
: Accumulation of overhead settled dust may form explosive concentrations in

air when disturbed and dispersed. The propagaton of flame through air-
floaled dusts takes place usually following a small explosion which shakes
down accumulated dust. According o NFPA 68 (Explosion Venting Guide),
the Hazard Class of Dust Deflagnatons for microcrysalline callulose is St-1
the lowest hazard class.

v

: For fires involving this material, do not enter any enclosed or confined fire

space without wearing full prolective clothing and seif-contained breathing
apparatus (SCBA) approved for fireflighting. This is necessary to protect
against the hazards of heat, products of combustion and oxygen deficiency.
Do not breathe smoke, gases or vapors generated.

: None known

6. Accidental Release Measures

Maintain good housekeeping practices 1o minimize accumulation of scttled dust, especially on overhead surfaces. Sweep
up the spilled material and dispose of in accordance with the wasie disposal method outlined in Sccton 13, "Disposal

Considerations”.

7. Handling and Storage

Use local exhaust or general dilution ventilauon to control exposure 1w dust. Always use safe lifting techniques when
manually moving containers, especially when shipping containers weighing more than 50 pounds (22.7 kg). To protect
quality, store in a tight container in a dry place.

8. Exposure Controls/Personal Protection

R od P Lp ive Equi

Respiratory : Whenever dust in the worker's breathing zone cannot be controlled with ventilation, workers should
wear respirators which are approved by NIOSH/MSHA (or equivalent agency) for protection against

airborne dust.
Eyes : Whenever airborne dust concentrations are high, appropriate prolective eyewear, such as

monogoggles, should be wom to prevent eye conact
Gloves : Not required.
Special Clothing
and Equipment : Not required.
E Limi
Exposure Limit: Cellulose

Inhalable Respirable
Dust Dust STEL

Belgium (TWA) 10 mg/m3 - : -
France (TWA) - 10 mg/m3 -
Swizerland (TWA) - 6 mg/m3 -
United Kingdom (TWA) 10 mg/m3 Smg/m3 20 mg/m3
USA (ACGIHTWA) 10 mg/m3 - -
USA (OSHA TWA) 15 mg/m3 5 mg/m3 -
MSDS #: 9004-34-6 REY.#: | pate: 03 Page:60:



Product Name:

RVl

Avicel® PH Microcrystalline Cellulose

9. Physical/Chemical Properties

Whitc, free Nowing powder Solubility in Water ¢ Insoluble
(% by Weight)
Odor Odorless Evaporation Rate Not applicable
(butyl acewate = 1)
Melting Point Not applicable Flash Point Not applicable
Boiling Point Not applicable Flammable Limits (Air) _
Upper : Not applicable
Yapor Pressure Not applicable Lower : Notapplicable
Yapor Density Not applicable Autoignition Temperature
(Air=1) Minimum Ignition Temp : 420°C
pH (as is) Not applicable Explosive Properties St
pH (in soin) 5.0-7.0 as an 11% solids dispersion Oxidizing Properties : Not applicable
Specific Gravity Bulk density, 0.3 g/cc Rartition Coefficient (Kow) : Not applicable
(H20 = :
% Yolatiles by Approximately 5% waler, by weight Fat Solubijity Not available
Yolume
10. Stability and Reactivity
Stability Suable Hazardous Decompasition None known
Broducts
Conditions™aterials to Avoid (Incompatibility) : Nonc known
11. Toxicological Information
Eye Contact : Minimally imtating (rabbit). FMC Siwudy Numbers 182-621, 182-626.
Skin Contact : Non-irriating, Primary Irritation Index (rabbit) = 0/8.0. FMC Swdy Number 182-625.
Non-sensitizing (guinca pig). FMC Study Number 191-1184.
Skin Absorption : Dermal LDS0 > 2 g/kg (rabbit). FMC Study Numbers 182-620, 182-624,
Inhalation : No mortality at maximum atlainable concentration. 4 hour LC50 > 5.05 mg/t (rat).
FMC Study Numbers 182-622, 182-627.
Ingestion : Oral LD50 > 5 g/kg (rat). FMC Study Number 182-623.
Acute Effects From Gverexposure: No significant hazard in animal toxicity tests.
Chronic Effects From Overexposure: A 90 day animal study showed no adverse effects when administered in the diet

(FMC Study Number 192-1464). This product was negalive (non-mutagenic) in the Ames test (FMC Sudy Number
191-1189). No adverse human effects known. Microcrystalline ccllulosc 1s considered an inert dust which is not toxic
to the iung when exposurcs are properly controlled.

MSDS # 9004-34-6

Carcinogenicity: IARC: No NTP: No Qther (OSHA, ACGIH): No
12. Ecological Information
Environmental Fate;  Biodcgradation in soil: Inhcrendy biodegradable (FMC Study Number 192-1300).
. Rainhow Trout; 96 hr LC50 > 100%, Saturated solution.
(NOEC = 100%), FMC Study Number 192-1297.
Daphnia: 48 hr LC50 > 100%, Sawralcd solution
' (NOEC = 100%). FMC Study Number 192-1298.
Algae: 96 hr EC50 > 100%, Saturated solution

(NOEC = 12.5%), FMC Study Number192-1299.

Date: Hte¥1933 Meosd



Product Name: Avicei® PH Microcrystalline Celluiose

FMC

13. Disposal Considerations

No special disposal methods are suggesied. It is the user's responsibility to comply with all applicablc local, state, and
federal Jaws, rules, reguiations, and standards.

14. Transportation Information

Marpol Designation : None

: Not regulated in Tide 49 of the U.S. Code of Federal Regulatons as a hazardous material.
. National Motor Freight Classification ltem 71390, Flour Cellulose, Edible.
: Not Applicable

: Not Applicable

15. Regulatory Information

US TSCA Inventory
1.S, SARA Title IT1
Secuon 3117312
Section 313 (40 CFR 372)

California P o 63

EEC Symbols
EEC Risk Phrases
EEC Safety Advise Phrases

Additional Regulatory 1oformation

© Yes

: None
- This product does not contain any toxic chemicals subject to the reporting

requirements of Section 313 of Tide HI of the Superfund Amendments and
Reauthorization Act of 1986 (SARA) and 40 CFR parnt 372

- This product docs not conlain any chemicals currendy on the California list of

known carcinogens and reproductive toxins.

- Not a controlled product under the Canadian Workplace Hazardous Materials

Informaton System (WHMIS).

- 232-674-9 Cellulose

231-595-7 Hydrochloric acid
Note: Under the EINECS reporting guidelines, the reactants are repertabie; the
post-reacted natural polymer is not reportable.

. Not classified as dangerous
: Not classified as dangerous
- Not classified as dangerous

- Avicel®PH Microcrystalline Cellulose meets the standards set forth in the

United States Pharmacopeia/National Formulary, European Phammacoposia,
British Pharmacopoeia, The Pharmacopoeia of Japan and the Food Chemicals
Codex. Microcrystalline cellulose is generally recognized as safe (GRAS) by
qualified experts and is in accordance with the United States Food and Drug
Administration. FMC maintains a Drug Master File at the U.S. Food and Drug
Administration 1o support the safe use of Avicel PH in drug products. The
Avicel PH products are manufactured in accordance with Current Good
Manufacturing Practice and are in compliance with the Federal Food, Drug and .
Cosmetic Act, as Amended.

16. Other Information

NFPA Designation 704

Red Fire: 1
Blue . Health: 0
Yellow  Reactivity: 0
White  Special Hazard: N

Prepared by: FMC Corporation
Sections Revised: Ncw Format

MSDS #: 9004-34-6

onc

4 = Extreme
3= High

2 = Moderate
1 = Slight

0 = Insignificant

nud'8%: 3; PAGR £2.



Matana' Safety Data Shee!

May bs 1860 fo COMElY wilh
OSHA'Y HAZMG Commranicaon Standard,
CFR 1912.1200. Standwd mus De

sulled lor speciiic requirsments.

U.S. Departmant of Labor (\
Ocoupavoml Safety and Health Adminisuruoa ,'>
(Non-Mindatery Form] 4
Form Approved

OMB No. 1218-0072

JOENTITY (A3 Usad 0n Ladel 30 Lty

m:wm:nnmlrﬁmammaw
mucmmmwurmvmma:ru

“Anhydrous Lactosa, NF
Section |

Emergency Tekeohons Number

Manviaciured’'s Name .
__Quest International Chemtrec: 1-800-424-930Q
Ao es Momser, Seel, Clty. Sam and 1P Coe) Toimphont Numde! k7 [niommaien
.0. Box 630 607-334-9951
Ons Prepaed
Norwich. New York 13815 5/24/94
Sgrpwe of Precdrw [gpuaona)
Section Il — Hazardous Ingredients/identity Intormation
Owial Linits

Hazarcous Componerts (Specific Chemacal icen ¥y Common Nama(3)) QSHA PEL ACGIH VY Recommencec % {fopxonidl]

NONE
SedbnIH-—Phwmnmawmmzuﬁuncudﬂkz
Bosiing Pont Soocdc Gravity (RO = 1) , -

N.A. Bulk Density |Approx. 8
Vagor Pressure (mm Hg.) Meting Pant
Negligible Decomposes
vipor Derggy (AR & 1) R Evaporaton Aale
_ Negligible | Buy Acsaia = 1) N.A.
Solubidy n Wae
20g/100 ml &75°C
Appeaace ang Qo -~
. White Powder, Nearly Odorless
Section [V — Fire and Explosion Hamard Ostd
Flash Pant (Methcd Used) Pammasie Livils LBL VEL
Unknown Unknown UK Uk
T ,
Water, C.O?
Specitl Fre Fgniing Pracsdurss
- None Reguired
*\nugusl Fire 3d Explosion HAICGE
None
OSHA 174, Sept. 1985
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sccﬂor;'v — Reactivity DaL
[y Unaadie Coxxstiont 1o Avod
Ko
X

~compaloilily, (Ma/ensls 0 Avoxh

mmnompwtma&wmm

May Ocrwr Conglins 16 Aved

Harucous
Bolymeniaion .
wal Nox Occ

X

Seclion Vi — Heaith Hazard Dala
Rowras) ol Eniry: Innaiaeon ? Son?

Headh Hazares (haury and Owvonc) )
Not a Kealth Hazargd

Caicmogere<ny: NTP? WRE Monograpns?

OSHA Regumued?

Not a Carcincaeeéen

Sgra 3ret Sympioms of Easure

Meonca Condilions

Generaly Aggraviied by Laoomurt

Emergency ang First Axd Procedirts .
None Required

Jecton Vil — Frecautions for Safe Handling and Use

Smmr:eonnnCquanus;sm

Sweep or Vacuum

Wasie Ooypoeal Meued N R ,
Normal solid waste disvosal

>

PrecaAons 10 Bt Taxen n Handing 1nd Slo vy

No special precautions

Cner Precautions

Section Vil — Control Measures

“Raspirakcory Proceczion (Specly Nroe) .
Not required

Veiason Local Exnaust Special
Macancyl (Gawnel) Crher
Not Requirec Not Regquired
Oher Proecive Caning of Exsement  1io¢ Required
. .
Normal
Poge 2 . w870 Ws-481-329/AVITD
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MATERTIAL SAPETY DATAR B8 HEET

NOTICE: The information and recommendations BEAZARD RATINGS
‘ contained herein are based upon data! =  s=wso------—--
believed to bea correct. HEowever, no
guarantee or warranty of any Xind, HEALTH = 0
expressed or implied is made with FLAMMABILITY = 0
respect to the information contained REACTIVITY = 0
herein.
0=Minimal 1=Slight =Moderate 3=Serious 4=Severe
SECTION 1
MANUFACTURER'S NAME: Colorcon - A Division ¢f Berwind
: Pharmaceutical Services, Inc.
ADDRESS: Moyer Blvd., West Point, Pa. 15486
EMERGENCY TRLRPHONE NUMBER: CHEMTREC:1-800-424-9300
PRODUCT CLASS: Dry film CQatlng concentrate
TRADR NAME: , Opadry
MANUFACTURER'S ID CODE: VB

SECTION 1I1I
HAZARDOUS INGREDIENTS

The materials listed in this Data Sheat are claseified as non-hazardous
in accordance with the definition set forth in 29CFR 1910.1200.
Ingredients contained in this product are not subject to SARA

TITLE III requirements.

SECTION III
PHYSICAL DATA

BOILING RANGE: N/A VAPOR DENSITY (VS AIR): N/A

EVAPORATION RATE(VS BUTYL ACETATE): '
N/A PERCENT VOLATILE (W/W)= N/A

LIQUID DENSITY (VS WATER):
N/A

APPEARANCE AND ODOR: Odorless Dark orange powder.
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SECTION IV
FIRE AND EXPLOSION DATA
'FLASH POINT: N/A FLAMMABLE LIMITS: Lel: N/A
| Uel:

EXTINGUISHING MEDIA:
SPECIAL FIRE FIGHTING PROCEDURES:

Coz2
Dry Chemical None.
Water Fog

BECTION V
HEALTH HAZARD DATA

EFFECTS OF OVEREXPOSURE: None,
PRIMARY ROUTE(S) OF ENTRY: Inhalation

EMERGENCY AND FIRST AID PROCEDURES:

In case of accidential eye contact, flush eyes with water. If
irritation exists, obtain medical attention.

SECTION VI
REACTIVITY DATA

PRODUCT STABILITY:  Stable

CONDITIONS TO AVOID: HNone Xknown.
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ISSUE DATE: 10/30/95 Form: PH-05 Rev: 1 Page 3 of 3

SECTION VII
SPILL OR LEAX PROCEDURES

PROCEDURE WHEN MATERIAL SPILLED OR RELEASED: Sweep up and discard into

proper waste container. Avoid contact with water until after all
material has been swept up. Area can then be washed down with water.

WASTE DISPOSAL METHOD: Dispose of in accordance with Federal, State and
Local regulations.
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SECTION VIII
SPECIAL PROTECTION INFORMATION

VENTILATION: Sufficient to prevent inhalation of dust.
RESPIRATORY PROTECTION: An approved dust respirator should bs worn.

PROTECTIVE CLOTHING: Gloves and coveralls recommended to protect from
dust.

EYE PROTECTION: Safety goggles.
OTHER PROTECTIVE EQUIPMENT:
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SECTION IX
SPECIAL PRECAUTIONS

HANDLING AND STORING: Store in cool, dry area, Keep containers closed.
OTHER PRECAUTIONS: In accord with good industrial practices, handle

with due care and avoid personal contact. Wash exposed skin areas with
so0ap and wvater.
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MATERIALI SAFETY DATA SHEET

NOTICE: The infcormation and recommendations HAZARD RATINGS
contained herein are based upon data |  ——-—----————=--
believed to be correct as of the date

of issue. No guarantee or warranty HEALTH = 0
of any kind, expressed or implied is FLAMMABILITY = O
made with respect to the information REACTIVITY = 0

containaed herein.

SECTION I - PRODUCT IDENTIFICATION

MANUFACTUREZR'S NAME: COLORCON, A DIVISICN OF BERWIND
PHARMACEUTICAL SERVICES

ADDRESS: MOYER BLVD., WEST POINT, PA 19486

EMERGENCY TELEPHONE NUMBER: CHEMTREC: 800/424-9300

PRODUCT CLASS: Dry Film Coating Concentrate

TRADE NAME: OPADRY

MANUFACTURER'S ID CODE: YS-1-12725
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SECTION II - INGREDIENT DATA

HAZARDOUS COMPONENT: CAS: EXPOSURE LIMITS: (ACGIH) (OSHA)
Titanium Dioxide 13463~-67=7 10 MG/M3 10 MG/M3

PENNSYLVANIA RIGHT-TO-KNOW:

Hydroxypropyl Methylcellulose 90C04~65-3 Not Established

Polyethylene Glycol Trade Secret Not Hazardous

FD&C Pigmaents Trads Secret Not Hazardous
WHMIS:

None

SECTION III - PHYSICAL DATA

BOILING RANGE: N/A VAPOR DENSITY (VS. AIR): N/A

EVAPORATION RATE (VS. BUTYL ACETATE) . PERCENT VOLATILE (W/W): N/A
N/A :

LIQUID DENSITY: N/A : FREEZING POINT: None

ODCR THRESHOLD: Odorless '~ AUTC IGNITION TEMPEIRATURE: N/A

APPEARANCE AND ODOR:

Yallow Odorless powder
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SECTION IV - FIRE/EXFPLOSION DATA

FLASH POINT: N/A FLAMMABLE LIMITS - LEL: N/A
- UEL: N/A
RATE OF BURNING: N/A SENSITIVITY TO STATIC

DISCHARGE: See explosion hazards

EXTINGUISHING MEDIA:
Water spray or fog, CO2, dry chemical

SPECIAL FIRE FIGHTING PROCEDURES:

Fire fighters should wear self contained breathing apparatus
operated in positive pressure mode and rull turn out gear.

UNUSUAL FIRE AND EXPLOSION HAZARDS:
Product may form explosive mixtures with The proper air
proportions and scurce cf ignition, similar to grain dust.
Keep clouds of such dust away from possible ignition
sources.
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SECTION V - HEALTH HAZARDS
EFFECTS OF OVEREXPOSURE:
Can cause transient eye, nose and throat irritation. May cause
coughing and chest discomfort.
ROUTES OF ENTRY: Inhalation
FIRST AID PROCEDURES:
Eye Contact: Flush with water for at least 15 minutes.

Skin Contact: Wash with mild soap and water.

Inhalation: Remove victim to fresh air.

As in all cases of over exposure, if irritation persists, seeX
medical attention.
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SECTION VI - TOXICITY DATA

CHRONIC EFFECTS: No specific data available.

TARGET ORGANS: No specific data available.
CARCINOGENITY: NTP: No IARC: No OSHA: No

SECTION VII - REACTIVITY

PRODUCT STABILITY: Stablae

CONDITIONS TO AVOID: Heat, sparks, flame and other ignition sourceas.
Avoid the generation of dust layers and clouds. .

HAZARDOUS POLYMERIZATION: Will not occur.,

MATERIALS TO AVOID:
Oxidizing materials.

DECOMPOSITION FRODUCTS:
Carbon monoxide, carbon dioxide

SECTION VIII - SPILL PROCEDURES

LARGE SPILLS:
Moisten slightly with water to avoid producing dust. Surfaces
subject to spills or dusting with this product can become slippery
whe&n wat, Sweep or shovel moistened material inte proper waste
containers. Do not swaep dry material, as this will produce
dust concentrations in the air.

SMALL SPILLS: .
Vaccum material or moisten slightly with water and place into
proper waste container.

WASTE DISPOSAL:
This product is not a hazardous waste under RCRA regulations.
Consult state and Local regulations for proper waste disposal

mathod.
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SECTION IX - PROTECTION DATA

VENTILATION:
Gansral air circulation, use local axhaust to collect excessive
dust at point of generation. Dust collection systems should be

provided with explosion venting and automatic flre
protection. Discharge from ventilation systems should
comply with applicable air pollution regulaticns.

RESPIRATORY PROTECTION:
A Niosh approved dust respirator if airborne concentrations
exceed TLVY limits or for allergic individuals,

FROTECTIVE CLOTHING:
Gloves

EYE PROTECTION:
Sarety glasses or goggles. Contact lens should not be worn when
handling this product. Contacts may intensify any exposures,

OTHER PROTECTIVE EQUIPMENT:
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SECTION X - SPECIAL PRECAUTIONS

HANDLING AND STORAGE: -
Avoid handling procedures which suspends or accumulates dust.
Avoid breathing dust. Wash after handling.

OTHER PRECAUTIONS: »
Avoid excessive contact with eyes, skin and clothing. Throughly
clean all equipment, piping and vessels before beginning
maintenance or repairs.
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SECTION XI - REGQULATORY

CLASSIFICATIONS:
Not requlated under DOT regulations.
This product is considered hazardous under the OSHA hazard
communicaiton standard.

SARA TITLE III (Community Right-to-know):

SRCTION 311/312:
This product 1s categorized as an immediate health hazard.

SRCTION 313:
This product does not contain any chemicals listed in section
313 above de ninimis lavels,

TOXIC SUBSTANCE CONTROL ACT:
All materials contained in this product are listad on the TSCA

inventory.

STATE RIGHT-TO-KNOW:
N/A
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APPENDIX A-2

Statements of Compliance from Manufacturers
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Sumika Fine Chemicals Co., Ltd., Japan
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Q) sumika Fine Chemicals go, 117 5

Daiicni Kasar Koraibashi Eldg

3-7, Koraibashi 4-chome

Chuo-ku. Osaka 541, Jzpan
TEL:08-231-0070 FAXiOE—231-E3016

May 28. 1998

Hs. Anne Mckay
Regulatory Affairs
Medco Research inc.

Post Office Box 13886

Research Triangie Park NC 27705

U.S.A.

Dear Ms. Mckay:

Reference js made to my fax Lo vou dated May 15th.

As | promised, | am sending you the copiss cf Certificatss which we obtained
trom Governor of Gifu Prefecturs ang Governor of Anpachi~town as per attached.
(I am sending them directly to you instead of through our agent.)

[T you have any guestion or request, piease fes| free to contagt us,

Very truly yours,

international Business Dept.

Enel.
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Mr. Hajime Hirai
- General manager of Gifu PMlant of
Sumika Fine Chemicals Co., Ltd.

Cort!*icate

This is to certify that a Convantion for Environmerts| Preservation was
conciuded under tre Provisian of Articia 67, Para 2 of the Ordinancs for

Prevention ot Pollution of Gifu Prefecture in the matier of the following

agreament ralating to tho manufacture of the substance produced in Gifu Plant.

Convention ‘ o Conventlon date

Convention for Environmenta! December 1, 1993
Preservation

April 21, 1985
Masaharu Niwa

Governer of Anpachi~cho
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Mr. Rajime Kirai

. Gaparz| managsr of Gifu Plant of

Sumika Fine Chemicals Co., Ltd

Certificate

This is tu vertify that a ficense was issued undsr Article 5, Para 1 and

Article 7. Para 1 of the Law for ths Prevention of Water Potlulivn and

under Artlcle 6, Para 1, Article 7, Para | and Article 8, Para ! of the
Law for tha Pravantion of Ajip PoJlution.: .

Anplication

Appblication for license for

installation of a designatad

facility

Appllcation for Iizcense for
changa in the structure ste.
of a designated tacility

Aoplication far |jeonco fer

Instaliatien of an incinsrator

Apptication for iicsnse for

chango In the structure stc.

of an incinerator

Licwnse date

License No.

June zt, 1992

December 2%, 1883

June 29, 1299

Decomber 25, 1893

Aprli 23, 1Yy

Taku Kaiiwara

0=H No, 82-1g

0-H No. 118-2

O~H No. 82-20

O-H No. B7-11

Governor of Gifu Prefecturs
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EMS-DOTTIKON AG, Switzerland
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BAUDEPARTEMENT DES KANTONS AARGAU
Abteilung Umweltschutz

Entfelderstrasse 16
Telefon 064 21 27 28
Telefax 064 21 17 30
Marcel Schmid

£001 Aarau. Juli 1995

ENVIRONMENTAL PROTECTION CERTIFICATE

—_

the following addrass

EMS-DOTTIKON AG
CH-5605 Dottikon
Switzeriand

Food an Drug
Administration

U.S.A.

The company EMS-Dcttikor AG operates facilities for pharmaceutical manufacturing at

2. These producticn facilities may only operate in accordance with Fermits issued by the
responsible authorities. {1 the permits are laid down the purpose for which buildings
and plants may be used and the legal concitions with which the company must comply.

3. The above described pemmits cover the preparation of phamaceutical products

containing ISDN active substance.

4. Ali buildings and plants of the company EMS-Cottikon AG must comply with the federai
and cantonal laws and regulations conceming safety, orotaction of the environment and
working conditions. Conipiiance is enforced by the cantonai autherities.

5. The relevant departments of the cantonal authoritiss perform pericdic inspections.

,0)

On the basis of the inspections performed it can be confirmed that there exists no

indication of violaticn of the applicable laws and requlations.

DRUG-02.DCC

/

BAUDEPARTEMENT
Chef Abteilung Umweltschutz

/

R ra N .
Or. Jirg W. Tschopp /
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Global Pharm. Inc., Canada
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Global Pharm Inc.

In summary o©f the status report (attached) on the
environmental compliance of the facility, the facility is in
compliance with all relevant regqulations. The facility also
has a program in place to ensure compliance to all Health and

Safety regulations.

To the best of my knowledge there is no historical or
archeological significance to the manufacturing facility
located at 865 York Mills Road, Don Mills, Ontario Canada.

J. Thor od
Manager% Engineering and Maintenance.

865 York Mills Road, Unit Two, Don Mills, Ontario M3B 1Y6 Tel. (416) 443-9030 Ren436P3R)e0?y



