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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 Lanoxin Tablets, GlaxoWellcome
conducted a number of environmental studies and prepared an environmental
assessment in accordance with 21 CFR 25.31a (b) (5) (attached) which evaluates the
~ potential environmental impacts of the manufacture, use and disposal of the
product.

Digoxin is a drug substance obtained from natural sources which is administered as
an oral tablet for the treatment of congestive heart failure. The drug substance is
isolated and purified by The Wellcome Foundation Ltd., Kent, UK and Burrows
Wellcome Co., Greenville, NC. The drug product is manufactured by Burrows
_-Wellcome in Greenville, NC and Kirkland, Quebec, Canada. The finished drug
product will be used in hospitals, clinics and by patients in their homes.

The drug substance and its metabolites will be excreted in urine into the sewer
system. Chemical and physical test results indicate that they will be restricted to the
aquatic environment.

As the drug substance, digoxin, is expected to persist in the aquatic environment for
some time, its toxicity to an aquatic organism was determined. Results indicate that
the drug substance is generally not toxic to Daphnia magna at concentrations at least

100 times greater than the maximum expected environmental concentration
(MEEC). '
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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 u«aﬁ«

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.
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LANOXIN (digoxin) TABLETS
ENVIRONMENTAL ASSESSMENT INFORMATION

" DATE:

October 17,1995
APPLICANT/PETITIONER:
Burroughs Wellcome Co.

ADDRESS:

3030 Cornwallis Rd.
Research Triangle Park, NC 27709

DESCRIPTION OF PROPOSED ACTION

Describe the requested approval

Burroughs Wellcome Co. has filed a New Drug Application for approval to
manufacture, package, and market [ ANOXINY (digoxin) Tablets, 0.0625 mg
digoxin per tablet, 0.125 mg digoxin per tablet, 0.1875 mg digoxin per tablet,
0.25 mg digoxin per tablet, 0.375 mg digoxin per tablet and 0.5 mg digoxin per
tablet, for the treatment of heart failure and other cardiac conditions. This
application is for Burroughs Wellcome Co. (USA) to isolate and purify digoxin
itself as well as manufacture, package and market LANOXIN Tablets. This
application is also for The Wellcome Foundation. Ltd. (UK) to purify digoxin,
for Burroughs Wellcome, Inc., Kirkland, Quebec, Canada, to formulate a
product containing digoxin into tablets and for Burroughs Wellcome Co.

(USA) to market the resulting product in the United States as LANOXIN
Tablets. o

' Describe the need for the action

LANOXIN Tablets are indicated for the treatment of heart failure. The drug
may be used alone or in combination with diuretics, angiotensin converting
enzyme inhibitors, or vasodilators. It is marketed as an injection (.M. and
LV), capsules, an elixir and tablets. The estimated patient population is three
million people per year.

Digoxin is one of the cardiac (or digitalis) glycosides, a closely related group
of drugs having in common specific effects on the myocardium. These drugs
are found in a number of plants. Digoxin is extracted from the leaves of
Digitalis lanata. The term “digitalis” is used to designate the whole group.

?
T This is a Trade Mark of Wellcome group companies.
Registered in U.S. Patent and Trademark Office.

GCPV/95/0005/01 . - 1
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The glycosides are composed of two portions, a sugar and a cardenolide
(hence “glycosides”).

Mode (Mechanism) of Action: Digoxin inhibits sodium-potassium ATPase, an

~ enzyme that regulates the quantity of sodium and potassium inside cells.

Inhibition of the enzyme leads to an increase in intracellular concentration of
sodium and thus (by stimulation of sodium<calcium exchange) an increase in
the intracellular concentration of calcium. The beneficial effects of digoxin
result from direct actions on cardiac muscle, as well as indirect actions on the
cardiovasqﬂarsystemmediaﬁedbyeffectsonﬂ\eautm\ouﬁcmvoussysm
The autonomic effects include: 1) a vagomimetic action, which is

for the effects on the sinoatrial and atrioventricular nodes; and 2)
sensitization, which results in increased afferent inhibitory activity and
reduced activity of the sympathetic nervous system and renin-angiotensin
systemforanygivenh\uememinmeanamﬁalpxessum.n\ephamucobgic
consequences of these direct and indirect effects are: 1) an increase in the force
and velocity of myocardial systolic contraction (positive inotropic action); 2) a
deaaaseinthedegreeofacﬁvaﬁonofﬂ\esympaﬂ\eﬁcnervoussysmm
renin-angiotensin system (neurchormonal deactivating effect); and 3) slowing
of the heart rate and decreased conduction velocity through the
atrioventricular node (vagomimetic effect). The effects of digoxin in heart
failure are mediated by its positive inotropic and neurohormonal deactivating
effecis.

Describe location(s) where the product(s) are to be
Produced
The drug substance, digoxin, will be isolated and purified at Burroughs

Wellcome Co., Corner of US 13/NC 11 and Hwy. US 264, Greenville, NC,
27834, USA. Digoxin will also be purified at The Wellcome Foundation Ltd.,

~ Temple Hill, Dartford, Kent, DA1 5AH, UK. The drug product will be

formulated at Burroughs Wellcome Co., Corner of US 13/NC 11 and
Hwy. US 264, Greenville, NC, 27834, USA, and Burroughs Wellcome, Inc.,
16751 Trans Canada Highway, Kirkland, Quebec, Canada, H9H 4J4.

Used | |
LANOXIN Tablets are intended for use in humans with heart failure, atrial ~
fibrillation, atrial flutter, paroxysmal atrial tachycardia (PAT) and atrial

arhythmia. Usage of this product will occur in hospitals and homes (out
patient care) throughout the United States (USA).

Disposed
The Wellcome Foundation Limited (UK)

Drug product, for the US market, will not be produced at The Wellcome
Foundation Limited in the UK. Information on disposal procedures for the
drug substance purification process can be found in Section 6.b of this report.

GCPV/95/0005/01 2
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Burroughs Wellcome Co. (USA)

Disposal of expired or rejected drug product will be accomplished through
on-site waste management procedures which minimize threats to human
health or the environment. Material is destroyed either by shredding and
rinsing followed by wastewater treatment, or by incineration.

nleshredderfadlitycombmdueddingofthemaegﬁalﬂmughampac
shredder with a water wash of the shredded material. Wastewater from the
washopemﬁonisdisdurgedtoanmrsitebiobgimlprehuﬂnmtfadlityand
then discharged to the Greenville Utilities Publicly Owned Treatment Works
under Pretreatment Permit BW01-98. This permit expires on May 3, 1998.
Solids generated during the shredding process are disposed of offsite at the
BerﬁeCountyRegionalLandﬁllunderlocalCountyordinams.

Alternatively, the material may be destroyed by an on-site controlled air
incinerator which operates at temperatures ranging from 1200°F in the
primary chamber to 1850°F in the secondary chamber. The incinerator
operates under N.C. Division of Solid Waste Permit No. 74-03-1. The solid
waste incinerator permit is scheduled for review on July 7, 1997 (every

five years). Inert materials, such as glass and foil wrap, remain with the ash
residue which is managed according to specified parmit conditions.
Cardboard packaging is destroyed and remains mwustly as ash material.
Volatile emissions from PVC packaging are released into the secondary
chamber and converted to water, carbon dioxide, and hydrogen chloride. The
gases are further treated in a flux force collision scrubber which removes
particulate and hydrogen chloride contaminants. The incinerator and
ancillary equipment (scrubber and waste feed components) have all been
designed to meet Federal and State air emission standards for particulates,
hydrogen chloride, and metal compounds. Burroughs Wellcome Co.’s
Greenville facility has received an AQ-22, Permit No. 5754R52, for air
emissions from production and manufacturing operations. This permit
expires on January 1, 1996. Information on incinerator emission limits can be
found in Section 6.a of this report.

Bun;mghs Wellcome Inc. (Canada)

The active ingredient, digo;dn', will be imported from Butroughs -
Wellcome Co. (USA), so waste resulting from the production of the drug
substance, digoxin, is not a consideration.

Any raw materials, expired, returned or rejected product, or contaminated
packaging components, will be disposed of by incineration at a licensed
facility with a permit for destruction of pharmaceutical and /or hazardous
waste. The contractor handling non-hazardous pharmaceutical waste
destined for incineration is Laidlaw. The permit is issued by the Quebec
Minister of the Environment, and has certification number 27463446 and
reference number 7610-07-01-00008-09. The contractor handling hazardous
waste destined for incineration is ChemTech. The permits for transportation

GCPV/95/0005/01 3
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and treatment of hazardous materials are issued by the Quebec Minister of the
Environment, with reference rumbers G-7610-16-01-0173000 1086915 and
7610~16-01-0453056 1074390, respectively.

. Descaribe the type of environment present at and adjacent to production and

disposal sites.
The Wellcome Foundation Limited (UK)

The Wellcome Foundation Limited site, where drug substance purification
wﬂltakeplaoe,islocztedinanindushialaxuadjacentbothetownof
Dartford, Kent, UK. Dartford is in the Thames estuary region in a temperate
zone.

Burroughs Wellcome Inc. (Canada)

The Canada production site where drug product formulation will take place is
located in Kirkland, Quebec, Canada. The municipality of Kirkland is on the
Island of Montreal which is situated between the River “Des Prairies”, to the
north, and the St. Lawrence River, to the south. Beyond the northern
boundaryisﬂxeirdusﬁialdtyoflavalandfonowingd\esouﬂembom\dary
is a rural plain dominated by farms and towns which extend to Vermont and
upper New York State. The Kirkland site is located in a temperate zone and iis
climatic region is defined as continental.

Burroughs Wellcome Co. (USA)

The United States production site where drug substance and drug product
will take place is located on the outskirts of Greenville, North Carolina. The
manufacturing plant is situated in an industrial park surrounded by a mostly
rural area. Greenville is in a coastal plain region in a temperate zone.

Treatment and/or disposal of rejected or returned goods will take place both
on site at the Burroughs Wellcome Co. wastewater pretreatment plant and
solid waste incineration facility, and off site at the Greenville Utilities

‘Commission (GUC) Wastewater Treatment Plant, and the Bertie County

Regional Landfill Nospecialpermitsmlioensea:exequimdfordisposalof _
materials at the Bertie County Regional Landfill. Nonhazardous waste
requiring special handling, such as ash and wastewater treatment sludges, are
accompanied to the landfill by a waste manifest in accordance with landfill
requirements.

The Burroughs Wellcome Co. on-site wastewater pretreatment plant is located
in the northeastern section of the facility, within the Environmental Complex.
Unit operations consist of first and second stage aeration tanks for biological
stabjlization, secondary clarifiers for removal of sludge solids, a neutralization
tank, surge tanks, and effluent discharge with flow monitoring equipment.
The pretreatment facility is designed to handle a maximum sustained daily
flow rate of 410,000 gallons. Flexibility to operate within a wide rangeof
organic and hydraulic loadings is provided by a system of surge tanks for

GCPV/95/0005/01 4
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5.a

hight strength wastewater or hydraulic surges in excess of the design capacity.
Effluent from the pretreatment plant is discharged to the GUC wastewater
treatment plant. The plant operates under a permit granted by GUC,
BW01-98.

: Theon—siteindneraﬁonfad]ity’sa]solomtedhﬂnﬁnvimmemalComplex

and houses a 2,000 Ib/h controlled air solid waste incinerator, flux forced
collision scrubber, automatic waste feed through a rotary shear shredder, and
nearly 2,000 sq. ft. of storage space. The incinerator/scrubber combination
have been designed to meet or exceed Federal and State air quality limitations
on particulates and chlorides. The facility is operated under permits granted
by both the N.C. Division of Solid Waste, Permit No. 74-03-1, and the N.C. Air
Quality Management Section, Permit No. 5754R52.

n\eGUCWastewaterTreamemPlamissituatedinanareaofmixedindusuy
and rural settings. The treatment plant serves the City of Greenviile and
contiguous areas. Treated wastewater from the plant is discharged into the
Tar River, which empties into the Pamlico Sound. GUC operates the

: Wastewatal&eah:mt?hrﬁunderauﬂwﬁtygranﬁedbyﬂleNorﬂuCamlim

Division of Environmental Management, NPDES Permit No. NC001058.

The Bertie County Regional Landfill is located about an hour north of _
Greenvilleon&reoutsldrlsomedsor,NCinamralareasumuniedby
farmiand and forested land. The capacity of the landfill is approximately 11
mﬂﬁonaxbicyardsdividedintofourceﬂstobephasedinovertwmtyyeaxs
from 1993. The landfill is managed by a private corporation under the
auspices of an eight-county government in accordance with the

N.C. Department of Environment, Health and Natural Resources Fermit
No. 08-03.

IDENTIFICATION OF CHEMICAL SUBSTANCES THAT ARE
SUBJECT TO THE PROPOSED ACTION

Nomenclature
Drug Substance

Generic Name: digoxin : _ :
See Attachment I for the Material Safety Data Sheet -

Chemical Name 38-{(Q-2,6-Dideoxy—(8~D-ribo-hexopyranosyl-(1-4)-O-
(IUPAC]: 2,6-dideoxy-2-D-ribo-hexpyranosyl)~(1-4)-2,6-
] dideoxy-£~D-ribo-hexopyranosyDoxyl}- 128, 14—
dihydroxy-58-card—20(22)-enolide

Chemical Name (38, 58, 128)-3-{(Q-2,6-Dideoxy—(8-D-ribo-
[Chem. Abstr):  hexopyranosyl-(1-4)-0-2 6~dideoxy-8-D-ribo-
hexpyranosyl)~(1-4)-2,6-dideoxy—2-D-ribo—

hexopyranosyloxyl}-128, 14-dihydroxy-58-
card-20(22)-enolide

GCPV/95/0005/01 5
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Drug Product

LANOXIN Tablets
See information in CONFIDENTIAL Appendix A.

Sb  CAS Registration Number
[20830-75-5]

5.c Molecular Weight and Formula
CaHeO
MW = 780.95

5d Structural Formula

5.e Physical Description ‘ _
) Odarless, clear to white crystals, or white crystalline powder .

5.f Additives and Impurities

See jnformation in CONFIDENTIAL Appendix A.
6.  INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT
6.a For the production site, Burroughs Wellcome Co. (USA)
(4} Substances expected to be emitted

A list of materials used in the manufacture of digoxin is furnished in
CONFIDENTIAL Appendix B. The Occupational Exposure Limits and a -

GCPV/95/0005/01 6
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discussion of controls exercised within the process designed to prevent or
minimize their emission into the environment are also included. Chemical
AbstnctSewmemmbe:sarepmv:ded in CONFIDENTIAL Appendix B to
facilitate acquisition of Material Safety Data Sheets for OSHA regulated

. materials.

A list of materials used in the production of LANOXIN Tablets is furnished in
CONFIDENTIAL Appendices A and B. The Occupational Exposure Limits
ard a discussion of controls exercised within the process designed to prevent
Service numbers, when available, are provided in CONFIDENTIAL
Appendix B to facilitate acquisition of Material Safety Data Sheets for

OSHA regulated materials.

Controls exercised

Airsmisstous

Auenussiomﬁomthemmfactuxeofdigmdnmcmﬁolledandmmmed
using condensers on the reactor tanks, dust collectors, and carbon

systems installed on the solvent recovery equipment. All of the air emission
control devices are covered under Air Permit no. 5754R52. Permit limitations
are converted under State Toxic Air Pollutant Standards, and VOC limits.

CONFIDENTIAL Appendix B contains specific constituents and permit limits.

Standard Operating Procedures are carried out in the manufacturing process

tooontrolauenussxomgu\emhed &noughmtmgensweepmgofhnesard
readuorv&sels

No air emissions are expected tooocurduﬁngformulaﬁmofLANOXlN
Tablets.

Information on the incineration of solid wastes is included in Section 6.a (2)
Sobd Waste.

Liquid Waste

Flammable liquid waste generated from the manufacture of digoxin is
managed through'special waste lines to the on-site liquid waste incinerators.
The incinerators are operated under a site permit granted by EPA and the
State of North Carolina, Permit ID NCD047373766. Procedures for operating
the incinerators and waste transfer lines are covered in SOP’s titled

. “Flammable Waste Incinerator Inspection” and “Flammable Waste Tank and

Pxpmg Operating Procedures.”

Solid Waste

The nonhazardous solid waste is either managed on site through incineration
or shredding. The solid waste incinerator is operated under a permit granted
by the N.C. Division of Solid Waste, Permit No. 74-03-1. Procedures for

GCPV/95/0005/01 7
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operating the solid waste incinerator are covered in an SOP titled “Operation
of the Solid Waste Incinerator.” Expired, rejected or returned product and
packaging material is physically destroyed in the solid waste incinerator or by
an on-site Milpac shredder. All shredded packaging material, glass, and

" plastic is incinerated on site or may be disposed off site at the Bertie Regional

Landfill under local County ordinances. Shredder operations are covered in
SOP's titled “Labeling, Disposition, and On-Site Destruction of
Product-Related Waste” and “Waste Destruction Area Daily Inspection.”

Wastewater

Wastewater generated from production of drug substance is discharged to the
Burroughs Wellcome Co. Wastewater Pretreatment Facility. Wastewater
generated from formulation of drug product is discharged directly to the
Greenville Utilities commission (GUC) Publicly Owned Treatment Works.
The pretreatment facility is operated in accordance with Discharge Permit,
BW01-98, which permits the discharge of the treated process and
pharmaceutical wastewater to the Greenville Utilities Commission (GUC)
treatment plant. Procedures for operating the Wastewater Treatment facilities
are covered in an SOP titled “Wastewater Pretreatment Plant and Wastewater
Monitoring Operations, Inspection/Corrective Actions.”

Citation of and statement of compliance with applicable emission
requirements

Burroughs Wellcome Co. states that it is in compliance with, or on an
enforceable schedule to be in compliance with, all emission and occupational
control requirements set forth in permits, consent decrees, and administrative
orders applicable to the production of digoxin and LANOXIN Tablets, at its
facilities in the United States, as well as emission requirements set forth in
Federal, State, and local statutes and regulations applicable to the production
of digoxin and LANOXIN Tablets, at its facilities in the United States.

All of the following applicable emissions and/or occupational control
requirements are complied with on a daily basis for the production of digoxin
and LANOXIN Tablets, at Burroughs Wellcome Co.’s Greenville,

North Carolina, facility:

Federal

Direct point source discharges from the manufacturing facility are governed
by 40 CFR 122 - The National Pollutant Discharge Elimination

System (NPDES). Wastewater generated at the manufacturing facility, or
during destruction of off-specification or returned product are governed by
40 CFR 403 - EPA Standards, and 40 CRF 439 - Guidelines and Standard for
Pharmaceutical Manufacturing. Both the NPDES program and wastewater
management programs are authorized by the Federal Water Pollution Control
Act, PL 92-500 (also known as the Clean Water Act). The objective of this act
is to restore and maintain the chemical, physical and biological integrity of the
nation’s water.

 GCPV/95/0005/01 - | 8
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Air emissions from the facility are governed by the general provisions of
40 CFR 60 — EPA Regulations on Standards and performance for New
Stationary Sources. Air Quality Management Programs are authorized by the

Clean Air Act, PL 90-128. The purpose of the act is to protect and enhance the

quality of the nation’s air resources, develop and maintain a program to
achieve the prevention and control of air pollution and to encourage
reasonable governmental actions for pollution prevention.

Hazardous wastes generated and treated at the manufacturing facility are
governed by the general provisions of 40 CFR 260-280 - Hazardous Waste
Management System. Hazardous Waste Management Programs are
authorized by the Resource Conservation and Recovery Act of 1976,

PL 94-580. The objectives of the act are to promote the protection of health
ardﬂwenwmnmentandtocometvevaluablematenalandemrgym

State

The North Carolina Department of Environment, Health and Natural
Resources requires permits covering the operation of air pollution abatement
facilities and/or emission sources from manufacturing operations; point
source discharges to surface waterways; and the generation and treatment of
Hazardous Waste. Burroughs Wellcome Co.’s Greenville facility has received
an AQ-22, Permit No. 5754R52, for air emissions from production and
manufacturing operations. This permit expires on January 1, 1996. Burroughs
Wellcome Co.’s Greenville facility has received a permit, NCD047373766,
to operate a hazardous waste treatment and storage facility, and

oermit No. 74-03-1 for operation of a solid waste incinerator. The hazardous
waste management permit expires on October 15, 1999. The solid waste
incirierator permit is scheduled for review on July 7, 19997 (every five years).
Burroughs Wellcome Co. has received an NPDES Discharge Permit,
NCO001058, for noncontact cooling water point source discharge to Parker’s
Creek, North Carolina. This permit expires February 28, 2000.

Local

All wastewater from the Burroughs Wellocome Co. manmfacturing facility is
discharged to the Greenville Utilities Commission’s Publicly Owned
Treatment Works under a Pretreatment stcharge Permit No. BW01-98. This
permit expires on May 3, 1998.

Effect of the action upon compliance with current emissions requirements

A five-year production estimate is included as information in
CONFIDENTIAL Apperdix B..

Waste streams resulting from the manufacture and formulation of LANOXIN
Tablets will include solid waste, and wastewater. Each waste stream is
described below and its impact on current emissions requirements is
addressed.

GCPV/95/0005/01 - : 9
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Air Emissions

Potential air emissions from the manufacture of digoxin (drug substance) will
come from chemical manufacturing facility as air toxic constituents and

. volatile organic compounds (VOC's). Control devices installed in the facility
are carbon block condensers and carbon absorption units. Digoxin
manufacture has been in place prior to submission of any recent air permit
mod:ﬁcahomuﬂthumpemntmdiﬁmﬁomwﬂlbereq\medforthis
process.

No air emissions are expected l:ooomrduringformulaﬁonofLANOXN
Tablets.

A discussion of potential emissions resulting from incineration of solid wastes
can be found in Section 6.a (4) Solid Waste.

Solid Waste

_ Nontnzardoussohdwashe:sgmtedboﬂtﬁom&emamﬁctunofdxgmn
and formulation of LANOXIN Tablets. Solid waste generated
mamfactmeofdxgmuncmmstsoftwob:—pmdumﬁum&emannfzctumxg
process. One is spent digitalis leaf from which the active ingredient is
extracted and the other is a spent filter media. These two waste streams are
disppsed off site at a lined landfill located in Bertie County, NC. (See
Section 4.d for a description of the landfill facility.) '

The solid waste generated from formulation of the drug product (LANOXIN
Tablets) is primarily glass, packaging material, returned goods and rejected
product. Thiswastexsu'ea&donslteexﬂuﬂuoughuseofﬂucuslmfauhty
or the solid waste incinerator [see 4.c.(3)]. The amount of rejected product
fromformulahonpmses:sexpectedtobekepttoanummmao&pmble
reject standard, and would therefore not impact the ability of the waste
treatment systems to handle the waste. Treatment of the process waste and
rejected product through the on-site treatment facilities would consume less
than 0.14% per year of the unit’s waste handling capacity, based on 1999
(fifth year) production forecasts, Permits applicable to these waste treatment
systems are the local Pretreatment Discharge Permit No. BW01-98 for the
crusher facility, and N.C. Department of Environment, Health and Natural
Resources Air Quality Permit-No. 5754R52 and N.C. Divisiori of Solid Waste
Permhit No. 74-03-1 for the solid waste incinerator.

Specific permit limitations controlling incineration of solid waste are

VOC limits in Air Quality Permit No. 5754R52. Solid waste generated from
formulation of LANOXIN Tablets, will not contain any compounds restricted
by these site permits. No impact is expected on the current emissions
requirements for solid waste management.

Wastewater
Wastewater will be generated from production processes through equipment
cleanup and from waste disposal processes using the crusher fadility’s

GCPV/95/0005701 10
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shredding and rinsing procedure [see 6.a(2)]. The only potential area of
impéct on emissions limitations is the local Pretreatment Discharge

Permit No. BW01-98, specifically flow limitations. However, because the
equipment to be used for production and disposal processes is currently in

: plaoe,kninaeaseinﬂowisanﬁdpated;themfom,mimpadonﬂepmﬁtis

expected. The projected wastewater generation from production of the drug
substance will use up approximately 0.32% of the permitted discharge
capacity of the wastewater pretreatment operations.

Modifications which will significantly impact the hydraulic or pollutant
loading require notification to the local Publicly Owned Treatment

Works (POTW). Depending on the impact, negotiations with the local
authority to allow permit modifications may be required. All modifications
are reviewed and evaluated in-house by the Environmental Services
Department. Fomndaﬁonofdmgpmductismtocpecbedtobigger
notification or modification of the permit.

Liguid Waste

Flammable waste is both recovered during the marmfacturing process and
treated on site by liquid waste incinerators. The liquid waste incinerators are
operated under EPA permit No. NCD047373766 granted by the state of
North Carolina. Incineration of flammable waste generated from the digoxin

(drug substance) manufacturing process will consume approximately 1.85% of

the permitted incineration capacity in 1999 (fifth year of production).
Incineration of digoxin hydrochloride production waste streams will not
impact current permit limitations.

In the event incinerator capacity is exceeded, Burroughs Wellcome Co. will
evaluate additional recovery alternatives or possibly design and construct
additional treatment facilities and submit the necessary permit applications.

For the production site - The Wellcome Foundation Limited (UK) |
Substances expected to be emitted

A list of materials used in the manufacture of digoxin is furnished in
CONFIDENTIAL Appendix B. The Occupational Exposure Limits and a -

discussion of controls exercised within the process designed to prevent thexr

emission into the environment are also included. Chemical Abstract
Service (CAS) numbers, when available, are provided in CONFIDENTIAL
Appendix B to facilitate acquisition of Material Safety Data Sheets for OSHA
regulated materials.
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Controls exercised

Air Emissions

Gaseous emissions are under the control of Her Majesty’s Inspectorate of
Pollution, Integrated Pollution Control in Part 1 of the Environmental
Protection Act 1990. The working environment is also controlled in
accordance with the Health and Safety Executive Occupational Exposure
Limits EH40 which is regularly updated.

Ligquid Wastes

Uq\;idwaswsmmhingorgardcsolvmmeiﬂmmoovuedudmﬂwedh
the process, incinerated on site in a facility authorized by Her Majesty’s
Inspectorate of Pollution, Authorization No. AG9264 (Environmental
Protection Act 1990), or directed off site to an appropriate high temperature
facility authorized by Her Majesty’s Inspectorate of Pollution. Authorizations
granted by Her Majesty’s Inspectorate of Pollution will not expire but will be
reviewed on a regular basis (every 4 years). Alternatively, material will be
direeted off site for disposal by a licensed contractor with agreement from the
appropriate Waste Regulation Authority. Where appropriate, waste may be
directed to a commercial operator for the recovery of reclaimable constituents.

Solid Waste

General factory waste, including packaging materials, is either incinerated on
site in a facility authorized by Her Majesty’s Inspectorate of Pollution,
Authorization No. AG9264 (Environmental Protection Act 1990) or is directed
off site to a landfill site licensed by the Waste Regulation Authority or to
incineration facility authorized by Her Majesty’s Inspectorate of Pollution.
Authorizations granted by Her Majesty’s Inspectorate of Pollution will not
expire but will be reviewed on a regular basis (every 4 years).

Wastewater

Wastewater is treated at the Wellcome Foundation Limited’s effluent
treatment plant and then discharged to the sewers under the consent of the
local water company, Thames Water Utilities, Consent License

Number LS73008A (Water Industry Act 1991). There is no expiration date for

this license. The discharge is also authorized by Her Majesty’s Inspectorate of:

Pollution, Authorization No. AK 6853. Authorizations granted by Her -
Majesty’s Inspectorate of Pollution will not expire but will be reviewed on a
regular basis (every 4 years).

Citation of and statement of compliance with applicable emission
requirements

The Wellcome Foundation Limited states that it is in compliance with, or on
an enforceable schedule to be in compliance with, all emission and
occupational control requirements in authorizations, consents and regulations
applicable to the manufacture of the drug substance, digoxin, at its facilities at
Dartford, Kent, the United Kingdom.

GCPV/95/0005/01 12
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Effect of the action upon compliance with current emissions requirements

The Wellcome Foundation Limited is licensed to discharge effluent waste to
the sewer by the Thames Water Utilities, to discharge cooling water to

- controlled water by the National Rivers Authority, and to operate processes

by Her Majesty’s Inspectorate of Pollution. Waste streams resulting from the
production of digoxin will include air emissions, solid waste, liquid solvent
waste and wastewater.

Air Emissions

Waste process gases from the production of digoxin are not expected to have
an adverse impact on emission compliance for the manufacture or
incineration process.

Ligquid Waste

Liquid waste containing solvent will be directed to the on-site liquid

incinerator (Authorization No. AG9264) or will be directed off site to an
appropriately licensed high temperature incineration facility, and is not
expected to have an adverse impact on the current compliance situation.

Solid Waste

General industrial waste (non-hazardous) will be either incinerated on site in
a solid incinerator (Authorization No. AG9264) or will be directed off site to

an appropriately licensed landfill site or incineration facility. Rejected process -

materials will be directed to an appropriately licensed landfill site or
incineration facility. These wastes will contribute a small volume to that
already dealt with and production is not expected to have an adverse impact
on the current compliance situation.

Wastewatzr

deeefﬂuent(was&ewaﬁer)xsdsdargedto&esewerunduahmegmnﬁed'

by the Thames Water Utilities, consent License Number LS73008A (Water

Industry Act 1991). The manufacture of digoxin will result in small volumes

of water from cleaning operations and is not expected to have an adverse
impact on the current compliance situation.

For the production site, Burroughs Wellcome Inc. (Canada)
Substances expected to be emitted

A list of materials used in the production of LANOXIN Tablets is furnished in
CONFIDENTIAL Appendix B. The Occupational Exposure Limits and a
discussion of controls exercised within the process designed to prevent their
emission into the environment are also included. Chemical Abstract Service
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numbers, when available, are provided in CONFIDENTIAL Appendix B to

facilitate acquisition of Material Safety Data Sheets for OSHA regulated
materials.

- Controls exercised

Air Emissions

No air emissions are expected to occur during production of LANOXIN
Tablets.

Solid Waste

Since digoxin will not be manufactured at this facility, the only solid waste
expected is general factory waste, packaging material, expired, returned or
rejected product and dust collected by the dust collection system.

General factory waste and uncontaminated packaging material is collected in
the on-site compactor and is disposed of at a landfill. Information on the
landfill can be found in Section 6.c (4) Solid Waste.

Expired, returned or rejected product, contaminated packaging components
and dust collected by the dust collection system are incinerated at a facility
with a permit for destruction of pharmaceutical and /or hazardous waste.
Information on the incineration facilities can be found in Section 6.c (4) Solid
Waste.

Wastewater |
Since digoxin will not be manufactured at this facility, the only wastewater
expected is from cleaning operations. Wastewater from cleaning operations is

discharged to the sewer under permit number 487 issued by the
“Communauté Urbaine de Montréal, Service de 'Environnement.”

 Citation of and statement of compliance with applicable emission

requirements

Burroughs Wellcome Inc. states that it is in compliance with, or on an
enforceable schedule to be in compliance with, all emission and occupational
control requirements set forth in permits, consent decrees and administrative
orders applicable to the packaging and labeling of LANOXIN Tablets (drug
product), at its facilities in Canada, as well as emission requirements set forth
in Federal, Provindal, and local statutes and regulations applicable to the
packaging and labeling of LANOXIN Tablets, at its facilities in Canada.

Effect of the action upon compliance with current emissions requirements

Waste streams resulting from the production of LANOXIN Tablets will
include solid waste, and wastewater. Each waste stream is described below-
and its impact on current emissions requirements is addressed.

- GCPV/95/0005/01 14
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Air Emissions

No air emissions are expected to occur during formulation of LANOXIN
Tablets.

Solid Waste

material destined for landfill is WMI du Québec. WMI sends the waste to
either the Lachenaie landfill site (authorization no. ES-06-20) or to the Miron
landfill site (authorization no. 7523-04).

The contractor handling non-hazardous pharmaceutical waste destined for
incineration is Laidlaw. Laidlaw has a permit allowing the destruction of
biomedical, pharmaceutical and cosmetic waste. The permit is issued by the
Quebec Minister of the Environment, and has certification number 27463446
and reference number 7610-07-01-00008-09. This permit confirms’
conformance with article 55 of the “Loi sur la qualité de 'environnement
(LR.Q., Chapter Q-2).

The contractor handling hazardous waste destined for incineration is
ChemTech. ChemTech has permits allowing for the sampling, analysis,
packaging, transportation and treatment of hazardous liquid and industrial
wastes. The permits for transportation and treatment of hazardous materials
are issued by the Quebec Minister of the Environment, with reference
numbers G-7610-16-01-0173000 1086915 and 7610~16-01-0453056 1074390,
respectively. The late. permit confirms conformance to article 54 of the “Loi
sur la qualit¢ de I'environnement (L.RQ., Chapter Q-2).

Wastewater
Wastewater resulting from cleaning operations is discharged to the sewer

under permit number 487 issued by the “Communauté Urbaine de Montréal, -

Service de 'Environnement.” This permit confirms conformance to

- regulation 87 issued by the Communauté Urbaine de Montréal. There is no

expiration date for this license. The small volume of water used for cleaning
operations is not expected to have an adverse impact on the current
compliance situation. '

Through use of calculations and/or direct measures, estimate to the extent
possible quantities and concentrations of substances expected to enter the
environment as a result of use and/or disposal of products affected by the
action.

Calculation of the Maximum Expected Emitted Concentration (MEEC) for the
aquatic compartment is included as CONFIDENTIAL information in
Appendix B.
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The Wellcome Foundation Limited (UK)

In a worst case condition, one assumes that one batch of digoxin could be lost
during purification. Such an incident would result in a maximum discharge

_ of 32 kg of digoxin. The spilled material would be captured in the Wellcome
effluent (136,000 liters/day), resulting in a concentration of 23.54 ppm. This
effluent is discharged to the Thames Water Utility treatment plant
(205'million liters/day), hence a concentration of 0.0156 ppm. Assuming an
85% efficiency of the sewage treatment plant, the concentration after treatment
would be 2.34 ppb. The treatment plant discharges to the Thames River
(9092 million liters at the discharge point); therefore, the maximum
concentration of digoxin in the Thames River would be 0.051 ppb.

Burroughs Wellcome Co. (USA)

Inawomtcasesxtuahmassumethatmebaﬁchofdigmnoouldbe
conceivably lost during production. Such an incident would result ina
maximum discharge of 1.6 kg of digoxin from its Greenville facility. The
permitted daily discharge of wastewater from Burroughs Wellcome Co.’s
Greenville facility to the Greenville Utilities Commission is 1.2 million gallons
(4.54 million liters) per day. If the total amount were discharged in one day
without pretreatment at Burroughs Wellcome Co., this would represent a
maxjmum product concentration of 0.35 ppm discharged to the Greenville
Utilities Commission. The maximum daily discharge of wastewater at the
Greenville Utilities Commission is 10.5 million gallons (39.7 million liters) per
day. The efficiency of the Greenville Utilities Commission biological
treatment plant has been measured to exceed 85%. At a worst case of 85%,
after treatment, the concentration of the discharge to the Tar River is.
calculated to be 0.006 ppm. The annual average 7Q10 flow of the Tar River is
101 million gallons (382 million liters) per day. At the Greenville Utility
Commission’s maximum daily flow rate, the maximum estimated
concentration of digoxin in the Tar River would be 0.62 ppb.

Burroughs Wellcome Inc. (Canada)

In a worst case situation, assume that one batch of LANOXIN Tablets could be
conceivably lost during production. Such an incident would result ina
maximum discharge of 1.2 kg of digoxin from its Kirkland facility. The
permitted daily discharge of wastewater from Burroughs Wellcome Inc.’s
facility to the municipal sewage treatment facility is 68 thousand gallons

(310 thousand liters) per day. If the total amount were discharged in one day
without pretreatment at Burroughs Wellcome Inc., this would represent a
maximum product concentration of 3.87 ppm discharged to the municipal
sewage treatment facility. The maximum daily discharge of wastewater at the
municipal sewage treatment facility is 6.3 million gallons (28.8 million liters)
per day. The efficiency of the municipal sewage treatment facility biological
treatment plant has been measured ta exceed 85%. Ata worst case of 85%,
after treatment, the concentration of the discharge to the St. Lawrence River is
calculated to be 0.0062 ppm. The annual average 7Q10 flow of the
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St. Lawrence River is 2,708 million gallons (12,312 million liters) per day. At
the municipal sewage treatment facility’s maximum daily flow rate, the
maximum estimated concentration of digoxin in the River Des Prairies would

be 0.015 ppb.

FATE OF EMITTED SUBSTANCES IN THE ENVIRONMENT

Bioavailability and Metabolites

The bioavailability of digoxin ranges from about 60% to 80%. Following oral
administration, a 6 to 8 hour distribution phase is observed. This is followed
by a much more gradual serum concentration decline which is dependent on
digoxin elimination from the body. Elimination of digoxin follows first-order
kinetics; that is, the quantity of digoxin eliminated at anty time is proportional
to the total body content. Following intravenous administration to normal
subjects, 50% to 70% of digoxin dose is excreted unchanged in the urine.
Renal excretion of digoxin is proportional to glomerular filtration rate and is
largely independent of urine flow. In subjects with normal renal function,
digoxin has a half-life of 1.5 t0 2.0 days. The half-life in anuric patients is
prolonged to 4 to 6 days. Digoxin is not effectively removed from the body by
dialysis, exchange transfusion or during cardiopulmonary by-pass because
most of the drug is in tissue rather than circulating in the blood.

Aquatic Compartment

Inordertoassessﬂ\eeffedupohﬁteaquaﬁccomparhrmt,thewaw
solubility, dissociatizn constant and hydrolysis rate of digoxin were measured.

Water Solubility

The water solubility of digoxin in distilled water is 3.75 X 10°M which is

greater than 10°M. The aqueous solubility was not determined at pH 50,70,
or 9.0, because digoxin is not ionizable.

Hydrolysis Rate

At37°C,digoxindoesmfhydrolyzeatpH?afteréBhoumasrei:ortedhﬂve :

literature (17); therefore, no additional testing was done.

Dissociation Constant

Digoxin has no ionizable functional groups; therefore, no proton dissociation
occurs and no dissociation constant can be determined.

Summary

Digoxin can be expected to affect the aquatic compartment based upon the
water solubility value.

GCPV/95/0005/01 17
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Air Compartment

In order to assess the effect upon the atmospheric compartment, the vapor
pressure of digoxin was estimated, the UV spectra was measured, and the

photodegradation evaluated.

Vapor Pressure Estimate
The vapor pressure for digoxin is estimated to be 8.08 X 102 torr. The vapor

.pressure estimate is less than 107 torr. '

UV Spectra

TheUV/VISspecuumofdigmdnindisﬁlledwatersfbwﬂ\at,dependenton
the solvent or solution studied, digoxin is a UV absorber between 219 and
224 nm.

Photodegmdaﬁan

Digoxin was one of three cardiac glycosides selected for photostability
studies (18). The irradiation was carried out using a rotating reactor
(Grantzel/Karlsruhe), with a low-pressure mercury-lamp (254 nm) or
day-light source. Anirradiation chamber (Heraeus/Hanau) witha
high-pressure mercury-lamp (Q 300) was used for on-plate and petri dish
methods. The irradiation was carried out for 96 hours, taking samples
intermittently from the mixture every 24 hours. .

. melgememofdigo:dnpkmoprodudsirmasedoverﬂe%burpeﬁod. For
the low-pressure

mercury lamp test, the amount of photoproducts ranged
from 3.2 to 27.8%. For the high-pressure mercury lamp, this amount ranged
from 3.8to 11.1%. For the daylight source, the amount of photoproducts
ranged from 0.0 to 1.6%. The greatest degradation was seen with irradiation
on a plate where 36.8% photoproducts were observed.

Digoxin showed two main products on irradiation. Based on IR-, 1H NMR-
and }3C NMR spectral data, the first product would appear to have a water

group cleaved from the sugar moiety. The second product would appear to
have the a, B-unsaturated lactone ring of the cardenolide cleaved.

Summary

Based on the estimated vapor pressure, digoxin should not be volatile and
would not affect the atmospheric compartment. It is not expected to
photodegrade.

Terrestrial Compartment

In order to assess the effect upon the terrestrial compartment, the -
1-octanol/water partition coefficient of digoxin was measured.

The 1-octanol/water partition coefficient is 1.42.
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Summary

The log Kow or log P value is less than 2; therefore, digoxin is not expected to

sxgmﬁmnﬂy bioconcentrate or to sorb onto organic particles. The terrestrial
_ compartment should not be affected.

8. ENVIRONMENT EFFECTS OF RELEASED SUBSTANCE

Digoxin will most likely affect the aquatic compartment. In order to
determine the environmental effects of digoxin on organisms in the aquatic
environment, the acute effects on Daphnia magna were determined.

Dapimia magna Toxicity

Digoxin was one of 50 reference chemicals whose toxicity was evaluated by
determining immobility in Depliria magna during a 24 hour incubation (19).
Five concentrations were used for the determination of the ECsp. The
reported value was calculated using regression analysis after linearization of
the dose/response curves by logarithmic transformation of the
conqentrations. For digoxin, the reported ECgg value was 0.031 +0.001 mM or
24.2:20.781 mg/}L (ppm.

For fshe

Summary

The Calculated EEC (see information in CONFIDENTIAL Appendix B) in the
aquatic compartment is compared to 1% of 24.2 ppm (0.242 ppm), the lowest
measure of toxicity for digoxin. The calculated EEC is much lower than
0.242 ppm, indicating non-persistence of digoxin in the aquatic compartment.
No further testing should be required.

9. USE OF RESOURCES AND ENERGY
9.2 Use of Water and Enetgy

The Wellcome Foundation Limited (lHO

In 1987/88, a combined heatand power plant was established onﬂ\e .
Dartford site. Turbines convert gas (or oil) into electricity while waste hot
gases raise steam which in turn is used directly for heating or indirectly to
operate chillers. Two alternators have a combined output of 12,100 kw and
are linked to a high voltage distribution system; any surplus electricity is
exported to the National Grid. The combined heat and power plant supports
the Company’s policies on energy conservation and environmental
management. Energy use associated with digoxin production for all
formulations will consume less than 1% of the Primary Manufacturing
Division’s annual production consumption at Dartford.

Water use is estimated at less than 0.1% of annual total plant use. Raw water
is supplied from Thames Water Utilities.
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Burroughs Wellcome Co. (USA)
Drug Substance

.Water used during manufacture of the drug substance is supplied from the

Greenville Utilities Commission water treatment plant, which draws its raw
water supply from the Tar River. The amount of water used during
production is less than 0.5% of total plant use per year. Annual energy use is
approximately 1.3% of total plant consumption.

Drug Product

Water used during product formulation, including disposal, is supplied from
the Greenville Utilities Commission water treatment plant, which draws its
raw water supply from the Tar River. The amount of water used during
formulation is less than 0.0002% of total plant use per year. Energy use will
constitute less than 0.06% of total plant consumption. :

Waste Disposal

Water used in disposal processes during production and formulation will
require less than 0.5% of total plant use. The amount of water used will make
up less than 0.5% of the permitted daily discharge.

-Transportation of Drug Product

Burroughs Wellcome co. will use commercial carriers to transport the drug
product from the production site.

Burroughs Wellcome Inc. (Canada)
Drug Pmduct

~ Water used during product formulation, including disposal, is supplied from

the Utilities Comumission water treatment plant, which draws its raw water
supply from the River. The amount of water used per batch during _
formulation is less than 0.0001% of total plant use per year. Energy use will
constitute less than 0.0006% of total plant consumption.

Waste Disposal

Water used per batch during cleaning processes will require less than 0.006%
of total plant use. The amount of water used will make up less than 1.3% of

the permitted daily discharge. .

Effects on Endangered or Threatened Species and upon Property Listed in
or Eligible for Listing in the National Register of Historic Places

The Wellcome Foundation Limited (UK): |

The Dartford site of the Wellcome Foundation Limited complies with all
environmental permits. No endangered or threatened species are affected by
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environmental emissions from the drug production. No properties listed with
respect to the Listed Buildings and Conservation Area Act 1991, are affected
by environmental emissions from the drug production

- Burroughs Wellcome Co. (USA):

The National Historic Preservation Act of 1966 and the Endangered Species
Act have been considered prior to issuance of Federal and State
environmental permits. No special permit conditions are required as the
permitted activity was judged not likely to jeopardize critical habitat nor
would the activity impact property listed in or eligible for listing in the
National Register of Historic Places. The applicable permits are described in
section 6.2(3) for the Greenville, NC (USA) facility.

Approval of the action proposed in this document will not require
reevaluahonofstteerwmmmtalpemutsfor&mmpadonextherofﬂ\se
Federal Laws on land management.

Digoxin is prepared by extracting the leaves of the Digitalis lanata. This plant
is grown on farms in the Netherlands and is not listed as an

species. Burroughs Wellcome Co. uses farm cultures of this plant for the
synthesis of digoxin. Details the use of this plant in the synthesis
process can be found in CONFIDENTIAL Appendix B.

Burroughs Wellcome Inc. ( Canada):

The Kirkland site of Burroughs Wellcome Inc. complies with all
environmental permits. No endangered or threatened species are affected by
environmental emissions from the drug production.

MITIGATION MEASURES

Throughout the development of the synthetic route, consideration was given
to the potential environmental impact of the materials used in the process.
The thermochemistry, reaction kinetics and the identification and
quantification of volatile by-products have been thoroughly considered. The
choice and quantities of reagents have been optimized and minimized
whenever possible to use the least hazardous materials (from health, safety
and envirorunental considerations) that will complete the desired reaction.
Whére possible, the use of common reaction media have permitted the use of
damp intermediate, thus obviating drying operations.

Burroughs Wellcome Co., Burroughs Wellcome Inc. and The Wellcome
Foundation Limited will use existing facilities on site or off site to ensure that
releases from this proposed action will have a minimal environmental impact.
No special measures outside current Standard Operating Procedures are
anticipated or believed required.

The Wellcome Foundation Limited (UK):

The manufacture of drug substance is carried out in equipment and buildings

designed for chemical processing. All buildings have drains connected to the
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effluent plant. Any digoxin which is accidentally spilled on site will be
captured as effluent or by absorbing agents and treated as liquid or solid
waste respectively, see Section 6.b(2). Liquid organic solvent waste is
disposed via incineration either on site or by a licensed waste disposal

- contractor. Caustic gas scrubbers are connected to the manufacturing

equipment to absorb gaseous by-products. Aqueous waste is treated in the
effluent treatment plant, prior to discharge. Solid waste is disposed to landfill
by a-licensed waste disposal contractor or is directed to an appropriate high
temperature incineration facility as described under Section6.b(2). -

Burroughs Wellcome Inc. (Canada):

The manufacture of drug substance is carried out in equipment and buildings
designed for chemical processing. All buildings have drains connected to the
municipal sewage treatment facility. Any digoxin which is accidentally
spilled on site will be captured as effluent or by absorbing agents and treated
as liquid or solid waste respectively, see Section 6.c(2). Liquid waste is
disposed via incineration by a licensed waste disposal contractor. Solid waste
is disposed to landfill by a licensed waste disposal contractor or is directed to
an appropriate high temperature incineration facility as described in Section
6.c(2).

Burroughs Wellcome Co. (USA):

Bur:.oughs Wellcome Co. will implement appropriate procedures established
for response to spills or releases in the product formulation areas, and in the
unlikely event of a release to the environment. The procedures developed to
control such releases as well as corporate standards for waste minimiz>4on
and recycling are described below. These procedures and standards are listed
according to the specific area where control is appropriate. The areas relevant
to formulation of LANOXIN Tablets are the Primary Manufacturing Division,
Solid Dosage Formulations Manufacturing Division and the Environmental
Services Department.

Primary Manufacturing Division (PMD)-Burroughs Wellcome Co. USA"
Manufacture of the drug substance will take place in the Primary
Manufacturing Division (PMD) of Burroughs Wellcome Co., USA. Following
is a list of PMD SOP’s by title, and a brief description: :

Procedure for Off-Site Chemical Waste Disposal.

This procedure provides guidance on chemical waste disposal in accordance
with Federal and State regulations.

Traininj Documentation of PMD Facility Personnel in the Handling of
Chemical Waste

" This'SOP provides training procedures for PMD facility personnel in the

handling of waste generated within the division to prevent harm to human
health or the environment.

28



Determination of the Composition of PMD Waste Streams

This'document provides formal procedures for determining the composition
of PMD waste streams.

Reporting of PMD Incidents or Accidents

This procedu:eouﬂiw&necouectreporﬁngamom that should be followed

wxﬂlrspecttoanmdentoraoudent.

PMD Emergency Plan
This procedure establishes a plan for emergency action within the PMD area,
that is consistent with overall plant emergency planning.

PMD Spill Containment Plan

This’procedure presents a spill containment plan to assure the rapid and
effective mobilization of available resources to contain spills when they occur
in the PMD area.

Vent Spill Containment System for PMD Module Building

This SOP describes the Vent Spill Containment System and the operational
requirements.

Transfer Lines Between PMD and Environmental Services

This SOP defines the process of flammable waste transfer and identifies
through which of the four transfer lines flammable waste will be transferred
between PMD and Environmental Services.

Draining Containment Dikes and Trenches in PMD

This document establishes procedures for determining how material in a
containment dike or other containment area should be handled. The
procedures include criteria for deternumng whether or not material is

contaminated.

Emission Control for Reactors, Crystallizers, and Centrifuges

This procedure was developed to control air emissions from reactors,
crystallizers, and centrifuges.

Fugitive Emissions Monitoring

This procedure was developed to ensure that the Organic Vapor Analyzer
(OVA) unit is calibrated properly.
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Recycling of Fiber Lever-Paks '
This document provides procedures for reusing fiber pak drums.

- Product Formulation Areas (SDFMD)-Burroughs Wellcome Co. USA

Formulation of the product will take place in the Solid Dosage Formulations
Manufacturing Department (SDFMD) of Burroughs Wellcome Co., USA.
Following is a list of SOP's by title, and a brief description, for SODFMD:

Dress Code and Safety Precautions for SODFMD

These procedures cover quality and safety procedures for granulating,
compressing, coating, and encapsulation areas. Instructions are provided for
containing all clothes coverings that may have come in contact with product.

Procedure to Ensure CGMP Compliance in SDFMD

This procedure covers the training plan for properly training employees on
Current Good Manufacturing Practices contained in 21 CFR Parts 210 and 211.

Response to Audible Alarms in the Solid Dose Formulations Manufacturing
Department

Ensures correct action and responsibilities when the SDFMD Audible Alarms
are set off. The procedure covers steps to be taken should an alarm sound
indicating » potential problem in the vault where product is held.

Removal of Product Waste from the SDFMD

This SOP covers management of product waste in accordance with Current
Good Manufacturing Practices including labeling and disposition of product
waste. :

Volatile Organic Compound (VOC) Eﬁission Reporting for SDEMD Coating

This procedure provides instruction for properly recording and reporting
VOC emissions from SDFMD coating.

Environmental Services Department-Burroughs Wellcome Co. USA

The Environmental Services Department at Burroughs Wellcome Co., USA, is
responsible for management of releases to the environment which would pose
a threat to human health or the environment. Procedures have been
established for notification, response, reporting requirements, and treatment
and/or disposal cof any contaminated material resulting from a release.
Training is provided for all Environmental Services Personnel on waste
management and spill prevention and control on a yearly basis. In addition,
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all employees in the Environmental Services Department are members of the
Hazardous Materials Response Team (HAZMAT) (see item 3, below).
HAZMAT is a company wide organization made up of volunteer members
from different areas of the plant.

At the plant, releases reaching the stormwater/cooling water collection
system are prevented from going off site by a series of holding tanks and spill
control gates which automatically close off the stormwater/cooling water
ditches if a spill is detected by one of the Astro Units (see item 4, below).
Finally, 2 pumping system may be activated to pump all water out of the
stormwater/cooling water ditches and into a 200,000 gallon holding tank.

The SOP’s described below cover control of releases to the environment.

Spill Control Contingency Plan (SCCP)

This plan outlines a specific, organized, coordinated course of action for
response to fires, explosions, or sudden unexpected release of hazardous
waste, non-hazardous waste, or hazardous materials to air, soil, or surface
water at the Greenville facility.

ProéedureforMonitoriug Cooling Water Discharged to Parkers Creek in
Compliance with NPDES (National Pollutant Discharge Elimination System)
Permit NC001058

This document describes the equipment and procedure brsmphnémter
discharged from the East and West cooling water/rainwater runoff ditches.

Responsibihtxes of Burroughs Wellcome Co. Hazardous Materials Response
Team (HAZMAT)

This SOP outlines the organizational structure, training requirements,
equipment and other requirements of the company’s Hazardous Materials
Response Team (HAZMAT). The HAZMAT Team was organized to operate
mthmtlmreqmremen!sofOSHAHaza:dousWasteOperahonsand -
Emergency Response Standard (20 CFR 1910.120).

Astro Unit: Operating Procedures

Provides operating instructions, guidelines, and inspection procedures for the
Astro TOC (total organic carbon)/pH detection alarm units to ensure their
reliability and availability at all times for monitoring and recording TOC and
pH in the East and West Cooling Water ditches and Barometric sewer line for
detection of spills and alarm notification.

Wastewater Pre-treatment Plant (WWPP) and Wastewater Monitoring
Operations Inspection/Corrective Actions

This is a procedure to ensure that all systems are funchomng properly or that
appropriate actions are taken. This SOP outlines the duties of the
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Environmental Control Operator relating to the daily inspections conducted
in the area of wastewater pre-treatment and monitoring operations.

.Labeling, Disposition, and On site Destruction of Product-Related Waste

This procedure details the operating and record keeping requirements which
will help to ensure proper labeling, transfer, and disposal of certain wastes
containing product, raw or intermediate (e.g., bulk or in-process) -
pharmaceutical materials. Itis primarily intended for waste disposal via
crusher, biological treatment and/or off-site disposal of pharmaceutical

products and packaging~type materials generated by various plant processes.

Operation of the Solid Waste Incinerator

This procedure details responsibilities and operating parameters for the solid
waste incinerator facility. The document covers inspection, start-up and
operation of the incinerator and air pollution control equipment, and also for
the automatic waste feed conveyor system.

In addition to procedures developed for the manufacturing areas and
environmental control are corporate standards for waste minimization and

recycling. Specifically:

Corporate Policy #306, Waste Minimization and Disposal

Directs research, development, and production personnel to minimize the
quantity and toxicity of industrial wastes generated by the Company, and
further, to recycle, reclaim, and reused wastes once they are generated, where
economically and environmentally practicable. The policy provides direction
for research and development to routinely review manufacturing processes
for opportunities to substitute new materials or technologies that might
further reduce waste generation or detoxify waste products. The policy
commits the company to consider reuse of chemicals, by-products, or
products in other research or process operations, and to evaluate spent
materials or products for recycling as raw materials in other processes.
Finally, the policy directs the Company to consider the possibility of recycling
prior to any final destruction or disposal of wastes.

Corporate Policy #307, Solid Waste Recycling

Directs all operating units to establish a goal of minimizing the quantity of
solid waste generated by the Company. Options which must be considered
are recycling, reclamation and reuse where economically and environmentally
practicable. The Company authorizes establishment of site recycling
committees charged with the responsibility of developing and implementing
comprehensive and solid waste management programs designed to. achieve .
the objectives of this policy.
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11. ALTERNATIVES TO THE PROPOSED ACTION

The environmental impact of manufacturing LANOXIN Tablets, is expected to
be minimal based on the low toxicity of digoxin in microbial systems, and the

- low emissions to the environment, where non-persistence was demonstrated
in the targeted aquatic compartment. The only alternative to avoid any
potential adverse environmental impact is to eliminate the production of this
product. However, there would be a cost involved in taking this “no action”,
namely, that Burroughs Wellcome Co. would not be providing an efficacious
and safe drug to patients.

In view of digoxin's low toxicity in aquatic systems and the low expected
concentration in the environment (EEC), no adverse environmental effects are

expected.
12 LIST PREPARERS OP THE ASSESSMENT (Curricula Vitae are
included in ATTACHMENT IX)
NAME EXPERTISE EXPERIENCE PROFESSIONAL
DISCIPLINE
Brenda Bunch Franklin Environunental 13 years Environmental
Assessment Chemistry
Mary F. S. Whisler Physlml 14 years Physical
Pharmacy Pharmacy
Sarah R. Alston Environmental 11 years Engineering
. Engineering
Russell Thompson Environmental 17 years Environmental
Management Waste
_ Management
Brirda Isings Environmental 10 years Engineering

v
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CERTIFICATION

The undersigned representative of Burroughs Welloome Company certifies
that the information presented is true, accurate, and complete to the best of
the knowledge of the firm or agency responsible for preparation of this

' environmental information.

Date: (¢ Cetbbon /195

- Signature of mpomible official: _w 4 W

Name (typed): Richard M. Rodebaugh, Ph.D.
Title: Department Head, Chemical Develo laborabories

Date: M‘V /7 /29) - :
Signature of resporsible official: Ul Z“a

Name (typed): Michael L. Esarey
Title: Director, Environmental Services
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15. DATA SUMMARY OF digoxin

15.a Data Summary Charts:

- Structure

Solubility
Table 1. Data Used in the Determination of Solubility of Digoxin in Distilled
Water at 25 °C. :
- Concentration (mg/mL)

Sample Hour24-1 | Hour24-2 | Hour48-1 | Hour48-2

1-1 0272 0283 0271 0297

1-2 0274 0277 0269 0297

2-1 0308 0287 0315 - 0297

»2-2 0312. 0289 0316 0298

3-1 0289 . 0293 0295 - 0306

32 0286 0290 0294 0309

Table 2. Means, Standard Deviations and Percent Relative Standard Deviations
for the Solubility of Digoxin (n=6)

Solubility
Sample Mean (mg/mL) | Mean (M) S.D. % RSD
Water (24 hours) .0288 3.69x 10 0012 4.17
Water (48 hours) 0297 ° 3.80x 10" 0015 497
Water (overall) 0293 3.75x10°% 0014 4.75
GCPV/95/0005/01 30
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The water solubility of digoxin in distilled water is 3.75 X 10°M which is
greater than 105 M. The aqueous solubility was not determined at pH 5.0, 7.0,
and 9.0 because digoxin is not ionizable. Digoxin can be expected to affect the
aquatic compartment based upon the water solubility value. Detailed

. information on this test is provided in Attachment II - Tier 0 - Physical and
Cheinical Data Report.

n—Octanol/Water Partition Coefficient
Table 3. Data from the Aqueous Phase

Aqueous Concentration
(mg/mL)
Sample Hour 24 Hour 48
1.88 mg _
Injection 1 00330 00303
Injection 2 00315 00290
6.07mg .
Injection 1 00997 0102
Injection 2 .00997 0102
9.25mg
Injection 1 0153 0155
Injection 2 0152 20155

Table 4. Organic Phase Data

Organic Concentration
(mg/mL)
Sample Hour 24 Hour 48
1.88 mg
Injection 1 0830 | .0843
Injection 2 0832 0838
6.07 mg '
Injecion1 | 261 .267
Injection 2 263 263
9.25mg
Injection 1 399 401
Injection 2 391 404
GCPV/95/0005/01 31
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Table 5. Summary of Partition Coefficient Data for Digoxin

Sample Initial Aqueous Organic log Kow Average
Conc (M) Cone (M) Conc (M) log Kow

188mg | 120X10¢ 3.96x10-¢ 1.07 x 10~¢ 143

607mg | 389 X104 1.29x 10 337x10¢ 142 142

925mg | 592X10¢ 1.97 x 10 S511x10* 141

The determination of 1.42 for 1-octanol/water for the log Ko is less than 2.
Digoxin is not expected to affect the terrestrial compartment. Detailed
information on this test is provided in Attachment II - Tier 0 ~ Physical and
Chemical Data for digoxin.

Vapor Pressure Estimate

" The vapor pressure estimate is 8.08 X 10 torr. Since the vapor pressure of

digoxin is less tan 10~ torr, it will not affect the atmospheric compartment.
Detailed information on this estimate is provided in Attachment II - Tier 0 -
Physical and Chemical Data for digoxin. .
Dissociation Constant

Digoxin has no ionizable funchonal groups; therefore, no proton dissociation
occurs and no dissociation constant can be determined.

Uv Spectra

Table 6. UV Spectra Data in Distilled Water for digoxin.

Molar
' Wavelength Absorg tivil

Solvent (nm) | Character | A(1%, lcm) e X104 o
Water

Sample 1 220 maximum 179 1.40

Sample 2 220 maximum 187 1.46
0.1 NHC

Sample 1 220 maximum 172 134
0.1 N NaOH

Sample 1 2235 maximum 153 1.19
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Table 7. Results of UV/Vis Spectra Determination of Digoxin in Various Solvents
(ND = not determined because n = 1)

Molar
Wavelength Average A Absorptivity | Range
(nm) Character | (1%,1cm) |Range | eX104 | (X102
Average value in water
- 220 | maximum 183 4 143 3
Average value in 0.1 NHCl
220 maximum 172 ND 134 ND
Average value in 0.1 N NaOH
| - 2235 maximum |° 153 ND 119 ND

The spectrum of digoxin shows slight shifts of the maximum in water and
acidic and alkaline solutions. Detailed information on this test is provided in
Attachment II - Tier 0 - Physical and Chemical Data for digoxin.

Hydrolysis Rate

At 37 °C, digoxin does not hydrolyze at pH 7 after 48 hours as reported
in the literature (17). Detailed information on this test is provided in
Attachment IV —- References.

Photodegradation

Digoxin was one of three cardiac glycosides selected for photostability

studies (18). The irradiation was carried out using a rotating reactor
(Griintzel/Karlsruhe), with a low-pressure mercury-lamp (254 nm) or
day-light source. One gram of digoxin was mixed with 0.2 g 20% Aerosil 200.
The mixture was put in a quartz glass tube and fixed to a rotating reactor. Dry
nitrogen or synthetic air was circulated continuously throughout the
procedure. An irradiation chamber (Heraeus/Hanau) with a high-pressure
mercury-lamp (Q 300) was used for on~plate and petri dish methods. The
irradiation was carried out for 96 hours, taking samples intermittently from
the mixture every 24 hours.
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Table 8. Yield of Photoproducts in Percents (%)

15.b

Compound Irradiation 24h 48 h 72h 9% h
Method
Digoxin A 6.7 15.6 261 278
B 32 127 25.7 269
C 38 56 9.7 1.1
D 0.0 09 12 1.6
E 36.8

A: Low-pressure mercury lamp (synthetic air); B: Low-pressure mercury
lamp (nitrogen); C: High-pressure mercury lamp; D: Daylight source; E: On
plate method.

Digoxin showed two main products on irradiation. Based on IR-, 'TH NMR~
and C NMR spectral data, the first product would appear to have a water
group cleaved from the sugar moiety. The second product would appear to

have the a, f-unsaturated lactone ring of the cardenclide cleaved. Detailed
information on this test is provided in Attachment IV — References.

Daphnia magna Toxicity

A 24 hour ECs was determined by Lilius, et al, for digoxin (19). This ECsg
was reported as 0.031 £ 0.001 mM. See Attachment IV ~ References, for
detailed information about this test.

Attachments

ATTACHMENT I - Material Safety Data Sheet for Digoxin
ATTACHMENT II - Tier 0 - Physical and Chemical Data for Digoxin
ATTACHMENT III - Curricula Vitae of Authors
ATTACHMENT IV - References

CONFIDENTIAL Appendices

COl\.IFIDENTIALE APPENDIX A - Identification of Chemical Substances

CONFIDENTIAL: APPENDIX B - Introduction of Substances Into The
Environment
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MATERIAL SAFETY DATA SHEET
DIGOXIN
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i

Welicoms
Burroughs Weilcome Intersoction U.S. 13 & S.K. 1590 Cables & Telcgrams :
Co. Post Office Box 1887 Tabloid Greeavilie, N.C.

Greenville. North Carolina 27835-1887 | TWX 5109291618

. Tel. 919 758-3436
MATERIAL SAFETY DATA SHEET

e eme———eet——— GXSD/86X0015-1
SECTION 1I: IDENTIFICATION
Intenmedinte Names: DIGC: DIGR; DIGH: DIGS: DIGM: DIGQ; DIGG; DIGK: DIGU; DIGV
Prodac: Lanoxia
Chemical Name: 38,56,128-3-{(0-2.6-Dideoxy- 8 -R-giha-hexopyranoyt-() ¢4)-0-2.6-dideoxy- 8-D-fiky-
bexopyranasy[}-(1 +4)-2.6-dideoxy-8-D-tiho-hexopyranosyloxy}-12, 14-dihydrox ycard-20(22)-cnolide
Fomnula: Cq1Hgq014 ' CAS & 20830-75-S
Gengric Name: Digoxin RIECS & 1H6125000

For Information on Health Hazards Call: Ext 77014

Information Effecive: 07/2193

SECTION 1I: HAZARDOUS INGREDIENTS OF MIXTURES
M

EPrincinal Hazardous Componeat(s): Digoxin

Toxicity:  Oral LDgg (Guinea Pig) = 3.5 mg/g! (Higbly toxic per OSHA Hu.deanmlniuiou Standard)
Oral LDsg (Cat) = 0.2 mg/kgl

SECTION 11I: PHYSICAL DATA

Boiling Poins: NA Yapor Presume: NA

Yapoe Depsity: NA Solubility in Water: Insoluble
Specific Gravity (HpO=1% NA  Percent Yolatiie hy Volume (%): NA
Exapomiion Ratc: NA Melting ooy 265° C

Anpeazance and Ocdoc Colorl&.odod&cys:ﬂsaawhncuﬂmmwhimaysullinemwdawimabiwm

SECTION IV: FIRE AND EXPLOSION DATA
Elach Poiot (Method Lisel):: ND  Elammable Limits  LEL: ND LEL: ND

Page 1 of 3
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Digoxin GXSD/R6/0015-1
Socdiyl e Setiioe Procodurcs Sclf-coataincy hreathing sppanstus
LUinusual Fire and Explosion liazants: Combustible. Mcating will give rise 1 toxic and iritant fumes
Exinguishing Medis: Water spray, foam or dry agent

SECTION V: HEALTH HAZ'ARB DATA

Threshold Limit Yalue: None established

Effecis of Overexpasure: Very waxic by inhalation and if swallowed i excess of the therapentic dose. Digoxin is
seadily absorbed from the gastrointestinal tract and is rapidly distributed in the tssucs. Eye contamination by dust
Can case lemporary visual disturbances. Toxic effects include nauses, vomiting, and cardiac iregularities.
Overdoses cause vomiling, diarrhex, abdominal pain, yellow vision, low blood pressure, and irregular pulse; massive
overdose will cause heat failure.

Routes of Entry: Can be ingessed or inbaled.

Emerrency and Ficst Aid Proceddures:
If in Eyes: Rinse immediaely with plenty of water. Coatact Iiealth Center,
If Inhaled: Remove w0 (resh ale. Rest and keep warm. Coatact Health Center,
W Wash out mouth. DIGIBINDR may be adminisiored 10 reduce toxic effects. Contact
In Contact With Skin: Wash off with plenty of water. Coatac Health Center if contact is prolonged.

SECTION Vi: REACTIVITY DATA

Siahility: Stable Incompatibility Materials 10 Avoid): NA
Conditions 10 Avoid: NA Hazaodons Decompasition Producis: NA
Hazanious Polymerization: NA

SECTION VU: SPILL OR LEAK PROCEDURES

. Steps 10 be Taken if Mascrial is Silled of Leaked: Wear suitable protective clothing. Sweep up, minimizing dust
evolution and transfer w closed container for disposal. Clean arca with detesgent. Wash waters and rinses should be
discharged 10 an approved sewerage sysiem.

Wase Risnosal Methad: Consolt Waste Disposal Procedures Manual or contact Environmental Services.
—SECTION Viii: SPECIAL PROTECTION INFORMATION
Respiratocy Protection: Toxic dust mask eg., 3M 8710.
Ventilation: Local exhaust or exhaust bood
Eye Protection: Goggles Protective Gloves: Rubber
Other Pryective Equipment: Air supplied respirator if dust is gencraied.

Page 2 ot_3
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Digoxin GXSD/$6/0015-1

SECTION IX: SPECIAL PRECAUTIONS

mml?:h{akmmﬂmmm: Keq:inmigimlmhuligwydosedanddq. Protect from

Other Precautions: Wash bands afier using.

SECTION X REFERENCES

1Substance Safety Information Sheet. GSS No: OV1202/82

myfmhwwmlmmmysﬁmwmunﬁmd
chemicals through knowledge of the powcatial bazards. If you find sny errors in the information in this
Material Safety Data Sheet, contact Toby Holliday at cxtensioa 77014.

NA = Not Applicablc
ND = Not Detenmined
’ l'age :‘ of 3
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ATTACHMENT II:
TIER 0 - PHYSICAL AND CHEMICAL DATA
DIGOXIN
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BURROUGHS WELLCOME CO.
' Greenville, NC, USA

Digoxin: Enﬁmmmhl Assessment ~ Tier 0 Testing

M F S Whisler
Pharmaceutical Development Laboratories, Greenville, NC, USA

8 August 1995

o f1)hibon 5/7 /45

_MF isler Date
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A - Wellcome
GFZZ/95/0041

Copyright 1995 Burroughs Wellcome Co., all rights reserved. Unauthorized copying or use of this information is prohibited.
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DIGOXIN: ENVIRONMENTAL ASSESSMENT -
] TIER 0 TESTING

1. INTRODUCTION

The environmental assessment discussed in this report includes the required
required data is stated in the FDA Environmental Assessment Techmical Assistance
Handbook, NTIS PB87-175345 and are listed in the Summary. Following that, the
physical and chemical data are included; water solubility, the
1-octanol/water partition coefficient, vapor pressure, the ultraviolet-visible
(UV/VIS) absorption spectra, and hydrolysis rate. They are presented ina
summary format and then in detail. Unless stated in the individual sections
of the report, the summary data that is listed applies to all of the individual
tests.
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2, SUMMARY

* REQUIRED INFORMATION
Test chemical: Digoxin
. TUPAC name: (33.58.128)-3-{(0-246-Dideoxyh8-0-

driibao-hcxom%m-&z&-
(1->4)-2,6~dideoxy-f-D-ribo-
hexopyranosyDoxy}-12,14~
dihydroxycard-20(22)-enolide

CAS number: (20830-75-5]

Trade name: LANOXIN®

Empirical formula: CaHeOre

Manufacturer: Burroughs Wellcome Co.

Lot number and purity of

test substance: DG1EMO01 (982% and 98.9%) and DG1FM01
(98.1% and 97.7%)

Laboratory conducting test: Burroughs Wellcome Co.

oy Pharmaceutical Development Laboratories
Physical Pharmacy
P.O. Box 1887
, Greenville, NC 27835-1887
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3.

3-1

32

33

3‘4

3.5

3.6

PHYSICAL AND CHEMICAL DATA

Water Solubility (Environmental Assessment Technical Document 3.01)
Water 3.75X10°M
The water solubility of digoxin is relatively low, but greater than the criteria

concentration of 1 x 105 M. This suggests that digoxin may affect the aquatic
compartment.

1~Octanol/Water Partition Coefficient (Environmental Assessment
Technical Document 3.02)

Kow =142
The log P value is less than 2: therefore, digoxin is not expected to

significantly bioconcentrate or sorb onto organic particles. The ten'stnal
compartment should not be directly affected.

Vapor Pressure Estimation (Environmental Assessment Technical
Document 3.03)
8.08 X 10 torr

The vapor pressure estimate is less than 10~ torr. Digoxin is not expected to
affect the atmospheric compartment.

Dissociation Constant (Environmental Assessment Technical

Document 3.04) ' .

Digoxin has no ionizable functional groups; therefore, no proton dissociation
oomusandmdissociaﬁoncomlzntanbede@umimd. ‘

UV Absorption Spectra (Environmental Assessment Technical
Document 3.05)

Dependent on the solvent or solution studied, digoxin is a UV absorber
between 219 and 224 nm.

Hyd'rolysis (Environmental Assessment Technical Document 3.09)

At 37 °C, digoxin does not hydrolyze at pH 7 after 48 hours as reported in the
literature!; therefore, no additional testing was done.
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. TIER 0 Results for Digoxin
Solubility

Water: 375X 10~ M>108 M

Hydrolysis Rate
NoneatpH7
(37°C, 48 hours)
Vapor Pressure Estimate Dissociation Constant
VP ~8.08 X102 torr<10-7 torr No ionizable functional groups
LogP
\ Octanol/Water, log P=1.42 <2
|G - — +
TIER1
AQUATIC
COMPARTMENT
GCPV/95/0005/01 48
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41

WATER SOLUBILITY

Responsible Scientist: ~ Richard Winnike

Dates of Testing: 28 August 1991 to 19 March 1992
References: Wade, D. Burroughs Welloome Notebook:
91/5432 and 91/5701 :
Winnike, R. Burroughs Wellcome Notebook:
91/5127
Research Objective

The purpose of this study is to determine the solubility of digoxin in aqueous
media. The solubility of a solid or a liquid chemical can be defined as the
maxjmum amount of the chemical (the solute) in solution at equilibrium with
excess solid chemical in a solvent at specified ambient conditions
(temperature, atmospheric pressure, and pH).

Background

If the solubility is less than 10 parts per billion (ppb) or 0.00001 mg/mL no
quantitation is necessary and solubility can be reported as less than 10 ppb. If
the solubility is greater than 10 mg/mL, thedermtyofthewstsoluhonnmst
be determined at the temperature of interest.

Required pretest information needed includes the method for analysis of the
test chemical in water, the dissociation in water, and the purity of the test
chemical.

Procedure

. The saturated solubility shm:]d be deternumdfmm above and below

saturation Onlyomsetofsamplswas prepared for this solubility
determination by approaching saturation from below saturation. This was
accomplished by placing distilled water in an appropriate container and
adding sufficient test chemical so that the solution was saturated. The
containers were sealed and allowed to equilibrate at 25 °C with shaking. The
samples were checked periodically to insure that the solutions remained
saturated. If not, additional test chemical was added to maintain saturation.
Once the samples remained saturated, an aliquot was removed after shaking
for 24 hours and filtered and analyzed. Additional samples were analyzed at
48 hours when equilibrium was achieved.

The aqueous solubility was not detenmned atpH 5, 7, or 9, because digoxin is
not fonizable.

GCPV/95/0005/01 49
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44 Instruments
Blue M Magni Whirl Constant Temperature Bath
HPLC including: .
' SpectroPhysics Model SP8770 pump with a Valco valve and a

10 pL injection loop
Kratos Spectrofiow Model 757 detector
Micromeritics 725 Autoinjector
Linear recorder
Spherisorb ODS-1, 5 pm, 150 mm x 4.6 mm (ID) column
Brownlee Guard Column RP18, 7 um, 3.2 mm ID
Mobile phase: 26% (v/v) acetonitrile in distilled water
Hewlett Packard H/P 3357 system for data collection and integration

4.5 Data
Table 1. Data used in the determination of solubility of digoxin
Concentration (mg/mL)
Sample Hour24-1 | Hour24-2 | Hour48-1 | Hour4s-2
-1 0272 10283 0271 0297
1-2 0274 0277 0269 0297
2-1 0308 0287 0315 0297
2-2 0312 .0289 0316 0298
3-1 0289 0293 0295 0306
S 32 0286 0290 0294 0309

Table 2. The means, standard deviations (n-1), and percent relative standard
deviations for the solubility of digoxin

Solubility
Sample Mean (mg/mL) Mean (M) S.D. |%RSD
Water (24 hours) 0288 369x10° | .0012 417
Water (48 hours) 0297 380x10°% 0015 497
| Water (overall) 0293 | 375x10°% | .0014 | 475

4.6 Discussion

Digoxin has a very low solubility in water. Duplicate injections of triplicate
samples were analyzed to determine the value for this parameter. The value
reported is the mean of the twenty-four individual determinations.

4.7 Conclusion :
. Water 375X10%Mor
293 X102 ig/mL
Digoxin has very limited aqueous solubility; therefore, it may affect the
aquatic compartment.
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1-OCTANOL/WATER PARTITION COEFFICIENT
Responsible Scientist:  Richard Winnike

Dates of Testing: 8 August 1991 to 10 September 1991
References: Wade, D. Burroughs Wellcome Notebook:
. 91/5432 - :
Research Objective

nxe;mxposeofﬂ\issmdyiswdetermh\eﬂ\eparﬁﬂonooefﬁdatofdigoﬁnin
1-octanol and water. The 1-octanol/water partition coefficient is the ratio of
the concentrations of a given chemical species in the two phases at
equilibrium; the test chemical is in dilute solution in both phases. That is, the
concentrationof the chemical is normally well below 0.01 M in either phase.
This ratio is a constant at any given temperature, assuming no significant
associations or dissociations of the solute in each phase. Solute dissociations
and solute-solute assodiations result in the presence of more than one
molécular species, such as ions and dimers. 1-Octanol is considered a good
medijum for simulating natural fatty substances.

Background

Pxemtinfomﬁonﬂlatismededtooordudﬂﬁstestist}twatersolubﬂityof
ﬂwt&stdm\m&edissodaﬁonoomtant,evahuﬁonofpotmﬁalforupid
hydrolysis of the test chemical, and the method of analysis of quantification.
If the test chemical is ionizable, the partition coefficient should also be
determined using 1-octanol and water at pH 5, 7,and 9.

Procedure

To determine the 1~octanol/water partition coefficient, highly purified water
and 3~octanol were presaturated by agitation for at least one hour. Triplicate
samples at three concentrations of the test chemical were tested. The inifial
concentrations in the 1-octanol phase covered a five fold range. A known
quantity of the test chemical was dissolved in the 1-octanol because it
dissolves the chemical more readily; then the distilled water was added. The
samples were shaken at the controlled temperature of 25 +1 °C in an

-appropriate container. After 24 hours, the samples were centrifuged to

separate the two phases. A portion was pipetted from the aqueous and
organic phase of each sample and assayed by HPLC. The samples were
shaken for 24 more hours and the same procedure repeated to determine the
test chemical concentration. Since digoxin has no jonizable functional groups,
the partition coefficient would not be expected to change as a function of
aqueous phase pH. '
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54 Instruments
Blue M Magni Whirl Constant Temperature Bath
HPLC including ‘
S Physics Model SP8770 pump with a Valco valve and a
10 uL injection loop
Kratos Spectrofiow Model 757 detector
Micromeritics 725 Autoinjector
Linear Recorder
Spherisorb ODS-1, 5 um, 150 mm x 4.6 mm (ID) column
Brownlee Guard Column RP18, 7 pm, 3.2 mm ID
Mobile phase: 26% (v/v) acetonitrile in distilled water
Hewlett Packard H/P 3357 system for data collection and integration

55 Data .
Table 3. Data from the aqueous phase
Aqueous Concentration
(mg/mL)
Sample Hour 24 Hour 48
1.88 mg
Inj1 .00330 .00303
Inj2 00315 00290
6.07 mg
- Inj1 .00997 " .0102
Inj2 00997 0102
9.25mg
Inj1 0153 0155
Inj2 0152 0155
Table 4. Data from the organic phase
Organic 'CLoqcenlnﬁon
(mg/mL)
Sample Hour 24 Hour 48
1.88 mg
Inj1 .0830 .0843
Inj2 .0832 .0838
6.07 mg .
Inj1 261 267
Inj 2 263 262
9.25mg .
Inj1 399 401
Inj2 391 404
GCPV/95/0005/01 : 52
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AT TS O R £ 1

Calculations
Calculate the apparent partition coefficient (P) as
P=Cy/C

where: P is the apparent partition coefficient
C; is the molar concentration in 1-octanol
C; is the molar concentration in water

NOTE: Pis also referred to as Kow

For example, to calculate the apparent partition coefficient (P):

(.88 mg-Inj 1) P=(1.06x10*M)/(418x 10°M)
P=254
For example, to calculate the log Ko, take the log of P
(1.88 mgInj 1) log Kow =log 254
1og Kow= 141
Discussion

The partition coefficient was determined using three different concentrations

of digoxin. Theag:eementbetweenthemxmbersoonﬁrmﬂ\atﬂ\evaluelsa
constant for this unionizable molecule.

Conclusion

Table 5. Resuilts of partition coetficient of digoxin

GCPV/95/0005/01

Sample | Initial Aqueous | Organic |log Kow | Average
. Conc, (M) | Conc. (M) | Conc. (M) log Kow

1.88mg| 120X10¢ | 3.96x10¢ | 1.07x10¢ | 143

607mg | 3.89X10+ | 1.29x10° | 337x104 | 142 142

925mg | 592X10+ | 1.97x105 | 5.11x10*¢ | 141

The determination of 1.42 for 1-octanol/distilled water for the log Kow is less

than the K, of 2.

Digoxin is not expected to affect the terrestrial compartment.
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VAPOR PRESSURE ESTIMATION

- Responsible Scientist ~ Robin Currie

Dates of Estimation: 26 June 1995

References: Currie, R. Burroughs Wellcome Notebook:
95/5054 :

Lyman W], Reehl WF, Rosenblat DH.
Handbookofdmualpropextyesumahon
methods. Washington, DC: American
Chemical Society, 1990.

Research Objective

The purpose of this study is to estimate the vapor pressure of digoxin. The
vapor pressure of a test chemical governs the tendency to be transported in
air; thus, it is a predictor of the distribution of chemicals in different
environmental compartments. Additionally, vapor pressure values can be
used to prevent or account for the loss of volatile materials during other tests.

Background

H\evaporpmuxesbuldbeusedinoonjmtﬁonmﬂtvalusofoﬂmfate _
parameters to decide if other tests are needed for a more complete description
of the test chemical’s environmental fate.

Procedure

Vapor pressure can be estimated by a variety of methods. The calculations
were performed using the Clausieus-Clapeyron equation and the modified
Watson correlation for solids. This method used the chemical structure and
thenormalboﬂmgpomtmﬂ'aefollowmgequahon ‘l'h:svaluewascalculawd
and reported.
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6.4 Calculations

BB N & A T EAM DN NGRS 0 1 BRI s i 8 i B e

Table 6. Bolling point(T,) by Meissner’s method: Ty, = (637 X [Ro]'4? + B)[P]

Atom ,
Carbon -
Hydrogen
(on Nitrogen)
(on Carbon)
(on oxygen)
Oxygen
(on hydroxyl)
(on Carbonyl)
(in ether) -
(in ester)
Chlorine
Nitrogen -
(Tertiary/in ring)
(Secondary)
(Primary)
6 membered ring
5 membered ring
Double borxls
Singlet Linkage
Strain
RCOOR
RNH2
R2CHR
R2NH
Ring Carbonyl »
R3N

Acdid(monocarboxylic)

Alcohols ,
Secondary Amine
Tertiary Amine

Number  [Rnl

41

56
8

N

Esters(monocarboxylic acid)

Esters(dibasic acid)

Ethers and mercaptans

TOTAL
Therefore Ty is

GCPV/95/0005/01

2418

11
1
11

1.525
21
1.643
3736
5.967

[Pl

bwbbod

Number

K] T-enC

Qlalated Rl  Calqulated (P1

99.138 3772
0 0
61.6 8624
88 80 -
9.15 120
0 0
9.858 120
3736 548
0 0
0 0
0 0
0 0
0 48
(1] 6
1733 19
0 0
0 -3
0 0
0 0
0 o
0 3
0 (1]
[Rpl=194.015 | (P1=16442 ]
B Qilculated B
28000 0
16500 0
6500 0
2000 0
~3000 0
15000 1]
30000 0
4000 4000
4000
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VaparP ClausiusC1 .

InPyp = [AHy, (T, — )% AZRT, [ /(T, — C)) = QT = )
Where-AH /T, = KF (8.75+ R In T,
‘ C,=-18+019 T,
AZ, = 097
Ty = 896 K
R = 1987
KF = 1.05
InPyp, = — 50.5958804
Pyp(atm) = 1.0629E-22
Pyp (torr) = 8.08E-20

6.5 Conclusion

Because the vapor pressure was estimated by calculation to be less than
1077 torr, no further testing was needed. Digoxin will not affect the

atmospheric compartment.
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( 7. DISSOCIATION CONSTANT

Responsible Scientist ~ Richard Winnike
References: Winnike, R. and Kidd, C. Internal
Burroughs Wellcome Co., GFFD/92/0001,
March 31, 1992
71 Conclusion

Digoxin has no ionizable functional groups; therefore, no proton dissociation
occurs and no dissociation constant can be determined.
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8. ULTRAVIOLET ABSORPTION SPECTRA

- Responsible Scientist: ~ Richard Winnike

Dates of Testing: 17 January 1992
References: Winnike, R. Burroughs Wellcome Notebook:
. 91/5127
8.1 Research Objective

The purpose of this study is to measure the ultraviolet/visible (UV/VIS)
absorption spectra of digoxin. Absorption spectra give some indication of the
different wavelengths at which a test chemical can be subjected to direct
photodegradation. Before a chemical can undergo a direct photochemical
reaction, it has to be exposed to light and have the ability to absorb energy
from wavelengths in this referenced spectrum. Photodegradation will depend
on the total energy absorbed and is characterized by both the molar extinction
coefficient (absorptivity) and the band width. However, the absence of .
measurable absorption does not preclude the possibility of photodegradation
by other means. The ultraviolet-visible spectrum of a chemical is
characteristic of the molecular structure. Each chemical has a unique
spectrum that can be used for identification of the pure chemical. For test
chemicals that reversibly ionize or protonate, the absorption spectrum should
be obtained in acid solutions, below pH 5, and in basic solutions, abovepH9
These conditions are representative of environmental conditions. :

.

8.2 Background

Pretest information needed for this test includes the water solubility, the ;
dissociation constant in water and the vapor pressure. i

83 Procedure

The absorption spectrum for digoxin in the ultraviolet range should were
obtained at ambient conditions. The test chemical was dissolved in water, 0.1
N HQ, and 0.1 N NaOH. The spectrum was scanned from 200 and 400 nm.
The molar absorptivity and absorbance (1%, 1 cm) were calculated from the
absorbance and concentration of the dilute solutions. The results are reported
in Table 8.

84 Instrument

Perkin Elmer Lambda 6 UV/VIS spectrophotometer, 1 cm cell path, ambient
room temperature

.GCPV/95/0005/01 58
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8.5 Data

“Table 7. UV data of digoxin in various solvents

Molar
Wavelenct Absorptivity(e)
Solvent (nm) Character A(1%,1cm)a (x107)
Water
Sample 1 20 maximum 17 140.
Sample2 20 maximum 187 146
0.1 NHC1
Sample 1 220 maximum 172 134
0.1 N NaOH
Sample 1 5 maximum 153 L19

'mwcmAa%,lmuthhmﬂanohmemk
the“'abaarbuaoﬂ-c:l:ycohl%‘:/vaohxﬁmof&nabtabﬁ\goohm,ibvdueata
cular wa in a given solvent a of the solute”.
MM,AO%,mNd ¢ being & propecty
wheeA(l%,lcnﬂisﬂlefF’pedﬁcabsorbmog,Aisﬁuabsorhmedeﬁmdbyﬁw
A oL/ ering st cpred /
cis o! asa w/v,
d is the thickness of the absorbing layer in am, and pecmge
T is the fraction of the incident radation transmitted by the sample solution.

The spectrum of digoxin shows slight shifts in the maxima in various
solutions. See Figures 1,2, and 3 for the spectra.

Table 8. Results of UV/VIS spectra determinations of digoxin in various solvents
~ (ND = not determined because n = 1)

. Avenage
Average Molar
Wavelength A

Abeo ity(e) Range
(nm) Character (1%,1cm) Range (:ﬁ-"?’( X1

Average value in water '
220 maximum 183 4 143 3
Average valuein 0.1 N HC1
. 20 maximum 172 ND 134 ND
Average value in 0.1 N NaOH
2235 maximum 153 ND 119 ND
8.6 Conclusion -
The spectrum of digoxin shows slight shifts of the maximum in water and
acidic and alkaline solutions.
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9, HYDROLYSIS
9.1 . Conclusion

At 37 °C, digoxin does not hydrolyze at pH 7 after 48 hours as reported in the
literature!; therefore no additional testing was done.
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Abstract G Digosin hydrulysis was studied as a function of pH. Coa-
version of digozin (o digezigenia was followed by high-pressure liquid
dmphv-ndshmunnadby&hwhlh-dmmu

presented supyesting that at least sume varistion in the
af nrallv administered digusin arises from elmerved variations in pastric

zﬂumadwuﬁ-mum

mommm effectof pH O Hy-
. kimetic study, c(loeldp&lul\hmo—a.uhhy

mm‘mm p -muluiu.h-uie
drolysis, kisetic study, effoct of pH eozia. by-

Digoxin is a widely prescribed glycoside used in the
maintenance therapy of cardisc patients. Significant
variability has been ohserved in the efficiency with which

digoxin is absorbed from the GI tract among patients given
the drug orally. Moreover, signiflicant variations in bio-
availability were noted within individual patients (1, 2)
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Figure 1—Chrematogrem of digozigenin species separated by re-
WW.MINQ“W containing /
(tn = 22 min: J22 ng/mi), JI1 (tn = 2.6 min: 102 ng/mi), 1] (i = 4.1 min;
30 ugimi), and I (1n = 6.4 min: 4.16 pg/mi). ’

Potential sources for this variability have been postulated

species. The hydrolysis products have been
shown (8) to exhibit different pharmacological and toxi-
froms the pareny diag o oe meesantly svailable ciniea

rom parent i ilable clini
analytical metho:s.m Y

Therefore, a study was initisted to determine if the.

328 / Jounal of Pharmaceuticsl Sciences

dwfamhﬂuodwcndnh.ld-' .

" 20 30 20
MINUTES
Figure 2—-Time~concentration profile of digexigenin species I (a),
T1(0), 11l (). and IV (a)] prevent in an oquesus solution of I at pl
1 incubeted ot 37°.

studied similarly. . .
As shown in Fig. 4, for reactions carried out ot pH 1, substrate (L IL

(kp @ ky + ke + kg = 0.053 min~?) has & shorter half-life (133 min) thes

11 (16.5 min), which can be consumed tis two pathways (kg = ky + 4y =
0.040 min="); IT] is the mest stable (¢ 12 = 243 min) species, since there
is only one route available for its breskdown (Ay = kg). Thus. differences
in dissppearance rates for §-111 appear o reflect both probability factors

. 1§
— A,
Scheme |

8,
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S=Time=coneentration profile ‘ (a),
I,ﬁ;'i.‘ Ui (D), end IV (a)] present h: “mm’i:l‘:t pH
2incubsted at 37°.

.ﬂ.wﬁ-hmﬁd—lm&i‘—“rdnmﬁ‘t
slyemidic linkages. Over renge studied dissppesranse
mm.mmwanmzh

estion of the significance of each reuts. Ia the experiments in which di-
gozin was the perent, its disappesrance caa be described as & peeude-
first-order process, expressed by:

~ D+ by + k9D = kpD
where kp is the sum of ky, ks, aad A3. Rate expressions describing the
appearance of bisglycoside (B). moacgiycoside (Af). and gesin (C) take
similar forms. expressed by: :

€. 1)

%-m-u.q-m (Eq.2
‘i’--a,ou.a-w (Ea.3)
i‘f.-.,ou.'uw (L )

‘These differential equations can be solved and the ameunt of each
. component in the mixture can be expressed as the mele fractisn of all
. . DiDgw e~tes (Eq.8)

Dz-.-“-bﬂ¢ &-A),-l (h.‘
where A = &ifia = kp) and @ = &y + Ay, and:
N X
D—"- A{Fc""+(t B Ce==t | E

Be Me
~[r+(1-)e-gs] o] wam

where F = [k, + (ho/A))/ (kg = ko) and C = ho/ia = k), snd:

2-92 —l. - g bt
De D.-*k’(kﬂhu-nml e=tor)

4-5[&, (b.f"‘) +hed (x -b%) c] (L = even)
o[- r-cli- A Jfa- e

e ceeees

MOLE FRACTION
£

ae n
200 400
Figure 4—Disappoarance of digeuigenin species from acid solution
.mduhum'fmu—bmﬁn;

compound was [If (a), I1 (©), or I (O). In the pH 2 (0-600-min time
seaie) selution, the parent compound was [ ().

Initial conditions were dafined such thet st ¢ = 0, the smount of com-
panent J present ia the mixture was

B SR P,

mined exporimentaily for y with the sum of the
individual rate constants (Ay, by, and k3) i represents, detormined by .
computer fit (Toble D). )
Table I—Rate Coustants for Digoxin Hydrolysisat ol 1 ¢
Coastent Time. min=!
&y 0.0263
Ay 0.0089
hy 0.0193
K 0.0207
um{
har® 0029
(‘**‘d’ 0042
' 0.040
(hy + hy &+ hy)¢ 0.0548
hp® 0.053

1C bete dewt of ot is availsbie (rem the authers oa re-

.WuuW-wamuOb
sorsnined esperimentally (i ordee plots 41. * Sum oquivalent
...ls-mu':: Fe
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Constont Tione. mwin~t

ke o0.on?

::" 00168

kq * hsd 0060

::: 0040

A aos%0
Detormined from the 08 of dete vbtalnsd oo 11 hydeshyuis. * Sum
c.:ﬁd-nn.' osswde-finnt-ander e

@ Detarmingd (rem th simpios 0t of done bot 03 ol

In experiments where 11 sorved as s substrase. kinetics ann be dencribbed
by the differential Equ. $-11 which are intagrated to give Equ. 13-14

-%.a‘.u“ (Eq. 9
%-u-m (Eq. 100
2 DTNV (e 10)
i..--c"' (s 1D
%- -c.-+(£'.;!4c) e (Be.13)

{--%(ﬁ.-bﬂl-c"‘) .
1 M, Ge
0:[..(-.-340)](1-.“‘“»-5‘- (Rq. 10)
Similar treatment for 11T hydrolysis yields:

-%-w.% (Eq.18)
M
-—— =bg
”.-0 (Eq. 16}
EGZ' -‘:-e-tv (Es.19)

Simplex fit of the dets obtained fram IT end INT hydvolysis to Eqe. 13-14
and 16 and 17, respectively, gave the resuits shown in Table I The
goodnaess of {it is shown by comperison of kg and &y, determined ex-
mn&-uuwuummm.ua-dum
spectively] represent.
udmﬂ‘hy‘waﬁhd. f-thdh:m.t

aaept
two digitoxose residues frem digenia (k) te form J1I, which occurs to 8
lesser extent. This observation mey reflect stereochemical restrictions
irnposed st the giycesidic linkage or csuld be an artifact of the com-

m’mgﬁ iy aftor oreh edmimioeiion may b et g b
maummm‘&mmmmﬁ
a2 pH 20 13.5 mhin st pH 1. Thus, the composition and amount of digesia
species available for sbeorption frem the stomach sheuld vary signifi-

330 7 Journal of Prarmaceutical Sciences

vidusls (pH 0.5-1) and alss within 8 pstirnt as inflernced by smetinmel
-lai,ddm.di&addhvhnnuu'{hlhuul_hy

was performed en 8 compensnt
thd-.-—h-l‘muhlyqa-
separation wiilised a colum’ (4 mm operating st 2.0 ml/
min with methanel-water (55el5) as the mobile phese. The retention
volumas for IV, IIL IL, and § wore 4.4, 4.2. 8.2, and 122 mi. renpectively.
‘The practical detection Simit for digenia wus 23 ng from 25.) injactions.
ware quantitessd by mensuriog pesk heights and comparing

Compensns
the height wich an external standard comtaining s miztare of known

amounts of the four compenents.
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Abstract

MWMMMNWmWMMmBthmmRMlM&wwmd
photoproducts were determined densitometrically. mmmww”uhsmkmudwm“ahiﬂ«md
photoproducts under esch mmmmmmbmqummmmdmnm

Key words: a-Acetyldigaxin; Digoxin; Ouabain; Photostability; UV-light

) ’l; Introduction

Cardiac glycosides are some of the early plant prod-
ucts to be employed in clinical practice. Their unique
pharmacological activities, regardless of the risk of
their acute and cumulative toxicity, made them to be
the drugs of choice in various ailments of heart (Thomas
et al,, 1990). They act on the heart by an array of direct
and indirect effects, the resuit of which is to increase
the force of contraction (positive inotropic effect) and
slow the rate of atrioventricular (AV) conduction.
There have been major advances in recent years in our
understanding of how these drugs act and how to
use them clinically (Thomas, 1981). .

As part of our ongoing research programme, we
have been engaged in the investigation of photostabil-
ity of steroidal drug substances (Zappel, 1993). We
have found that sometimes pharmacopoeial recom-

* Photochemical Studies Part 67 (Reisch and Abdel-Khalek, 1993).
! Permanent address: University Coflege of Pharmaceutical Sci-
ences, Kakatiya University, Warangal, A.P. Indis - 506009.

'Elsevier Science B.V.
SSDI 0031-6865(94)00011-5

mendation requires protection from light irradiation
although the substance is stable against light, or there
is no light protection recommended when the drug is
not stable. In this connection we checked the accuracy
of the given storage conditions for different steroidal
drugs. )

We found interesting photoproducts of isomerisa-
tion (Ekiz-Gdicer and Reisch, 1991) and dimerisation
(Reisch et al., 1992, 1993) with corticosteroidal and sex _
steroidal drugs, and isolated respective products in

their pure form and characterized whenever possible.

As an extension of the steroidal photochemistry
work, three cardiac glycosides - ouabain, a-acetyl-
digoxin and digoxin - were selected and their photo-
stability studies have been carried out and the results
are presented in this communication (see Fig. 1 for the
structures).

A general indication to protect these drugs from
light has been mentioned in several pharmacopoeias
(Table 1). The monograph of a-acetyldigoxin has been
discontinued in many of the recent editions and for
digoxin and ouabain precautions have been mentioned

" to protect the drug in well-closed containers.
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Table 1
Compound EMM) USP PH PB BP EP DAB

Ouabain T+ / + + / / +
Digoxin -+ + + + + + 4
a-Acetyldigoxin = / /7 /1 /1 7/

EP(M): Extra Pharmacopoeia (Martindale) 1993(30); USP: United
States Pharmacopoeia 1990022 PH: Pharmecopoecia Helvetica
1991(7; PB: Pharmacopoeia Belgica 1962(6); BP: British Pharma-
copoeia 198X(14); EP: European Pharmacopoeia 1980(2); DAB:
Deutsches Arzneibuch 10 (1991).

+: light protection; —: 0 light protection; /: not registered.

2. Experimental procedures

2.1. Chemicals

Ouabain (Merck/ Darmstadt), a-Acetyldigoxin (Sandoz
AG), Digoxin (Boehringer/Mannheim), Aerosil 200

(Degussa). These glycosides were not further purified.
The solvents (Baker) used were of analytical grade.

Ouabain R=
a-Acetyldigoxin R =

Digoxin

22 Equipment

The irradiation was carried out using a rotating reactor
(Grintzel/Karisruhe), with a low-pressure mercury-
lamp (254 nm) or day-light source (Takics et al., 1990).
An irmadiation chamber (Heracus/Hanau) with a
high-pressure mercury-lamp (Q 300) was used for on-
plate and petri dish methods. The deasitometric deter-
minations were made using a chromatogram spec-
trophotometer KM 3 (Zeiss/ Oberkochem).

2.3. Thin layer chromatography (TLC)

Prepared TLC-plates, Silica gel 60 F,, (precoated,
aluminium sheets, 0.2 mm thickness, Merck 5549) were
used for analytical TLC and 60 Fy, (glass plates,
0.25 mm thickness, Merck 5715) for deasitometric work.
Solvent system I: CH,Q1,/MeOH (97:3); I1: CH,Qy/
MeOH (95:5); III: CH,C1,/MeOH (7:3). Detections
for a-acetyldigoxin and digoxin were made by spraying
with ethanolic sulfuric acid (1:1) and heating at 110°C

| -’/&7 @ﬂﬁ&}/\

Fig. 1. Structural formulas of ouabain. a-acetyldigoxin and digoxin.
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for 10 min. For ouabain detection was done by UV-light
at 254 nm.

2.4. General procedure

Rotating reactor

The drug (1 g) and 20% Aecrosil 200 (0.2 g) were thor-
oughly mixed using the gradient mixing technique,
taken in a quartz glass tube and fixed to a rotating
reactor. The details of the construction of the reactor
have been given in our previous report (Takécs et al.,
1991). Dry nitrogen or synthetic air was circulated
through continuously. The irradiation was carried out
for 96 h, taking samples intermittently from the mix-
ture for every 24 h.

Irradiation chamber

The methods employed were the irradiation on a plate
and in petri dishes as described earlier from these
laboratories (Reisch and Topaloglu, 1986).

Densitometric determinarion:
The detailed method has been descﬁbed in our earlier
publication (Ekiz-Giicer et al., 1991).

3. Results and discussion

In studies using different irradiation methods it has
been observed that ouabain is relatively less sensitive

'to day-light and uv radiation than the other compounds

as the maximum yield of photoproducts was deter-
mined to be 75% after 96 h of low-pressure mercury
lamp irradiation under synthetic air amosphere (Table
2).

Digoxin yielded a lower percentage of photoprod-
ucts than did a-acetyldigoxin in all five methods of
irradiation employed.

Digoxin showed two main products on irradiation.
There were no differences when the IR-, 'H NMR-
and ®C NMR spectral data of the first product were
compared with those of the starting material. Since the

“-peak appeared at m/e = 762 it is 18 mass units -

less than the starting material. It is possible that the
H,0 is cleaved from the sugar moiety because a cleav-
age of H,0 from the steroidal moiety would have been
indicated clearly by NMR spectrum.

The signals for 20 H and 22 H and the signals for
the carbon atoms 20, 22 and 23 of the second main
?hotoproduct disappeared in the 'H NMR and in the

3C NMR spectrum, respectively. The lactonic carbonyl
absorption disappeared in the IR spectra. These re-

sults show that the a,B-unsaturated lactone ring of the .

Table 2

Yield of photoproducts in

Compound Irradiation 24h  48h 72h  96h
method

Quabain A 37 53 64 73
B 22 45 59 6.1
(o] 0.8 13 1.7 21
D 0.0 0.0 02 03
E 0.0 ’

Digoxin A 6.7 156 261 218
B 2 127 257 269
(o k¥ | 56 9.7 11
D 0.0 09 12 16
E s .

a-Acetyldigoxin A 78 184 292 334
B 92 209 307 %9
C 43 67 103 132
D 00 12 15 24
E 326

A: Low-pressure mercusy lamp (synthetic 2ir); B: Low-pressure mer-
cury lamp (nitrogen); C: High-pressure mercury lamp; D: Daylight
source; E: On plate method.

cardenolide is decomposed or cleaved (Penelope et al.,
1980). Further we noticed through our previous work
on digitoxin that this lactone ring of the molecule is
very reactive (Ekiz-Giicer and Reisch, 1991). A peak
beyond m/e = SO0 was observed neither through CI
nor through SIMS and therefore it was not possible to
obtain the molecular peak of the product for complete
characterisation.

a-Acetyldigoxin yielded 37% of photoproducts on:
irradiation with a low-pressure mercury lamp under
nitrogen atmosphere (Table 2). Although a mixture of
two photoproducts (120 mg) was isolated, their very
close R, values in a variety of solvent systems made it
impossible to separate them. Finally attempts to sepa-

‘rate the two photoproducts using medium-pressure

prepacked columns, a series of eluants and different
pressures were also unsuccessful. But there was no
change of the spectral data of the mixture other-than
an additional peak at § = 176 ppm in the *C NMR
spectrum in comparison to the starting material. How-
ever, the important result is that a-acetyldigoxin must
be stored under light protection conditions as it is
photounstable, although this is not mentioned in the
Extra Pharmacopoeia (Martindale).

Ouabain showed only 2 little decomposition (Table
2). Therefore this compound can be labelled as photo-
stable under normal pharmaceutical storage conditions
although most of the pharmacopoeias indicate that it is
photounstable (Table 1).

85



i

50 J. Reisch et al. / Pharmaceutica Acta Helvetiae 69 (1994) 47-50

Acknowledgements

We thank Sandoz AG, Boehringer Mannheim AG and
Merck GmbH /Darmstadt for supplying the drug sam-
ples. One of us, ARR, is thankful to DAAD for
awarding a fellowship.

References

Ekiz-Giicer, N. and Reisch, J. (1991) Photoisomerisieruag von Digi-
toxin in kristallinem Zustand. Liebigs Ann. Chem. 1105-1106.
Ekiz-Giicer, N., Zappel, J. and Reisch, J. (1991) Photostabilitit von

koatrazeptivea Sterolden in kristallinem Zustand. Pharm. Acta
Helv. 66, 2-4.
Penelope, R., Foss, B. and Benezra S.A. (1980) Digoxia. In Florey,
K (Ed), Analytical Profiles of Drug Substances, Vol. 9, Aca-
- demic Press, Loadoa, pp. 208-217.

Reisch, J. 20d Abdel-Khalek, M. (1993) Part 66: [(E)-1-Acetyl-2-
(3,3-dimethyl-1-phenyl-ureido)-3-oxo-but-1-cuyl}-pheayl-carba-
minslure, ein neves Photoprodukt des Aminophenazons. Acta
Pharm. Turcica 35, 63-66.

Reisch, J. and Topalogly, Y. (1986) Ist die Dianschichtchromatogra-
phie zur On-Plate Koatrolle der Lichtstabilitit von Arzaeistoffen
geeignet? Pharm. Acta Helv. 61, 142-147.

Reisch, J., Heakel, G., Ekiz-Giicer, N. and Nolte, G. (1992) Uater-
suchungen zur Photostabilitit von und Predaicar-
wumwmmmm
Ang. Chem. 63-67.

Reisch, J, Zappel, J., Heakel, G. and Ekiz-Gacer, N. (1993) Unter-
suchungen zur Photostabilithit von Ethisteron und Norethisteron
sowie deren Kristalistrukturen Moaarsh. Chem. 123, 1169-1175.

Takéics, M., Reisch, J., Gergely-Zobin, A. add Ekiz-Gicer, N. (1990)
ummuwmmm
Sci. Pharm. 58, 289-297.

Takécs, M., Ekiz-Giicer, N., Reisch, J. and Gergely-Zobin, A. (1991)
wwmmmmmmzu-
tand. Pharm. Acts Helv. 66, 137-140.

Thomas, RE. (1981) Cardiac drugs. In Wolff, M.E. (E4.), Burger's
Medicinal Chemistry, Part 3. J. Wiley & Sons, New York, p. 47.

Thomas, R., Gray, P. and Andrews, J. (1990) Digitalis: Its mode of
action, receptor 20d structure-activity relationship. In Testa, B.
(E4), Advances in Drug Research, Vol 19. Academic Press,
London, pp. 313-545.

Zappel, J. (1993) Photostabllititsuntersuchungen an Mifepriston und
snderen arzneilich verweandeten Steroiden. PhD. Thesis,
Westflilische Wilhelms-Universitht, Miinster.

86




SRR R e

R R W A N S T e e e s

O STOKPEIXSYP-9910 1ASS
Paasasas sl v "A'Y G AN P61 Q IILMENEXSIIIU

K Supuodsasn,
INIne ’ L

$
vor ee mm e m—e vy

s DTN x._..._-umm..i..v i muydng N0 moqupey tnksoirdagy apsis day

. ‘Supiss Kppuo) W)InGs uj HQElns
1m sikaojuday IN0S) MOGUIRS PIIRIOS] K14532) 10U J0 IYIIYM PIPNIP 3q UK ¥ 23ajaq pIpIu

219 *oTuyuaf WIPKINS Uny) SIUdPUs 3AIISUIN oW Tuisn ‘sapMIs YUY 1S PIpRPUCD

£1 1) ‘3520 AYOjrol10Na JB|IY0 (NUOHIUIAUCD UBY] 3af)isuds JOW §) (esousl uj 159) Mpuydog
aqp 1) SUNIEAAP} *183) 2140108 WS} MO SY) PUN 153) UG ) B38M13Q UosLINd WO
3Y) JU IS8 2P UJ 5U SIS INR{[RD ) PUN 153) apiyding) a3y ua3m1aq £oUndasInip SHjUsES B PamOYs
51130 UBI{ILILIBWI SNONISA O) SIBAWANED U142 Y1 JO L3130} 3y uo wywp poysiqnd Yipm 159
pjuydng 34 WoL) MNP 1 Jo BospaduInd 1531 SK0INIY ) Uf Posn i) UOHNGRI] JAUI0YS
11 01 30 1ou 5y apuydugy 01 Paswchiond s30Ku1wdang ysy ) J0 KUATHSUIS 22M0) ) 184} PP
(UOHBGIIUY Y HT) SSMNEAIY URIEEIMURME PAIRHID 0) SR BUAIIJ A J0 Lyqxo) 31 vo
riup paysqnd yapm 153 21k0mday sy wkia) 18R ) jo UosdwID v “SIEUNE ) J0 KIPEO)
Tuiseasou) Yipm POSEAIIVY SIE3) QM) ) Uiy Kxundassip ) pus sopkIoreday usy) sjwd
<[UISYD 34D O) IATHEUIE 2UOUS S S/ ‘UINLIND | 1| 8 WoU) KipagInu paALP {89°0) ouyy
voyssas823 a1 Jo 3o YL (1IN0 > ¥) | L0 J0 VONELI0D & PO sakooinday uj a¥wywd)
WPIQRs 3y Ju) %3 Pun Ay 205 M3 ) U0 wIRP ) Jo sjekjeun uoyssaIlay “(uop
-aqnau) § ¢) Saika0teday 1n0I) Moqums paRpus] Kjysas) up BXSA-QY,, PUs (votieqnau) Y #7)
vudmu opuydig ) Knpqowns; SUBIINIP £Q PIIN[EAD S BB 30U 0§ JO KiPyH0)
ayy Apris wiasaad oy j “SRWIYS JO L1pr) 3Y) FUIIANIEAD U} 5{00) $8 PHA 3q PIRCD YoM
£30j02px0} penhi uj $2311 131 J0 $153) OIIA B) JALINYYI-150 Pus PIdWS JO) P3N W S) AN

Ry

(9661 VIR §T Pordanom (066 Squana(] § PaaposN)
PuopuLd DY PUML GISOX NIJ 9 WIRaRIsY SRING Tiisssy) popeRy oY WWaporg fo wammdsq
WQIISWIOH iy 'oREWOS] si0g ‘SniifT] JHUSH

puSow vjuydog
pue sa1£o01eday Inos moquiel paejos) A[ysad)
0) S[BIIWALD 9OUIRYD (S JO ANdIX0) Y3 Jo uospredwiod v

09 LY (v661) 0F ABoroapuny, apierby YAIABSTE

A301031X01
uvnoy E

87



2]
i

VSy %50 °9°L H 'SBATH WW 00 MLI¥D W §°% TON IWW L9 DN W L'99 Su)
-UIRju0d J3Ynq aseuaBuljod ¥ 0) pafuuyd udL) sum JIYNG YL “YsY ) w0 porowd
[luK POOJQ WOJ) PIINDYI SUM SaAY| YL H|IPD 1) UIIM)IQ SI01IK) VOIEHPE juspudd
<3P WNHIPRD Sy} SUIYROM JOYNQ SINL “(yS@) Hung|s wnias ujaoq %T0 pus ‘Ww
50 V1O '¥L HY ‘Ww 01 S3JaH IDIN W Trl Jujuinuod JOYNG 333)-;, 8D BJO |
057 Y1 pasngaad 153y SRM SIAY IYY "UIRA juisod oy Supwnuued £q pasnjod sum Joal
ay1 "11oys U] (7661 ‘IW 19 4AIqRY), 2anpaxd 34} JO UOYEIpOwW wsunw Y (9L61)

ua(8ag £q paquosop ApeuiBuo uoisnysad aswusBuyjod dois-om) ¥ £q pawos] oM

so1£200eday YL “1INYS 241 JO 38UY Y ) MOIq diuys ® yim paLUUnIs 253M ysy Yl
. ) uopsppasy Hlaondagy

"Po) 10U 0J9m K3y} PUS 48P

vzl pum Bl Y T1 sem popadoroyd syl ‘sjuanisdxa ay) 0 Jopd YoM U0 1583 18
10) J919M Y} JO UOLINII[) PUM UOIRIOR TUMISUOD YUM D, S| 18 njawnbe susjkdoadhjod
ut 391uAs AN} PINBLIOIYIIP U WY 35IM Koyj *wiamy sy (MIDINULIOD ¥ (WOIJ PIUIRIGO
2359m 8 0L JO WB1am £pOq UM ® YitM (sspyde snygdulysonnQ) Inos) moquiny
mod) soqupny

“sawn 535y} ISw] Ju PIRadas sum 1331 Y JUIRYD YOUI S04 Y #T
pu § J9)J8 K|JUNSIA PIUIWIIIP SHAM UOHNZHIQOWUIY *$159) 3Y) SULINP UOCHINIAE OV pus
Suipaa) ou sem 13y dud SUIIIOd ¥ Yim PISO[D 213m SFISEA ) puR RN 1591
341 JO SUOHRIUINAD 1UIOYIP FUKIEEIVOD F[ISTI O paonposiuy 23w (P1o § #T7>)
52150020 A1UIML "4o¥2 Uj pinby) u 0§ Wi sjassan 2uasKisklod (W 001 UE Del ¥ 1218
pawsoysad 253 $153) ALY “SUCHIEIJIPOW M3) & Yitm (0864) j050103d pswpumis QOA0
ay1 01 Buipioadk (92 HA "W 10°0°0d" 1N "KW 0T YO ‘WwW §1°0"0S N ‘WW T
SOOHUN ‘MUS) JI1RA 30UIYIY PINPURIS Uy pawogsad 1am 0153) £1j9§x0) 9INOY
-a3m)na 941 Jo Ansuap 31 uo Sugpuadap Avp pay) J0 punaas £33A2 JuB(B SHIUSIPIUIIS
paj asom KOL yup 4 T) pu 1y 4 T3 Jo ponadotoyd v 4itm Dyl F 1T JO imE
<3301 1 10 (GR6] "SHIE PUW INE) WIPMU P W) PRINIRD 2I9M wiuydup YL g
Jo Anssaaun ASojoig Jo Jowawdaq] 9Y) WO PIUNIQO 3Im K muydng

. pudmu tywydng

13N "apysuny
-Jupong) WHYSIAY Wolj PIUINIQU s (Bonnjus snoanbe U} 1DqY) QY PIAIS
-qO SR BRI WNIPIGNS JO KURYID| U HWUIIUY OU *PISN SIUIA0S JO UNIRAUINIOD
153431y 9Y) 1V "sapduns 1531 Y1 Uf IUIAJOS JO JUNOWR 3Y) UL OF JapI0 uj ‘Ul
A11j1qn[os J13Y) 0) AN PIAIOSSIP 2IIM SIUSAJVS SR [OURY)D JO joustpaw pasnbas Yom
S{RONUAYD FSONL | IYRL U] PIIEINPUL 5B PIAJOISID UM I Wy, (pusuty
‘BSRA) AQ WMWY Wos). 1P W sem ‘%G JO fipnd ® i ‘vopyiujey opeiB jual
<1131 JO S|RIMWIYD [NIDIIWIOD 1M ‘UoHfIvjEw 1daoxa ‘pasn SjWORIYD 3 (Y (6861
‘v 13 ‘uossapuog) aunuwsSosd (DIAW) AUMX0I0IKD) OINA Y] JO UOHRNUAT INUD
-NNIA 941 AQ PISN SJII[LDND 30UIIIJ3S IY) 33W APNIS SIYY U PISN SN 133) ML
. spIpUyD

POy pue (SIS T

oy GV LP (paal) OF Sleposyal ymaby |19 14 ST N

“S{190 UBRIWIEW YO 139f03d DIFIA AT URLIM PAIRFIMUNINM RIRD PIZINN OS|E
ARy am WIup Y1 FupEN{EAd puw JuizAjrur uf pun “nudmu ydng pur snkroirday
N0 MOQUIES PIINIOSE AJYSIS) YI0Q UO SIMIIWIAYD M) PAISII puE: SJHIWIYD U
<3J33 1IN 05 241 Posn 3awy am Supsa) Kiaxo) uy $31K3011day sy Jo Kipiquuns
Supunjuas uj *pasojdxs Kd1enbapi u3aq 1ou Apuanbasuod say Bunisds AUINO Y 5113
1Ppow v $32uIN SN JPYL “Sunsal Aidixo) ul pasn Ajsoudfl udaq 194 You danip )
's1uak Auwut Joj sy JO $3195ds 839435 W) PAIRIOSI A|INJSSIAMS 1SQ Ary sa1La0)
-aday ySnoy) usA2 INq 3383831 [X2180101X0) URIfRILLIEL U PISH AIuaNbIL) 2Jn $3NLD
-01Rda}| *INOI) MOQUIES WOS) PARIOS! $914201ddY 1O PISNI0) dAkY Im Kpnis 1asand
) U] "SANWIGILIIA WOI) §(13 pnjaul *woindo ano ul ‘pinoys £131q 1531 AN W oe
yong "£80{091x0) SwAbw ut Burisan Li21x0) 10y £I31HY 1591 Q1A UL BN U PApIEI 2y
PINOD YMYM SI159) OJ1A U QEINS JOJ YIIUIE ¥ UE UIYRLIIPUN SHM Apmis Jasasnd 3y}
_ PUBUOHAND D
Y1 U) S{EOMLDYD JO $159)J9 9833APY 11pasd 01 ANigissod SN0 eI pInom K1
159) aapwmInd B YN JEMWIYD SY) JO $NIDUINOIAXV) Aj1 UO AP0 Y pur weyd
SnOINhN 3Y) U} [EXWIARYD © JO JOIARYIQ 3 Junapdd S19POIY UM PIUMIGIIGI 3 unpl
URD PHINIGO BIEP ANIYAOL PIINP3L 3q NI AIFNINQ 153) 1 UI PITN NAI] JO SOy ()
(€961 “HRMNT) )90 1501 JOJ YOWALOD $355300d yna Bursdgsonn Kq 10902 20t1 112D
SO 1S0W 1) Bupunssy ‘swo¥AE092 Mpunbr vt Fuiay swsinBao 3 jo s )
O $1291J0 SRISAPH LIIXD SJENWIYD 2IYM SUOHIRIIUIINNI AN[1 1MPaId V) PasH 3 pHiod
YoM 53133118q 183) dOJIAIP 01 3q pinom ABojudtx0) Mpabe Ut wie RO Ju()
. ‘pIMpId 9q ued ey
343 91 JO AUDIX0) [RIO IINI® 3Y) '[RINWIYD SY) JO (UONIDINXD PR "ULNRIIOSULIION
*u0)InqIISIP ‘uondIosqE) SAMAUINOIX0) Jo UONANPILD JO) [PPOU Tt YIM PIHQUIND Mt
IRP NXOIOAD 38 §) “(CI61 1IWMATF) USHRIUINION DNSKT) JO POOIQ XY 1 1Pl
SNY) PAOYS OINA U] PIYTHQRISI HOIIRIUDUOD MNXOIONAD ML C(EHAD ‘TInmyE) s e
BUWHU PUB URWNY {8 O} VOWILIOD SUOHIMINY JRINJIDD MsRg 1M funamsapn Lg 1day»
3941 X2 SJROJWIAYD HEXOY K} JO ISOUT IRY) 51 “UNLL OF KHIUIYD Jo Kyxe) atf) 1xpasd
0) pasn aq UED 5153) OIYA U 1Y) UonIdAdXd ay) Buksapun tonduinsse dseg g |
(661 1% 19 [{Rmy) swsLS OIHA UL WUSIP (1f WNY) DIJOW UT PIIS
UG MOU JABY S{EWIIYD U DT 241 Jo Qisofuw oy | “uonup|rad 1o 1aafosd
OIS ) O1 SINTIS Y HWQRS PUB SWINSAK OJHA UJ UMO JIIN) UI SIUDYD U} 153)
o) pauauy 31w 1asfosd ays up syndpnand 01 Sunpm sotsonsoge) pur ixfesd i )
Jo wapuadapu) uonwziuedio ur £Q PaIdaas U JANY SN 2UIDJ1 K1)t | (6861
1% 19 UOSSIPUOG) S15I) [RWIUN O) SIANRUWIINN JO SIUdWAIUNS St PISN DG PINOY AW
3153} GINA UJ JO SIANINQ 19348 0} 81 1foud sp Jo o8 ewn sy dunuesdox
(D1FW) A11X0101KD) OINA U] JO UONRNIRAT WNNNA, oY) 5t siadfosd uonenjeay
3A1sUoIdWI0D 150U Y)Y Jo FUQ (1661 IR 1D [MMYT) PILIMIS UIIQ JAMY SIA) Ny
uf JO ANIqMdPsd Y1 21EPYEA 0 WitW ) LM SIA[0KT 1RIDADE pue ‘URI O) SpEIUND
Jo Anarxoy ayy 1ipasd 0) pasn 3 PINOD LIIM SIS (IMA U enjrAd pur dopaaap
01 2puap I1sw] 3Y) Suunp sprus U .us__ BOD Yonw AToeaxor uegriny uj

gopnpang

0y ¢9 (9641) OF Xoprnrey Spohy gy oy g W

88



i
3
1
¥
e
{
H

W0C0F 60’1 Lero ¥ (6T 00'v(! W IINEED WAIPOS ‘Op
W00 F (100 WU T s £ i \ "R 14
weses . st yuiomplylundiq ‘v
tso¥o0I 000 ¥ 00 s6vL RS PYUIAD (Y
T0 T 8L40 . SUD'0 ¥ 6200 orsof vl uppevagdio T¥
¥5°07 ¥ 9900 100 39800 . 04SIS v ydleoyd Jumbosond ‘i
oy sLE 200°0 ¥ SWO S0 16y § awsdeap, or
900 F 9810 Lot xieo ¥ ITy) "o 183g '6€
5000 % 6200 .01 x(ylU0 F LovO) 160y PINOIIGIH "9
. NO0F IS0 win SIune wepng g
LeIcil sros ot “wn e USHIOIONDNG ‘9T
. 8O0 3 LIV N prRW0S) ‘¢¢
W AU T N0 L T L L S
IR S0 o8y scetl o RIO)IOND (€
woseri S00°0 ¥ S0°0 ST06T -1k
. L00'a ¥ $8T0 14, MUY A
. WO XTI 390 $8v08 AN WAL Of
6000 ¥ 100 01 X{COF L8 9500 odOH wpeponl ‘6
COVLXISKIO B 09a) .01 XIEOOD ¥ 1100 H R TH APHONR JINAIN 8T
L0 ¥ 1300 G xigro s 17659 Mugint 3pdnD ‘Lt
. . wis WPIROY HUNIY 9T
€ o1 t0e 3 L9 114 ]] Jembuing 'St
vCITOL . 11414 A9HRIIGOUNYY ‘PT
913971 o012 (oY ¥ yo) oSt JOH toppuusiesd (T
HOTIT .01 X(T'6r 3 9SS IS DN swgdirodonionnag ‘T2
. 00 % 1990 toost sugiydoayqy It
1E2{0) oz eLt sy eol AIERNS Wi 0L
R 241 01N lRT 608 Hee Spruels wmmnog '6}
CIELY SI00 ¥ S100 [t44]] »WnenN ‘Bt
. . 91'908 VX LI
ePPe e
813506l 800 3 9210 14 Kcoumdosopia-y'T 91
Tori 36511 oIxlire ¥ N $C0LE vorpIesig 51
TSITYl T{X X141 W aprony WAIPOS “¥|
C15 6008 N T LU e PUON WRIPOS [ |
TOF Ve S100 ¥ LoD e fouayg 7!
THISN v wea WIROIPUL 11" "§t
oL ¥ 4110 oLIovil wo tonods (doadost ‘g
s9T 3 2Ll rorsLiet wo 1ON0N® KNI °6
94T 7 1968 oW I 0 10408 iy '3
100 ¥ 0609 YTR TN ] wo .5% g L
. 1000 ¥ 100 woeL )
£¥0°0 ¥ SLVO V01 X903 3510 «ut Suldpnwy g
(Heos gt e ¥ 5100 west wtdaang y
780000 ¥ $00°0 00 ¥ 00 16150 YRy SMOUYY ¢
wiseee Ty R X1} sronl L
. . wisl waydostuniay °|
(W) %2 nks0iedapg  (NWI ) seliow g 1Sjam anpRdoN =Wy
snkaoirday 1non

moquin) 30J ('S T URIW) SaN[RA 7);) 4 € pus nulme g ) (C1'S « usauw) sanua %3 snoy snoj)-Aiwam)

OV ¢t (9881) Of Sopmnxag suenby | [m 13 D 1

R LY

‘(g prgydreany wvid

-04d ju74is|IN)s) SUOJIEIIUIOUOD Yy JO UOHEWIVISURI) MwiiLndo| £q §3AINd asuadsas

[OSOP ) JO UOHINSHINIUY] JAYW BisA[RuE UOKSAITs Fuisn pPaIRILRD 219M sanjua ™ D3
.aom Jo co_.-.._.Eo.ov Y} JOJ PISN 3J3m SUOHIRIIUIINIOD IAY ‘IRAIRINED 2B JO.)

; ">z \: NI RS

‘W
..-o_ 1 paiwadas 213M SHUIWIAIXI Y [RIIUIBYD 1SN YORD L[MAL “PISRI[DI SO ‘__o
unown ay) SUNEINIJED UIYM SINJBA [RIUIWLIIAXI aY) WIOL) PAIIRIIGNS SUM K1lANDROID
“81 IMROwNYI YL *ANANOROIPRS JUINIIRIIAD FUIUIINIP O) J9PIO UE UOUEBNJIIIUDD
Aq pa1dijoo az9m uotsuadsns 9150 eday paysem ay) Jo sAduIs WHIMUIAANS “PILIEIN
239M $APNIS 3B¥Y R Y 23053 LPImpww) “Buszads) puk gO) X-HONSL Yita 51137 3y
Suisk| £q pouiuLIonp SEM YIYM “IUV0D-QY,, [VIO1 ) OF UOIILIII 1) PAERI|II 1221
Jo aBuiudasad se passasdud s aluua) wnpiqny “pIny uonRiNUIE ¥ it (purjduy
‘5] ‘YEnosoqylno ‘g )T € ,2JSTH. asnydnd() put Jaiuncd vonwimuas pinby v
Suisn £q pULIIIP SEM LNAIIOROIPRY “AIATIDBOIPRS JO UOHRUILINIP ) JO) UYL
asom s)uneusadns ay) Jo sjonbye pur ‘vity | s0) 8 x pO0S 1 PITNJLIIID 21aA s
) ‘uoneqnoul oys Sumoiod “Ying Bupyryy ® ur g I Y { J0) PANGRINL 12w
sojdwns 3y | Juw 32d 8j§20 H] X T S8 ANSUIP |{3D [RUY I L "SRAWIYD 1531 A} Jo sUON
~B2)UDN0I 13Y1P BUILIRIVCO (YSE INOYINA) JAYNY iU 6 O) POPPR SBRM ULISUAdsHS
#30 |W 1°0 ‘sywa suopRjNuIOE snswid jw g 1 -.o:.._c.:ﬁ_ 259m 51891 Apdtxan ay ).
" 42U e ) x 7 01
paisnipuds sum Aysuap (193 AP ‘Suiysnem 3y) Tuimoy|o,] “Sayses 1ISk] OM) R U PINIUY
$EAM YA ‘SIRWIYD 1890 AY) YIM YSE JO UOHOWIDNIL U PIoAR 0} ING tVISUdSsy
1133 Y1 Jo Aupquia YBIy ¥ J0) |9jIUassa sem 3aInq Bustysum Y1 Ul YY) JO 92udsaad oy
‘856 PAPAXD 3} pus PAye) Ajpulinos sum Fiyseam atl Buimojiog Linqua ayg 1 :.:_.
) WIOJ) PIANIWIO SUM YSH “SIHYSUM 1SB] OM) Y} U] 13LNG UOIRYNDU) PO 321 Yum
(3 % 008 “ugus |) S3UsK) 9 PIYSEM 329M S[130 ) *,QU,, YIIM UCHIRGNDUL 3Y) S2VJY .a.:..:.
uoneqnauy 3Y) U Y | 10§ g ] 18 (Iu/bgx $81) ,Q,, YIM PIPUO| 313M 51120 3y |
ANYNIY wampginy

*UOHIRIOS] J31I8 Y ¢ UIYIM PIYSIUYS 3J3M SILAWLIAIXD PUR D] UO PIOIS 1M 5214
~019day 341 UONUOR) SUIMO|I0, ‘%6 PIPIIOX? 1§ PUN UOLSNIIXI Injq ukdAst Aq pais
Ajpupnos sem 8120 9y Jo ANHQEIA YL “Jw 33d 51193 0] X T 01 PASHIPR sim Kiisuap
(199 34 ), "SI0 PEap IA0ULAS 0) JIPIO UY (35 007 1 UV ()] ) 3NMY PIYSIM D5IM S{[2D M)
‘DeS 1 11 UOPBGNIUY UL OT 03 §] ¥ SLIMOJIO *S21INQ UOHEGNIU] BE PIIIDYIUI 2IIM §}|Id
3y pun (uf g pus g57) 113y volku ySnoay) PaIAY YY) SEM uosuadsns 2 Pl

" «uaBausip AIRIIUNYIINL SUM SIAT| 3Y) PUR PIAOWIDI sHm JppPrq el oy ], 350

0l m... VS8 % ‘9'L HA ‘suppl, IWW 9¢ 'STL AW OF 'SHJAH W 0F "OS'N W
L'0 "Od'HX Ww 11 MO8 W 90 IORD INW Z'1 "IN INW S "IN W Ry
Supuminod JOLING UOLIBQIIUE UN YHIM PISTI] UIY) $HM JIAN I, "uRRte G| OF ()] J00) pan
~UIuod unisngiad oY) pUR PARINIIIIS SBM JaUNQ sH ] ISEUITeOd Ko pur ..sf. 0

0V L1 (9681) of Vopespao by g 2 sy g "

89



fuimogio) s DIAW O 1Y AN U0 wmup pus $314300eday uwjruwew Jo .o...
-mjn3 Kamuipsd uj SJRAWAYD IMAYX DV AU PIISE dAy ¥30IMIOqH] {RIDAIS "JAD
-MO}] “2AGRIINAR 10U J30J23]) AW soifootudaty ysy PAANYIND UO SIPRIS uLd|-Suo] puv
sa1k20mdaty parnjus) Kjysas) uo saps WAl MOt UIIMINY Uospuditind ¥ Ju) weag
paysyynd 433q ANy KPR aun-duo) Jumoljp) ¥aImnd Kauupd wy spkoonday
Sy O SJUAWIAYD U JILN MO A21xe) 31 UL NHPp ON saphaoyudoy R im
[PISN ALY UONIGIAUY JILIOHS YU M) 2Q pInom 1831 epuyding] 4 $T ) 0) vospudiuod
s 1sa) mAamnday f ¢ A Jo KIALISUIS 32M0) D) O) uopuuuidxa djquuoseas y
. . s apaxnpnday sanupad
up IR pun sartaojiday mnal woquina paInjesy Apyraaf w1y uvspINING)

(0861 "|IPPVVIN puk apuug) HuUNqus Su§ WI2108q Y1 JO 1WY) $IQUIARIS YOIYM NuNgRE

WWOSOQH W IARY YIUM BEPUOIONW U} sisaqiuks upioad Apupadsa ‘510 o

-0k JuyNd Uy OF|R 1UNXI HWOS O} spsoqiuks upioad s1IQILuL )] “unqns awosoqis S06 W)
o) Buipuig Aq ¥R B sisoqIuks U104 SHGIYUY UM punodiuod |RIGOINUNIUR US
51 joawsaydwniolyd sa152010d2y JO AnAnsuds 3348y ayy o) uojivunidxa ojquuosE)
Auy ARy 10U Op W jodjUIWIRIONYD JO WD 3Y) u] *91wydins uosj 01 saifoomday Jo
Kuanysuas soyBiy oy) upeidxo Kww sy ‘(9961 W 19 UOIBH) SANOSQIINN PuUN BUPUOYD
-onut wieday 1 nopEposd pidyl panpui-uos; o) onp Kiqusod *wxoyoieday 3q 01
UMOYS UIIG IARY SIS SNOIIY ‘spodosyian 13410 vy Osje Aiqissod puv (5261 'OLON)
5129501 U) UNY) spuusjun 1YSHY uj WS as0us 5} uopyIejuw Jo syskjosphy paskimind
.55032153AX0QIRD 3} IENUIIG ‘Vyuydng UY usY) saiksomday ug pazjjoquIa Kiprdws

() MQUL) 1S 1IN W) 1) Bupsaquiny
243 01 33)33 LIIQUIRU AL ) 1Y BT J0) el Q) pu 35 18 4§ 20) UMWY W 1A PAUGRIG] 313
sakoiuday L "(HINWI BE) HEYNANP U1 DIUN 31 20) suline ppwydng ) VOYIZfiqOUI J0)
=34 P 114501 WI3Y 1N} MOQUIRS PINNUT] ) SBEYBI WAIPIARD 30) «3: vasmioq vospsdwod v °) ‘Bl

(W) 9893 Boy vubve wjuydeQ
| 0 1- o € ¥ & 9- (- 8-

] v

890 ‘9dos w 1¢
1o 9 9-

) ¢ ,
~
“* y-
2
. c-
sc\&.\m .
e We g
%o
.,\‘.?..a © . o
o 14

{w) ©€23 6oy

aykooredey 3n0sy moQuiny

1] O 20 (24a1) O SBepayrng yumby | (0 10 st 1

Jow 1 vojyis|vi *230WIYNING 1§33 PIIL[OS] UK OF UL} wsunfao v ve o) ol
oW a_._.oa_.o-_.oo.v_ao.._. PUR JOHQIJUE ISUIANSI FUNOLIAIIMN Uk St UONIEpIY
1WY) 121) 343 0) 3nP K[IN1} UOTYIX|BUI JO I5EI DY) Ui $1 9u1) UoIsSAIAD JY) WOJY ULIIAID
paysuws 5y) 03 uUoswas 3yl “(sp) joMudydwiniolys pun (s 1) vonpgrws *(c) o ns
uoJ) datt (duj] uojss2sB3 oyl WO HPNIUBHIL JO $IAPIV OMI UNY) 0w a1maAdP) U
uojssaifiag oY) W) SISNINC DUNSIP ISOW Y L (UONREDIIOD | | J0) UL JRINDIOIYT M
MO[3Y 231 SINJEA 3Y)) Dprydng 01 umiy) s314a01rday Y1 01 DIXO) JI0W IR *(gH) e ran
wnipos pus (gp) j0duaYdwnIoya () NuAINS VO SHEINUNE IR Kjugy O )
$9°0 i ouy) uOEAITIS 3Y) JO SO Y SUMUID MY} J0 PATETTOTR TN SRITNTIIENRA
-RUOU 5153} 3Y) UIIMIAG KSURAIISIP 3Y) PUK 1531 ADOIIIY Y 1Y) ANISUIS Aot
31 159) mpuydoQ YL "UOPSIAI0D || B WO AIpajamu S1YIp Y 1015$21821 1 Ju
adojs 1) “49AIMOY ‘U8 3q URI BY (10000 > ¢) 1£°0 St (S]RANUIYD GE) WALAYIND tend
-8122103 3y [ 1991 oHydoQ o pT 3Y1 O pAsrdiuod 5t 1531 akoornday y g ays 'y Ty
“189) puydog Ay JO ISKI Y UL LOYS 001 KP1uap
8} wy aansodxa Y € ' 183} Djuydu Y BT AYI PUR Y £ AY) WOJ) SINEII Y} UMY
Aoundasosp paounouosd ¥ 8§ 829y) SNYL (UMOYS 10U SHNSII) ansodx2 4 ¢ fumopy
PIAIISQO SEA ANNIQOWE OU SIROILIIYD JIYI0 3Y) JO 150Ut JO) puw ansodxd y pz Jun
~MOJj0) LNIIqowW 9001 PIINEI YOIYM SUCTIRIIUIIUOD 1V %0 Rupa9dxa Lpjigownn
uw pasnu) (spuojyd> wnisssjod pus plos onasedxouaydotoppip-p'g KR auathipa
*[OURYIIU *JOUBYII) SIRNWIYD XS KJUO “vpding YA 1S Y € 1 UE (1 3GrL) Sl
Y10Q UJ HUVS YY) 2IIYM SIEIHWNPD Y1 JO 33141 KJuo 1NQ "WNIPIW 1531 Y U8 SPENLSED
J0 | KHQNIOS 341 18 4505 MO[I Srm K|IQOWALL Y1 DIAYM STHIIUAD XIS 3I2 31341
133} pruyding 34} Ul PUS 05 MOI3G SUM FBURRI] WNIPIGNS AN YMIYM 1O SjRIRUAYD
QUL 250M 23940 159) 31Ko01eday Y U] *| QUL UL PASI IR Muydng I0§ SINfEA 1))
4 T 341 pue $31420)8d3Yy N0 Moquies ) IBWARI| WINPIGNS Juy $INjRA )3 N,
1531 opuydng y pr 2yi puw 1531 ALaday  § A g voxtandin, )

SN ¢

.q...;.!-.s._—b‘- PRI MY PIapng ]
.—nﬁ-&.in-l-ulv JOVBYI U PRapnaig,
tsnhaaedaygy () v paspng),
“(emedanes () OUEYING W paagni(],
“[udinn (1) JUERGID U1 PINJII(],

NYNYG N .s....:..
) U RIS ) JO W AIIIGRIOS M) IR %05 M0 SEM SRR WRKHYR) JOPUN UoHEABYUIBIN],

(341 hue wros sl 112 /3
([ @214/ - HO0F UG 3Py Vo MYNS durhuity ok
Lo I ST "HEOT ST 61'P61 v U)W
L4 R2124Y W mWio NYROC DI dmueagdiey ¢
(w3 o—hs..&v: (W) ™.)3) vl lau ’ -—_m.sa“ b..___..a.-mh.v‘ ' - o .... AITRITINY
. ' . ....s.-h..-..m:.:.‘.. 1 Uy
OV- 20 (4081 ) OF Shuppyxe ] aienby § v 1s ey 1 I

90



e

(1 “B):0) opuyding i 591430183y J0 vospwdWIod oy}
s 1) O) JUJRUIS SOUIKS $1 UONNMDIIOD | | W WId) | uoj¥su821 ) JO UOHIRIAIP YL
‘g5°0 $1 9] Uoiss321 31 Ju adops 3y pus (LONN'0 > ¢) £L°0 ¥ IUIPHLJI0D VoNI¥[aLI0D
2y 1, "(SJUDIUIYD OF) 1531 AA01DAY Y £ M) PUB SINIRA H0)7] YY) UIIMING uosprudwiod
wsmays § “Big ‘SUWIYD POISIN A1 1 sy Puv Y1) JO ANANISUIS Jujjs L12a
W BupuAIPUL us K134 3) UOPRPAIND | 1] ¥ W0 I UOISIB ) JYUOTINIAIP Y1
PUI (1000°0 > ¢ ' 16°0) YBJN 3§ IUDJILIO0I UUINDII0) YL *(SIWIIWIYD 1) 193) rpydng
241 Wol) WINp Yiim pasedwiad Uaq aamy wp %077 WY 'y “B1:] U] ‘UIBOYD B1IM (s
o021 SPuodaT) Yeyguns [SINNY PUv (DIYHINI N0 ) AJdnS *(supaiuvsd sopnpl
<2l ) MOUUIL PRIYIES YIM 1RO PISIRD $153) WOJJ RINP ‘PURO)J JI3M 1N MOQUjRS

UO RIUP OU J] “INOI) MOQUINS UD BINP AOJYO) OF UBAIS UINq VY 20us3jsd ‘mwp

a1 Bunoojas U] (0661 “'I® 19 USUNYIN ‘6861 *uauoNFIdsuRNIUIN) YsY O) SRJWNED
33U253J35 DIRIN 1 JO AIOIXO) JINOW ) UO VIBP ANIKINY YUM §183) aksojeday
a1 pus tpuydug Iy W0 BIEP INO PAIRAIIOD FANY IM ‘SEHMJLIIAIN “S{EHWAH ) ||*
10j 10301034 Suses 3y) Jussn K301vI0QN] HURS ) £q INO PAIND UIIQ 3ARY PIROYS 51331
Aud1x0) 341 ‘vospudwod (mupido L J0- "SI 3INSOUXI YURYYIP put sy JO saads
10253 PISH SARY YUY SIIOIIOQH] 1UIOYIP £Q INO PILLIRD UG IARY YY) UO R183)
Anoyxo) Mf) 5nUd3Y ‘snoaudtowoyul K19A IR AQU|IRAS BIEP FYL “YSY OF SITRUIP
231219)3 TN 341 JO ANDIX0) IO 2y U0 WIRP NN K394 329 23 Aawunuojun
ysif up £1334X0) ARID puD 5i83) 2142010y pun ojuydog

“syeuue sayBy woy)
51199 UNY) SIUEIIXO} OF SANISUIS 210w 3q O) 51238 [13udd u) pudeg “snyy, (1 1)

(1 31QUL) 1900 DIBIN ) 0f FUHIQWINY 21 01 3231 LIIQUINE L "HEAWND 2U312J2)
1IN OF 182y 341 10) udmu G W) wOpNTIIQUUE Ju) D7 PUT (Z661 V18 19 NOMED WOU) SHpAIS ¥)
10 33n13a8) Kaup 133 URHVGILTI POYSHQEISD U} $1V1OdPU SROLINA 105 D) ¥IIMIIQ VospedWOd ¥ °¢ 13

(W) ©%93 B0 subew wjuydeg

I 0 1= 2 € b= § 9= (- 8-
e r——————————
£90 :9dois - m
o ' 9
o 3
~ .. B
i ¥
" -® , ° € =
~S\ L] 2~ I\M
. \“ «© 1-
\-A.. . ) 0
t

{4 . 0V-Lh (p881) OF Adupnxuy Jiouby | (9 10 ST 'H

T——

nkacindy) ysy paiwosy A1ysas) Jo ased 3y wr punay et o1 {§9g o) Jrpns
4134 %1 UONV(22300 || ® WO U] UOISSIIBII YN JO UONRIAIP ) °¢ “Brf Wi 1IN
U SV (T661 )W 13 [[8MNT SAPMIS p| Jo aBusaar) saul 192 URIEWIURW PIYSTRISD
Surzijin 5153) WOy TP Yim sjudIWwIYd DIFW 0F 154Y ) U0 150 vrydng 1 )
BIEp 100 pURduUiod 2I0JIIYN 9AY oM SK S{RIIUN JoyBIY WO SI(9D UO PISHQ S18I1
JAY10 J0J PIEA 3 Autt Ing ‘s2145010d3Y 10§ AN 10U K1 KPS WIS A 1 Prne)

183) 214201809y 3y} PUB 13} BYUYILQ 3Y) UMY Kaundaidsip a1 Imy) dyqissod st 1)

*KIURMNXO) JO §3¢K) SNOLIEA O) JANNSUIS JIYINI 3 O) PIIIPISUOD K| |uI3uad 51 nilig
Fauy| 130 [DwupuD Yiim Jpou $153) pun 1531 ppagdngg agr 4aIMIAG tostanduny |

1591 arnomndy
SY) U] PIM W) VOHEQNIUY JINIOYS 3Y) O} K][0S PANQGUNR IQ JOU SNY) UED 1S2) MiN
~Ydog 4 ¥T 941 puw 1831 3143018day 4 ¢ 3y) usamaq Kaundasasip oy L (20| sdogs) spe>
WA 24X0) $69f Yim paounouosd 10w Kjydys ‘muydng Yim uosrdurod a1 i asi
1 SUM YOIYM 0) AIRIIHOO 8y AHANISUS Ut DUASIYIP SY) PuR $IMND AJvwisd uy 821
=Ao01mday usijsuruww Uy 3ANISUS $53) A[1yBijs 3q 01 swaddm s31£201vday 1011 mog
~Uje) painjos] AysaJ.] ‘{BIUS 5] UOKIRILI0D | : | ¥ W) U] uoissasBas 3y Jo voneadp
) pun (1000°0 > J "6L°0 = 4) Y31y 1311 31 UONIRIIII0D ) T84 UL uds s (satpms
9AY J0 3Bus3A®) s3unnd Lswwisd YIMm $1931 Y pT- [T URIRWIWHWY pus ¥I¥P IN0 UIMIDY
uosprdutoo ¥ smoys 7 ‘14 ‘HoYs 00) 81 unsodxd y ¢ ® JAIdYM Suipap w njdjay
2q pned s3ikd01eday Jo 23N Aswwisd Yum Ino PaLsd saPIs W oYy Yum
®)9p IN0 jo uosiedwod y (661 *1¥ 19 [vmy3) poysiqnd u3aq 3ary 3ansodxd Wpzoe

(1 HQUL) 11 1A 340 09 RuLSGUING 241 o) 29331 Saxqunn oy )
“(T661 *'1% 13 YoMy WoIg INPAIS 100} Jo 3Bnaaaw) SIRIRLAYD 3U212)31 AW U 1994 Y1 30) utijegudn y
#7- 1L Suimono) sunynd oiks0ieday Kivunnad umpparnwew Ut srusodpua snojiea 300 03 pum gonegno g ¢
Supmoyn) 5314301943y 1IN0 MOQUIYS PaINjOS) Uy 2Bwywdy WAIPIQAS Juf ™) URIMIdY uosurduiey y 7 Ny

(W) ©%93 Bo| oBeseae a3ha03eday jey
! 0 I- T €~ r G 9- ¢-

vy v T l-
o -
(0’1 :edoty o 17 2
60 t e 1s- m
& ). &t
m -
. 0
\HA Jn- “ W
g e 32§
A -3
e ;
4 l
_ 0020 (9061) OF S¥upoxxa g spiomby [ n 12 sy 1y "

91



-WYIBL DIX0) PUI KIDIYD (IYIDIQNE VO UOLILIOJU] apravad pnes sadpud Jo 3N
Jadosd § ISNEINY PAIMJOAU] SWKIURGIIW NXO) Y} jO Bupumiziopun v oNIINGUINS
OS] PIOD SIS0 SUNJD) “YNY HIA 3150 K)IXO) I aajsuadaa 2oy gy jusudiddns
30 2amjdas Ajuud PR SHED Ysj) YiMm $Isd) Aymxor 1wy Aqissod 5wads )| ‘pasodxd
aq pnayx £391ug 1331 ¥ Yans T I3 YFY 350 01 Liniqissod 3y 1uy) JUdpAd 81 )} A0
-021¥0) Mpunba up K1311wy 1830 3apuind @ vy 2aud ¥ Ju) ENNPIPURD JO) YN ¥ U]
"SUOIIIIIPISUOD IATIKIBIILD JQUIHA SIYUUI SIY) pus (Z661 4% 12 [(wmY3))
paysiynd . uaq Apudsje dauy Sasks UmBUWIBW-UOY WINJJ LS| SWISAR OA)IA
Ul JUQIP WOIJ SPIHUIYI DIFIN ) v wvp AN2)X0}) JO 10] B *2OWINLN] “ININU0I
ay1 g Jaumpsodwy KIRPUODIS JO 3| FIUNUUOIIAUI 2enby Ul JURAJS 5w BURUINGD
A} 10U JO SN “SUISIIRYIIRU M0} Jo wnagaads prosq w uEaIdas OIY) PINOYS

pu snoudR0I919y K194 PUN PIIIISUN, I PIPN[IIL SN ) FENEXNQ SRy

20U2J223 35341 BUIEN UJ TLIUNADE ENOIAQD UK 51 213Y) *“A¥otooxo) aumbe Uy 1522310
amy K19A JO U yMym sjuMAYD Aumi sapadug iy A N mn -—n.zz_-—< m
N33 AQIMINIINIS UIIQ UDYE SANY PIRI) SJENIIAND 3ij) PUB KRN JO 138 pauy)
IIM N0 PAIIUD UIYJO 18 815} KIHXON Y], SIS A JO AnIquoipoad 341 AUN[EAS 01
SupduIaI SIEPRIS M) PUN yovosdde FANEINGLIOD M L[1IM SIHPAIS MI) S 0] OF ‘5
-AaMOt| ‘91w 323y A50[021X0) OIIIA U} anunhe uj *paajou 3q usa Tujisdl L3HX0) UY $19d
ysy Jo 3cn M vy 185910 Supmoss Kipidus @ 9pu2dp isuy 3y Supnp 1nq ‘Sunsal Lo
up pasn Kjwsaual 13dq 134 10U mwy swsuridso aenbe wosy pawjos 5113 ‘(1661
*AQI15T PUB JISINY ) PIIRIISUOWIP UNQ K1Y Auixol ysy pum pryding NI UIMIG
uonvja3103 YIS Ajyly ¥ pus ‘SIURINO) JUILIP O AL SUSS nb aq 03 paIIPpls
-u0d Ajywsavald 1 opuydng “vudu vpuydng 5 swiundio 153) pasn Ajjuanbag) 1sow
J0 3uQ ‘Suisa) K1D1X0) UHIN0J S0 PIZIPIRPURIS UIIQ AANY *$9111G2133Au1 Sujsn $153)
Aupadsa *8159) Kuntu pUR (p6o| I 19 NRWIVS] 338 “MIA 40) swisjuudzo snunbe o)
S{RONUIYD JO S1LJD IKIFAPE JO UNUSSISE NI Ui PISN U3Q IANY SARIQILIIAUY apenbu
pun uoryundoikyd ‘surozojosd *uyaeq Suipniul $153) A U JUARP JO 0y
*qquUIOsNdI 3q 3N
PINLY PapnjaUl 3 01 KJUSSIIIU BYE) JO JIQIUNY 3Y) puw soaden [puonang U0 paseq
3Q PN *A3911¥q 1591 3Y) U] PIpREUL} 3q 0} swsjundio 40 #130 Jo UM Y *(E86)
M) 21139 Jo 32dK) Aunut 20) UOWIWO $3833003d YiIM Supapsaryy 1Y JRY) LIX
SIUDILIYD D1X0) 150U () BUHUNSSY ‘IUMUBONAUD anunbe oY1 U SIENWIYD JO $1NLI
at13Apx 124pasd 01 A1j1qisvod N0 IER3INY PINOM K1311q 153 apimnd ¥ Yons “jrjuIdY
a1 Jo $a1RU10X01 3y Buipasd sppows Yilm pus asuyd snoanbu i) U (R
1 Jo sojanyaq 3y Supoipasd SIIPOW I PIUIQUIOD M PIBINIQO Mwp A1131x0)
031A U} 3y J{ *SWAISK$09 H1unbe v Bujaly SWSLEZIO AY) JO $I[30 IY) U0 SIS IIINPR
$119%3 [ROIWIAYD N 2134M UOHINIIUIIUOD 3Y) JUYIP O) PIsN 3q PO YOIYM K1annq 183
¥ doj3A3p 01 3q PINOM VWP SIY1 WO3J N0 Kum 3jqissod U ‘sasodind K101mn3a)
10) 2|qissod tou 8) puu aasuadxa pur Jupunsuod W K134 9q PInOm SIYJ "SWIS0D
-0s9W Pa)wadwod K3aa uj PIISI) 5} [KIUUIND Y 353jun *AT0L04X0) apwnbe v sqisvod
10U 51 §52903d UOPEPIIRA ujius Y MNP AiMX0) URWNY IO JUIPOI Supn papyea
3% w1up Aio1X0) 0A UE YL (1661 )W 13 JIvM}T) AB0J0{XO0) URIRLILINW U] $133) ONIA
ut 0 A1IqRIds 3Y) S1un|uAD 0) Suiuy $1330sd Iy U JEWAYD § JO SIYJD [FjUARUUOS
«1Au2 3y 191poad 01 81531 £201MI0QN] djKIS-{|WIS YO KI|IGR IY) UC FHQNINAR RIND HNY
K13a 33% 213Y) 1wy} 5) 5wajQosd U 3Y) JO uQ (6861 Ji0opspuog pu psoxydday

T ‘09 LP (401D OF ABeperal Nanhy ;0 12 ) B

UE LS TE R TRUEARAT
41 V) 2P SIGUIAL YL ISIEIIUIYD () SIRMWINED SMIAN NHA M ) MY L g
PoIpn] sy SBuRUI WIPIGRS JUJ %z PUR (NIRP SIIIINED AL Jeg D)) RN CUSTLUTTTTR I VR (I

(N) sanea 98371 Bo Usl) SNOLJEA
! o - 2- €- ¥ & 9- (- B--

v 8-
8c0 :ados w 1¢ ®
Lo 1P 3
{c- M‘ X
@ «_~ - B
. . P “ -
» - 13 €- - .uc-_

~ 3

a\’ Vﬂ&.«. ({3 ¢ I\W‘

: " -
o_s—" -
¢ o 0 *

~ § l

k861 ‘sauop puw 997 ddwexy oy 23s) simdojeavoieaa apenbu Juoun paysns
Sip Aparnadas UG IARY SUCHHPUOD PI3Y MISHNDS 1 SIS ASOWIOQR] JEIS-([ruis W
10 51331 '59193ds-3Buts Ul pauiviqo sinsas Buikjddn so Funnsursy w sanmaryp ay g,

" uopssnosq) b

t Myr g
I DI A0 W1 TUUIQWINY ag) 0) S35 SIAQUIN ML (KIRUND J1) SIEMIMED WAL )L EIN M
J0) i ‘(] @} VOIIRTHIQOWI 20§ )7 PHE (MNP JININY) Y 30) ™ X'] 1DIWISG uspeduns v ¢ A g

(W) 9893 Goy subrw eivydeg

1 o - & € ¥ S 9- (- m.o
(60 ¥dors % 4 Q? &
160 “ o lg. §
i w
t© P [ {¢- .W
r's v 2
ol 38
® “t ¢ (g
e -
\ ® [+
st %n - H
{
09-LF (PAA1) OF NNuponva g mqonhy o 12 sugr'y |f . "

92




AR

S8 0y (YICT WY 9
UBNY V' ELY M JAIQ ¥ [aA ) 8001 aby (r661) YEIqYY °) POV SN °1 -y ‘sewos|
LOII-LS10 "y Sy IV “wdow
Jo s1a13wwavd £30151y )| UO FUUHPUOD JAYAS Jo vorsunido ) J0 133 Bugisal Ayd{Y0l J0] WP
pispuns vy pasmyua sudimu swydo) uj Aouapyap watiny 3oNiL (0661 S8 UM _...n. 48 IR
oL ‘Te6!
nquasa 8l LI Givysn SIUABPIIYG] [BUIUY O) S3A[MUAYY 10) Apog swedeg Supesly AUy 419
13180, ‘SR JIHIN OF 1844 341 J0) SUIPAS ¥ UECYY (w10 AQ puw sKusse JupR1 5§ W) Kipprowika 4q
papad waws uj KHIHYOH (WY1 9IRIY (Tabl) 0T *g pus Sump, X “Wniup ‘Y ‘svent °N ewwng
Y 'UAvISVANS "N MRS I Takmeg L Lioqpung ‘W ‘HauwY 1 ‘1atoy 'y ‘Juoussdd ‘0 ‘oN0 1)
‘O L MNUIYEN ‘W B L RN Y ‘uear) ) eafliavy X ‘Wmuaig )l g "olousun ) "W
U () SRUBE [ 18U IR ‘N WY MU | W SIS SRIeD) ) ‘ofsansyg "0 YPING

d "UBINY N BHYIOD "N UOApAMIL) ) ‘vusnping | ‘sqavy J ‘VERPRY-MNR N ‘D T USATS

CEL-9TT 61 "WiNY ‘qUY 'WIIY - YILY ‘wnne Wavasd puv tswd - 9183) DgEoI0N> OdyA W JO

uopepea (1661) woiea '3 pus §13qualg ) ‘Wawoy 1 Rasqligql °f ‘11q | ' ‘vosapuog | 8 .-ﬂc.u

w

“(O "1 "PIIY AN “UUY SRR 33 UBHIIINW ¥} spunodwios w0y Jo Buuanog (361) U UM
8T 61°11 ool

‘yenby sy J0 KXOY SY) U] HOHNRIOJIUEAION J0 30) YL (361) e “3°CI Ps W'l AU
40 -16C ¢ 1OMNTOL O18
412 91531 KI{A0I0NLD BLIA ¥) JO ANIHNOY UBIAY OF JINABN 24 1wnjuAd 0 130N VYN (R0t

suwanv) mau ¥ DA I (6861) WRieAL 3 pUV saquarg ) ‘HAWOY 1 TGN 'S USAYD '8 | ‘votsapuoy
VET-6TT ‘91 "oopwey 1eaby

4189833 [¥orF0j03YO1 JO) SWINNAS PpOw 5314201900 Wy PatuIos] (0661) 3095 “W'f PUB “W'S ‘Y%
. L 6EC *T PO “101E HINPOY 8857 °f “SHPUONIONW

apteday 181 pawjos] o1 snfu] 3apUp{u0sad PIOApUL-wOs] (9961) 1494 ‘1D PP HRN,O "N “U'Q 'W0XNg
“26+58 '8 10950, ‘WAbY ‘IR0 AOQUS) PATIEDE Aeuniayg) wol) SR g

. PABUS] U] IHI0IGOURN JO HWEHGRIIG saioinfun pus 34 MIQ (9861) BYSSRAOY ‘() PUS 'L "HOIIIpUY

ouangy

‘ouSo ojuydng Jo SUPNND ) UO SUO|SINIIP [RJIPY Joj uauRYIURY
oI "I I AUBY) O) IUBAM 3N “UojispUnO] SujssoN JoJ, puv fS|y pus UofIEpUNO.y
1PUIA UOA wuUBYR{ SY ‘PUB|UL] JO Awapedy ) Aq pausoddns sem Kpmis iYL

HBI0BPIAMONPY

-s5as802d uj 2a¥ 51120 39aY] sy Yia Suisa Kigxo
Ul pasn 3q N3 YaIYM s1319wmaud ATIBULIOJUY-pUY O) $1uawgadxd Jayuny 3Bexu3|
WNIPIGRI UNY) SIUEDIXO) JO SUOJIRIIUIIUD JIMO| YONW 1B SUOHIIURY 38|0|§93 uj suoh
-WI2){¥ [$349] "UOHIRIIUIIIOI JUOIIRINGS PUT ,¥D) JEIN{IOEIU] U} UOHIBINE se ons
ssa1awused wy) 3)e3(puy £1018I0QR] INO U} S3|pNIS LIsulpig *30j02¢x0) dj1unbe uy
unsa) K1II1X0) ULINOS UY [RJISN 2 S1130 JIAY YSY PAIN|OS] 10U JO JFYIYM PIPIOAP 3
un3 it 210§9q pasojdxa 2q PINOYS UOHIDUN {139 U] SUOHIBIINE QNS AJoUI Sunsdyd) 8531
-oure1ed JO SUOHIBUIQIIND JO $312uIRIRd 184} [33) M “IPRID 001 § iodpua sy 1Y)
3jqissod 1 11 * YLEIp |139, 01 Inp aTUYEI| JUBIQLIIUL PISEIIIUY UN 1O sunaqudw ywisejd
ay) Jo K1iBaul 3 Jo uIwysiOqe U 13y souyd 112y oy v} pjnoys pnis wasad

65 09+ 20 (2661) OF £Yoqusixoy siomby |9 12 T °H

e e

Cu i e ¢ sy e gk o,

. o__.. uj pasn ‘98uxwal WAIPIQNS “utodpua atg |, “ysy UO SIS KNINXO) NI JOJ AANINSYNS

» su Bupisal A)19)xo1 aufInod Uy 214301803y 1N0J) MOQUIRS PIIR|OSE JO IS A} AEIOADE
uasasd 341 JO) 10U UED M *Apmis JNO Ul PAUIRIQO SHNSOI YY) U0 SIERQ A VO
. *5]§99 JOAI] |} O S{RIIUIINI Y1 JO Anaxoi
ay) 3su219p AIumayiuBis 0) Wwass Jou S0P 1UAUCD 1 48iy v Sy KINRA A1 JO Lot
NQUSISIP Y} U] U39S 93Q UED PUIL) YaNS OU 'JIAIMOH “UOJING34103 | 1| 30§ JUN| Y WL
Awmu 21t 230U PANQISIP 9q 20 AUl 1015831831 31} JAOQW 31 01 PUIL UIYI PINOYS 131
«{J302 uojljlInd J2{EM/IOUBI0 YRy ¥ im spunoduwiod 3yl ‘() ‘81.9) 3w} woNEPIILS
111 941 30 3ujj UOISSITAI 3Y) O UOHIRID] Ul SIN[RA W JO UOHNGIISIP AP VI IUIDLP
% 3q PINOLS 23D *IEI 9Y) 25am SIY1 J| ‘22 3y ut S1BIRE Yim uondIIANU sqissod v
W) UMRIPYIM 3q SNYE PUE $10dIP 111J YD UL PIZHIIO] 3q PInod g 34 g dn uayr
sagnoajov s jo usd v -saiko01mday sy vt s10dap 18y AY) O oW afquIapIsuOD
» o1 uoriired uwd spunodwiod swjods AjyBiy yryp aqussod SwIs 11 PuM 1) JO Junow
y3jy £jPaniejes ¥ ugEILOD AWUI INOS) MOQUR) £33421MY JO JFAL BU L, 134N INOIT moOquI)
3y} JO WO 18] ) 8 sarfo01day Yy JO ANAINSUIS JamO] A wirjdxa o1 wkiy
U} UONNIIPISUOD OIUY UYEY 3q PNOYS 18Y) 108 auQ "pasn 3 P|NOD dwH) UvHEGRIU!
528u0q u Jj Pauss 9q PIROM YONW 10U 1RY) $ARIPUL uosRdWOd AN ‘SAAPISWN]
1sa)junLy 0} SIBNWTP 1NN JO sadk) awos J0) 130Ys 00} 3q Ajqissod Anus y ¢ asneadg
Jajasd ©) 9 PINOM UL LONRQNIUY 35800) v YBnoys uaAg "AuN uoNNQNAE JAJIOYS
2y) 01 £|2(08 pAaAnqUNE 3 10U U ApAnisuas Ui 2auIP 241 (HoNEYNIUL Y T moyv)
sasnyna saikooreday Asewad umjEwwet 1O S|RONUAD DUDIPAL DITW AU
N0 PaLSIND 5153 AIRIX0) WIOJJ BINP YUM TIRD 2143012y Jn0 Ju uosurdWILd ) W
J3AMOY] PIABAPUY SEM Y '8[{D Y1 JO Anpiqria ayy Jo uonanpals u agiudis e anoyies
Y -y wed papueixa 2q J0U US> s91k001mday] IN0SL moquIRS PAIRINSE Aqysasg s aun
uoleqnaul W) Limuniiojun 1834 ppuydng ay) Ul pasn asnsodya i pg Ny 01 paadived
BOys #1153 o)ko01mday 3y U PIsn AL UOHNQROUT Y £ YL sanpia " 7 ysy puv i
oyuydng UPBMIG 1WILRITE poos A{Sustsdans ® pojRIADI DIMEIIN ) UE PUNG) Yst
U0 myup AIOIX0) Yiim ‘PUBY J31110 ) UO ‘mpuydug uo mrp K)d1xe) an0 JO uosurdued
VY SjuMud 9yl JO jsowW o) apayulRw JO JIPIO O FPIIIXI A1d1xo) 1 3au13)
<JiP 34, 53K001wda. IN0J) MOQUIRS PIIE|OSE Ajysasy 01 uryy pudtnu ppydng 01 Mxod
930 AYRIFPISUOD B S[EUIIYD 2DUAIYII DI 31 I smoys Apmis sl L
. (0661
*Jopzus;] PUN [SQ 398 MALS J0J) 18U Kiorxoy uy soikovmday sy paImjost £|ysal)
JO 951 ) YUM PIWINUCD URQ IARY $31pMis Y1 Jo HRd JOURY ¥ pUR WSO
10IGOUIX UO PISHI0J GARY ‘J) OF INO PILIIND SIPNIS ay Jo 1oy (0661 '1NLRl]
pus jsyng ‘g6l ‘sweli puw J3jyng ‘86| "HERSNAIOY PUR UOSSIPUY) suoned
-nfuoa 10 9 jjom &8 ($1011993) | ssyd) waisAs aseussilxoououw Ogp-d awosPLIa A
£q wistjOqRIdW 2ANSPLXO JO Anonded 3Y) 9ARY OF UMOYS U] JARY Aayy, (0661 102
“B2y PUn 158G "$861 “|¥ 19 UOOIN 395 MIIA3) 10)) Ajjvonuayaolq pus AyrBojoiskuyd
PIZUANIBYD [IM J3YII I8 $314201wd2y ysy PIIMIOSI PUR PIUIRIQO IQ Kjtswd Uk

" s1199 9gqeiA KjyBiy Jo piaik pooB v (0661 ‘SIiziI puv ISYRE 995 MIIAI JOJ) SRS sy

Aumts wi02) PIN{OS) UIIQ IABY $314001RdIY YT “YaIRINI 1ri801001X01 Ut pasn Lan
SUINXI UG IAWY S3D JIAY URIBUWIWELE PNOK] “SINOIYOIIY JO UONRIO SN0
) w 2j0s juspodwn ue skeid Jaal ‘ay) pur siurarxol Kunut Joj undio 1R
9 Amtu 23A3] 341 35n¥23q ‘1§30 J9AY| Y} 3Q PINOM 3500 O) 51123 1814} ) JO BU() st

09-2 ($661) af A¥nonxay, suomby g0 12 saeL 1 ¥y

93

e S



SRR R R

FETRS L o RN B

i
2
]
]
1
w
3
:

Lacooolre)Xsrr-9910 14SS
P3as3sa0 YR NV “A'H 3IUANIS IARTH beA) O DO'LOSANXSYF99IU

T .m.s..&ctob.

PuR ZUAWIF t(86] 1N 19 MOUS| ) SIUBLIUIRIUOD [HIUIWUOIIAUD JO SI5SUID UIRIII SO)
J01R31PUS [WIIBOJOIQ IALISUIS P §T,3AJI5 U YSY U[ O§h-d IWOIYIOIAD Jo uopIdNpUY

vojionpostu] 1
[}

amdn auashd{xjozuay tuonanpu) ‘QOU ‘PYS PIERID Spsam Ay

‘suop

-PUES JISI|HS AHILIWHOIAUD JIPUR UOHIINPUY |V |USH-d J0) 3IN0I-3N) 3Y) JUpONUOW Jof

$anIqudEs aAp1Pasd paaoidiw) 3pgaosd pus insodud Jo 3nas JuwdgIulis B alwngs sunsodxd
-3UJOQIANM SHOAUNIUOD IFURS ISUP IPIM B JIAD SIONPY] [VI0SH-d (TIualod jo Jujuasids
pidus 30) 1wnbape 28 suopfug ‘d) ySuoyyy 0l Aep AQ SUOHIRIIUIONOD HUIOGIANNM Y10] J0)
pus ¢ Awp Aq payanas sum s260p LOIAUY YI0g 30} A1A1198 JO YT WnWIRY “Uugnpul QOYE
10J 2%IN03-3WJ) 3} WAIFAI 0) PHNA AIN VNI GOUY PN INY) (18 9L°G PUR p'0)
UOJIAIIUZIUOI JUSVQIIINM PuB (Ta/Bw o pus o} ) $o50p vopul sy Byl o Ayrwixosdde
21U 10 ak PSRl IS U3 YSY 22U PN SR KIANIDT GOYH WNWHKEI “[3pow
U JCIU] HWREAWIND-2U0 § Y PANIIEI S Sy £Q JN8M 941 WO3) pIacwa) ¢[slg
JO 1UROWS 3y "P O] 33YW PIOYLIES pur (1A 910 PUT $p'Q *¥T0 'y1 0) SUOpRIIURNI0D 4lv]g
J0 38uws u 0) pasodid 2am ysy wuodsas-2sop MIOGINEM ‘vospedwod u) ‘vopIful-1sod §
TL paoypsans pu (Sy/Aw g5 pus O °g'§ *1°0) SvONRIUIN0D Jlujg Jo eBuRs ¥ Y PIRIAu] Ssm
ysy “ssuodsas-ssop ‘d'} ay) aredjisaany o) “AiapaE (JOUE) MWKYIP-0-UYRIOEIAXOYI 58
painssaws sem K1apon (Yiosy-d “(dlnla) sussidislosuaq o) 3nsodxs-a10q)318m S0 UL
(dy) (wauorpadunu) Supmoyjo (wemmodas sumensus) prys Pz o uojnpyy (V105-d
apeday J0) Fs2nd-3uiy) puw 3sundsas-2s0p g1 338t 0] sem Apnis HY) JO g0 WL

Ry

(Y661 YT BT PG 1p56] WURI T PIrIII) UOHIAR 1p661 ASERURT § PIAY)
VSN ‘95050 HO ‘P50 “Sissaapupy pumpy S3ope fo suamimdsq
Buissip, "3 sswoy ] 'S1IQ L, SAWE[ ‘L IUIAYT 7] UIAAS

saipmys Juspuadop-ssop pue |riodwa] :susikdfejozuaq yum
ainsodxa-aus0qidem snonuljuod 10 uonasfug jeauojsedesul
Sumojjoj (wnunmpadas vwosoisoq) peys paezzis
ut uononpul aseuadAxoouow [y [0Sh-d Jo uosedwo)

£ 19 (vs41) 0 £Sojodpvog mpenby

A301031X01
UvnoY .

“86- 14 dd "WIOA MaN “ssaid Mwapmay “Jigx Koy
WD W Sppiapy “(20UPI) 11036 W' U] SID 9L 1w PANION JO vonmsndas) (9¢61) (e untay
YUA N LU Y
“sopnedisaty(, )0 sperg (RS0L00NMNYY UL (S101PI) UBUHID Y Putt URLIROOR) S| umujin) wrwpoot)
‘¥ :0) euagdwesolgd puv sauNlonIRg, (uale (IIQOINWIIUY (1861 IPPURIY “1°1) PR WY SpUTS
‘081 691 "(T 1OMYOL "1uaby (Ss7y.in sy g )
IN0N moyuiis wos) 5314501903y PIINOR] U Bodsurn winxuid Qanpad pun aysidn pow apq ngnge
apmwidos; pUS PRY INQUOIPAYIP SPIE UISA 4L (T661) UOSSRIZ M PUR UKL g TP qhgrn
“s1ng "waudopaoq
Ppus uoynsd00]) qWovody Jo) WojINTeRiQ T 10A SWSAVON:) VO PUR UNKY VWYL 1310 swisturRi()
UO F1231)1) HEL SHENWIRED JO SINYT IVIIIVOIAUL [HIUIIDG JO ISR ) un 10daY L0vs1) (1.)H0)
*RIOA MIN UNHWIRIY TUUSIOY JO UG Ky Iy
“ASo{oNxny ‘(SIORPI) HNOQ [ PUS NRAIRIED (] U] "SAVWISQAS NY0) JO WISHOQEIIW ((L61) W L "unIIuN
. U NI VA WIUIONAUT 341 JO Knsinjy
16 493 "SOY “HENWI J0 13112d0d [MURUUONAUT (D66) SEWRINY 'Y PUN VIOV "y ") UINNEIN
TOLL L "Ly 3§ wnhy gy
°f *uE) ‘walsks NOQUIW PO € (SAAO0IEIY YSEJ (SROL) VISWWOW d'L PUR YSIEM “('d "M L U0
“g-9 '9d ‘urjaag 1BUNIUS IWIISSATY PIRINY| PIURADY tudus
00HALL) MiEnby ) U] SIEHRUIYD (SONPI) JIUPURT T U] “IVdURSIESR pIRIRY 20) PuUnOIR Ry v rdy
ayeg sy wagy sdwerg ‘siuaped puw Lujquisna wasksod) (ANAF) WIOPspUGH 3] puw ) syl
' U
0d ‘v *eridpppeiigd “dwks WLSY W9 ‘208 IR YL ‘23S “juswssasy piszny| puw Aoy,
1enby (x101p3) YAIOPIIH ‘GG PUT UMAPIND "QY 'doysig "M Ul Aupro Suissassr Ul K2siudg
enbe Jo Mus ) SUCHIPYOD Py OF SRS KI0IRIOQH] JO UONKSURIL ([YRT) SO "V Y PUR 1) )
WOYRIOLE JIIDIVYLY “wIuwE wRypampoljiy (6861 ) vauOpRESdSURI YHII N
* LG
0LI/601 ‘VOHANE [910], ‘PS U0 YOIHMIEd 22IEMIOUNIIG Y1 PUR RIOKQ JO SIS ¥ OF VY
JWOYD L9T JO AUDITON HINIT 3Y) JO SEAIRUT 231N[I PUN VOISATIY (16A1) AQINST "W § PUe Y1 N ey

09-LF (#8611 OF A¥opyxe) Hinnby | 0 12 smyr] i ™

94



