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The International Agency for Research on Cancer (IARC) was established in
1965 by the World Health Assembly, as an independently financed organization
within the framework of the World Health Organization. The headquarters of the
Agency are at Lyon, France.

The Agency conducts a programme of research concentrating particularly on the
epidemiology of cancer and the study of potential carcinogens in the human environ-
ment. Its field studies are supplemented by biological and chemical research carried
outin the Agency’s laboratories in Lyon, and, through collaborative research agree-
ments, in national research institutions in many countries. The Agency also conducts
a programme for the education and training of personnel for cancer research.

The publications of the Agency are intended to contribute to the dissemination
of authoritative information on different aspects of cancer research.
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FOREWORD

While previous monographs in the series Laboratory Decontamination and De-
struction of Carcinogens in Laboratory Wastes have been of interest mainly to workers
with laboratory facilities, this volume, dealing with antineoplastic agents, addresses
not only those persons but also and even more so hospital and pharmacy staff who
are currently exposed to these substances. This volume has, therefore, been prepared
and edited with special attention to the latter groups of persons, and it is hoped that
it will contribute to increasing safety in hospitals, as well as in laboratories where the
synthesis, testing and analysis of antineoplastic agents is carried out.

The IARC wishes to acknowledge the support of the Division of Safety of the
National Institutes of Health, USA, towards the preparation of this volume and also
wishes to thank all the scientists who took part in the validation of the methods
presented in this document and in their development.

L. TOMATIS, M.D.
Director, [ARC



PREAMBLE

Biomedical rescarch involving toxic chemicals, including carcinogens, inevitably
results in the production of waste products containing these potentially hazardous
materials. The safe and environmentally sound disposal of these wastes has become
an ever-increasing concern of the governments, research institutions, investigators
and private citizens, and has resulted in a significant number of enquiries for recom-
mended disposal methods. During our investigation of this area, two significant
problems became apparent: (1) there is a paucity of published information on the
destruction and disposal of carcinogenic wastes, and (2), of the published methods
available, few have been thoroughly evaluated or rigorously tested to ensure that the
destruction of the parent compound is complete and that the reaction by-products
are relatively innocuous.

In September 1978, The Division of Safety, National Institutes of Health, USA,
established with the International Agency for Research on Cancer a special pro-
gramme to develop an authoritative series of monographs on methods for the destruc-
tion and disposal of carcinogenic waste from biomedical research laboratories. We
wanted to draw upon the experience of the Agency in bringing together internation-
ally recognized scientific experts to review critically data applicable to the destruction
and disposal of carcinogenic waste, to recommend destruction strategies, to develop
new methods where necessary, and to subject the designated methods to interlabora-
tory collaborative verification to confirm their efficacy. The current volume is the
eighth of a series that has thus far included disposal methods for aflatoxins,
N-nitrosamines, polycyclic aromatic hydrocarbons, hydrazines, N-nitrosamides,
haloethers and aromatic amines.

This volume focuses on methods for the safe destruction of a chemically diverse
group of antineoplastic chemotherapeutic drugs. Interest in such methods has in-
creased with the recognition that these very effective chemotherapeutic agents may
place health workers at risk if they are inadvertenily exposed to the drug during its
preparation or administration to patients. This volume is intended to supplement
earlier guidance from the National lnstitutes of Health for the safe handling of
parenteral antineoplastic drugs, by providing safe and effective methods to destroy
these materials chemically prior to disposal. The methods described herein are in-
tended for use not only in laboratories but also in hospitals, clinics and pharmacies
where other options for the safe disposal of these drugs may be limited.

Throughout the period of this programme, the Agency and the Division of Safety
have encouraged individual scientists and laboratories in the international community
to contribute to the development of methods and to participate in validation studies.
it is our hope that this programme serves as a catalyst for stimulating research in this
area and for sharing the results of such investigations.

W. Emmett Barkley, PhD
Director,

Division of Safety,

National Institutes of Health, USA



ANTINEOPLASTIC AGENTS CONSIDERED

The following antineoplastic agents were considered in this volume. The methods
described for the destruction of specific compounds or groups may be applicable to
other compounds from the same group; however, when dealing with other com-
pounds, the efficiency of the methods should first be verified.

Antincoplastic agent Chemical Abstracts Services
Registry Number

Daoxorubicin 23214-92-8
Daunorubicin 20830-81-3
Methotrexate 59-05-2
Dichloromethotrexate 528-74-5
Cyclophosphamide 6055-19-2
Tfosfamide 3778-73-2
Vincristine sulfate 2068-78-2
Vinblastine sulfate 143-67-9
6-Thioguanine 154-42-7
6-Mercaptopurine 50-42-2
Cisplatin 15663-27-1
Streplozotocin 18883-66-4
Chlorozotocin 54749-90-5
Lomustine 13010-47-4
Carmustine* 154-93-8
Semustine™* ' 13909-09-6
Urea, N-(2-chlorocthyl)-N'-(2,6-dioxo-3-piperidinyl)-N-nitroso- (PCNU)* 13909-02-9
Melphalan* 148-82-3

* For these compounds, no method can be recommended at this time.



INTRODUCTION

Carcinogenicity

The carcinogenic activity of a number of antineoplastic agents has been studied
extensively in several animal species. For 13 of the 18 compounds listed above, the
data on carcinogenicity have been evaluated by working groups of experts (Interna-
tional Agency for Research on Cancer, 1974, 1975, 1976, 1978, 1981) and the com-
pounds classified into one of the three following groups (International Agency for
Research on Cancer, 1982; Table 1):

Group |: Carcinogenic to humans

Group 2: Probably carcinogenic to humans. This category includes exposures for
which, at one extreme, the evidence of human carcinogenicity is almost
suflicient, as well as exposures for which, at the other extreme, it is inade-
quate. To reflect this range, the category was divided into higher (Group A)
and lower (Group B) degrees of evidence.

Group 3: Cannot be classified as to its carcinogenicity to humans.

The other five compounds have not been evaluated for carcinogenicity by IARC
working groups. However, semustine and chlorozotocin have been reported to be
carcinogenic to rats (Habs ez al., 1979; Eisenbrand & Habs, 1980; Eisenbrand er al.,
1981). No data were found in the literature concerning the carcinogenicity of PCNU,
6-thioguanine and dichloromethotrexate. In view of the carcinogenic activity of other
nitrosourea drugs, PCNU should, for practical purposes, be considered to be car-
cinogenic.

Analytical methods

Doxosubicin and daunorubicin

Early attempts to analyse doxorubicin and daunorubicin made use of paper and
thin-layer chromatography (TLC) coupled with ultraviolet (UV) detection (Arca-
mone et al., 1969). The fluorescent characteristics of these two compounds have also
been used to establish fluorimetric assay methods for their determination in biological
fluids and tissues (Finkel er al, 1969; Dusonchet er al., 1971; Schwartz, 1973);
however, these methods have some disadvantages due to lack of specificity. The use
of high-performance liquid chromatography (HPLC), coupled to electrochemical, flu-
orimetric or UV detection systems, has greatly improved the specificity of the analyti-
cal methods (Eksborg, 1978; Pierce & Jatlow, 1979; Andrews ef al., 1980; Robert,
1980; Sepaniak & Yeung, 1980; Brown et al., 1981 Haneke ef al., 1981; Shinozawa
& Oda, 1981; White & Zarembo, 1981; Akpofure e al., 1982; Bolanowska et al., 1983;
Bots et al., 1983} as well as their sensitivity.

Other methods, including isotachophoretic determination (Akedo & Shinkai,
1982), gas chromatography (GC)/mass spectrometry (MS) of trimethylsilylated de-

-7 -



8 CASTEGNARO ET AL.

Table 1. Classification of antineoplastic agents on the basis of degree of evidence for
carcinogenicity ”

Agent Classification

Doxorubicin 2B

Dauncrubicin No data on humans; carcinogenic to rats and mice
Methotrexate 3

Cyclophosphamide 1

Ifosfamide No data on humans; limited evidence of carcinogenicity to rats and mice
Vingristine sulfate 3

Vinblasline sulfate 3

6-Mercaptopuzing 3

Cisplatin 2B

Streptozolocin No data on humans; carcinogenic to rats, mice and hamslers

Lomustine 2B

Carmustine 2B

Melphalan 1

“From International Agency for Research on Cancer (1982)

rivatives (Andrews ef al, 1982a) have been used to determine doxorubicin and
daunorubicin and their metabolites in biological fluids. Radicimmunoassay tech-
niques for the determination of doxorubicin in plasma have been evaluated by Piall
et al. (1982). Methods of analysis of doxorubicin have been reviewed (Vigevani &
Williamson, 1980).

Methotrexate and dichloromethotrexate

Several methods that have been used for the analysis of methotrexate have been
reviewed by Chamberlin er al. (1976), including biclogical assays, polarographic
assays, spectrophotometric methods and chromatographic techniques (paper chro-
matography, column chromatography and TLC). However, at the present time,
HPLC is the most widely used technique [or the analysis of methotrexate. It may be
coupled either with a UV detection system (Chatterji & Gallelli, 1977; Benvenuto ef
al., 1981; Chen & Chiou, 1981; Breithaupt et al., 1982; Cairnes & Evans, 1982; Battelli
et al., 1983; Feyns et al., 1982), with a coulometric detection system (Dutrien &
Delmotte, 1983) or with field desorption mass spectrometry (Przybylski ez al., 1982).
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This method has also recently been used for the analysis of dichloromethotrexate
(Keller & Ensminger, 1982), using a UV detection system.

Other methods, such as spectrophotometry, colorimetry and differential pulse
polarography (Ellaithy et a/., 1982), or enzymatic assay (Scheufler, 1981; Akira ez al.,
1982), have also recently been used for the determination of methotrexate.

Cyclophosphamide and ifosfamide

Methods of analysis for cyclophosphamide and ifosfamide gencrally involve their
extraction in an organic solvent, followed either by direct GC separation coupled with
MS, nitrogen/phosphorous or electron capture detection systems (Boughton er al.,
1972; Jackson & Reynolds, 1972; Whiting er al., 1978; Benvenuto ef al., 1981; Daldrup
et al., 1981; Van den Bosch et al., 1981; De Bruin et af., 1983) or with GC analysis
after derivatization with hexafluorobutyric anhydride (Holdiness & Morgan, 1983)
or trifluoracetic anhydride (Pantarotto et al., 1974; Whiting et al., 1978).

Other chromatographic techniques have been used, including TLC (Vélker ef al.,
1974; Gattavecchia er al, 1983) and HPLC using photoconductivity detection
(McKinley, 1981) or UV detection (Kensler et al., 1979).

Spectrophotometric microdetermination of phosphorus has also been used to
determine cyclophosphomide (Hassan & Eldesouki, 1981).

Vincristine and vinblastine sulfates

Methods for the analysis of vincristine and vinblastine sulfate were reviewed by
Burns (1972) and include colorimetric assays, direct spectrophotometry and TLC; the
latter method can separate the two compounds (Cone ef al., 1963). More recently,
TLC has been proposed for use in identifying the metabolic products of vincristine
sulfate and to determine vincristine in biological samples after extraction into benzene
(El Dareer, 1977). TLC has also been used to classify vinblastine among other
compounds cxhibiting anti-tumour properties (Issaq et al., 1977). TLC separation of
vineristine from vinblastine sulfate and other impurities, followed by densitometric
analysis, has been used by Panas ef af. (1979) to determine the purity of vincristine
sulfate.

HPLC has also been proposed for analysing vincristine and vinblastine sulfates
scparately (Gorog et al., 1977; Benvenuto et al., 1981; Keller & Ensminger, 1982). A
method using titrimetric determination of sulfate ions has been proposed for analys-
ing solutions of vincristinc or vinblastine sulfate (Hoor & Toth, 1981), but this
method lacks specificity. Room temperature phosphorescence can also be used to
analyse vinblastine sulfate (Bower & Winefordner, 1978); and differential pulse
polarography has also been used for the determination of vinblastine (Rusling et al.,
1984).

6-Thioguanine and 6-mercaptopurine

Methods for the analysis of 6-mcrcaptopurine have been reviewed (Benezra &
Foss, 1978) and include spectrophotometry, polarography (Smith & Elving, 1962;
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Dryhurst, 1969) and chromatographie techniques (TLC, GC, HPLC). TLC and GC
conditions for the analysis of 6-mercaptopurine are also given by Daldrup ez al.
{1981).

At present, HPLC coupled with UV detection seems to be the method of choice
for the direct analysis of either 6-mercaptopurine (Fell er al., 1979; De Abreu et .,
1982; Narang e al., 1982; Tsutsumi et al., 1982) or 6-thioguanine (Breithaupt &
Goebel, 1981; Andrews ef al., 1982b).

6-Mercaptopurine has also been analysed by HPLC/spectrofluorimetry of its
6-sulfonate derivative, obtained by oxidation with acid chromate (Hirose & Tawa,
1983). Spectrofluorimetric detection of the sulfonate derivative has also been used
after HPLC separation of 6-mercaptopuridine and on-line derivatization with chro-
mate (Jonkers ef al., 1982).

Cisplatin

Flameless absorption spectrophotometry has been proposed for the analysis of
platinum in biological samples (Priesner et al., [981; Cano et al., 1982); however, this
method allows analysis only of total platinum and does not differentiate between
platinum-containing compounds. The use of differential pulse polarography after
pretreatment of the sample is more specific (Bartosck et al., 1982, 1983; Brabec et al.,
1983; Vrana et al., 1983).

Use of HPLC significantly improves the specificity of methods for the analysis
of cisplatin. It has been used coupled with UV detection for direct determination
(Hincal et al., 1979; Mariani et al., 1980) or for analysis afler derivatization with
diethyldithiocarbanate (Bannister er al., 1979); HPLC may also be coupled with
clectrochemical detection (Bannister ef al., 1983; Krull e «l., 1983) or with UV and
off-line atomic absorption spectrophotometry (Chang et al., 1978).

A number of HPLC systems that can be used for the analysis of cisplatin have
been tested by Riley et al. (1981, 1982, 1983). A solvent-generated ion-exchange
system seems the method of choiee for the chromatographic separation of various
platinum complexes.

Nitrosourea drugs

Slightly modified versions of the carly method for the analysis of carmustine, with
Bratton-Marschall reagent (Loo & Dion, 1965), are still used (Colvin et al., 1980;
Vachek et al., 1982).

Other means of analysing for these compounds include differential pulse polaro-
graphy (Bartos&k et al., 1978; Vachek e al., 1982) and various chromatographic
techniques. TLC analysis of streptozotoein has been discussed by Rudas (1972), but
most developments have been in the use of GC and HPLC. Semustine has been
analysed by GC after derivatization to the semicarbazide by sodium tetrahydroborate
(IIT) (Caddy & Tdowu, 1982a) or formation of its trifluoroacetyl derivative (Caddy
& Tdowu, 1982b). Smith er al. (1981) and Smith and Cheung (1982) also used
derivatization with triffuoroacetic acid anhydride followed by GC/MS to analyse
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semustine, lomustine and carmustine, Formation of an O-methyl carbamate deriva-
tive followed by GC/nitrogen-specific detection analysis or GC/MS has been
proposed by Weinkam and Liu (1982); and direct chemical ionization MS has been
used by Weinkam et a/. {1978). HPLC techniques appear to have received less
attention than GC; they have been used, coupled with UV detection, for studies of
the stability of carmustine, lomustine and semustine (May ef al., 1975; Reed ef al.,
1975; Krull ez al., 1981; Aukerman et al., 1983).

Melphalan

Little information has been published concerning the analysis of melphalan, but
it appears that chromatographic techniques are the methods of choice. HPLC has
been used, coupled with either a UV detection system (Flora et al., 1979; Bosanquet
& Gilby, 1982) or with spectrofluorimetry (Egan ef al., 1981; Woodhouse & Hender-
son, 1982),

After treatment with trifluoracetic acid and diazomethane, melphalan can be
analysed as the N-trifluoracetyl methylester derivative by GC/MS (Pallante et af.,
1980).
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INTRODUCTION

Previous monographs in this series have been of interest mainly to workers in
specialized analytical facilities, whereas the present monograph covers a group of
compounds widely used in hospital clinics and pharmacies. In such areas, it is less
likely that fume cupboards and other facilities and equipment for handling toxic
hazardous chemicals are available; hence, methods for the destruction of antineoplas-
tic agents have been developed with the needs of medical staff in mind.

In the description of each method, a number of potential hazards have been
identified. However, it must be recognized that no attempt has been made to provide
comprehensive guidelines for sale working conditions and that adherence to a code
ol good practice is essential.

Eight destruction methods have been tested for use on one or more of the listed
antineoplastic agents. The efficiency of destruction achieved with the various methods
was evaluated by collaborative study, and the residues produced were tested for muta-
genicity using the Ames Salmonella mutation assay (Ames et al., 1975; Bartsch e/ al.,
1980). Several strains — TA1530, TA 1535, TA98, TA100, TA102 or UTH8414 — were
used to test the residues of cach destruction method. If not mentioned, no mutagenic
residuc was detected; however, it should be recognized that absence of mutagenic
activity in residual solutions does not necessarily imply lack of toxicity or of other
adverse biological or environmental effects. It should be noted that a change in the
matrix of a pharmaceutical preparation may lead to significant changes in the effi-
ciency of a destruction method. In such cases, therefore, the efficiency of the method
should be verified.

Fifteen methods were tested for the destruction of the eighteen antineoplastic
agents.

Doxorubicin and daunorubicin
Two methods were evaluated:

(1) Oxidation with potassium permanganate (0.3 mol/L) in sulfuric acid (3 mol/L)
solution. This method gave acceptable results, except for doxorubicin, for which a
mutagenic effect was detectable with Salmonella typhimurium strain TA102.

(2) Oxidation with 5 or 10% sodium hypochlorite solution. This method resulted in
acceptable chemical degradation but was rejected due to mutagenic activity of the
residues.

Methotrexate and dichloromethotrexate

Three methods were evaluated:

(1) Oxidation with potassium permanganate (0.3 mol/L) in sulfuric acid (3 mol/L)
solution; tested on both methotrexate and dichloromethotrexate

(2) Oxidation with aqueous alkaline potassium permanganate; tested only on metho-
trexate

~ 15 =



16 RECOMMENDED METHODS

(3) Oxidation with a 30-fold excess of sodium hypochlorite solution; tested only on
methotrexate

All three methods gave acceptable results.

Cyclophosphamide and ifosfamide
Three methods were evaluated:

(1) Alkaline hydrolysis in the presence of dimethylformamide. This method gave
acceptable results for both compounds.

(2) Acid hydrolysis followed by addition of sodium thiosulfate and alkaline hydroly-
sis. This method gave acceptable results only for cyclophosphamide. Residues from
the destruction of ifosfamide showed mutagenic activity, and the method was rejected
for usc with this compound.

(3) Oxidation with potassium permanganate (0.2 mol/L) in sulfuric acid (0.5 mol/L)
solution. This method resulted in acceptable chemical destruction of both compounds
but was rejected because of high mutagenic activity in the residucs.

Vincristine sulfate and vinblastine sulfate

The only method tested, oxidation with potassium permanganate (0.3 mol/L) in
sulfuric acid (3 mol/L) selution, gave acceptable results.

6-Thioguanine and G-mercaptopurine

The only method tested, oxidation with potassium permanganate (0.04 mol/L)
in sulfuric acid (3 mol/L) solution, gave acceptable results.

Cisplatin
Three methods were evaluated:

(1) Reduction with zinc powder. This method gave acceptable results.

(2) Reaction with sodium diethyldithiocarbamate. No analytical method was found
suitable to verify the level of destruction; howcever, no mutagenic activity was detected
in the residues and the method was accepted on this basis.

(3) Oxidation with potassium permanganate (0.02, 0.1 and 0.3 mol/L) in sulfuric acid
solution (3 mol/L). No analytical method was found suitable to verify the level of
destruction; however, since the residues showed high mutagenic activity, the method
was rejected.

N-Nitrosourea drugs

(1) Cleavage with hydrogen bromide in glacial acetic acid. The mcthod gave accept-
able results for lomustine, chlorozotocin and streptozotocin. Destruction of PCNU
was not reproducible, and residues from carmustine and semustine showed mutagenic
activity.

(2) Oxidation with a saturated solution of potassium permanganatc in 3 mol/L
sulfuric acid solution of either the pure compound or of solutions containing di-
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methylformamide (DMF) or dimethylsulfoxide (DMSO). The method was satisfac-
tory only [or streptozotocin. For lomustine, carmustine, scmustine, PCNU and
chlorozotocin, chemical destruction of the drugs was satisfactory but the method was
rejected on the basis of the mutagenic activity of the residues.

It should be noted that a method for the treatment of aqueous spills has been
validated only for streptozotocin.

Melphalan

The only method tested, oxidation with potassium permanganate (0.3 mol/L) in
sulfuric acid (3 mol/L) solution, gave satisfactory chemical destruction but was
rejected because of high mutagenic activity in the residues.

It is important to note that methods thal work successfully for the destruction
of some compounds mnay not work on other compounds of the same class or on other
classes of compounds.

For example, oxidation with potassium permanganate/sulfuric acid solution has
been used successfully for the destruction of several classes of compounds (Caste-
gnaro ez al., 1980, 1982, 1983a,b,c, 1985). This mcthod gave satisfactory results with
some of the antineoplastic agents studied (see above), but failed with others, such as
the majority of the N-nitrosourea drugs. Similarly, denitrosation with hydrogen
bromide in glacial acetic acid worked for N-nitrosamines and N-nitrosamides (Cas-
tegnaro ef al., 1982, 1983c¢), but for only three of the six N-nitrosoureas tested. Sodium
hypochlorite, often rccommended for general destruction, could not be used for
doxorubicin, daunorubicin, N-nitrosamines or polycyclic aromatic hydrocarbons, but
could be used for aflatoxins (Castegnaro e al., 1980) and hydrazines (Castegnaro et
al., 1983Db).

When dealing with quantities larger than those described in the methods, it
should be borne in mind that even cfficiencies of destruction in excess of 99.5% can
result in the presence of significant quantitics of antineoplastic agents in the residues.

Incineration of wastes containing antineoplastic agents is widely practised. Un-
fortunately, it has not yet proved possible to develop a validated method. On the one
hand, the conditions of incineration vary widely between different installations; on
the other hand, the technical difficultics of testing flue gases for the possible presence
of volatile carcinogens arc considerable.

The final test of the methods described in the following sections benefited from
revision by the group that took part in the validation studies.



COLLABORATING ORGANIZATIONS

Collaborative studies of the methods described in this document were carried out
with representatives from the following organizations:

Department of Chemistry, The University of Alberta, Edmonton, Alberta T6G
2G2, Canada

Department of Analytical Chemistry, Charles University, Albertov 2030,
128 40 Prague 2, Czechoslovakia

Department of Pharmacy and Chemotherapy Rescarch, University of Texas
system Cancer Center, M.D. Anderson Hospital & Tumor Institute, 6723 Bert-
ner Avenue, Houston, TX 77030, USA

Pharmaceutical Research & Development, Farmitalia Carlo Erba, Via Carlo
Imbonati 24, 20159 Milan, Ttaly

New England Institute for Life Sciences, 125 Second Avenue, Waltham,
MA 02154, USA

Department of Chemistry, The Catholic University of America, Washington
DC 20064, USA

Oregon State University, Department of Biochemistry and Biophysics, Corn-
wallis, OR 97331, USA

Environmental Control & Research Program, NCI-Frederick Cancer Research
Facility, PO Box B, Frederick, MD 21701, USA

Unilever Research, Colworth Laboratory, Sharnbrook, Beds MK44 1L.Q, UK

Unit of Environmental Carcinogens and Host Factors, Division of Environmen-
tal Carcinogenesis, International Agency for Research on Cancer, 150 Cours
Albert Thomas, 69372 Lyon Cedex 08, France

- 19 —



METHODS INDEX:

i. METHODS RECOMMENDED FOR SPECIFIC WASTE CATEGORIES
CONTAINING METHOTREXATE OR DICHLOROMETHOTREXATE

Wasle calegory Recommended destruction method no.
(in order of preference)

Mctholrexate Dichloromethotrexate
Solid compounds 3,42 2
Agueous solutions and pharmaceutical solutions 3, 4,2 2
Solutions in volatile organic solvents 3,4,2 2
Solutions in DMI- and 1?MSO 2 2
Glassware 3.4.2 2
Spills of solid compounds 4, 3,2 2
Spills of aqueous sclutions and pharmaceutical selutions 4.3, 2 2
Spills of selutions in volatile orgame solvents 4,3, 2 2

2. METHODS RECOMMENDED FOR SPECIFIC WASTE CATEGORIES
CONTAINING CYCLOPHOSPHAMIDE OR IFOSFAMIDE

Wasle calegory Recommended destruction method no.
Cyclophosphamide Ifosfamide

Solid compounds Sor6 5

Aqueous salutions and pharmaceutical preparations S5orb N

Selutions in DMF Soré -5

Solutions in volatile organic solvents Sor6 5

Satutions in DMSO Sor6 5

Glassware S5or6 5

Spills of solid compounds S5o0r6 S

Spills of agucous solutians or of solutions in DMF or DMSO Soré 5

Spills of solutions in volatile organic solvents Sar6 5
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3. METHODS RECOMMENDED FOR SPECIFIC WASTE CATEGORIES
CONTAINING CISPLATIN

Wasle calegory

Recommended destruction method no.

(in order ol preference)

Solid compound

Aqueous solutions and pharmaceutical solutions
Solutions in water - miscible sofvents
Glassware

Spills

4. METHODS RECOMMENDED FOR SPECIFIC WASTE CATEGORIES
CONTAINING CHLOROZOTOCIN, STREPTOZOTOCIN OR LOMUSTINE

Waste calegory

Recommended destruction method no.

(in order of preference)

Chlorozotocin Streptozolocin Lomustine

Solid compounds 11 11,12 11
Pharmaceutical preparations (solids) N i 12 11
Agueous solutions 12 11
Pharmaceutical solutions 12

Solulions 11 volatile organic solvents 11 11, 12 1
Solutions in DMF or DMSC 12

Solutions in ethanel or methano! 11 12, 11 11
Glassware 11 11,12 11
Spills of solid compounds 11 1,12 1
Spills of liquid or pharmaceutical preparations 12

Spills of solutions in volalile organic solvents 1 11,12 11
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METHOD 1: DESTRUCTION OF DOXORUBICIN AND
DAUNORUBICIN USING POTASSIUM
PERMANGANATE/SULFURIC ACID

I. SCOPE AND FIELD OF APPLICATION

This mcthod specifies a procedure for the destruction of doxorubicin and dauno-
rubicin in the following wastes: solid compounds (6.1), aqueous solutions (6.2),
pharmaceutical preparations (6.3), solutions in volatile organic solvents (6.4), solu-
tions in dimethylsulfoxide (DMSO) (6.5), glassware (6.6), spills of solid compounds
(6.7), spills of aqueous solutions or of pharmacecutical preparations (6.8) and spills
of solutions in volatile organic solvents (6.9).

The method has been tested collaboratively using 10 mg doxorubicin (phar-
maceutical preparation) and a solution containing 50 mg daunorubicin in 3 mL
DMSO. The method affords better than 99% degradation for the samples tested.

The residues produced by this method were tested for mutagenicity using Sa/-
monella typhimurium strains TA98, TA100 and TA 102 with and without metabolic
activation. No mutagenic activity was detected with residues from daunorubicin, but
twice the background level of spontancous mutants was seen with the highest con-
centration of residues from doxorubicin in Salmonella typhimurium strain TA102.

2. PRINCIPLE

Destruction is effected by oxidation with a solution of potassium permanganate
in sulfuric acid.

3. HAZARDS
3.1 From doxorubicin and daunorubicin

Doxorubicin and daunorubicin are potentially carcinogenic to humans, have high
systemic toxicity and are corrosive on skin contact. Exposure to these compounds
should be avoided.

A number of guidelines for the safe handling of antineoplastic agents have been
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman ef al.,
1981; Anderson ez al., 1982; National Institutes of Health, 1982; Joncs et ai., 1983;
Solimando, 1983; Stolar et af., 1983; National Study Commission on Cytotoxic
Exposure, 1984; American Socicty of Hospital Pharmacists, 1985).

3.2 Other hazards

Concentrated sulfuric acid and sodium hydroxide are corrosive and should be
handled with care.

— 25—
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Care should be taken in the preparation of solutions of potassium permanganate
in sulfuric acid; never add solid potassium permanganatc to concentrated sulfuric
acid.

'The dilution of concentrated sulfuric acid with water is an extremely exothermic
reaction; always add the acid to the water, never the reverse, and remove heat by
cooling in a cold-water bath.

Potassium permanganate is a strong oxidizing agent; care must be taken not to
mix it with concentrated reducing agents.

In case of skin contact with corrosive chemicals, wash the skin with flowing water
for at least 15 min.

4. REAGENTS

4.1 For destruction

Potassium permanganate Technical grade

Sulfuric acid (concentrated) Specific gravity, 1.84 (about
18 mol/L); technical grade

Sulfuric acid solution 3mol/L, aqueous (sec Haz-
ards, 3.2)

Potassium permanganate/sulfuric acid solution  To 100 mL of 3 mol/L sulfur-
ic acid solution, add 4.7 g sol-
id potassium permanganate.

NOTE: The reagent should always be freshly prepared on the day of use.

Ascorbic acid or sodium bisulfite Technical grade

Ascorbic acid or sodium bisulfite solution ~ 50 g/L, aqueous

Sodium hydroxide Technical grade

Sodium hydroxide solution ~ 2mol/L, aqueous (8g/
100 mL)

Sodium carbonate Technical grade

4.2 For analysis
Ascorbic acid Analytical grade

Water Redistilled from glass
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Acetonitrile HPLC grade

Phosphoric acid Analytical grade; specific
gravity, 1.71

Potassium dihydrogenphosphate Analytical grade

5. APPARATUS

Usual laboratory equipment and the following item: liquid chromatograph
equipped with a spectrofluorimetric detection system, capable of determining 0.2 ng/
mL of drug under the following conditions: excitation, 470 nm; cmission, 565 nm.

6. PROCEDURE

Thirty mg of doxorubicin or daunorubicin dissolved in 10 mL of 3 mol/L sulfuric
acid are destroyed by 1 g potassium permanganate in 2 h.

6.1 Solid compounds

6.1.1

6.1.2

6.1.3
6.1.4

6.1.5

Dissolve in 3 mol/LL sulfuric acid to obtain a maximum conient of
3mg/mL.

Place flask on a magnetic stirrer; add about 1 g potassium permanganate
per 10 mL of solution from 6.1.1.

Allow to react 2 h with stirring,

If desired, check for completeness of degradation using the procedurc
described in Section 7.

Neutralize with 8 g/100 mL sodium hydroxide solution, and discard.

6.2 Aqueous solutions

6.2.1

6.2.2

6.2.3

If necessary, dilute with water to obtain a maximum concentration of
3 mg/mL.

Add slowly, with stirring, enough concentrated sulfuric acid to obtain
a 3 mol/L solution and allow to cool to room temperature (see 3.2.,
Hazards).

Proceed as in 6.1.2 to 6.1.5.

6.3 Pharmaceutical preparations

NOTE: To avoid frothing, add potassium permanganate in small increments.
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6.4

6.5

6.6

6.7
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63.1 Liguids: proceed as in 6.2, using twice the amount of potassium perman-
ganate.

6.3.2  Solids: dissolve in water and treat as in 6.2, using twice the amount of
potassium permanganate.

Solutions in volatile organic solvents

6.4.1 Remove solvent by evaporation, using & rotary evaporalor under re-
duced pressure.

6.4.2  Proceed as in 6.1.1 to 6.1.5.
Solutions in DMSO

6.5.1 Dilute with water to not more than 20% DMSO and to not more than
3 mg/mL of drug.

6.5.2  Proceed as in 6.2, using twice the amount of potassium permanganate.
Glassware

6.6.1 Immerse in a freshly prepared solution of potassium permanganate/
sulfuric acid. Allow to react 2 h.

6.6.2  Clean the glass by immersion in a solution of ascorbic acid or sodium
bisulfite.

Spills of solid compounds

6.7.1  TIsolate the area, and put on suitable protective clothing.

6.7.2  Pour an excess of potassium permanganate/sulfuric acid solution over
the contaminated arca. If the purple colour fades, add more potassium

permanganate. Allow to react 2 h.

6.7.3  Decolourize the surface with a solution of ascorbic acid or sodium
bisulfite.

6.7.4  Neutralize by addition of solid sodium carbonate.
6.7.5 Remove the decontamination mixture with an absorbent matcrial.
6.7.6  Discard.

6.7.7  If desired, check the surface for completeness of removal by wiping it
with methanol and analysing the wipe (see Section 7).
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Spills of agqueous solutions or of pharmaceuniical preparations
6.8.1  Proceed as in 6.7.

Spills of solutions in volatile organic solvents

6.9.1  Isolate the area, and put on suitable protective clothing.
6.9.2  Allow the solvent to evaporale.

6.9.3  Proceed asin 6.7.2 t0 6.7.7.

ANALYSIS FOR COMPLETENESS OF DEGRADATION
Add ascorbic acid until the solution becomes colourless.

Analyse by HPLC, using the following conditions, or any other suitable HPLC
reverse-phase chromatography system:

Column: 25 cm x 3.6 mm i.d., Partisil ODS-2 10 um

Eluant: Isocratic system. Acetonitrilc:0.01 mol/L potassium dibydrogenphos-
phate in 0.02 mol/L. phosphoric acid (45:55)

Flow rate: 1.5 ml./min
Injection volume: 50 plL.
Spectrofluorimetric analysis: excitation, 470 nm; emission, 565 nm

NOTE: The high sensitivity required for the fluorescence detection system is
necessary because of the high mutagenic activity of the compound. If
such a detector 1s not available, it may be possible to achieve the required
limit of detection by the use of extraction/concentration techniques
(Andrews et al., 1980), or by slightly changing the eluant and the flow
rate to permit the use of 500-pL injections.
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8. SCHEMATIC REPRESENTATION OF PROCEDURE

Solid compound

w0 3mg/mL

Add 1 g KMnO, per

volatile orgamc

Remove solvent

Dissolve in
3 molil. H,50, <—_—|

Agueous Pharmaccutical
solution preparation
Dilute to Dilute to
Img/ml 3 mgiml.

| |

Make 3 molil. Make 3 mol/L
in H,30, n H;50,

Solution
m DMSO

Dilute with B,0

to 20% or less DMSO
and to < 3mg/ml

of drug

R

10 ml solulion

Add 2 g KMnQO, per
10 m! of salution

Allow ta

react 2 h

Check for completeness
of degradation

Add ascorbie acid
if required

Neutralize and
discard

Add exeess
KMnO,/H,80,

solution I

Allow solvent
o evaporate

Spifl of
solid
compound

Spilt of
solution
in organic
solvent

T

Spill of
aqueous
solution or
pharmaceutical
preparation

Glassware

[mmerse in
KMn0O,/H,50,

solution

Allow to react
for 2 h

Clean glass by
immersion in
ascorbic acid

or sodium bisulfite
solution

Discard
solutions
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METHOD Z: DESTRUCTION OF METHOTREXATE AND
DICHLOROMETHOTREXATE USING POTASSIUM
PERMANGANATE/SULFURIC ACID

1. SCOPE AND FIELD OF APPLICATION

This method specifies a procedure for the destruction of methotrexate and
dichloromethotrexate in the following wastes: solid compounds (6.1), aqueous solu-
tions (6.2), injectable pharmaceutical preparations (6.3), solutions in volatile organic
solvents (6.4), solutions in dimethylsuifoxide (DMSQ) or dimethylformamide (DMF)
{6.5), glassware (6.6), spills of solid compounds (6.7), spills of aqueous solutions or
of injectable pharmaceutical preparations (6.8) and spills of solutions in volatile
organic solvents (6.9).

The method has been tested collaboratively using 5 mg methotrexate (phar-
maccutical preparation) and a solution containing 25 mg dichloromethotrexate in
3mL DMSO. The mecthod affords better than 99.5% destruction for the samples
tested.

The residues produced by this method were tested for mutagenicity using Sal-
monella typhimurium strains TA1530, TA1535 and TA100 with and without metabolic
activation. Mutagenic activity was detected only in the destruction products of
pharmaceutical preparations of dichloromethotrexate, in which two to three times the
background level of spontancous revertants was obscrved when the maximal con-
centration that can be destroyed was tested i TA1530 strain.

For recommended applications of this method, see Methods Index, page 21.

2. PRINCIPLE

Destruction is effected by oxidation with potassium permanganate/sulfuric acid
solution.

3. HAZARDS
3.1 From methotrexate and dichloromethotrexate

Although there is no unequivocal evidence of the carcinogenicity of methotrexate,
this compound is teratogenic. No data concerning the carcinogenicity or teratogenic-
ity of dichloromethotrexate were found in the literature. It is good laboratory practice
to wcar gloves even when handling compounds for which data on toxicity and
carcinogenicity arc incomplete.

A number of guidelines for the safe handling of antineoplastic agents have been
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman e? al.,
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1981; Anderson et al., 1982; National Institutes of Health 1982; Joncs er af., 1983;
Solimando, 1983; Stolar er @f., 1983; National Study Commission on Cytotoxic
Exposure, 1984; American Society of Hospital Pharmacists, 1985).

3.2 Other hazards
Concentrated sulfuric acid and sodium hydroxide arc corrosive and should be

handled with care.

Care should be taken in the preparation of solutions of potassium permanganate
in sulfuric acid; never add solid potassium permanganate to concentrated sulfuric
acid.

The dilution of concentrated sulfuric acid with water is an extremely exothermic
reaction; always add the acid to the water, never the reversc, and remove heat by
cooling in a cold-water bath.

Potassium permanganate is a strong oxidizing agent; care must be taken not to
mix it with concentrated reducing agents.

In case of skin contact with corrosive chemicals, wash the skin with flowing walter
for at least 15 min.

4. REAGENTS

4.1 For destruction

Potassium permanganate Technical grade

Sulfuric acid (concentrated) Specific gravity, 1.84 (about
18 mol/L); technical grade

Sulfuric acid solution 3mol/L, aqueous (see Haz-
ards, 3.2)

Potassium permanganate/sulfuric acid solution To 100 mi of a 3 mol/L sul-
furic acid solution, add 4.7 g
solid potassium perman-
ganate.

NOTE: The reagent should always be freshly prepared on the day of use.

Ascorbic acid or sodium bisulfite Technical grade

Ascorbic acid or sodium bisulfite solution ~ 50 g/L, agueous

Sodium hydroxide Technical grade
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Sodium hydroxide solution

Sodium carbonate
4.2 For analysis
Ascorbic acid
Methanol
Acetonitrile
Water
Tetrabutylammonium phosphate
Phosphoric acid

Tetrabutylammonium phosphate (solution)

5. APPARATUS

35

~ 2 mol/L, aqueous (~ 8 g/
00 mL)

Technical grade

Analytical grade

HPLC grade

HPLC grade

Redistilled from glass
Analytical grade

Analytical grade

5mmol/L, aqueous (1.7 g/1),

adjusted to pH 3.5 with phos-
phoric acid

Usual laboratory equipment and the following items: liguid chromatograph
equipped with a reverse-phase ODS column and a UV delection system capable of

measurement at 254 nm.

6. PROCEDURE

Fifty mg of methotrexate or 10 mg of dichloromethotrexate (solid compound)
dissolved in 10 mL of 3 mol/L sulfuric acid are destroyed by 0.5 g potassium perman-

ganate in 1 h.

NOTE: In the case of pharmaceutical preparations of dichloromethotrcxate, up
to 50 mg can be dissolved in 10 ml of 3 mol/L sulfuric acid and can be
satisfactorily destroyed with 0.5 g of potassium permanganate.

6.1 Solid compounds

6.1.1  For each 50 mg methotrexate or about 10 mg dichloromethotrexate add

10 mI of 3 mol/L sulfuric acid.

6.1.2  Place on a magnetic stirrer, and add 0.5 g potassium permanganate per

each 10 mL solution.
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6.1.3  Continue stirring for 1 h.

6.1.4  If desired, check for completeness of degradation using the procedure
described in Section 7.

6.1.5  Neutralize with 8 g/100 mL sedium hydroxide solution and discard.
Aqueous solutions

6.2.1  Dilute with water to obtain a maximum concentration of 5 mg/mL
mcthetrexate or [ mg/mL dichloromethotrexate.

6.2.2  Add slowly, with stirring, enough concentrated sulfuric acid to obtain
a 3 mol/L sclution (sce 3.2, Hazards).

6.2.3  Proceed asin 6.1.2 to 6.1.5.
Injectable pharmaceutical preparations

NOTE: Solutions containing 2-5% glucose and 0.45% saline have been con-
sidered.

6.3.1  Dilute with water to obtain a maximum concentration of 2.5 mg/mL of
either compound.

6.3.2  Add slowly, with stirring, enough concentrated sulfuric acid to obtain
a 3 mol/L solution (sec 3.2, Hazards).

6.3.3  Add 1 g potassium permanganate per each 10 mE solution and continue
stirring for 1 h.

NOTE: To avoid frothing, add potassium permanganate in small increments.
6.3.4  Proceed as in 6.1.4 and 6.1.5.
Solutions in volatile organic solvents

6.4.1  Remove the solvent by evaporation, using a rotary evaporator, under
reduced pressure.

6.4.2  Proceed as in 6.1,
Solutions in DMSO or DMF

6.5.1  Dilute with water to not more than 20% DMSO or DMF and to not
more than 2.5 mg/mL of drug.
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6.5.2 Proceed as in 6.3.2 to 6.3.4.
Glassware

6.6.1 Immerse in a freshly prepared selution of potassium permanganate/
sulfuric acid. Allow to react 1 h or more.

6.6.2  Clean the glass by immersion in a solution of ascorbic acid or sodium
bisulfite.

Spills of solid compounds
6.7.1  Isolate the area, and put on suitable protective clothing.
6.7.2  Collect the solid, place it in a beaker and treat as in 6.1.

6.7.3  Rinse the area with an excess of 3 mol/L sulfuric acid solution. Take up
the rinse with absorbent material.

6.7.4  Place the absorbent material in a beaker for inactivation (see 6.7.6).

6.7.5 II desired, check the surface for completeness of removal by wiping it
with 0.1 mol/L sulfuric acid and analysing the wipe (see Section 7).

6.7.6  Cover the waste in the beaker with potassium permanganate/sulfuric
acid solution. Allow to react for 1 h or more. If the purple colour fades,
add more potassium permanganate.

6.7.7  Neutralize by addition of solid sodium carbonate. Discard.

Spills of agueous solutions or of injectable pharmaceutical preparations

6.8.1  Isolate the area, and put on suitable protective clothing.

6.8.2  Take up the spill with absorbent material. Place the matcrial in a beaker
for mactivation.

6.8.3  Rinse the area with a 3 mol/L sulfuric acid solution and take up the rinse
with an absorbent material. Place the absorbent material into the same
beaker with the other waste.

6.8.4  Proceed as in 6.7.5 to 6.7.7.

Spills of solutions in volatile organic solvents

6.9.1  TIsolate the area, and put on suitable protective clothing.
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692  Allow the solvent to evaporate.

6.93 Proceed as in 6.7.3 to 6.7.7.

ANALYSIS FOR COMPLETENESS OF DEGRADATION
Add ascorbic acid until the solution becomes colourless.

Analyse by HPLC, using the following conditions, or any other suitable HPLC
reverse-phase chromatography system:

Column: 25cm x 3.6 mm 1.d., Partisil ODS-2 10 pm

Precolumn: 6.5cm x 3.6 mm 1.d., filled with CO:Pell ODS 30-38 pm

Eluant: For methotrexate, tetrabutylammonium phosphate solution:methanol
Sjr i[silhloromethotrexate, methanol: acetonitrile: tetrabutylammonium
phosphate solution (11:22:66)

Flow rate: 1.5 mL/min

Injection volume: 50 pL

Detector: UV, 254 nm
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8. SCHEMATIC REPRESENTATION OF PRGCEDURE
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Selution in
IIMSC or DM

Dilule with water
to 2.5 mgimL and
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Glassware
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METHOD 3: DESTRUCTION OF METHOTREXATE USING
AQUEQOUS ALKALINE POTASSIUM PERMANGANATE

i. SCOPE AND FIELD OF APPLICATION

This method specifies the procedure for destruction of methotrexate in the
following wastes: solid compound (6.1), aqueous solutions, including injectable
pharmaceutical preparations (6.2), solutions in volatile organic solvents (6.3), glass-
ware (6.4), spills of solid compound (6.5), spills of aqueous solutions (6.6) and spills
of solutions in volatile organic solvents (6.7).

The method has been tested collaboratively using 50 mg of solid methotrexate
and affords better than 99.5% degradation.

The residues produced by this method were tested for mutagenicity using Sal-
monella typhimurium strains TA1535, TA100 and UTHS8414 with and without meta-
bolic activation. No mutagenic activity was detected.

For recommended applications of this method, see Methods Index, page 21.

2. PRINCIPLE

Destruction of methotrexate is effected by oxidation with aqueous alkaline
potassium permanganate.

3. HAZARDS
3.1 From methotrexate

Although there is no unequivocal evidence of the carcinogenicity of methotrexate,
this compound is teratogenic. It is good laboratory practice to wear gloves when
handling potentially hazardous compounds.

A number of guidelines for the sale handling of antineoplastic agents have been
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman et al.,
1981; Anderson et af., 1982; National Institutes of Health, 1982; Jones et al., 1983:
Solimando, 1983; Stolar et af., 1983; National Study Commission on Cytotoxic
Exposure, 1984; American Society of Hospital Pharmacists, 1985).

3.2 Other hazards

Sodium hydroxide and its solutions are corrosive and should be handled with
care.

Potassium permanganate is a strong oxidizing agent; care must be taken not to
mix it with concentrated reducing agents,

— 41 -
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In case ol skin contact with corrosive chemicals, wash the skin under flowing
water for at least 15 min.

REAGENTS

For destruction
Potassium permanganate
Sodium hydroxide
Sodium bisulfile

Potassium permanganale solution

Sodium bisulfite solution

Sodium hydroxide solutions

Sodium hydroxide/potassium
permanganate solution

For analysis

Methanol

Ammonium formate

Water

Formic acid

Hydrochloric acid (concentrated)

Hydrochloric acid solution
Sodium hydroxide

Sodium hydroxide solution

Technical grade
Technical grade
Technical grade

0.06 mol/L, agueous
{1 g/100 mL)

0.1 mol/L, aqueous
{1g/1060 mL)

1 mol/L, aqueous

{4 g/100 mL)

2 mol/L, aqueous

{8 g/100 mL)

1g/100 mi. potassium per-
manganate in 4 g/100 mL
sodium hydroxide

Distilled in glass
Analytical grade
Deionized, distilled
Analytical grade

Specific gravity, 1.19;
12 mol/L; analytical grade

~ | mol/L, aqueous
Analytical grade

0.1 mol/L, aqueous
(=~ 0.4 g/100 mL}
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5. APPARATUS

Usual laboratory equipment and the following items: liquid chromatograph
equipped with a reverse-phase ODS column and a UV detection system capable of
measurement at 254 nm.

6. PROCEDURE

Fifty mg of methotrexate dissolved in 50 mL of 4 g/100 mL sodium hydroxide
solution are destroyed by 5.5 mL of I g/100 mL potassium permanganate solution in

30 min.

6.1 Solid compound

6.1.1

6.1.2

6.1.5

Dissolve in 4 g/100 mL sodium hydroxide solution to obtain a con-
centration of not more than | mg/mL.

Add potassium permanganate solution until the purple colour persists
for 30 min.

Add sodium bisulfite solution to the reaction mixture until the purple
colour disappears,

If desired, check for degree of degradation using the procedure described
in Section 7.

Discard.

6.2 Aqueous solutions, including injectable pharmaceutical preparations

6.2.1
6.2.2

Add an equal volume of 8 g/100 mL sodium hydroxide solution.

Proceed as in 6.1.2 to 6.1.5.

6.3 Solutions in volatile organic solvents

6.3.1
6.3.2

6.3.3

Estimate the amount of methotrexate (o be degraded.

Remove the solvent by evaporation, using a rotary evaporator, under
reduced pressure.

Proceed as 1n 6.1.

6.4 Glassware

6.4.1

Immerse in potassium permanganate/sodium hydroxide solution. Allow
to react 30 min.
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6.4.2  Clean the glass by immersion in sodium bisulfile solution.
Spills of solid compound
6.5.1  Isolate the area, and put on suitable protective clothing.
6.5.2  Collect the solid, place it in a beaker.
6.5.3  Rinse the arca with 4 g/100 mL sodium hydroxide solution.

6.5.4  Take up the rinse with absorbent material; place material in same beaker
as solid.

6.5.5  If desired, check the surface for completeness of removal by wiping it
with absorbent material moistened with 0.1 mol/L sodium hydroxide
solution and analysing the wipe (see Section 7).

6.5.6  Cover the waste in the beaker with potassium permanganate/sodium
hydroxide solution and allow to react 30 nin.

6.5.7  Discard.
Spiils of agueous solutions
6.6.1 Isolate the area, and put on suitable protective clothing.

6.6.2  Take up the spill with absorbent material. Place the material in a beaker
and cover with alkaline potassium permanganatc solution.

6.6.3  Proceed asin 6.5.3 to 6.5.7.

Spills of solutions in volatile organic solvents

6.7.1  Isolate the area, and put on suitable protcctive clothing.
6.7.2  Allow the solvent to evaporate.

6.7.3 Proceed as in 6.5.3 to 6.5.7.

ANALYSIS FOR COMPLETENESS OF DEGRADATION

To an aliquot of solution to be analysed, add sodium bisulfite solution until
colourless, then neutralize with 1 mol/L hydrochloric acid solution.

Analyse by HPLC, using the following conditions, or any other suitable HPL.C
chromatography system:

Column: Reverse-phase ODS, 25¢cm x 3.9 mm i.d.
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Eluant: 5 mmel/L. ammonium formate, adjusted to pH 3.5 with formic acid:
methanol {60:40)

Flow rate: 1 mL/min
Injection volume: 10 ul

Detector: UV, 254 nm
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8. SCHEMATIC REPRESENTATION OF PROCEDURE
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of degradation
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volalile organic
solvent
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METHOD 4: DESTRUCTION OF METHOTREXATE USING
AQUEQOUS SODIUM HYPOCHLORITE

1. SCOPE AND FIELD OF APPLICATION

This method specifies a procedure for the destruction of methotrexate in the
following wastes: solid compound (6.1), aqueous solations, including injectable phar-
maceutical preparations (6.2), solutions in volatile organic solvents (6.3), glassware
(6.4), spills of solid compound (6.5), spills of aqueous solutions and injectable phar-
maceutical preparations (6.6) and spills of solutions in volatile organic solvents (6.7).

The method has been tested collaboratively using 50 mg of solid methotrexate
and affords better than 99.5% degradation.

The residues produced by this method were tested for mutagenicity using Sal-
monella typhymurium strains TA1535, TA100 and UTHS8414 with and without mi-
crosomal activation. No mutagenic activity was detected.

For recommended applications of this method, see Methods Tndex, page 21.

2. PRINCIPLE

Destruction of methotrexate is effected by oxidation with sodium hypochlorite.

3. HAZARDS
3.1 From methotrexate

Although there is no unequivocal evidence of the carcinogenicity of methotrexate,
this compound is teratogenic. It is good laboratory practice to wear gloves when
handiing potentially hazardous compounds.

A number of guidelines for the safe handling of antincoplastic agents have been
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman et
al.,1981; Anderson et al., 1982; National Institutes of Health, 1982; Jones ez al., 1983;
Solimando, 1983; Stolar et al., 1983; National Study Commission on Cytotoxic
Exposure, 1984; American Society of Hospital Pharmacists, 1985).

3.2 Other hazards

Sodium hydroxide and its solutions are corrosive and should be handled with
care.

Sodium hypochlorite is a strong oxidizing agent; care must be taken not to mix
it with concentrated reducing agents.
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In case of skin contact with corrosive chemicals, wash the skin under flowing
water for at least 15 min.

4. REAGENTS

4.1 For destruction

Sodium hypochlorite solution Commercial grade, 5% or
48°Cl

Sodium hydroxide ‘Technical grade

Sodium hydroxide solution I mol/L, aqueous
{4 g/100 mL)

4.2 For analysis
Sodium bisulfite Technical grade

Sodium bisulfite solution 0.1 mol/L, agueous
(1 g/100 mL)

Methanol Distilled in glass
Ammonium formate Analytical grade
Formic acid Analytical grade
Water Deionized, distilled
Hydrochloric acid (concentrated) Specific gravity, 1.19;

12 mol/L, analytical grade

Hydrochloric acid solution I mol/L, aqueous

5. APPARATUS
Usual laboratory equipment and the following items: liquid chromatograph

equipped with a reverse-phase ODS column and a UV detection system capable of
measurement at 254 nm.

6. PROCEDURE

Fifty mg of methotrexate dissolved in 100 mL of 4 g/100 mL sodium hydroxide
are destroyed by 4.6 mL of 5.25% sodium hypochlorite in 30 min.



NOTE I:

NOTE Z:

NOTE 3:
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[t must be remembered that solutions of sedium hypochlorite tend to
deteriorate, It is therefore essential to check their active chiorine
content. Note that the strength of sodium hypochlorite solutions may
be given as weight/weight or weight/volume. This is an additional
reason for estimating the concentration of available chlorine.
Percent (%) available chlorine = mass of chlorine in grams liberated
by acidifying 100 g ol sodium hypochlorite solution. The available
chlorine may also be expressed as °Cl, which corresponds to the
volume of chlorine, in litres, liberated by one litre (liquid) or one
kilogram (solid) of commercial bleach under treatment by hydro-
chloric acid, e.g., a 1 mol/L solution of hypochlorite corresponds to
22.4°Cl.

The sodium hypochlorite solution used for this determination should
contain not less than 25 g and not more than 30 g of active chlorine
per litre. Assay: pipette 10.00 mL sodium hypochlorite solution into
a [00-mL volumetric flask and fill to the mark with distilled water.
Pipette 10 mL of the resulting solution into a conical flask containing
50 mL distilled water, | g potassium iodide and 12.5 mL acetic acid
(2 mol/L). Rinse and titrate with 0.1 N sodium thiosulfate, using
starch as indicator; 1 mL sodium thiosulfate (0.1 N) corresponds to
3.545 mg active chiorine.

6.1 Solid compound

6.2

6.3

6.1.1  Dissolve in 4 g/100 mL. sodium hydroxide solution to obtlain a con-
centration of not more than 50 mg/100 mL.

6.1.2  Estimate the amount of sodium hypochlorite solution required.

6.1.3  Add at least twice this estimated amount, 1.e., =~ 10 mL sodium hypo-
chlorite solution for each 50 mg methotrexate. Allow to react for 30 min.

6.1.4  If desired, check for completeness of degradation using the procedure
described in Section 7.

6.1.5 Discard.

Aqueous solutions, including injectable pharmaceutical preparations

6.2.1  Estimate the amount of methotrexate to be degraded.

6.2.2  Proceed as in 6.1.2 to 6.1.5.

Solutions in volatile organic solvents

6.3.1  Estimate the amount of methotrexate to be degraded.
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6.4

6.5

6.6

6.7

7.1
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6.3.2  Remove the solvent by evaporation, using a rotary evaporator, under
reduced pressure.

6.3.3  Proceed as in 6.1.

Glassware

Immerse in sodium hypochlorite solution. Allow to react 30 min. Discard.

Spills of solid compound

6.5.1  Isolate the area, and pul on suitable protective clothing.

6.5.2  Collect the solid, place it in a beaker and treat as in 6.1.

6.5.3  Rinse the area with sodium hypochlorite solution and then with water.

6.5.4  Take up the rinse with absorbent material and discard.

6.5.5  If desired, check the surface for completeness of removal by wiping it
with absorbent material moistened with 0.1 mol/L sodium hydroxide
solution and analysing the wipe (see Section 7).

Spills of aqueous solutions and injectable pharmaceutical preparations

6.6.1  Isolate the area, and put on suitable protective clothing.

6.6.2  Take up on absorbent material, Place the material in a beaker.

6.6.3  Procced as in 6.1.2 to 6.1.5.

Spills of solutions in volatile organic solvents

6.7.1  Isolale the area, and put on suitable protective clothing.

6.7.2  Allow the solvent to evaporate.

6.7.3  Proceed as in 6.5.3 to 6.5.5.

ANALYSIS FOR COMPLETENESS OF DEGRADATION

To an aliquot of the solution to be analysed, add sodium bisulfitc solution to
reduce oxidant, then neutralize with 1 mol/L hydrochloric acid solution.

NOTE: Destruction of excess hypochlorite should always be performed in a fume
cupboard, because chlorine is a by-product of the reaction.
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7.2 Analyse by HPLC, using the following conditions, or any other suitable system:
Column; Reverse-phase ODS, 25cm x 3.9 mm 1.4.

Eluant: 5 mmol/L ammonium formate, pH 3.5 with formic acid:methanol
(60:40)

Flow rate: 1 mL/min
Injection volume; 10 pL

Detector: UV, 254 nm
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METHOD 5: DESTRUCTION OF CYCLOPHOSPHAMIDE
AND TFOSFAMIDE USING ALKALINE HYDROLYSIS IN THE
PRESENCE OF DIMETHYLFORMAMIDE

1. SCOPE AND FIELD OF APPLICATION

This method specifics a procedure for the treatment of cyclophosphamide and
ifosfamide in the following wastes: solid compounds (7.1), aqueous solutions and
pharmaceutical solutions (7.2), solutions in dimethylformamide (DMF) (7.3), solu-
tions in volatile organic solvents (7.4), solutions in dimethylsulfoxide (DMSQ) (7.5),
glassware (7.6), spills of solid compounds (7.7), spills of aqueous solutions or of
solutions in DMF or DMSO (7.8) and spills of solutions in volatile organic solvents
(7.9).

The method has been tested collaboratively using 100 mg solid ifosfamide and
using a soiution ol 100 mg cyclophosphamide in 4 mI. IDMSO. The method affords
better than 99% degradation for the samples tested.

The residues produced by this method were tested for mutagenicity using Sa/-
monella typhymurium strains TA1530, TA1535 and TA 100 with and without metabol-
ic activation. No mutagenic activity was detected.

For recommended applications of this method, see Methods Index, page 21.

2. REFERENCES

Brooke, D., Scott, J.A. & Bequette, R.J. (1975) Effect of briefly heating cyclophos-
phamide solutions. Am. J. Hosp. Pharm., 32, 44-45

Friedman, O.M. (1967) Recent biologic and chemical studies of cyclophosphamide
(NSC-26271). Cancer Chemother. Rep., 51(6), 327-333

3. PRINCIPLE

Destruction 1s effected by refluxing with a mixture of DMF and sodium hy-
droxide.

4. HAZARDS
4.1 From cyclophosphamide or ifosfamide

Cyclophosphamide is carcinogenic to humans, and ifosfamide has been shown
to be carcinogenic to animals. Gloves must be worn for all operations involving the
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handling of these compounds or their selutions. Should gloves come into contact with
solutions of these compounds, they should be changed as quickly as possible to reduce
the risk of contact with the skin. The gloves should be discarded afler use.

A number of guidelines for the safe handling of antincoplastic agents have been
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman et al.,
1981; Anderson ef al., 1982; National Institutes of Health, 1982; Jones ef al., 1983,
Solimando, 1983; Stolar er af., 1983; National Study Commission on Cytotoxic
Exposure, 1984; American Society of Hospital Pharmacists, 1985).

4.2 Other hazards

Hydrochloric acid and sodium hydroxide and their solutions are corrosive and
should be handled with care.

DMF is an irritant, and skin contact should be avoided.

5. REAGENTS

5.1 For destruction

Sodium hydroxide Technical grade
Sodium hydroxide solution ~ 10 mol/L, aqueous
(40 g/160 mL)
~ 3 mol/L, aqueous
(12 g/100 mL)
DMF Analytical grade
DMSBO Analytical grade
DMPF: sodium hydroxide solution Freshly prepared solution

containing 2 volumes DMF
and 1 volume of 12 g/100 mL
sodium hydroxide

5.2 For analysis

Potassium dihydrogenphosphate (KH,PO,) Analytical grade

Acetonitrile HPLC grade
Water Redistilled from glass
Hydrochloric acid Specific gravity, 1.19;

~ 12 mol/L, technical grade
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Hydrochloric acid sclution ~ 5 mol/L, aqueous

Phosphoric acid Analytical grade

6. APPARATUS

Usual laboratory equipment and the following items: HPLC equipped with a
reverse-phase ODS column and a UV detection system capable of measurcment at
210 nm.

7. PROCEDURE

Ten ml of 12g/100 mL sodium hydroxide are sufficient to destroy 100 mg
cyclophosphamide or ifosfamide in 20 mL. DMF when refluxed for 4 h.

7.1 Solid compounds

7.1.1  For each 100 mg of sample, add 30 mL. DMF/sodium hydroxide solu-
tion.

7.1.2  Reflux for 4 h.

7.1.3  If desired, check for completeness of degradation, using the procedure
described in Section 8.

7.1.4  Dilute with water and discard.
7.2 Aqueous solutions and pharmaceutical solutions
7.2.1  Dilute with 40 g/100 ml. sodium hydroxide solution to obtain a maxi-
mum content of 10 g/L cyclophosphamide and/or ifosfamide and a mini-
mum concentration of 12 g/100 mL sodium hydroxide.
7.2.2  Add 2mL DMF for each mL of solution from 7.2.1.
7.23  Proceed as in 7.1.2 to 7.1.4.
7.3 Solutions in DMF

7.3.1  Estimate the amount of cyclophosphamide and/or ifosfamide to be
degraded, and dilute, if necessary, with DMF to obtain not more than
5 g/L of drug.

7.3.2  Foreach 2 mL of solution from 7.3.1, add 1 mL of 12 g/100 mL sodium
hydroxide sofution.
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Proceed asin 7.1.2 to 7.1.4.

Solutions in volatile organic solvents

7.4.1

742

743

Estimate the amount of cyclophosphamide and/or ifosfamide to be
degraded.

Remove the solvent by evaporation, using a rotary evaporator, under
reduced pressure.

Procced as 1n 7.1,

Solutions in DMSO

7.5.1  Estimate the amount of cyclophosphamide and/or ifosfamide to be
destroyed and dilute, if necessary, with DMSO to obtain not more than
20 g/L of drug.

7.52 Add an equal volume of DMF and enough 12 g/100 mL sodium
hydroxide solution to obtain a minimum concentration of 4 g/100 mL
sodium hydroxide and a maximum concentration of not more than 5 g/L
cyclophosphamide and/or ifosfamide.

7.53 Proceed asin 7.1.2 to 7.1.4.

Glassware

7.6.1  Rinse with two successive portions of 12 g/100 mL sodium hydroxide,
then two successive portions of water (enough to wet all the glass). Drain
completely between each rinse.

7.6.2  Treat rinses as m 7.2,

Spills of solid compounds

7.7.1
7.77.2
7.7.3

7.7.4

7.7.5

Isolate the area, and put on suitable protective clothing.
Collect the solid, place it in a beaker and treat as in 7.1.

Rinse the area with an excess of a solution of 12 g/100 mL sodium
hydroxide.

Take up the rinse on absorbent material, and immerse the material in a
freshly prepared DMF/sodium hydroxide solution.

Repeat steps 7.7.3 and 7.7.4.
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7.7.6  If desired, check the surface for completeness of removal by wiping with
absorbent material moistened with methanol and analysing the wipe {(see
Section 8).

7.7.7 Procced asin 7.1.2 to 7.1.4.

Spills of agueous solutions or of solutions in DMF or DMSO

7.8.1  Isolate the area, and put on suitable protective clothing.

7.8.2  Take up on absorbent material, and immerse the material in a freshly
prepared DMF/sodium hydroxide solution.

7.83  Proceed as in 7.7.3 to 7.7.8.

Spills of solutions in volatile organic solvents

7.9.1  Isolate the area, and put on suitable protective clothing.
7.9.2  Allow the solvent to evaporate.

7.9.3  Proceed as in 7.7.3 to 7.7.8,

ANALYSIS FOR COMPLETENESS OF DEGRADATION

Bring the pH of an aliquot of the sample to be analysed to 5-7 using 5 mol/L
hydrochloric acid.

Analyse by HPLC, using the following conditions, or any other suitable HPLC
reverse-phase chromatography system;

Column: 25cm x 3.6 mm i.d., Partisil ODS-2 10 um
Precolumn: 6.5 cm x 3.6 mm i.d., filled with CO:Pell ODS 30-38 pm

Solvent: Buffer 0.02 mol/L KH,PO, adjusted to pH 4.5 with H, PO, :acetonitrile
(65:35). Isocratic system

Flow rate: 1.5 mL/min
Injection volume: 50 pL

Detector: UV, 210 nm
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¢ SCHEMATIC REPRESENTATION OF PROCEDURE
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METHOD 6: DESTRUCTION OF CYCLOPHOSPHAMIDE
USING ACID HYDROLYSIS FOLLOWED BY ADDITION OF
SODIUM THIOSULFATE AND ALKALINE HYDROLYSIS

1. SCOPE AND FIELD OF APPLICATION

This method specifies a procedure for the destruction of cyclophosphamide in the
following laboratory wastes: solid compound (6.1), aqueous solutions and injectable
pharmaceutical preparations (6.2), solutions in dimethylformamide (DMF) and di-
methylsulfoxide (DMSQO) (6.3), solutions in volatile organic solvents (6.4), glassware
(6.5), spills of solid compound (6.6), spills of aqueous sclutions or of solutions in
DMF or DMSO (6.7) and spills of solutions in volatile organic solvents (6.8).

The method has been tested collaboratively using 100 mg solid cyclophospha-
mide. The method affords better than 99% degradation [or the samples tested.

The residues produced by this method were tested for mutagenicity using Sal-
monella typhimurim strains TA 1530, TA1535 and TA 100 with and without metabolic
activation. No mutagenic activity was detected.

NOTE: The method was also tested for the destruction of ifosfamide. Although
chemical degradation was achicved, the residues possessed high muta~
genic activity in cach of the three strains tested. This method should
therelore not be used to degrade ifosfamide.

For recommended applications of this method, see Methods Index, page 21.

2. PRINCIPLE

Destruction is effected by refluxing with hydrochloric acid and trapping the
degradation products with sodium thiosulfate under alkaline conditions.

3. HAZARDS
3.1 From cyclophosphamide

Cyclophosphamide is carcinogenic to humans. Gloves must be worn for all
operations involving the handling of this compound or its solutions. Should gloves
come into contact with a solution of this compound, they should be changed as
quickly as possible to reduce the risk of contact with the skin. The gloves should be
discarded after use.

A number of guidelines for the safe handling of antineoplastic agents have been
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman ef al.,

— B5 —
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1981; Anderson ef al ,1982; National Institutes of Health, 1982; Jones ef af., 1983;
Solimando, 1983; Stolar et al., 1983; National Study Commission on Cytotoxic
Exposure, 1984; American Society of Hospital Pharmacists, 1983).

3.2

4.

4.1

42

5.

Other hazards

Hydrochloric acid and sodium hydroxide and their solutions are corrosive and
should be handled with care. All reactions must be carricd out under a well-ventilated
fume hood.

REAGENTS
For destruction
Sodium hydroxide

Sodium hydroxide solution

Sodium thiosulfate

Hydrochloric acid {(concentrated)

Hydrochloric acid solution

pH paper

For analysis

Potassium dihydrogenphosphate (KH,PQO,)
Acetonitrile

Water

Hydrochloric acid (concentrated)

Phosphoric acid

APPARATUS

Technical grade

5 mol/L, agucous
(20 g/100 mL)

Technical grade

Specific gravity, 1.19;
~ 12 mol/L; technical grade

I and 2 mol/L., aqueous

Analytical grade
HPLC grade
Redistilled from glass

Specific gravity, 1.19;
12 mol/1., analytical grade

Analytical grade

Usual laboratory equipment and the following items: HPL.C equipped with a
reverse-phase ODS column and a UV detection system capable of measurement at
210 nm.



6.

METHOD 6 87
PROCEDURE

A sample of 250 mg cyclophosphamide dissolved in 10 mL of 1 mel/L hydro-

chloric acid solution is completely hydrolysed when refluxed for 1 h. After addition
of 1.5 g sodium thiosulfate to the neutralized reaction mixture, the medium is made
strongly alkaline with 20 g/100 mL. sodium hydroxide solution and the reaction
allowed to proceed for 1 h.

6.1

6.2

6.3

6.4

Solid compound

6.1.1  For each 250 mg of sample, add 10 mL of | mol/L hydrochloric acid
solution.

6.1.2  Reflux for 1 h. Allow to cool to room temperature.

6.1.3  Add 20 g/100 mL sodium hydroxide solution until a pH of about 6 is
obtained. Allow to cool to room temperature.

6.1.4 Add 1.5 g sodium thiosulfate for each 250 mg cyclophosphamide and
make strongly alkaline with 20 g/100 mL sodium hydroxide solution.

6.1.5 Allow to react for 1 h.

6.1.6  If desired, check for completeness of degradation, using the procedure
described in Section 7.

6.1.7  Dilute with water and discard.

Aqueous solutions and injectable pharmaceutical preparations

6.2.1  Dilute if necessary o obtain a maximum cyclophosphamide content of
25 g/L and add concentrated hydrochloric acid te obtain a 1 mol/L hy-
drochloric acid solution.

6.2.2  Proceed as in 6.1.2 to 6.1.7.

Solutions in DMF or DM SO

6.3.1  Dilute with water, if necessary, to obtain a maximum content of cy-
clophosphamide of 50 g/I.. Add an equal volume of 2 mol/L hydrochlo-
ric acid selution.

6.3.2  Proceed as in 6.1.2 to 6.1.7.

Solutions in volatile organic solvents

6.4.1  Estimate thc amount of cyclophosphamide to be degraded.
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6.4.2  Remove the solvent by cvaporation, using a rotary evaporator, under
reduced pressure.

6.43 Procced as in 6.1.
Glassware

6.5.1  Rinse with four successive portions of 1 mol/L hydrochloeric acid solu-
tion {enough to wet all the glass). Drain completely between each rinsc.

6.5.2  Treat rinses as in 6.1.2 to 6.1.7.

Spills of selid compound

6.6.1  TIsolate the area, and put on suitable protective clothing.

6.6.2  Collect the solid and place in a beaker.

6.6.3  Rinse the area with four successive portions of enough |1 mol/L hydro-
chloric acid solution to wct it. Take up each rinsc on absorbent material.
Place material in the beaker containing the solid from 6.6.2.

6.6.4  If desired, check the surface for completeness of removal by wiping with
absorbent material moistened with methanol and analysing the wipe (see

Section 7).

6.6.5  Cover the contents of the beaker from 6.6.2 and 6.6.3 with 1 mol/L
hydrochloric acid solution.

6.6.6  Proceed as in 6.1.2 to 6.1.5.

6.6.7  Discard.

Spills of aqueous solutions or of solutions in DMF or DMSO
6.7.1  Isolate the area, and put on suitable protective clothing.

6.7.2  Take up on absorbent material; transfer the material to a beaker and
cover it with | mol/L. hydrochloric acid solution.

6.7.3  Rinse the area with four successive portions of enough | mol/L hydro-
chloric acid solution to wet it.

6.7.4  If desired, check the surfacc for completencss of removal by wiping with
an absorbent material moistened with methanol and analysing the wipe
(see Section 7).
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6.7.5  Take up each rinse on absorbent material, and immediately immerse the
material in the beaker containing the residues from 6.7.2.

6.7.6  Proceed asin 6.1.2 to 6.1.5.

Spills of solutions in volatile organic solvents

6.8.1  Isolatc the area, and put on suitable proteclive clothing.
6.8.2  Allow the solvent to evaporate.

6.8.3  Proceed as in 6.6.3 to 6.6.7.

ANALYSIS FOR COMPLETENESS OF DEGRADATION

Bring the pH of an aliquot of the sample to be analysed to pH 5-7 uvsing
concentrated hydrochloric acid.

Analyse by HPLC, using the following conditions, or any other suitable HPLC
reverse-phase chromatography system:

Column: 25cm x 3.6 mm 1.d., Partisil ODS-2 10 pm
Precolumn: 6.5cm x 3.6 mm i.d., filled with CO:Pell ODS 30-38 pm

Solvent: Buffer 0.02 mol/L KH,PO, adjusted to pH 4.5 with H,PO,:acetonitrile
(65:35). Isocratic system. R; ~ 8 min

Flow rate: 1.5 mL/min
Injection volume: 50 uL

Detector: UV, 210 nm
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SCHEMATIC REPRESENTATION OF PROCEDURE
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METHOD 7: DESTRUCTION OF VINCRISTINE SULFATE
AND VINBLASTINE SULFATE USING POTASSIUM
PERMANGANATE/SULFURIC ACID

1. SCOPE AND FIELD OF APPLICATION

This method specifies a procedure for the destruction of vincristine sulfate and
vinblastine sulfate in the following wastcs: solid compounds (6.1), aqucous solutions
{6.2), solutions in volatile orgamc solvents (6.3), sclutions in dimethylformamide
(DMPF) or dimethylsulfoxide (DMSO) (6.4), pharmaceutical preparations (6.5), glass-
ware (6.6), spills of solid compounds (6.7), spills of aqueous sclutions or of sclutions
of pharmaceutical preparations (6.8} and spills of solutions in volatile organic sol-
vents (6.9).

The method has been tested collaboratively with 1 mg vincristine sulfate (phar-

maceutical preparation) and with a solution of 10 mg vinblastine sulfate in 2 ml
DMSO. The method affords better than 99% degradation for the samples tested.

The residues of destruction of pharmaceutical preparations dissolved in water,
DMF or DMSO were tested for mutagenicity using Salmonella typhimurium strains
TA1535, TA98 and TA100 with and without metabolic activation. No mutagenic
activity was detected.

2. PRINCIPLE

Destruction is effected by oxidation with a solution of potassium permanganate
in sulfuric acid.

3. HAZARDS
3.1 From vincristine sulfate and vinblastine sulfate

Vincristine sulfate and vinblastine sulfate can induce teratogenic effects and
embryolethality in several animal species. Appropriate precautions, e.g., working
with gloves, must be taken when handling these compounds or their solutions.

A number of guidelines for the safe handling of antineoplastic agents have been
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman e al.,
1981; Anderson ef af., 1982; National Institutes of Health, 1982; Jones et al., 1983;
Solimando, 1983; Stolar er al., 1983; National Study Commission on Cytotoxic
Exposure, 1984; American Soctety of Hospital Pharmacists, 1985).

3.2 Other hazards

Concentrated sulfuric acid and sodium hydroxide are corrosive and should be
handled with care.
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Care should be taken in the preparation of solutions of potassium permanganate
in sulfuric acid; never add solid potassium permanganate to concentrated sufluric
-acid.

The dilution of concentrated sulluric acid with water is an extremely exothermic
reaction; always add the acid to the water, never the rcverse, and remove heat by
cooling in a cold-water bath.

Potassium permanganate is a strong oxidizing agent; carc must be taken not to
mix it with concentrated reducing agents.

In case of skin contact with corrosive chemicals, wash the skin with flowing water
for at feast 15 min.

4. REAGENTS

4.1 For destruction

Potassium permanganate Technical grade

Sulfuric acid (concentrated) Specific gravity, 1.84 (about
18 mol/L}; technical grade

Sulfuric acid solution ~ 3 mol/L, aqueous (see Haz-
ards, 3.2)

Potassium permanganate/sulfuric acid solution To 100 mL of a 3 mol/L sul-
furic acid solution, add 4.7 g
solid  potassium  perman-
ganate.

NOTE: The reagent should always be freshly prepared on the day of use.

Ascorbic acid or sodium bisulfite Technical grade

Ascorbic acid or sodium bisulfite solution 50 g/L, aqueous

Sodium hydroxide Technical grade

Sodium hydroxide solution ~ 2 mol/L, aqueous (~ 8 g/
100 mL)

Sodium carbonate Technical grade

4.2 For analysis

Ascorbic acid Analytical grade
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Tetrabutylammonium phosphate

Tetrabutylammonium phosphate solution

Phosphoric acid
Acetonitrile
Tetrahydrofuran

Water

5. APPARATUS

75
Analytical grade
5mmol/L, aqueous {i.7g/
100 mL), adjusted to pH 3.5
with phospheric acid
Analvtical grade
HPLC grade
HPLC grade

Redistilled from glass

Usual laboratory equipment and the {ollowing items: liquid chromatograph
equipped with a reverse phase ODS column, and a UV detection system capable of

measurement at 254 nm.

6. PROCEDURE

Ten mg of vincristine sulfate or vinblastine sulfate in 10 mL of 3 mol/L sulfuric
acid solution are completely destroyed by 0.5 g potassium permanganate in 2 h.

6.1 Solid compounds

6.1.1  Estimate the amount of drug to be destroyed, and dissolve in 3 mol/L
sulfuric acid solution to obtain & maximum content of 1 mg/mL.

6.1.2  Place flask on a magnetic stirrer; add 0.5 g potassium permanganate per

10 mL of solution from 6.1.1.

6.1.3  Continue stirring for 2 h or more.

6.1.4  If desired, check for completeness of destruction using the method

described in Section 7.

6.1.5  Neutralize with 8 g/100 mL sodium hydroxide solution, and discard.

6.2 Aqueous solutions

6.2.1  Estimate the amount of drug to be destroyed, and dilute, if necessary,

to a maximum content ol | mg/mL.
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6.3

6.4

6.5

6.2.2

6.2.3

CASTEGNARO ET AL

Add slowly, with stirring, enough concentrated sulfuric acid to obtain
a 3 mol/L solution, and allow to cool lo room temperature (see 3.2,
Hazards).

Proceed as in 6.1.2 to 6.1.5.

Solutions in volatile organic solvenis (including methanol and ethanol)

6.3.1
6.3.2

6.3.3

Estimate the amount of drug to be destroyed.

Remove solvent by evaporation, using a rotary evaporator under re-
duced pressure.

Proceed as in 6.1.2 to 6.1.5.

Solutions in DMF or DMSO

6.4.1

6.4.2

643

NOTE:

6.4.4

Dilute with waler to obtamn a maximum concentration of 20% solvent
and not more than 1 mg/mL of drug.

Add slowly, with stirring, enough concentrated sulfuric acid to obtain
a concentration of 3 mol/L and allow lo cool to room temperature (see
3.2, Hazards).

Place flask on a magnetic stirrer, gradually add 1 g potassium perman-
ganate per 10 mL of solution.

To avoid frothing, add the potassium permanganate in small increments.

Proceed as i 6.1.3 to 6.1.5.

Pharmaceutical preparations

NOTE 1: The following preparation was investigated: | mg of compound +

6.5.1

6.5.2

1.275 mg methyl para-hydroxybenzoate + 1.225 propyl para-
hydroxybenzoate + 100 mg mannitol.

Estimate the amount of drug to be destroyed, and dissolve in 3 mol/L
sulfuric acid solution to obtain a2 maximum content of 0.1 mg/mL.

Place on 4 magnetic stirrer; gradually add 0.5 g potassium permanganate
per 10 mL of solution.

NOTE 2: To avoid frothing, add the potassium permanganate in small incre-

6.5.3

ments.

Proceed as in 6.1.3 to 6.1.5.



6.6

6.7

6.8

6.9

7.
7.1
7.2

METHOD 7 77

Glassware

6.6.1  Immerse in a freshly prepared solution of potassium permanganate/
sulfuric acid. Allow to react 2 h or more.

6.6.2  Clean the glass by immersion in a solution of ascorbic acid or sodium
bisulfite.

Spills of solid compounds
6.7.1  Isolate the area, and put on suitable protective clothing.
6.7.2  Collect the solid compound; place it in beaker.

6.7.3  Rinse the arca with water. Take up the rinse on absorbent material, and
place the material in the beaker from 6.7.2.

6.7.4  If desired, check the surface for completeness of removal by wiping it
with absorbent material moistened with water and analysing the wipe
(see Section 7).

6.7.5  Cover the contents of the beaker from 6.7.3 with potassium permanga-
nate/sulfuric acid solution. Allow to react for 2 h. If the purple colour
fades, add more potassium permanganate.

6.7.6  Discard
Spills of aqueous solutions or of solutions of pharmaceutical preparations
6.8.1  Isolate the area, and put on suitable protective clothing.

6.8.2  Take up with absorbent material; place material in a beaker. Rinse the
area with water. Take up rinse with absorbent material, and place
material in the same beaker.

6.8.3  Proceed as in 6.7.4 10 6.7.6.

Spills of solutions in volatile organic solvents

6.9.1  Isolate the area and put on suitable protective clothing.
6.9.2  Allow the solvent to evaporate.

6.9.3  Proceed as in 6.7.3 to 6.7.6.

ANALYSIS FOR COMPLETENESS OF DEGRADATION

Add ascorbic acid until the solution becomes colourless.

Analyse by HPLC, using the following conditions, or any other suitable system:
Column: 25¢cm x 3.6 mm i.d., Partisil ODS-2 10 um
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CASTEGNARD ET AL.
Precolumn: 65 mm x 3.6 mm i.d., filled with CO:Pell ODS 30-38 um

Solvent: Tsocratic system., Tetrabutylammonium phosphate solution:accto-
nitrile:tetrahydrofuran (54:26:20)

Flow rate: 1.5 mL/min
Injection volume: 50 uL

Detector: UV, 254 nm
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METHOD 8: DESTRUCTION OF 6-THIOGUANINE AND
6-MERCAPTOPURINE USING POTASSIUM
PERMANGANATE/SULFURIC ACID

1. SCOPE AND FIELD OF APPLICATION

This method specifies a procedure for the destruction of 6-thioguanine and
6-mercaptopurine in the following wastes: solid compounds (6.1), aqueous solutions
(6.2), solutions in volatile organic solvents {6.3), solutions in dimethylformamide
(DMF) or dimethylsulfoxide (DMSO) (6.4), pharmaceutical preparations (6.5), glass-
ware (6.6) and spills (6.7).

The method has been tested collaboratively with 20 mg solid 6-thioguanine and
with a solution of 6-mercaptopurine (40 mg in 6 mL DMF). The method affords
better than 99.5% destruction for the samples tested.

The residues produced by this method were tested for mutagenicity using Sal-
monella typhimurium strains TA1535, TA98 and TA100 with and without metabolic
aclivation. No mutagenic activity was detected.

2. PRINCIPLE

Destruction 1s effected by oxidation with a solution of potassium permanganate
in sulfuric acid.

3. HAZARDS
3.1 From 6-mercaptopurine

6-Mcrcaptopurine was shown to be mutagenic without metabolic activation in
Salmonella typhimurium tester strains his G46 and TA1535 and must be handled with
care. It is good laboratory practice to wear gloves when handling potentially hazard-
ous compounds.

A number of guidelines for the safe handling of antineoplastic agents have been
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman e/ al.,
1981; Anderson et al., 1982; National Institutes of Health, 1982; Jones et al., 1983;
Solimando, 1983; Stolar e al., 1983; National Study Commission on Cytotoxic
Exposure, 1984; American Society of Hospital Pharmacists, 1985).

3.2 Other hazards

Concentrated sulfuric acid and potassium hydroxide are corrosive and should be
handled with care.

- 81 -
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Carc should be taken in the preparation of solutions of potassium permanganate
in sulfuric acid; never add solid potassium permanganate to concentrated sulfuric
acid.

The dilution of concentrated sulfuric acid with water is an cxtremely exothermic
reaction; always add the acid to the water, never the reverse, and remove heat by
cooling in a cold water bath.

Potassium permanganate is a strong oxidizing agent; care must be taken not to
mix it with concentrated reducing agents.

In case of skin contact with corrosive chemicals, wash the skin with flowing water
for at least 15 min.

4. REAGENTS

4.1 For destruction

Potassium permanganate Technical grade

Sulfuric acid (concentrated) Specific gravity, 1.84 (about
18 mol/L); technical grade

Sulfuric acid solution ~ 3 mol/L, aqueous (see 3.2,
Hazards)

Potassium permanganate/sulfuric acid solution  To 100 mL of a 3 mol/L sul-
furic acid solution, add 4.7 g
solid potassium permanga-
nate

NOTE: The reagent should always be freshly prepared on the day of use.

Ascorbic acid or sodium bisulfite Technical grade

Ascorbic acid or sodium bisulfite solutions =~ 50 g/, aqueous

Sodium hydroxide Technical grade

Sodium hydroxide solution ~ 2 mol/L, aqueous (~ 8g/
100 mL)

Sodium carbonate Technical grade

4.2 For analysis

Ascorbic acid Analytical grade



METHOD & 83

Potassium dihvdrogenphosphate (KH,PO,) Analytical grade

KH, PO, solution 0.02 mol/L, aqueous
Water Redistilled from glass
Acetonitrile HPLC grade

Sodium hydroxide Analytical grade

Sodium hydroxide solution 0.1 mol/L, aqueous (0.4 g/

100 mL)

5. APPARATUS

Usual laboratory equipment and the following items: liquid chromatograph
equipped with a reverse-phase ODS column and a UV spectrophotometer capable of
measurement at 340 nm.

6. PROCEDURE

Eighteen mg of 6-thioguanine or 6-mercaptopurine dissolved in 20 mL of 3 mol/L
sulfuric acid solution are destroyed by 0.13 g potassium permanganate in 10-12 h.

6.1 Solid compounds

6.1.1

6.1.2

6.1.3
6.1.4

6.1.5

Dissolve in 3 mol/L sulfuric acid to obtain a maximum concentration of
900 mg/L.

Place flask on a magnetic stirrer; add 0.5 g potassium permanganate per
80 mL of solutlion from 6.1.1.

Allow to react overnight.

If desired, check for completeness of destruction using the method
described in Section 7.

Neutralize with 8 g/100 mL sodium hydroxide solution, and discard.

6.2 Aqueous solutions

6.2.1

6.2.2

If necessary, dilute with water 1o obtain a maximum concentration of
900 mg/L.

Add slowly, with stirring, enough concentrated suifuric acid to obtain
a 3 mol/L solution, and allow to cool to room temperature (see 3.2,
Hazards).
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6.3

6.4

6.5

6.6

6.2.3

BAREK £T AL.

Proceed as in 6.1.2 to 6.1.5.

Solutions in volatile organic solvents

6.3.1

6.3.2

6.3.3

Estimate the amount of compound to be destroyed.

Remove solvent by evaporation, using a rotary evaporator under re-
duced pressure.

Proceed as in 6.1.

Solutions in DMF or DMSO

6.4.1

6.4.2

6.4.3

NOTE:
6.4.4

Dilute with water to obtain a maximum concentration of 20% solvent
and not more than 900 mg/L of drug.

Add slowly, with stirring, enough concentrated sulfuric acid to obtain
a 3 mol/L sclution, and allow to cool to room temperature (see 3.2,
Hazards).

Place flask on a magnetic stirrer; gradually add 4 g potassium perman-
ganatc per 80 mL of solution.

To avoid frothing, add the polassium permanganate in small increments.

Proceed as in 6.1.3 to 6.1.5.

Pharmaceutical preparations

6.5.1  Oral preparations
6.5.1.1 Dissolve in 3 mol/L sulfuric acid.
6.5.1.2 Proceed as in 6.4.3 — 6.4.4,

6.5.2  Parenteral solutions
Two preparations were tested: 7.5 mg 6-thioguanine in 50 mL of 5%
dextrose solution; and 10 mg 6-mercaptopurine in 10 mL of 5% dextrose
solution: Proceed as in 6.4.2 to 6.4.4.

Glassware

6.6.1  Immerse in a freshly prepared solution of potassium permanganate/
sulfuric acid. Allow to react 10-12 h.

6.6.2  Clean the glass by immersion in a solution of ascorbic acid or sodium

bisulfite.



6.7 Spills
6.7.1

6.7.2

6.73

6.7.4

6.7.5

NOTE:

6.7.6

METHOD 8 85

Isolate the area, and put on suitable protective clothing.

Collect the solid, or take up the liquid on absorbent material, and place
the material in a beaker.

Rinse the area with 0.1 mol/L sulfuric acid. Take up the rinse with
absorbent material, and place the material in the beaker from 6.7.2.

If desired, check the surface for completencss of removal by wiping it
with absorbent matcrial moistened with 0.1 mol/L sodium hydroxide
solution and analysing the wipe (see Section 7).

Cover the contents of the beaker from 6.7.3 with 3 mol/L sulfuric acid
and add, with stirring, an excess of potassium permanganatc. Allow to

react overnight.

At the end of this period, some purple colour should remain; if not, add
more potassium permanganate and continue to react.

Discard.

7. ANALYSIS FOR COMPLETENESS OF DEGRADATION

Several methods for the analysis of 6-thioguanine or 6-mercaptopurine are avail-
able in the literature. The following method may be used:

7.1 Add ascorbic actd until the solution becomes colourless.

7.2 Analyse by HPLC, using the following conditions:

Column: 25cm x 3.6 mm i.d., Partisil ODS-2 10 um

Precolumn: 6.5cm x 3.6 mm i.d., filled with CO:Pcll ODS 30-38 um

Eluant: 0.02 mol/T. KH,PO, acetonitrile (98:2)

Flow rate: 1.5 mL/min

Injection volume: 50 pL

Detector: UV, 340 nm
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g, SCHEMATIC REPRESENTATION OF PROCEDURE

Solid compound

Dilule 1o <900

Solution in
volatile
organic
solvent

Evaporale

mg/l. with «———— solvent

Imalfl.
H,50,
Add 0.5

BAREK ET AL.

Agueous solution
or parcnleral
solutinn

Dilute with H,0

Lo <900 mg/l. drug

Add H,80, to obtain

Solution in
DMFE or DMSO

Dilute with

H,0 1o <20%
solvent and
<900 mg/l. drug

Orul
preparation

Dissolve in

3moliL 11,50,

3 molil.

KMnO, per
&0 mi solution

l

Allow to react

overnight

Neutralize

|

Discard

Add excess KMnO,

Cover with 3 mol/LL 11,580,

Rinse area with
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Take up and place
absorbent material

in beaker

Collect solid and
place in a beaker

Take up liguid and place
absorbent material in a beaker
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METHOD 9: BESTRUCTION OF CISPLATIN BY REDUCTION
WITH ZINC POWDER

1. SCOPE AND FIELD OF APPLICATION

This method specifies a procedure for the destruction of cisplatin in the following -
wastes: solid compound (6.1), aqueous solutions and injectable pharmaceutical
preparations (6.2}, solutions in water-miscible organic solvents {6.3) and glasswarc
(6.4).

The method has been tested collaboratively using 30 mg cisplatin; it affords
~ 99% destruction.

The residue produced by this method was tested for mutagenicity using Sal-
monella typhimurium strains TA98, TA100 and TA 1535 with and without metabolic
activation. No mutagenic activity was detected.

For recommended applications of this procedure, see Methods Index, page 22.

2. PRINCIPLE

Destruction is effected by reduction of cisplatin to elemental platinum with zinc
powder under acidic conditions.

3. HAZARDS
3.1 From cisplatin

Cisplatin 1s probably carcinogenic to humans, and appropriate precautions, such
as wearing gloves when handling the compound or its solutions, should be taken.

A number of guidelines for the safe handling of antinecoplastic agents have been
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman et a/.,
1981; Anderson et al., 1982; National Institutes of Health, 1982; Jones et al., 1983;
Solimando, 1983; Stolar er al., 1983; National Study Commission on Cytotoxic
Exposure, 1984; American Society of Hospital Pharmacists, 1985).

3.2 Other hazards

Concentrated sulfuric acid and sodium hydroxide are corrosive and should be
handled with care.

The dilution of concentrated sulfuric acid with water is an extremely exothermic
reaction; always add acid to the water, never the reverse, and remove heat by cooling
in a cold-water bath.

— 89 —
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4.

4.1

4.2

BAREK ET AL.

In casc of skin contact with corrosive chemicals, wash the skin with flowing water
for at least 15 min,

REAGENTS
For destruction

Sulfuric acid (concentrated)

Zinc powder
Sodium hydroxide

Sulfuric acid solution

Sodium hydroxide solution

For analysis

Water

Heptane

Isopropanol

Chloroform

Chloroform

Sodium nitrate

Sodium nitrate solution
Sodium diethyldithiocarbamate
Sodium hydroxide

Sodium hydroxide solution

Sodium diethyldithiocarbamate solution

Specific gravity, 1.84 (about
18 mot/L); technical grade

Technical grade
Technical grade

~ 2 mol/L. and = 4 mol/L,
aqueous (see Hazards, 3.2)

~ 2 mol/L, aqueous (=~ & g/
100 mL)

Redistilled from glass
UV grade

UV grade

Analytical grade
Water-saturated
Analytical grade
Saturated, aqueous
Analytical grade
Analytical grade

0.1 mol/I., aqucous (0.4g/
100 m1)

10% in 0.1 mol/L sodium
hydroxide solution
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6.
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APPARATUS

Usual laboratory equipment and the following items:

Sintered glass funnel Porosity 4 or similar

Atomic absorption spectrophotometer with platinum lamp

or

Liquid chromatograph equipped with a CN bonded phase column and a UV
detection system capable of measurement at 254 nm.

PROCEDURE

Thirty mg of cisplatin dissolved in 50 mL of 2 mol/L sulfuric acid solution arc
destroyed by 1.5 g zinc powder in 10-12 h,

6.1 Solid compound

6.2

6.1.1

Dissolve in 2 mol/L sulfuric acid solution to achieve a maximum con-
centration of 0.6 mg/mL.

Place flask on a magnetic stirrer; add 3 g zinc powder per 100 mL of
solution from 6.1.1.

Stir overnight.

If desired, check for completeness of destruction using the method
described in Section 7.

Neutralize with a 8 g/100 mL sodium hydroxide solution.

Discard.

Aqueous solutions and injectable pharmaceutical preparations

NOTE: Solutions in 5% dextrose or 0.9% saline were considered.

6.2.1
6.2.2

6.2.3

Dilute with water to obtain a maximum concentration of 0.6 mg/mL.
Add slowly, with stirring, enough concentrated sulfuric acid to obtain
a 2 mol/L solution, and allow to cool to room temperature (see 3.2,
Hazards).

Proceed as in 6.1.2 to 6.1.6.
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6.3

6.4

7.1

7.2

BAREK ET AL,
Solutions in water-miscible organic solvents

6.3.1  Add an equal volume of 4 mol/L sulfuric acid solution, or more if
necessary, to achieve a maximum concentration of 0.6 mg/mL of drug.

6.3.2 Proceed as in 6.1.2 to 6.1.6.
Glassware
6.4.1  Rinse at least four times with enough water to completely wet the glass.

6.4.2  Treat rinses as in 6.2.

ANALYSIS FOR COMPLETENESS OF DEGRADATION
By atomic absorption spectrophotometry

7.1.1  Remove unreacted zinc powder by filtering through a sintered glass
funnel; collect filtrate.

7.1.2  To 2-mL fractions of filtrate, add 20, 40, 60, 80 or 100 pL of a 2 mol/L
cisplatin solution.

7.1.3  Determine platinum [I, using the following conditions:
— acetylene-air flame
— band width, 0.5 nm

— wavelength, 260 nm
— Pt lamp

By HPLC

7.2.1  Transfer a 9-mL aliquot of residual solution to a capped centrifuge tube.
Add 1 mL sodium diethyldithiocarbamate solution and 1 mL sodium
nitrate solution.

7.2.2  Shake, and allow to react 1 h at room temperature.

7.23  Add 1 mL of water-saturated chloroform to the tube from 7.2.1, and
shake.

7.2.4  Centrifuge for 5 min at 1200 x g; mix in a Vortex mixer, and centrifuge
again for another 10 min.

7.2.5  Discard aqueous layer and emulsion.

7.2.6  Analyse, using the following conditions:



METHOD 9
Column: 30 cm x 3.6 mm i.d., p Bondapack CN
Eluant: Heptane:isopropanol (82:18)
Flow rate: 2 mL/min
Injection volume: 30 puL

Detector: UV, 254 nm
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8. SCHEMATIC REPRESENTATICN OF PROCEDURE

Solid compound

Dilute 1o .6 mg/ml.

in 2mol/L H.SO,

Add 3 g Zn
powder per
100 ml. solution
and stir 10-12h

|

Neutralize

Discard

BAREK £T AL.

Agueous solution
ar injectable
pharmaceutical
preparation

Dilute with waler
lo = 0.6 mg/mL

Muke
with 11,80,

2nolil g

Glassware

Rinse 4 imes
with M,0

Solution in
water-miscibie
solvent

Add an z=amount
of 4 molil 1,50,
to make 3.6 mgimL
drug
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METHOD 9
ORIGIN OF METHOD

Dr J. Barek

Department of Analytical Chemistry
Charles University

Albertov 2030

12840 Prague 2, Czechoslovakia

Brouet, 1. & Castegnaro, M. (for testing of residues)
International Agency for Research on Cancer

150 Cours Albert Thomas

69372 Lyon Cedex 08, France

Contact point: J. BAREK

95



METHOD 16: DESTRUCTION OF CISPLATIN BY REACTION
WITH SODIUM DIETHYLDITHICCARBAMATE

1. SCOPE AND FIELD OF APPLICATION

This method specifies a procedure for the destruction of cisplatin in the following
wastes: solid compound (7.1}, aqueous solutions, including injectable pharmaceutical
preparations (7.2), glassware (7.3) and spills (7.4).

The solution and precipitate produced by this method were tested for mutagenic-
ity using Salmonella typhimurium strains TA98, TA100 and TA 1535 with and without
metabolic activation. No mutagenic activity was detected.

No analytical method was found suitable to verify the degree of destruction;
therefore, this method 18 recommended only on the basis of the absence of mutagenic
activity in the residue.

For recommended applications of this procedure, see Mcthods Index, page 22.

2. REFERENCE

Bannister, S.T., Sternson, L.A. & Repta, A.J. (1979) Urine analysis of platinum
species derived from cis-dichlorodiammineplatinum (II) by high-performance
liquid chromatography following derivatization with sodium diethyldithiocarba-
mate. J. Chromatogr., 173, 333-342

3. PRINCIPLE

Destruction is effected by decomposition with sodium diethyldithiocarbamatc.

4. HAZARDS
4.1 From cisplatin
Cisplatin is probably carcinogenic to humans, and appropriate precautions, such

as wearing gloves when handling the compound or its solutions, should be taken.

A number of guidelines for the safe handling of antineoplastic agents have been
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman et al.,
1981; Anderson ef al., 1982; National Institutes of Health, 1982; Jones et al., 1983;
Solimando, 1983; Stolar et «/., 1983; National Study Commission on Cytotoxic
Exposure, 1984; American Society of Hospital Pharmacists, 1985).

4.2 Qther hazards

Sodium hydroxide and its solutions are corrosive and should be handled with
care.

- 07 —
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5.1

52

7.1

BENVENUTO

In case of skin contact with corrosive chemicals, wash the skin with flowing water
for at least 15 min.

Dry sodium nitrate is highly combustible.

REAGENTS

For destruction

Sodium diethyldithiocarbamate
Sodium hydroxide

Sodium hydroxide solution

Sodium nitrate
Sodium nitrate solution

Sodium diethyldithiocarbamate solution

For analysis

Not applicable.

APPARATUS

Usual laboratory equipment.

PROCEDURE

Solid compound

Technical grade
Technical grade

0.1 mol/L., aqueous (0.4 g/
100 mL)

Technical grade
Saturated, aqueous
0.68 mol/I. (=~ 1g/100 mL)

imm 0.1mol/L sodium hy-
droxide solution

7.1.1  Estimate the amount of drug to be destroyed.

7.1.2  Dissolve in water.

7.1.3  For every 100 mg cisplatin, add 3 mL sodium diethyldithiocarbamate

solution.

7.1.4  Add an equal volume of sodium nitrate solution.



METHGD 10 99

NOTE: A yellow precipitate of the complex of platinum IT and diethyldithio-
carbamate will form when the platinum concentration is greater than
100 pg/mL.

7.1.5  Discard.

7.2 Aqueous solutions, including injeciable pharmaceutical preparations
Proceed as in 7.1.

7.3 Glassware

Immerse in a 1: 1 mixture of sodium diethyldithiocarbamate solution and sodium
nitrate solution.

7.4 Spills
7.4.1  TIsolate the area, and put on suitable protective clothing.

7.4.2  Collect solid, or take up liquid with absorbent material, and place it in
a beaker.

7.4.3  Rinse the area with water and take up the rinse on absorbent material.
Place the material in the beaker from 7.4.2.

7.4.4  1If desired, check the surface for completeness of removal by wiping in
with absorbent material moistened with water and analysing the wipe
using the method described in Section 7 of Method 9.

7.4.5  Cover the contents of the beaker from 7.4.3 with a 1: 1 mixture of sodium
diethyldithiocarbamate solution and sodium nitrate solution.

7.4.6  Discard.

8. ANALYSIS FOR COMPLETENESS OF DEGRADATION

Methods for the analysis of platinum detect the metal ion itself and cannot
distinguish between the active starting compound and the inactivated product.
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9. SCHEMATIC REPRESENTATION OF PROCEDURE

Solid compound Aqueous solution CGlassware

Dissolve in H.O

Treat with 1:1 NuDI¥TC/NaNQ, - Discard
solution

Rinse arca with 11,0 and
- take up vinse with absorbent material

—
Colleet solid and Take up liguid and place
place in a beaker absorbent material

in o heaker

Spills
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16. ORIGIN OF METHOGD

University of Texas System Cancer Center

M.D. Anderson Hospital and Tumor Institute
Departments of Pharmacy and Chemotherapy Research
6723 Bertner Avenue

Houston, Texas 77030, USA

Contact point: I.A. BENVENUTO



METHOD 11: DESTRUCTION OF LOMUSTINE,
CHLOROZOTOCIN AND STREPTOZOTOCIN USING
HYDROBROMIC ACID IN GLACIAL ACETIC ACID

1. SCOPE AND FIELD OF APPLICATION

This method specifies a procedure for the destruction of lomustine, chlorozotocin
and streplozotocin in the following wastes: solid compounds (7.1), solutions in
volatile organic selvents (excluding alcohols) (7.2), aqueous solutions (7.3), pharma-
ceulical preparations (7.4), solutions in methanol or ethanol (7.5), glassware (7.6) and
spills of solid compounds or of solutions in volatile organic solvents {including
methanol and cthanol) (7.7).

The method has been tested collaboratively using 100 mg solid lomustine, 50 mg
solid streptozotocin and a selution of 100 mg chlorozotocin in 4 mL methanol. The
method affords better than 98% destruction for the samples tested.

The residues produced by this method were tested for mutagenicity using Sal-
monella typhimurium strains TA1530, TA1535 and TA100 with and without metabolic
activation. No mutagenic activity was detected.

NOTE: The method was also tested using PCNU, carmustine and semustine.
Destruction of PCNU was not reproducible, and the residues from
carmustine and semustine showed mutagenic activity. This method
should not be used to destroy PCNU, carmustine or semustine.

For recommended applications of this procedure, see Methods Index, page 22.

2. REFERENCES

Eisenbrand, G. & Preussmann, R. (1970) Eine neue Methode zur kolorimetrischen
Bestimmung von Nitrosaminen nach Spaltung der Nitrosogruppe mit Brom-
wasserstoft in Eisessig. Arzneimittel. Forsch., 20, 1513-1517

Johnson, E.M. & Walters, C.L. (1971} The specificity of the release of nitrite from
nitrosamines by hydrobromic acid. Anal. Lett., 4, 383386

Lunn, G., Sansone, E.B., Andrews, A. W, Castegnaro, M., Malaveille, C., Michelon,
I., Brouet, I. & Keefer, L.K.. (1984) Destruction of carcinogenic and mutagenic
N-nitrosamides in laboratory wastes. In: O’Neill, 1. K., von Borstel, R.C., Miller,
C.T., Long, J. & Bartsch, H., eds, N-Nitroso Compounds: Occurrence, Biological
Effects and Relevance to Human Cancer (IARC Scientific Publications No. 57),

Preussmann, R. & Eisenbrand, G. (1972} Problems and recent results in the analytical
determination of N-nitrosocompounds. In: Topics in Chemical Carcinogenesis,
Tokyo, University of Tokyo Press, pp. 323-341
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3. PRINCIPLE

In a dry inert solvent, the nitroso group is removed by reaction with a solution
of hydrobromic acid in glacial acetic acid; the resulting nitrosyl bromide (NOBr) is
removed by flushing with nitrogen to eliminate the possible re-formation of N-nitro-
soureas.

4. HAZARDS
4.1 From N-nitrosourea drugs

Some N-nitrosoureas are carcinogenic, and gloves must be worn for all opera-
tions involving the handling of these compounds or their solutions. Should gloves
come into contact with a N-nitrosourea solution, they should be changed as quickly
as possible to reduce the risk of contact with the skin. The gloves should be discarded
after use. Some N-nitrosoureas occur as electrostatic powders, and precaulions
should be taken during the handling of these compounds to avoid their dissemination.

A number of guidelines for the safe handling of antineoplastic agents have been
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman ez al.,
1981; Anderson ef al., 1982; National Institutes of Health, 1982; Jones ef al., 1983;
Solimando, 1983; Stolar ef al., 1983; National Study Commission on Cytotoxic
Exposure, 1984; American Society of Hospital Pharmacists, 1985).

4.2 Other hazards

Sulfuric acid and hydrobromic acid/glacial acetic acid solutions are corrosive and
should be handled with care.

In case of skin contact with corrosive chemicals, wash the skin with flowing water
for at least 15 min.

5. REAGENTS

5.1 For destruction

Hydrobromice acid 30% solution in glacial acetic
acid

Glacial acetic acid Analytical grade

Hydrobromic acid solution 4.5% hydrogen bromide in

glacial acetic acid, preparcd
by diluting the 30% hydro-
bromic acid/solution 1 to 6
with glacial acetic acid



52

6.

7.

METHOD 11
Ammonium sulfamate
Sodium carbonate

Dichloromethane

Nitrogen gas

Sulfuric acid {concentrated)

Sulfuric acid solution
For analysis

Water

Methanol
Acetonitrile
Phosphoric acid

Potassium dihydrogenphosphatc
(KH,PO,)

KH,PO, solution

APPARATUS

105
Technical grade
Technical grade

Analytical grade (alcohol-

free)

Specific gravity, 1.84; techni-
cal grade; ~ 18 mol/L

~ 3.6 mol/L, aqueous

Redistilled from glass

HPLC grade

HPLC grade

Analytical grade

Analytical grade

0.02 mol/L, aqueous, adjust-

ed to pH 4.8 with phosphoric
acid

Usual laboratory equipment and the following items: liquid chromatograph
equipped with a reverse-phase ODS column and a UV detection system capable of
measurement at 230 nm.

Efficient bubbling system.

PROCEDURE

One hundred mg of lomustine dissolved in 2-3 mL dichloromethane or 100 mg
solid chlorozotocin or streptozotocin are degraded by 10 mL of a 4.5% solution of
hydrobromic acid in glacial acetic acid in 15 min. The nitrosyl bromide formed is
removed by flushing with nitrogen for 30 min, to eliminate possible re-formation of
N-nitrosoureas.



106

7.1

72

7.3

NOTE:

CASTEGNARO LT AL.

The procedure must not be carried out in the presence of water or
dimethylsulfoxide.

Solid compounds

MNOTE:

7.1.5

7.1.6

Estimate the amount of drug to be destroyed, and calculate the volume
of 4.5% hydrobromic acid to be added.

For lomustine, dissolve in dichloromethanc.
Add the quantity of 4.5% hydrobromic acid solution calculated in 7.1.1.

For lomustine, add at least 10 mL of 4.5% hydrobromic acid solution
per 2 mL dichloromethane.

Allow to react at room temperature for about 15 min, then flush out the
nitrosyl bromide formed by passing a strong stream of nitrogen through
the solution for at least half an hour. Adequate bubbling is essential to
avoid re-formation of N-nitrosoureas.

To avoid contamination of the atmosphere, connect the exhaust of the
reaction flask to a flask containing a solution of about 20% ammonium
sulfamate in about 3.6 mol/L sulfuric acid.

If desired, check for completeness of destruction using the method
described in Section 8.

Dilute with water, and discard.

Solutions in volatile organic solvents {excluding alcohols)

7.2.1

7.2.2

7.2.3

Estimate the amount of drug to be degraded.

Remove solvent by evaporation, using a rotary evaporator under re-
duced pressure.

Proceed as in 7.1.

Aqueous solutions

NOTE:

7.3.1

This method is not appropriate for the treatment of aqueous solutions
containing streptozotocin or chlorozotocin. Method 12 must be used for
streptozotocin.

Extract with three equal volumes of dichloromethane, each volume of
solvent being about equal to the volume of water.
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7.5

7.6

7.7

7.3.2

METHOD 11 107

Proceed as in 7.2.

Pharmaceutical preparations

7.4.1

742

NOTE:

Lomustine (solid compound containing lactose, starch and magnesium
stearate): Treat as in 7.1.

Chlorozotocin and streptozotocin (solid compound containing citric
acid); Treat as in 7.1.

Reconstituted sofutions cannot be treated by this method.

Solutions in methano!l or ethanol

NOTE:

The presence of ethanol or methanol greatly inhibits the rate of deni-
trosation by hydrobromic acid. Wastes containing methanol or ethanol
should, therefore, be collected scparately and treated as described below.

7.5.1  Add4.5% hydrobromic acid solution until the mixture contains less than
15% alcohol and less than 50 mg drug per 40 miL.

7.5.2  Allow to react overnight at room temperature, then remove the nitrosyl
bromide formed by flushing with nitrogen for at least 30 min. Adequate
bubbling 1s essential to avoid re-formation of N-nitrosoureas.

NOTE: To avoid conlamination of the atmosphere, connect the exhaust of the
reaction flask to a flask containing a solution of about 20% ammonium
sulfamate in about 3.6 mol/L. sulfuric acid.

7.5.3 Proceed as in 7.1.5 and 7.1.6.

Glassware

7.6.1  Drain thoroughly and immersec in a 4.5% solution of hydrobromic acid.

7.6.2  Allow to react overnight,

7.6.3  Proceed as in 7.1.5 and 7.1.6,

Spills of solid compounds or of solutions in volaiile organic solvents {including
methanol and ethanol)

NOTE:

7.7.1

This method is not appropriate for the treatment of aqueous spilis.

Isolate the area, and put on suitable protective clothing, including
breathing apparatus.
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8.1

8.2

7.7.2

7.7.3

7.7.4

7.7.5

CASTEGNARO ET AL,
For solutions in volatile organic solvents, allow the solvent to evaporate.

Cover the arca with an cxcess of 4.5% solution of hydrobromic acid.
Allow to react for at least 1 h.

Add solid sodium carbonate to the treated surface.
To check for completeness of decontamination, wipe the surface with

absorbent material moistened with methanol, and analyse the wipe (see
Section §).

ANALYSIS FOR COMPLETENESS OF DEGRADATION

Analyse directly by HPLC, using the following conditions:

Lomustine

Column: 25cm x 3.6 mm i.d., Partisil ODS-2 10 pm

Precolumn: 6.5¢cm x 3.6 mm i.d., filled with CO:Pell QDS 30-38 pm

Eluant: Water: methanol:acetonitrile (40:30:30)

Flow rate: 1.5 mL/min

Tnjection volume: 50 pL

Detector: UV, 230 nm

Streptozotocin and chlorozotocin

Column: 25cm x 3.6 mm i.d., Partisil ODS-2 10 pm

Precolumn: 6.5 cm x 3.6 mm i.d., filled with CO:Pell QDS 30-38 pm

Eluant: Streptozotocin: 0.02M XH,PO, pH 4.8

Chlorozotocin: 0.02M KH,PO, pH 4.8:methanol (96:4)

Flow rate: 1.5 mL/min

Injection volume: 50 pL

Detector: UV, 230 nm
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10. ORIGIN OF METHOD

Caslegnaro, M., Michelon, I. & Brouet, 1.
International Agency for Research on Cancer
150 Cours Albert Thomas

69372 Lyon Cedex 08, France

Contact point: M. CASTEGNARO
Sansone, E.B.

NCI-Frederick Cancer Research Facility
P.O Box B

Frederick, MD 21701, USA

Contact point: E. B. SANSONE



METHOD 12: DESTRUCTION OF STREPTOZOTOCIN USING
POTASSIUM PERMANGANATE/SULFURIC ACID

1. SCOPE AND FIELD OF APPLICATION

This method specifies a procedure for the destruction of streptozotocin in the
following wastes: solid compound (6.1), aqueous solutions (6.2), solutions in di-
methylformamide (DMF) or dimethylsulfoxide (DMSQO) (6.3), solutions in volatile
organic solvents (6.4), pharmaceutical solutions (6.5), glassware (6.6) and spills (6.7).

The method has been tested collaboratively using 40 mg streptozotocin in
aqueous solution; it affords better than 99.5% destruction.

The residues produced by this method were tested for mutagenicity using Sal-
monella typhimurium strains TA1530, TA1535 and TA100 with and without metabolic
activation. No mutagenic activity was detected.

NGTE: This method was also tested for lomustine, carmustine, semustine,
PCNU and chlorozotocin. Although chemical destruction of the drugs
was satisfactory, the residues showed high mutagenic activity. The meth-
od should not be used to destroy these compounds.

For recommended applications of this method, see Methods Index, page 22.

2. PRINCIPLE

Destruction is effected by oxidation with a solution of potassium permanganate
in sulfuric acid.

3. HAZARDS
3.1 From strepiozotocin

Streptozotocin is carcinogenic to some animal species, and gloves must be worn
for all operations involving the handling of this compound or its solutions. Should
gloves come into contact with a streptozotocin solution, they should be changed as
quickly as possible to reduce the risk of contact with the skin. The gloves should be
discarded after use. Some N-nitrosoureas occur as electrostatic powders, and precau-
tions should be taken during the handling of these compounds to avoid their dis-
semination.

A number of guidelines for the safe handling of antineoplastic agents have been
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman et al.,
1981; Anderson et af., 1982; National Institutes of Health, 1982; Jones e al., 1983;
Solimando, 1983; Stolar er a/.,1983; National Study Commission on Cytotoxic Ex-
posure, 1984; American Society of Hospital Pharmacists, 1985).

- 111 -
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3.2 Other hazards
Concentrated sulfuric acid and sodium hydroxide are corrosive and should be

handled with care.

Care should be taken in the preparation of solutions of potassium permanganate
in sulfuric acid; never add solid potassiuim permanganate to concentrated sulfuric
acid.

The dilution of concentrated sulfuric acid with water is an extremely exothermic
reaction; always add the acid to the water, ncver the reverse, and remove heat by
cooling in a cold-water bath.

Potassium permanganate is a strong oxidizing agent; care must be taken not to
mix it with concentrated reducing agents.

In case of skin contact with corrosive chemicals, wash the skin with flowing water
for at least 15 min.

4, REAGENTS

4.1 For destruction

Potassium pcrmanganate Technical grade

Sulfuric acid (concentrated) Specific gravity, 1.84 (about
18 mol/L); technical grade

Sulfuric acid selution =~ 3 mol/L, aqueous (see 3.2,
Hazards)

Potassium permanganate/sulfuric acid solution  To 100 mL of a 3 mol/L sul-
furic acid solution, add 4.7 g
solid potassium permanga-
nate

NOTE: The reagent should always be freshly prepared on the day of usc.

Ascorbic acid or sodium bisulfite Technical grade

Ascorbic acid or sedium bisulfite solution ~ 50 g/L, aqueous

Sodium hydroxide Technical grade

Sodium hydroxide solution ~ 2 mol/L, aqueous (~ 8 g/
100 mL)

Sodium carbonate Technical grade
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4.2 For analysis

Ascorbic acid Analvtical grade

Water

Redistilled from glass

Potassium dihydrogenphosphate (K31,P0O,) Analytical grade

Phosphoric acid Analytical grade

KH,PO, solution 0.02 mol/L, aqueous; adjust-

ed to pH 4.8 with phosphoric
acid

5. APPARATUS

Usual laboratory equipment and the following items: liquid chromatograph
equipped with a reversc-phase ODS column and a UV detection system capable of
measurement at 230 nm.

6. PROCEDURE

Forty-eight mg of streptozotocin dissolved in 10 mL of 3 mol/L sulfuric acid are
destroyed by 2 g potassium permanganate in 10-12 h.

6.1 Solid compound

6.1.1
6.1.2

6.1.3
6.1.4

6.1.5

For each 48 mg of drug, add 10 mL of 3 mol/L sulfuric acid.

Place flask on a magnetic stirrer; add 2 g potassium permanganate per
10 mL of solution from 6.1.1.

Stir overnight.

If desired, check for completeness of destruction using the method
described in Section 7.

Neutralize with § g/100 mL sodium hydroxide solution and discard.

6.2 Aqueous solutions

6.2.1

6.2.2

If necessary, dilute with water to obtain a maximum content of ~ 5 mg/
mL of drug.

Add slowly, with stirring, enough concentrated sulfuric acid to obtain
a 3mol/L solution and allow to cool to room temperature (see 3.2,
Hazards).
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6.2.3 Proceed as in 6.1.2 to 6.1.5.
6.3 Solutions in DMF or DMSO

6.3.1 Dilute with water to obtain a maximum concentration of 15% solvent
and not more than 5 mg/ml streptozotocin.

6.3.2  Proceed as in 6.2.2 and 6.2.3.
6.4 Solutions in volatile organic solvenis

6.4.1  Remove the solvent by evaporation, using a rotary evaporator under
reduced pressure.

6.4.2  Proceed as in 6.1.
6.5 Pharmaceutical solutions

Solid compound contaiming citric acid diluted with saline (10 mg/ml) or 5%
dextrose (0.1 mg/mb): proceed as in 6.2.

NOTE: To avoid frothing in solutions containing dextrose, add potassium per-
manganate in small increments.

6.6 Glassware

6.6.1 Immerse in a freshly preparcd solution of potassium permanganate/
sulfuric acid. Allow to react 10-12 h.

6.6.2  Clean the glass by immersion in a solution of ascorbic acid or sodium
bisulfite.

6.7 Spills
6.7.1  Isolate the area, and put on suitable protective clothing.

6.7.2  Collect the solid, or take up the liquid on absorbent material, and place
the material in a beaker under a well-ventilated fume hood.

6.7.3  Rinse the area with water. Take up the rinse with absorbent material,
and place the material in the beaker from 6.7.2.

6.7.4  If desired, check the surface for completeness of removal by wiping it
with absorbent material moistened with water and analysing the wipe
(see Scction 7).

6.7.5  Cover the contents of the beaker from 6.7.3 with potassium permanga-
nate/sulfuric acid solution and allow to rcact overnight.
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6.7.6  Meutralize with 8§ /100 mL sodium hydroxide solution. Discard.

7. ANALYSIS FOR COMPLETENESS OF DEGRADATION

7.1 Add ascorbic until the solution becomes colourless.

7.2 Analyse by HPLC, using the following conditions or any other suitable system:
Column: 25 em x 3.6 mm i.d., Partisil ODS-2 10 um
Pre-column: 6.5cm x 3.6 mm 1.d., filled with CO:Pell ODS 30-38 pm
Eluant: 0.02 mol/l. KH,PO,, pH 4.8
Flow rate: 1.5 mL/min
Injection volume: 50 pL

Detector: UV, 230 nm
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APPENDIX A
NOMENCLATURE AND CHEMICAL AND PHYSICAL DATA
ON THE ANTINEOPLASTIC AGENTS CONSIDERED

Dexorubicin

Nomen clature

Chemical Abstracts Services Registry Number: 23214-92-8

Chemical Abstracts Name: (85-¢is)-10-[{(3-Amino-2,3,6-trideoxy-a-L-lyxohexa-
pyranosyloxy]-7,8,9,10-tetrahydro-6,8, 11 -trihydroxy-8-thydroxyacetyl)-1-
methoxy-3,12-naphthacenedione

Synonyms: Adriablastin; adriablastina; adriamycin; 10-[{3-amino-2,3,6-trideoxy-
D-lyxohexopyranosyl)oxy]-8-glycosyl-7,8.9. 10-tetrahydro-6,8.11-trihydroxy-1-
methoxy-5,12-naphthacenedione; 1,2,3.4,6,11-hexahydro-4p,-5,12-trihydroxy-4-
(hydroxyacetyl)-10-methoxy-6,11-dioxonaphthacene-1p-yl-3-amino-2,3,6-tride-
oxy-¢-L-lyxohexopyranoside;  14-hydroxydaunomycin;  14’-hydroxy-dauno-
mycin; FI 106; NSC-123127

Molecular and structural information
Molccular formula: C,,H,,NO,,

Molecular weight: 543.54

Structural formula:

0! OH

; COCH 0N
QLT I
I
OCH, © 0

OH H

Physical properties

Data obtained {rom Wade (1977), Vigevani & Williamson (1980) or Windholz
(1983), unless otherwise specificd

Description: Orange-red, thin needles; reddish powder
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Melting-pomt:  204-205“C (with decomposition); 205 “C (decomposes) (Arca-
monc et al., 1975)

Optical rota- [a]d® + 2487 (C = 0.1 in methanol) (Arcamone et al., 1969);
tion: [aly® + 255" (C = 0.1 in methanol)

Solubihity: Solubie in water, methanol and aqueous ethanol. Practically
msoluble in acctone, benzene, chloroform, ethylether and
petroleum ether
Aqueous solutions arc yellow orange at acid pHs and violet
bluc at pHs above 9

Stability: Aqueous solutions are stable at pH 3 to 6.5, but decomposc
as the pH increascs in the range 6.5 to 12 (Vigevani & William-
son, 1980)

Aqueous solutions arc unchanged after 1 month at 5°C but
unstable at higher temperatures (Windholz, 1983)

Spectral data: UV Apmar (E3) in methanol: 233 (658), 253 (440), 290 (145), 477
(225), 495 (223), 529 (124) (Arcamone e/ al., 1969)
UV and NMR spectra are described by Smith et «/. (1977) and
Vigevani & Williamson (1989)
IR spectra are described by Arcamone ef al. (1969) and Vigeva-
ni & Wilhamson (1980)
Mass spectra are given by Vigevani & Williamson (1980).

Daunorubicin

Nomenclature

Chemical Abstracts Scrvices Registry Number: 20830-81-3

Chemical Abstracts Namc: (88-cis)-8-Acetyl-10-[(3-amino-2,3,6-tridcoxy-a-L-
lyxohexapyranosy)oxy]-7,8,9,10-tetrahydro-6,8,11-tetrahydroxy-1-methoxy-
5,12-naphthacenedione

Synonyms: Acetyladriamycin; 8-acetyl-10-[(3-amino-2,3,6-trideoxy-a-L-lyxo-
hexapyranosyl)oxy]-7,8,9,10-tetrahydro-6,8,1 I-trihydroxy-1-methoxy-(8S, 10S)-
5,12-naphthacenedione;  3-acetyl-1,2,3,4,6,1 1-hexahydro-3,5,12-trihydroxy-10-
methoxy-6,11-dioxo-1-naphthacenyl-3-amino-2,3,6-trideoxy-o-L-lyxohexapyra-
noside (15 38); cerubidin; daunomycin; daunorubicing; lcukacmomycin C; NSC
82151; RP 13057; rubidomycin; rubomycin C; rubomycin C,

Molecular and structural information
Molecular formula: C,,H,,NO,,



NOMENCLATURE AND CHEMICAL AND PHYSICAL DATA 121
Molecular weight: 527.5

Structural formula:

Physical properties
Data obtained from Wade (1977) or Windholz (1983)

Description: Thin red needles; orange-red hygroscopic microcrystalline
powder

Melting-point: 188 -190°C (with decomposition)

Optical rota- [a]g® + 248 + 57 (C = 0.05-0.1 in methanol)
tion;

Solubility: Soluble in water, methanol and aqucous alcohols
Practically insoluble in chloroform, ether and benzene
The colour of aqueous solutions changes from pink at acid pH
to blue at alkaline pH

Spectral data: UV Amax (E]) in mcthanol: 234 (665), 252 (462), 290 (153), 480
(214), 495 (218), 532 (112).
Methotrexate

Nomenclature
Chemical Abstracts Services Registry Number: 59-05-2

Chemical Abstracts Name: L-Glutamic acid, N-(4-{[(2,4-diamino-6-pteridinyl)-
methyllmethylamino}benzoyl-

Synonyms: A-methopterin; amethopterin; amethopterine; 4-amino-4-deoxy-N10-
methylpteroylglutamic acid; 4-amino-10-methylfolic acid; 4-amino-N'?-meth-
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yipteroylglutamic acid; antifulan; N-bismethylpteroylglutamic acid; CL-14377;
N-{para[(2-4-diaminopteridin-6-yl-methylimethylamino]benzoyl}-L-glutamic
acid;  N-(p{[{Z,4-dilamino-b-pteridinylymcthyljmethylamino}benzoyl-,L-: EMT
25,29%; glutamic acid; glutamic acid, N-(p{[(2,4-diamino-6-pteridinyl)methyl]-
methylaminetbenzoyl)-.L-(+)-8 CI;, HDMTX, ledertrexate; o-methopterin;
methotrexate specia; methotrexatum; methylaminoplerin, MEXATE; MTX;
NCI-C0O4671; NSC 740; R 9985

Molecular and structural information
Molecular formula: C,,H,, N O,
Molccular weight: 454.4

H,M N N
7 CH,
N |
N CH, N CONH
NH, !

HOOCCHQCHZ---?---COOH

Structural formula:

H

Physical properties
[Data obtained from Wade (1977) or Windholz (1983), unless otherwise specified

Description: Bright yellow-orange, odourless crystalline powder (Chamber-
lin er al., 1976) containing not less than 85% 4-amino-10-
methylfolic acid

Melting-point:  Decomposes at 185-204°C (monohydrate)

Optical rota- a2ty = 204 + 0.6 (C = 1, 0.1 N NaOH) (Chamberlin e/
tion: al., 1976)

Solubility: Practically insoluble in water, ethanol, chloroform and diethyl-
cther; freely soluble in dilute sotutions of alkaline hydroxides
or carbonates; sofuble in dilute hydrochloric acid
For medical use, solutions are prepared as follows: 10 mg/mL
0.9% NaCl; 5% dextrose, pH 7.0-8.8; 50 mg/mL sterile water,
pH 7.0-8.8 {(WNational Cancer Institute, 1983)

Stability: Sensitive to hydrolysis, oxidation and light. Bottles of tablets
are stable for at least threc years at room temperature
(20-25°C)
Medical solutions described above are stable for at least one
week at room temperature (National Cancer Institute, 1983)
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Spectral data: UV Amax (A]) in 0.0IN HCL 243 (388), 307 (475); in 0.IN
NaOH: 258 (544), 303 (546), 372 (177)
IR and NMR spectra have been tabulated (Chamberlin ef /.,
1976)

Field desorption mass spectra are available (Przybylski et al.,
1982).

Dichloromethotrexate

Nomenclature

Chemical Abstracts Services Registry Number: 528-74-5

Chemical Abstracts Names: L-Glutamic acid, N-(3,5-dichloro-4-{[(2,4-diamino-
6-pteridinylymethyl]methylamino}benzoyl)-; glutamic acid, N-(3,5-dichloro-4-
{[(2,4-diamino-6-pteridinylymethyljmethylamino}benzoyl)-, L-

Synonyms: 4-Amino-i0-methyl-3",5 -dichloro-pteroyl glutamic acid; 3',5-di-
chloroamethopterin; 3',5-dichloromethotrexate; methotrexate, dichloro-; NSC
29630

Molecular and structural information
Molecular formula: C,,H,,Cl,N,O;

Molecular weight: 523.4

Structural lormula;

0
1
NH, N N CeOM
\F/ l \1 o] H,
CH, 0 CH
N | s v
J R N C—NH-CH-C -OH
n
NH, 0

Ci

Physical properties
Data obtained from Chamberlin et al. (1976) and Windholz (1983)

Description: Square platelets from 50% aqueous alcohol; bright-veliow
odourless crystalling powder

Melting-point:  185-204°C (monohydrate)
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Optical rota- [a]2le = 204 + 0.6°(C = 1; 0.1 N NaGH)
tion:

Solubility: Practically insoluble in water, ethanol, chloroform and diethyl-
ether; freely soluble in dilute solutions of alkaline hydroxides
and carbonates; soluble in dilute hydrochloric acid

Spectral data: UV Amax (A1) in 0.1 N NaOH: 258 (488), 370 (145); in 0.1 N
HCIL: 240 (442), 330 (231)
IR and NMR spectra are available.

Cyclophesphamide

Nomenclature

Chemical Abstracts Services Registry Number: 6055-19-2 or 50-18-0 (anhydrous
form)

Cheimical Abstracts Name: 2H-1,3,2-Oxazaphosphorin-2-amine, N, N-bis(2-chlo-
roethyDtetrahydro-, 2-oxide monohydrate

Synonyms: 2-[Bis(2-chloroethyl)amino]-1-oxa-3-aza-2-phosphocycliohexane 2-
oxide monohydrate; 1-bis(2-chloroethyl)amino-1-o0x0-2-aza-5-oxaphosphoridine
monohydrate;  2-[bis(2-chloroethyl}amino]tetrahydro-2H-1,3,2-oxazaphospho-
rine 2-oxide monohydrate, 2-[bis(2-chloroethyl)amino]tetrahydro[2H]-1,3,2-
oxazaphosphorine 2-oxide moenohydrate; [bis(chloro-2-ethyl)-amino]-2-tetra-
hydro-3,4,5,6-oxazaphosphorine-1,3,2-oxide-2 monohydrate; N,N-bis(2-chlo-
rocthyl)-N'-(3-hydroxypropyl)phosphorodiamidic acid intramolecular  ester
monohydrate; bis(2-chloroethyl}phosphoramide cyclic propanolamide ester
monohydrate; N,N-bis(B-chloroethyl)-N’,O-propylenephosphoric  acid ester
amide monohydrate; N,N-bis(B-chlorocthyl)-N,0-trimethylene-phospheric acid
ester diamide monohydrate; B 518; CB-4564; clafen; cyclic N',O-propylene ester
of N,N-bis(2-chloroethyl)phosphoro-diamidic acid monohydrate; cyclophospha-
mid; cyclophosphamidum; cyclophosphan; cyclophosphane; cyclophosphanum:
cytophosphan; cytoxan; 2-{di(2-chloroethyl)aminol]-1-oxa-3-aza-2-phosphacy-
clohexane-2-oxide monohydrate; N, N-di(2-chloroethylamino-N,O-propylene
phosphoric acid cster diamide monohydrate; endoxan: endoxana; ecndoxan-asta;
endoxan R; enduxan; genoxal; mitoxan; NSC-26271; procytox; semdoxan; sen-
doxan; senduxan

Molecular and structural information
Motecular formula: C,H,;CL,N,O,P.H,O

Molecular weight: 279.1
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Structural formuta:
* 2 optical isomers
_-CH,.CH,CI

N
O~y CH,.CHLC
! H
NH 20

Physical properiies
Data obtained from Wade (1977} or Windholz (1983), unless otherwise specified

Description: Fine white, odourless or almost odourless crystalline powder
with a shghtly bitter taste

Melting-point: ~ 41-45°C (monohydrate); 49.5-53°C

Solubility: Soluble in water (40 g/L) and cthanol (1 to 1); slightly soluble
in benzene, ethylene glycol, carbon tetrachloride, dioxane;
sparingly soluble in ether and acetone

Stability: Sensitive to oxidation, moisture and light; liquifies upon loss
of its waler of crystallization

Spectral data: NMR spectra are available (Zon ef al., 1977).

Hfostamide

Nomenclature

Chemical Abstracts Scrvices Registry Number: 3778-73-2

Chemical Abstracts Name: 2H-1,3,2-Oxazaphosphorine-2-amine, N, 3-bis(2-chlo-
rocthyl)tetrahydro-, 2-oxide

Synonyms: A 4942; asta Z 4942; 3-(2-chloroethyl)-2-[(2-chloroethyl)amino]-
perhydro-2H-1,3,2-oxazaphosphorine  2-oxide;  3-(2-chloroethyl)-2-[(2-chlo-
roethyl)amino]tetrahydro-2H-1,3,2-oxazaphosphorine 2 oxide; cyfos; holoxan
1000; ifosfamid; iphosphamid; iphosphamide; isoendoxan; isofosfamide; iso-
fosfamidum; isophosphamide; mitoxena; MIF 9325; naxamide; NSC 109724; Z
4942

Molecular and structural information
Molecular formula: C;H,;CI,N,0,P

Molecular weight: 261.1
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Structural formula:

* 2 optical isomers
o]

ol
CT.—NH—CH,—CH,CI
N
SCH,—CH,CI

Physical properiies

Data obtained from Handelsman er al. (1974), unless otherwise specified

Description: Crystals from anhydrous ether (Windholz, 1983); white crys-
tals

Melting-point: ~ 39-41°C (Windholz, 1983); 48-50°C; 50-55°C (Zon et al.,
1977)

Solubility: Soluble in water (1 in 10) and carbon disulfide (1.5 in 100); very
soluble in dichloromethane
For medical use, solutions are prepared in sterile water (50 or
100 mg/m1), to pH 4-7 (National Cancer Institute, 1933)

Stability: Sensitive to hydrolysis, oxidation and heat
Reconstituted solutions for medical use arc stable for at least
seven days (National Cancer Tnstitute, 1983)

Spectral data: IR and NMR spectra are available (Handelsman e al., 1974,
Zon et al., 1977).

Vineristine sulfate

Nomenclature
Chemical Abstracts Services Registry Number: 2068-78-2

Chemical Abstracts Name: Vincaleukoblastine, 22-oxo0-, sulfate (1:1) (salt)
Synonyms: 37231; DES-N,-methyl-N,-formylvinblastine sulfate; kyocristine;
LCR; LCR sulfate; leurocristine sulfate; leurocristine, sulfate (1:1) (salt); NSC
67574; oncovin; onkovin; 22-oxovincaleukoblastine; VCR; VCR sulfate; vincrisul
Molecular and structural information

Molecular formula: C,H; N, O, H,SO,
Molecular weight: 923.0
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Structural formula:

— g

' M50,
CH,0
]
o
Physical properties
Data obtained from Wade (1977) or Burns (1972)
Description: White to slightly vellow, odourless, very hygroscopic, amor-

phous or crystalline powder
Melting-point:  After recrystallization from absolute ethanol, 273-281°C

Optical rota- [a]f® 8.5 (C = 0.8 in methanol)

tion:

Solubility: Soluble in water (1 in 2), ethanol (1 in 600), chloroform (1 in
30) and methanol; insoluble in diethylether

Stability: Sensitive to hydrolysis, oxidation and heat

Spectral data: UV Dy {E}) in 95% ethanol: 221 (510), 255 (167), 296 (169)
TR and NMR spectra have been tabulated (Burns, 1972).
Vinblastine sulfate

Nomenclature
Chemical Abstracts Services Registry Number: 143-67-9

Chemical Abstracts Name: Vincaleukoblastine, sulfate (1:1) (salt)
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Synonyms: Exal; [ #-indolizino(8,1-cd)carbazole, vincaleukoblastine deriv.;
29060-LE; 2H-3,7-mcthanoazacycloundecino{5,4-bindole, vincaleukeblastine
deriv.: NSC 49842; velban; velbe: vincaleucoblastine sulfate; vincaleukoblastine
sulfate; VLB sulfate

Molecular and structural information
Molecular formula: C,,H N, G, - H,50,

Molecular weight: 909.1

Structural lormula:

aH,80,

Physical properties
Data obtained from Wade (1977), Windholz (1983) or Burns (1972)

Description: While to slightly vellow, odourless, hygroscopic, amorphous
or crystalline powder. Loses more than 17% of ils weight on
drying

Melting-point: ~ 284-285°C with decomposition (monohydrate)

Optical rota- [@]3° ~28" (C = 1.01 in methanol)
tion:

Soluhility: Soluble in water (1 in [0), ethanol (1 in 2 200), chloroform (1
in 50) and methanol; insoluble in dicthylether

Stability: Sensitive to hydrolysis, oxidation and heat
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Spectral data: UV Rpx (A in 95% ethanol: 214 (592), 246 (131), 262 (176),
287 (143), 296 (127 (11 500)
IR and NMR spectra are given by Burns (1972).
6-Thioguanine
Nomenclature
Chemical Abstracts Services Registry Number: 154-42-7
Chemical Abstracts Name: 6 H-Purine-6-thione, 2-amino-1,7-dihydro-

Synonyms: 2-Amino-6-mercaptopurine hemihydrate; purine-6-thiol, 2-amino;
6-thioguanine; 6-TG

Molecular and structural information
Molecular formula: C;H NS
Molecular weight: 167.2

Structural formula:

Physical properties

Description: Needles from water; pale-yellow odourless, or almost odour-
less, crystalline powdecr

Melting-point: > 360°C

Solubility: Insolublc in water, cthanol and chloroform; very soluble in
difute solutions of alkali hydroxidcs
For medical use, solutions are prepared as 15 mg/ml of 0.9%
NaCl adjusted to pH 11-12 with NaOH

6-Mercaptopurine

Nomenclature
Chemical Abstracts Services Registry Number: 50-42-2
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Chemical Abstracts Name: 6 H-Purine-6-thione, 1,7-dihydro-

Synonyms: Hypoxantine, thio-; IDN 1226; ismipur; leukerin; leupurin; mer-
caleukin; 6-mercaptopurin; mercaptopurine; mercaptopurinel; 7-mercapto-
1,3,4,6-tetrazaindene; mercapurin; MERN; 6MP; NCI-C04886; NSC 755; purine
6-mercapto; IH-purine, 6-mercapto; purinethiol; purine-6-thiol (8Cl); 6-pu-
rinethiol; 3H-purine-6-thiol; purinethol; thiohypoxanthine; 6-thiopurine; 6-thi-
oxopurine

Molecular and structural information
Molecular formula: C;H,N,S

Molecular weight: 152.2

Structural formula:

S—H y
N> | N
W

_y
N N

Physical properties
Data obtained from Wade (1977), Weast (1977) or Windholz (1983), unless
otherwise specified

Description: Monohydrate, yellow prisms from water; yellow, odourless,
almost tasteless crystalline powder

Melting-point: ~ 313-314°C {decomposition)

Solubility: Almost insoluble in water, acetone, chloroform and ether;
soluble 1 in 950 in cthanol; soluble in solutions of alkali
hydroxide and in dilute sulfuric acid; soluble in boiling water
(1 in 100)

For medical use, solutions are prepared as 10 mg of sodium
salt per mL of sterile water, pH 10-11 (National Cancer In-
stitute, 1983)

Stability: Sensitive to oxidation and light; becomes anhydrous at 140°C

Spectral data: UV hmae (Al) in 0.1 N NaOH: 230 (919), 312 (1288); in
0.1 N HCI: 222 (607), 327 (1400); in methanol: 216 (587), 329
(1268).

. Cisplatin

Nomenclature
Chemical Abstracts Services Registry Number: 15663-27-1
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Chemical Abstracts Name: Platinum, diammine dichloro-, (SP-4-2)-

Synonyms: CACP; CDDP; CPDC, DDP; ¢is-DDP; cis-diaminodichloroplati-
num; cis-diaminodichloroplatinum (I7); cis-diamminedichloroplatinum; cis-
diamminedichloroplatinum (IT}); cis-chammineplatinum (IT) chloride; cis-dichio-
rodiaminoplatinum; cis-dichlorodiaminoplatinum (II); cis-dichlorodiamminepla-
tinum; cis-dichlorodiammineplatinum (I); neoplatin; NSC 119875; PDD; plati-
nex; platinol; cis-platinous diaminodichloride; cis-platinum; cis-platinum (E);
cis-platinum diaminodichloride; cis-platinum (IT} diaminodichloride; platinum
diamminedichloride; cis-platinum diamminedichloride; cis-platinum (i) diam-
minedichloride; cis-platyl

Molecular and structural information
Molecular formutla: Cl,H N, Pt

Molecular weight: 300.05

Cl\H/NHa
7 N

Structural formula:

Physical properties
Data obtained from Windholz (1983) and Kauffman & Cowan (1963), unless
otherwise specified

Description: Deep-yellow solid
Melting-point: 270 (decomposition)

Solubility: Slightily soluble in water (0.253/100) at 25 °C; insoluble in most
common organic solvents, cxcept dimethylformamide

Stability: Slowly changes to the frans form in aqueous solutions.
Intact vials are stable for at least four years at 2-8 °C and two
years at ambient temperature (22-25°C)

Interacts with aluminium components of needles, syringes and
catheters, forming a black precipitate.

Streptozotocin

Nomenclature
Chemical Abstracts Services Registry Number: 18883-66-4
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Chemical Abstracts Name: D-Glucose, 2-deoxy-2-{[(methvInitrosaminojcar-
bonyllamino}-

Synonyms: 2-Deoxy-2-{{{(methylnitrosamino)carbonyl]amino}-D-glucopyranose;
2-deoxy-2-(3-methyl-3-nitrosoureido)-D-glucopyranose; glucopyranose, 2-de-
oxy-2-(3-methyl-3-nitrosoureido}-,D-;  N-d-glucosyl(2)-N'-nitrosomethylharn-
stoll; N-D-glucosyl-(2)-N"-nitrosomethylurca; NCI-CO 3167; NSC 37915 (Wade,
1977); NSC 85998; STR; streptozocin; STZ:; UJ-9889; zanosar

Molecular and structural information
Molecular formula: CgH,;N;O4

Molecular weight: 265.2

Structural formula:

CH,OH
(0]
H H H
OH H/ ™,
HO OH
H F‘JH
(E:O
rr— N=O0
CH,

Physical properties
Data obtained from Windholz (1983), unless otherwise specified

Description: Pointed platelets or prisms from 95% ethanol
Melting-point: ~ 115°C (decomposition) (White, 1963)

Optical rota- Streptozotocin is @ mixture of @ and P stercoisomers; [o}3®

tion: varics widely between +15% and +687; aqueous solutions
rapidly undergo mutarotation to an equilibrium value of [u]f®
+39° (Herr et af., 1967; Rudas, 1972)

Solubility: Soluble in water, lower alcohols and ketones; insoluble in
non-polar organic solvents

Stability: Decomposes to diazomethane in alkaline solutions at 0°C
(Herr et al., 1967)

Spectral data: UV Ay in ethanol: 228 nm, E4 = 240 (Herr et al., 1967); 380,
394, 412 nm (Rudas, 1972)
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13. Chlorozotocin
JN()PTIG,’I’IC'[allIJ'E’
Chemical Abstracts Scrvices Registry Number: 54749.90-5

Chemical Abstracts Name: D-Glucose, 2-({[(2-chloroethyl)nitrosamino]car-
bonyltamino)-2-deoxy-

Synonyms:  2{{[(2-Chloroethyl)nitrosamino]carbonyliamino)-2-deoxy-;  1-(2-
chloroethyl)-1-nitroso-3-(D-glucos-2-yurea; 2-[3-(2-chloroethyl)-3-nitroso-
ureido]-2-deoxy-I}'-glucopyranose; DCNU:; D-glucopyranose; NSC 178248;
NSC 178,248

Molecular and structural information
Molecular formula: CoH, CIN,O,
Molecular weight: 313.7

Structural formula:

HO-CH,

OH
OH
MO N=0
|
MH—C —N —CHpy CHy= Cl
I
o]

Physical properties

Data obtained from Windholz (1983), unless otherwise specified

Description: Ivory-coloured crystals; light-yellow crystals (Johnston et al.,
1979)

Melting-point:  147-148 °C (decomposition with evolution of gas);
140-141 °C (decomposition) (Johnston ef af., 1975)

Optical rota- [a]g®: —53” (0 h) (C 1.0, H,0); —36° (2.5 h); —19” (20 h)
tion: (Johnston et al., 1979)

Spectral data: [R and PMR spectra are available (Johnston es al., 1973).
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f.omustine

Nomenclature

Chemical Abstracts Services Registry Number: [3010-47-4

Chemical Abstracts Name: Urea, N-(2-chloroethyl)-N'-cyclohexyl-N-nitroso-
Synonyms: Belusiine; CeCeNU; Cee NU; chloroethyleyclohexylnitrosourea;
1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea; 1-(2-chloroethyl}-3-cyclohexyl-
nitrosourea; CCNU; ICIG 1109; NSC 79037; RB 1509

Molecular and structural information
Molecular formula: CoH, ;CIN,O,

Molccular weight: 233.7

Structural formula:
0

Il
QNH—C—N-—CH?WCHDCI

NQ

Physical properties
Data obtained from Windholz (1983) or Baker (1980), unless otherwise specified

Description: Yellow powder
Melting-point:  90°C

Solubility: <0.05 mg/mL in water, 0.1 N sodium hydroxide, 0.1 N hy-
drochloric acid or 10% ethanol; 70 mg/mL in absolute ethanol

Stability: Sensitive to oxidation and hydrolysis; forms alkylating and
carbamoylating intermediates. Malf-life of 117 min at 25°C
and neutral pH (Schein ef al., 1978)

Spectral data: Infrared and nuclecar magnetic resonance spectra have been
reported (Lown & Chauhan, 1981b).

Carmustine

Nomenclature
Chemical Abstracts Services Registry Number: 154-93-8
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Chemical Abstracts Name: Urea, N, N'-bis(2-chloreethyl)- N-nitroso-

Synonyms: BCNU; BiCNU; 1,3-bis(Z-chloroethyl)-1-pitresourea; 1,3-bis(2-chlo-
roethylnitrosourca; bis(2-chloroethyl)nitrosourea; 1,3-bis(B-chloreethyl)-I-ni-
trosourea; N, N'-bis(2-chlorocthyl)-N-nitrosourea; 1,3-di-(2-chloroethyl)-I-nitro-
sourea; NSC 409962

Molecular and structural information
Molecular formula: C.H,CL,N,O,

Molecular weight; 214

Structural formula:
NO O

Pl
CICH,CH,N—C — NHCH, CH,Ct

Physical properties
Data obtained from Wade (1977) or Windholz (1983), unless otherwise specified

Description: Light-yellow powder that melts to an eily liquid
Meltng-point:  30-32°C

Solubility: Soluble in water (4 mg/ml) and 50% ethanol {150 mg/mL);
soluble in ethanol (1 to 2); very soluble in lipids

Stability: Both powders and liquids are stable; in aqueous solutions,
most stable at pH 4 (half-life, 511 min); in acid solutions and
in solutions above pH 7, decomposes rapidly {Loo ef al., 1966):
at neutral pH, half-life is 98 min (Schein er a/., 1978)

Spectral data: NMR spectra (Lown & Chauhan, 1981a) and MS spectra
(Weinkam ef al., 1978) have been reported.
Semustine

Nomenclature
Chemical Abstracts Services Registry Number: 13909-09-6

Chemical Abstracts Name: Urea, N-(2-chloroethyl)-N’'-(4-methylcyclohexyl)- V-
nitroso-
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Synonyms: [CIG 1110; Me-CCNU; methyl-CONU; NSC 95441; urea, [-(2-
chlorethyl)-3-(4-methyleyclo-hexyl)-1-nitrosc-

Molecular and structural information

Molecular formula: C, H,;CIN,O,

Molccular weighi: 2477

Structural formula:
Q

I
CHBONH—C_T-CHZ_ CH,CH

NO

Physical properties

Data obtained from National Institutes of Health (private communication),
unless otherwise mentioned

Description: Light palc-yellow powder
Melting-point:  68-69“C (Lown & Chauhan, 1981b)

Solubility: 0.09 mg/mL in water, 0.1 mol/L HCl or 0.1 mel/L NaOH;
0.1 mg/mL in 10% ethanol; 100 mg/mL in absolute ethanol;
250 mg/mL in dimethylsulfoxide

Stability: Bulk sample stored at room temperature for 30 days showed
4% decomposition due to ultraviolet irradiation; solutions in
10% ethanol showed 2% decomposition after 6 h when re-
frigerated and 25% decomposition after 6 h at room tem-
perature; solutions in methanol are unstable

Spectral data: IR and NMR spectra have been presenied (Lown & Chauhan,
[981b); UV Apax 229 + 21nm.

. PCNU

Nomenclature
Chemical Abstracts Scrvices Registry Number: [3909-02-9

Chemical Abstracts Name: Urca, N-(2-chloroethyl)-N'-(2,6-dioxo-3-piperidinyl)-
N-nitroso-



NOMENCLATURE AND CHEMICAL AND PHYSICAL DATA

Synonyms:  [-(2-Chlorocthyl}-3-(2,6-dioxo-3-piperidyl)-1-nitrosourea;

95466; urca, t-(2-chlorocthyl)-3-(2,6-dioxo-3-piperidyl)-1-nitroso-

Molecular and structural information
Molecular formula: CgH,;CIN,O,

Motlecular weight: 262.7

ALY
Cl~—CH,GH,—N~—C—NH o)
|

NQ

Structural formula:

Physical properiies

137

NSC

Data obtained from National Institutes of Health {privatc communication),

untless otherwise meniioned

Description: Fine, ivory powder

Solubility: <lmg/mL in water (National Cancer Institute, 1980);
2-3 mg/mL n buffer pH 9; 1 mg/mL in 10% ethanol; 2-3 mg/
mL in 95% ethanol; 34 mg/mL in methanol; 1-3 mg/mL in

chloroform; and 12.5-15 mg/mL in acctone

Stability: Solution showed 38% decomposition after 24 h (National
Cancer Institute, 1980); bulk sample stored at 60 °C for 10 days
decomposed by 18%; bulk sample stable for 60 days at room

temperaturc and daylight

. Melphalan

Nomenclature
Chemical Abstracts Services Registry Number; 148-82-3

Chemical Abstracts Name: L-Phenylalanine, 4-[bis-(2-chloroethyl)amino]- (9th

cdition); alanine, 3-{p-[bis(-2-chlorocthyl)amino]phenyl}- (8th edition)

Synonyms: Alkeran; CB 3025: 3025 C.B.; p-di(2-chlorocthyl)amino-L-phenyl-
alanine; levofalan; NSC-8806; PAM; L-PAM:; phenylalanine mustard: L-phenyl-
alanine mustard; phenylalanine nitrogen mustard; sarcoclorin; L-sarcolysin;

L-sarcolysine; L-sarkolysin
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Molecular and structural information

Molecuiar formula: C,H,;CILN,0,

Molecular weight: 305.2

Structural formula:

?OOH _CHLCHLCl
CH.CHZ—@—N

| N CH,.CH,C
NH,

Physical properties

Data obtained from Wade (1977) or Windholz (1983), unless otherwise specified

Description:

Mclting-poini:

Optical rota-
tion:

Solubility:

Stability:

Spectral data:

White, or almost white, odourless powder; needles from
methanol

~177°C or 182-183 °C (decomposition); loses about 7% of its
weight on drying

[’ +7.5°(C = 1.33in 1.0 N HCI); [e]f? —31.57 (C = 0.67
in methanol)

Almost insoluble in water; soluble in ethanol, propylene glycol
and dilute mineral acids; soluble at 1 in 150 in methanol;
insoluble in chloroform and ether

For medical use, solutions are prepared by solubilizing 100 mg
in 1 mL acid alcohol solvent and diluting to 10 mL with a
phosphate buffer (final pH, ~7) (National Cancer Institute,
1983)

Sensitive to air and light; should be stirred at temperatures not
exceeding 25°C in air-light containers protected from light
Medical reconstitutions are poorly stable (National Cancer
Institute, 1983)

Mass spectra have been rcported (Pallante er al, 1980)
UV Ry 260 nm, EY = 560 (in aqueous solutions at pH 7)



APPENDIX B
FURTHER REACTIONS OF ANTINECPLASTIC AGENTS
RELEVANT TO THEIR DEGRADATION

1. Biological methods

The biodegradation of antineoplastic agents has been studied very liitle, and only
one reference was found in the literature (Table 2).

Table 2. Biological degradation of antineoplastic agents

Antincoplastic Reaction Reaction and % conversion Reference
agent products
Methotrexate Pieroie acid A pseudomonad that utilizes glutamate derived from Levy & Goldman

the hydrolysis of methotrexate has been isolated. The  (1967)
enzyme responsible for the deamination has been

partially purified; it has an optimal pH of 7.3 and a

K, towards methotrexate of 2.4 1074 M,

2. Chemical methods

Table 3 presents data from studies on the stability and chemical reactions of
antineoplastic agents that have been reported in the literature. The stability studies
were carried out to test the reduction in activity of the compounds; loss of biological
activity was not measured. However, some of the reactions might be of interest for
establishing new degradation methods.

- 139 —
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Table 3. Stability and chemical reactions of some antineoplastic agents

Antincoplastic
agent

Reaction
products

Reuction and % conversion

Reference

Daunorubicin

Daunorubicin

Dauncrubicin

Doxorubicin,
methotrexale

Doxorubicin

Doxorubicin

Doxorubicin

Doxorubicin

Carmustine

Carmustline

Carmustine

O-Trimethylsilyl
derivative

A modified
aglycene (in
which ring A {s
deacetylated and
aromalic) is the
major degra-
dation product
after 10 min

Complexes with
metals

Corresponding
carboxylic acid

Treatment by trimethylsilylimidazol/pyridine at 65°C
for 10 min; quantitative yield

UY irradiation of solutians in 50 mM NaCl,

50 mmol/L phosphate pH 7.05 produces precipitales
which vary in quaniity with the duration of irradiation
and the presence or absence of oxygen

Adsorption of 107* mol/L lrom saline solution by
trisullo-copper-phthalocyanine; 99% removal

Sclutions of normal pharmacy standards are stable for
up to 30 days when stored at —20°C and when
subjected o 5 thawings and refreczings

Binding constants (o Fe* ™ and Cu* have been
investigated

Cleavage al C,; C,4 bond by one equivalent of
metaperiodate

At concentrations below 500 ug/ml, appreciable
photodegradation can oceur

When reconstituted according to manufaclurer’s
instructions, the resulting solution kept at room
temperature and in daylight was stable both in glass
and plastic conlainers

Chemical decomposition in 0.1 mol/L phosphate
buffer pH (7.4) at 37°C ocours with a half-life of
40 min

Half-life in 0.2 mol/L citric acid is about 270 h at 0°C
and 16.9 at 20°C. Very slow decay in ¢thanol solutien
acidified with a drop of 1 mo}/T. ¢itric acid per 10 mL.

‘When reconstituted in cthanolfwater at a
coneentration of 1.25 mg/mL, solutions undergo 10%
degradation in glass containers al pH 4.6 in 7.7 h and
in plastic containers at pH 4.2in 0.6 h

Andrews ef al.
(1982a)

Gray & Phillips
(1981}

Hayatsu et af.
(1983)

Karlsen et al.
(1983)

May ef al. (1980)

Tong ef al.
(1576)

Taveoloni et al.
(1980)

Benvenuto er al.

(1981)

Aukerman et af.
(1983)

Bartosék et al.
(1978)

Benvenulo ef al.
(1981)
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Anlincoplaslic Reaction Reaction and % conversion Reference
agent products
Carmustine Al pH 5.0: Incubation of 0.05 mol/L solutions at 37°C in Brundrelt (1980}
ethylene glycol 0.1 mol/L sodium phosphate buffer pH 5.0 or 7.4
and acetalde- leads (o decomposilion
hyde; at pH 7.4
chloroethanol
and acetaldehyde
Sermustine 2-(2-Chloro- Trealment of an ethereal solution with sodivm Caddy & Idown
ethyl)-4-{frans-4-  tetrahydroborate (HE) in presence of cthanol for (1982b)
methyleyclo- 20 min at room lemperature leads to decompesition
hexyl)semicar-
bazide
Semustine 1-(2-Chloro- Denitrosation by peroxiacetic acid Caddy & ldowu
ethyl)-3-(rrans-4- (19822}
mcthyleycle-
hexyl)urca
Carmustine Acetaldeyhde Decomposition of solutions in 0,05 mol/L sodium Colvin ¢f al.
(31%); dichloro-  cacodylate buller (pH 7) containing 0.1 moliL sodium  (1974)
ethane (2%); chicride
chloroethanol
(63%); vinyl
chloride (4%}
Carmustine Vinyl ¢hloride Decomposition ol solution in 0.1 mol/L phosphate Colvin er al.
(2%); acetal- buffer (pH 7.4) at 37°C (1976}
dchyde (26%);
dichlorecthane
(2%); chloro-
ethanol (71%}
Lomustine Vinyl chloride

Carmustine

Streptozotocin

Streptozotocin

(4%); acetal-
dehyde (37%);
dichloroethane
(3%); chlero-
ethanol (56%)

Diazomethane

When in solution in 5% dextrose and 0.9% sodium
chloride, no decomposition oceurs within 90 min;
addition of sodium carbonate increases the rate ol
degradation (only 73% remaining after 90 min)

Treatment with 2 mol/L sodium hydroxide at 0°C
feads to decompositien with evolution of
diazomethane

5 ug/ml solulion in cell culture mediwm incubated at
37°C in an atmosphere of 8% CO, in air; half-life,
19 min

Colvin ef al.
(1980)

Herr et af. (1967)

Jensen et af.

{1977y
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Antineoplaslic

agent

Reaction
products

Reaclion and % conversion

Relerence

Carmustine

Carmustine

Carmustine

Carmustine

Carmustine

Carmusting;
lomustine

1-Bromo-2-chlo-
rocthane; 2-bro-
moethanocl

Ethanoel (rom
acetaldehyde
intermediale

N,-2-Chloro-
ethanol; 2-chlo-
rocthylisocyanate
1,3-Bis(2-chloro-
ethylurca;
2-chloroethano!
1,3-Bis(2-chlo-
roethyljurca

1-(2-Chloro-
sthyl)-3-cyclo-
hexyl urea
2-(2-Chloro-
ethylamine)-
2-oxazoling
hydrechloride

Stability evaluated in various bufiers (citrate, acclate,
phosphate, barbital) over a pH range of 3-8
minimum degradation tate obtained between pH 3.2
and 5.5; rale increases rapidly with pH between pH
3.5 and 8§

Rate of degradation investigated in ethanol, propylene
glycol, dimethylsulfoxide, mannital and agueous
solutions of these solvenls. The aqueous solvent
mixtures conlaining the least water demonstraled
minimal degradation rales

Stability evaluated in u range of buffer pH 1-9.3; mast
slable at pH 4; decomposes rapidly in acid and even
more rapidly in alkali; T% are given over the range of
pH

Decomposition in 4 saturaled sodium bramide
solution pH 7.2, at 37°C in a sealed tube for 24 h

Decomposilion in phosphate buffer at pH 7.1 and
25°C in 9% H,**O in prescnce of alcohol
dehydrogenase and NATDH

Carmustine had a half-life of 9 days in sesame oil,

30 days in propylene glycol and 74 days in 95%
ethanol

When refluxed in 2,2,4-trimethylpentane, for 1 h under
anhydrous conditions, carmustine decomposes
complelely

Decomposition of carmusline by heating an agueous
solution at 50°C for 96 h

Decomposition of carmusting in water containing the
same molar amount of tricthylamine, by stirring for
1hat5-10°C and 18 h at room lemperature
BPecomposition ol carmusting in water containing the
same molar amount of cyclohexylamine, by stirring
for That 5°C and 2 h at 10°C

Decomposition of carmustine in phosphate buller,
pH 7.2

Half-lives of carmusline and lomustine in water and in
various bullers are presented.

Laskar & Ayres
(1977a)

Laskar & Ayres
(1977h)

Loo ez al. (1966)

Lown ef al.
(1979

Lown &
Chauhan (1982)

Mantgomery et
al. (1967)
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Antineoplastic Reaction Reaction and % conversion Reference
agent products
Carmustine, Stability ol all ihree nitrosoureas has been tested in Montgomery et
lomustine, boiled distilled watcr, phosphate buffer pH 7, acetate al. (1975)
chlorozotocin Acetaldehyde; buifer pI1 7, tris buffer pH 7.4, dioxane:boiled distilled

Carmustine,
lomustine

Carmustine,
lomusiine, scmusline

Carmustine,
lomustine

Lomustine,
semustine

Carmusting,
lomustine,
chlorozotocin

Lomustine

Chlorozotocin

Cyclophosphamide

Cyclophosphamide

2-chloroethanal;
chloride ion

2-Chloroethanol
(a); chloride ion
(b); acetaldehyde
(©)

2-Chlorosthanol;
acetaldehyde;
viny! chloride;
ethylene;
cyclohexylamine

Acetaldehyde;
2-chloroethanol;
other products

Acrolein; others

water (1:2), dioxanc: phosphate buffer pH 7 (1:2) and
phesphale buffer pH 7.4. Decomposition is dependent
on buffering al or near physiological pH. Ratio of
products is presented

Stability of solutions in 0.5 mol/L cacodylate buffer
(pH 7.0) containing 3.3% dimecthylsulfoxide has been
studied at 37°C: TV carmustine, 81.3 min; T %
lomustine, 103 min

Degradation study in phosphate buffer (pH 7.4) at
37°C in 3 h: Carmustine: a, 50%, b, 50%, ¢, | 1%;
Lomustine: a, 35%, b, 65%, ¢, 19%; Semusting: 4,
34%, b, 65%, ¢, 24%

Stability study in phosphate buffered saline pH 7.4
(145 mmol/L sodium chloride, 10 mmol/L sodium

phosphate) at 37°C: T': carmusting, 98 min; T%

lomustine, 117 min

Stability study in 0.1 mol/I. phosphate buffer pH 7.4
at 37°C: T lomustine, 48 min; T semustine,
70 min

Stability study in phosphate buffered saline pH 7.4:
T% carmustine, 98 min; T % lomustine, 117 min; T'%
chlorozotocin, 48 min

Rate of hydrolysis higher with increasing hydroxide
ion concentralion within pH ranges 7-8;
decomposition rate reduced at lower pHs but
reduction in rate is lower

Decomposition in aqueous solution at various pHs
and buffer concentrations at 37°C follows first-order
kinetics from pH 2 and above; the higher the pIT the
grealer the rate of decomposition.

Oxidation of 28 umol/L by H,0;, FeSO,, FeSO,-
EDTA, FeSQ,-EDTA-H,0,, FeSO,-EDTA-ascorbic
acid, FeSO,-EDTA-ascorbic acid-H,0, or CuSO,-
sodium ascorbate produces 0.07 to 5.0 pmol acrolein

When reconstituted with sterile water, a solution kept
at room temperature and in daylight was stable in
glass and plastic containers (or at least 24 h

Morimoto et af.
(1978)

Nakamura et af.
(1979

Panasci er al.
(1977)

Reed er al. (1975)

Schein ef af.
(1978)

Yoshida & Yano
(1982}

Chatterji et al.
(1978)

Alarcon &
Meienhoffer
(1971)

Benvenuto et al.
(1981)
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Antineoplastic Reaction Reaction and % conversion Reference
agent products
Cyclophosphamide When heated for 15 min al 50°C or 60°C, the potency Brooke ef of.
of agueous solutions did not change appreciably; at {1975}
70°C, only 90.2% recovered and at 0°C only 77.5%
Cyclophosphamide Solutions in parenteral liquids at 24.27°C or 5°C are  Brooke ¢ al.
unstable on prolonged storage; solutions are more {1973a)
stable at 5°C than al room temperaturc. First-order
rales of rcaction have heen found, and the rate
constants are presented under various conditions
Cyclophosphamide Solutions in aromatic elixir USP are unstable on Brooke ef al.
prolonged storage at 45°C, 35°C or room (1973b)
temperature. First-order reaclion rate has becn
demonstrated in all cascs; preatly reduced at 5°C, as
expected from Arrhenins equation
Cyclophosphamide Complete destruction is obtained in 0.2 mol{L Ehrenberg &
potassium hydroxide in methanol in less than 1 h Wachtmeister
(1977)
Cyclophosphamide N-(2-Hydroxy- Boiling for several hours leads to hydrolysis; initially, ~ Friedman (1967);

Cyclophosphamide

Cyclophosphamide

Tfosfamide

Cyclophosphamide

Cyclophosphamide

ethyl)-V-(3-
hydroxypropyl)-
ethylenediamine;
N-(3-hydroxy-
propyl)-
piperazine

4-Kcetocyclo-
phosphamide;
monodechloro-
cthylated
derivative

2-{1-Aziridinyl)-
3-(2-chlore-
ethyl)-2H-1,3,2-
oxazaphosphori-
nanc-2-oxide

N’ N-Big(2-chlo-
rocthyl)diamido-
phosphoric acid
(2-carboxyethyl-
ester)

4-Hydroxycycle-
phosphamide

an intramolecular alkylation oceurs, followed by &
sequence of simple hydrolytic cleavage of P-N and
P-O bonds

0.4% solutions in sodium chloride injection arc stable
for at least 4 weeks at refrigerator temperalure

Treatment of 5 mg of compound with 10 mg KMnQO,
in 0.2 mL water at 20°C for 4 h {98.5% removal) or in
0.2 mkL acetone at 20”C for 3 h (22% removal)

Reaction of 1.2 mmol sodium hydride in ether with
1 mmol ifosfamide in benzene for 24 h results in 100%
removal

Treatment of 280 mg in 30 mL water with 210 mg
KMnQ, at 4°C alter pH adjustment to 2.5 with
0.1 mol/E HC! results in decomposition

Oxidatian with Fenton reagent (1:1 or 1:1.5
FeSO,:H,0,)

Friedman er al.

(1965)

Gallelli (1967)

Jarman (1973)

Ludeman et al.
(1979)

Norpoth ef al.
(1972)

Van der Steen ef
al, (1973}
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Antineoplastic
agent

Reaction
products

Reaction and % conversion

Reference

Cyclophosphamide

Cyclophosphamide

Cyclophosphamide

Cyclophosphamide

Methotrexate

Methotrexate

Methotrexate

Methotrexate

Methotrexate

4-Peroxycyclo-

phosphamide 4-
hydroperoxycy-
clophosphamide

4-Ketocyclophos-
phamide; 4-hy-
droxycyclo-
phosphamide
anhydra-dimer

Acrolein

N'-Methyl-
pteroyigiulamic
acid

2,4-Diamino-6-
pteridinecarbal-
dehyde; 2,4-
diamine-6-
pteridine
carboxylic acid;
p-aminoben-
zoylglutamic acid

N1 Methyl-
pteroylglutamic
acid

Treatment of g in 30 mL water containing 1.25 g
FeSO, 7H,0 al 5°C with 0.5 mL 30% H,0, yields
two products, which react chemically as both
aldehydes and alkylating agents

Oxidation with Fenten reagent in phosphale bufler
solution (pH 6.4) for 2h at 0- 16°C

Oxidation of 28 pmol with a Fenton oxidation system
{FeS0O, 30 pmol, EDTA 53 pmol in 5mL 0.1 mol/L.
pkosphate buffer and 100 i 5% H,0;) for 3h at
37°C

When heated at 60, 75 or 90°C, decomposes following
a {irst-order rate of reaction; hydrolysis is indcpendent
of pH except at pH <1 or =11

Irradiation by 4000, 8000 and 12 000 Lux lamps of
aqueous solutions centaining 2.5, 1 or 0.5 mg/ml.
provokes photodegradation; the more diluted the
solution, the more efficient the degradation

Sclutions kept at room temperature and daylight in
glass or plastic conlainers are stable for at least 24 h

At pHs above 7, metholrexate is hydrolysed at 85°C,
following first-order kinstics; rate increases with pH.
Hall-lile varies from 13 days at pH 8.5 te 0.038 days
at pH 12

Methotrexate in solution undergoes slow photolytic
degradatian catalysed by the presence of bicarbonate
ions

Al pHs above 6.5, methotrexate is hydrolysed at
85°C, lollowing first-order kinetics; rale increases with
pH. At pHs below 6.5, route of degradation was much
more complex

Solutions in 5% dextrose with 0.05 mEg/mL of
sadium bicarbonate decompose by 1.4% in 72 h and
6.1% in 7 days when stored at 4-5°C and protected
from light; and by 6.2% in 72 h and 14.9% in 7 days
when stored at room temperature, not protected from
light

Struck et af.
(1974)

Takamizawa et
al. (1974)

Thomson &
Colvin (1974)

Masuhaxu e/ al.
(1967)

Battelli ef al.
(1983)

Benvenulo et al.

(1981)

Chatterji &
Gatlelli (1978)

Hansen et al.
(1983)

Flumphreys et al.
(1978)
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Antineoplastic
agent

Reaction
products

Reaction and % conversion

Reference

Methotrexate

Dichlorometho-
trexate

Cisplatin

Cisplatin

Cisplalin

Cisplatin

Vincristine sulfate

Vinblastine sulfate

Vinblastine sulfate

Vinblastine sulfate

Vineristine

Solutions of normal pharmacy standards arc stable up
to 30 days when stored at —20°C and when subjected
to 5 thawings and relreezings

Solutions in bacteriostatic 0.9% NaCl conlaining
200 U/mL heparin showed no appreciable
decomposition in contrel vials for up to 28 days

Stable in solutions in physiological saline for at least
24 h; in presence of dextrose, two unidentified
breakdown products are formed in less than 2 k in the
dark, at room temperature

Solutions in 0.9% saline degrade 3% in <1 h and arc
then stable for at least 24 h at room temperature;
exposure to strong fluorescent light creates major
diflferences in the entire UV absorption spectrum, but
little change is noticeable when expused to normal
room light.

Tn aqueocus solutions, the presence of sodium chloride
enhances the stability of cisplalin; dextrose or
mannitol does not affect the stability of the drug;
sodium bicarbonate adversely affects the stability
significantly. Normal laboratery light has no effect on
slability.

Stable for 8 h al 25°C in 5% dextrose with 0.45%
NaCl and 1.875% mannitol or 5% dextrose with
0.33% NaCl and 1.875% mannitol; stable for 72 h in
5% dextrose in 0.33% NaCl containing 20 mg KCl
with 1.875% mannitel, in bacteriostatic waler for
injection with benzyl alcohol USP, in bacteriostatic
water for injection with parabens USP, or in mixlurcs
of the above salutions

When reconstituted with bacteriostatic sodium
chloride, solutions kept al room temperature and in
daylight are stable in glass containers for at least 24 h
but degraded by 10% in plastic containers within 10 h.
When reconstituted with sodium chloride injection
USP, a solution kept at room temperature and in
daylight is stable both in glass and plastic containers
for at least 24 h,

Oxidation of vinblastine sulfate with chromic acid or
its saft at low temperature produces vincristine in 50%
yield.

Solutions in bacteriostatic (.9% sodium chloride are
degraded by 20% in control vials in 14 days

Karlsen et al.
(1983)

Keller &
Ensminger {1982)

Earhart {1978,
1979)

Greene et al.
(1879

Hincal ef al.
(1679); Repta et
al. (1979)

Mariani ef af.
(1980)

Benvenuto ef al.
(1981)

Jovanovics et al.
(1975)

Keller &
Ensminger (1982)
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Antineoplastic
agent

Reaction
products

Reaction and % conversion

Refcrence

6-Mercaplopurine

6-Mercaptopurine

6-Mercaplopurine,
6-thioguanine

Melphalan

Meclphalan

Melphalan

Melphalan

Purine-6-sulfuric
acid

Potassium
purine-6-
sulfonate

4-[2(-Chloro-
ethyl) {2-hy-
droxyethyl)-
amino]-L-phenyl-
alanine; 4-[bis(2-
hydroxyethyl)-
amino]- L-phenyl-
alaning

Treatment of a deoxygenaled methanolic soluticn with
a solution of m-chloroperoxy benzoic acid in methanol
in a nitrogen atmosphere resuits in 20-25%
conversion,

Treatment of an aqucous/ethanol (50%) solution with
0.05 mol/L potassium permanganale results in 57%
formation of the sulfonatc.

Suspensions of 6-mercaptopurine (50 mg/mL) er
6-thioguanine {40 mg/mL) in a mixture of cologel and
fiavouring agent stored at room temperature kepl over
90% of their potency for 14 days (6-mercaplopuring)
or 84 days (6-thioguanine)

Suspensions in a mixture of cologel and flavouring
agent are very unstable: >80% degradation afler
1 day and 100% afler 4 days of storage al room
lemperature, and > 50% degradation alter 7 days’
storage at 5°C

Stability lested at 37°C in 0.9% NaCl, 0.156 mol/L
HCI1pH 1.7, 0.013 mol/L HCI, 0.013 mol/L H,PO,
and 0.06 mol/L phosphale bullers; chloride ion
favours stabilily, while phosphate favours
decomposition (95% degradation in 3 b in 0.06 mol/L
phosphate buffer

Rate of hydrolysis stadied in various buffers (pH 3-9)
in presence or absence of chloride ion: most stable at
low pH; chloride ions reduce the rate of hydrolysis

Stability of melphalan bound to albumin is about
3 times higher than unbound in solution

Abraham et al.
{1983)

Brown &
Hoskins (1972)

Dressman &

Poust (1983)

Dressman &
Poust (1983)

Chang e! al.
{1979)

Flera et al.
(1979)

Ehrsson &
Lonroth (1982)
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ERRATUM

Laboratory Decontamination and Destruction of Carcinogens in Laboratory Wastes:
Some Hydrazines (IARC Scientific Publications No. 54)

p. 49 Section 1, after paragraph 3

fnsert: Residues of degradation of hydrazines
by this method have been tested for mutagen-
Ic activity using Salmonelle typhimuyrium
strains TA1530, TA1535 and TAI00 and in
addition TA98 for residues from procar-
bazine. With sodium hypochlorite treatment,
only MMH gave non-mutagenic rcsidues,
while with calcium hypochlorite non-
mutagenic residues were obtained f{rom
MMH, hydrazine and procarbazine. All
other residues exerted some mutagenic activ-

ily.
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