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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 stafî 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. ThAT's, M.D. 
Director, IARC 
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Biomedical research 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 recoin-
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 
availaЫe, 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 eшсacу. 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 inadvertently exposed to the drug during its 
preparation or administration to patients. This volume is intended to supplement 
earlier guidance from the National Institutes 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. 
ft 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 

- 3 - 



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. 

Arntincoplastic agent Chemical Abairacts Services 
Registry Number 

DoxorILbicj1 23214-92-8 

DaunoruNein 20830-81-3 

Methotrexate 59-05-2 

DkЫorоmethotreхatе  528-74-5 

Cyclophosphamide 6655-19-2 

Tfosfamide 3778-73-2 

vincristine sulfate 2068-78-2 

vinЫastine sulfate 143-67-9 

6-Thioguannic 54 12-7 

6-Mercaptopuriпe 50-42-2 

Cisplatin 15663-27-1 

Streptozotocin 18883-66-4 

Chlorozotocin 54749-90-5 

Lommtine 13010-47 4  

Can iцshnс  154-93-8 

Seтustine* 13909-09-6 

Urea, N-(2-chloroethуl)-N'-(2,6-diоxo-3-piperidinуl)-N-nitraso- (PCNU)* 3909 02 9 

M еlрhal aп  * 

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

148-82-3 



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, f976, 1978, 1981) and the com-
pounds classified into one of the three following groups (International Agency for 
Research on Cancer, 1982; Table 1): 

Group 1: Carcinogenic to humans 

Group 2: ProbaNy carcinogenic to humans. This category includes exposures for 
which, at one extreme, the evidence of human carcinogenicity is almost 
sufficient, as well as exposures for which, at the other extreme, it is made-
quate. То  reflect this range, the category was divided into higher (Group A) 
and lower (Group P) 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 JARC 
working groups. However, semustine and chlorozotocin have been reported to be 
carcinogenic to rats (labs et a1., 1979; Eisenbrand & labs, 1980; Eisenbrand et al., 
1981). No data were found in the literature concerning the carcinogenicity of PCNU, 
6-thiogгьаniпe 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 

Doxof°ubicin and dauiwr•ubicin 

Early attempts to analyse doxorubicin and daunorubicin made use of paper and 
thin-layer chromatography (TLC) coupled with ultraviolet (UV) detection (Area-
moue et al., 1969). The fluorescent characteristics of these two compounds have also 
been used to establish Ouorimetric assay methods for their determination in biological 
fluids and tissues (Finkel et al., 1969; Dusonchet et at., 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 e' at., 1980; Robert, 
19$4; Sepaniak & Ycung, 1984; Brown et al., 1981; Haneke et al., 1981; Shinozawa 
& Ida, 1981; White & Zarembo, 1981; Akpofure et al., 1982; Eolandwska et at., 1983; 
Pots et al., 1983) as well as their sensitivity. 

Other methods, including isotachophoretic determination (Akedo & Shinkai, 
1982), gas chromatography (GС)јmass spectrometry (MS) of t.rimethylsilylated de- 

-7- 
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Table f. Classification of antineoplastic agents on the basis of degree of evidence for 
carcinogenicity5 

Agent Classification 

Doxorssbicin 20 

Daunoruhicin No data on humans; carcinogenic to rats and mice 

Methotrcxate 3 

Cyclophosphamide 1 

]fosfamida No data on humans; limited evidence of carcinogenicity to rats and mice 

viocri5tiпe sulfate 3 

VinbiasLirie sulfate 3 

6-Mercарtopuгine 3 

Cisplatin 20 

stгврtozolocin No data on humans; carcinogeriio to rats, mice and hamsters 

Limo stifle 2S 

Сaпnustiue 20 

Meiphalan t 

From International Agency for Research on Cancer (1982) 

rivatives (Andrews et al., 1982а) have been used to determine doxorubicin and 
daunorubicin and their metabolites in biological fluids. Radioimmunoassay tech-
niques for the determination of doxorubicin in plasma have been evaluated by Pia11 
et al. (1982). Methods of analysis of doxorubicin have been reviewed (Vigevani & 
Williamson, 1980). 

Methotrexate and dichlironietlwtrexate 

Several methods that have been used for the analysis of mcthotrexate have been 
reviewed by Chamberlin et aL (1976), including biological 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 for the analysis of methotrexate. It may be 
coupled either with a UV detection system (Chatterji & Оa11e11i, 1977; Benvenuto et 

а!» 1981; Chen & Chiou, 1981; Bre.ithaupt et al., 1982; Cairnes & Evans, 1982; Battelli 
et al., 1983; Feyns et al., 1982), with a coulometric detection system (Dutrieu & 
Delmotte, 1983) or with field desorption mass spectrometry (Przybylski et al., 1982). 
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This method has also recently been used for the analysis of dichloromethotrexate 
(Ке11еr & Ensminger, 1982), using a UV detection system. 

Other methods, such as spectrophotometry, colorimetry and differential pulse 
polarography (E1laithy et al., 1982), or enzymatic assay (Ѕcheufler, 1981; Akira et al., 
1982), have also recently been used for the determination of methotrexate. 

Cyclophosphamide and ifosfаmide 

Methods of analysis for cyclophosphamide and ifosfamide generally involve their 
extraction in an organic solvent, followed either by direct GC separation coupled with 
MЅ, nitrogen phosphorous or electron capture detection systems (Boughton et al., 
1972; Jackson & Reynolds, 1972; Whiting et a1., 1978; Benvenuto et al., 1981; Daldrup 
et al., 1981; Van den Bosch et al., 1981; De Bruin et al., 1983) or with GC analysis 
after derivatization with hexafïuorobutyriс  anhydride (Holdiness & Morgan, 1983) 
or triluoracetic anhydride (Bantarotto et al., 1974; Whiting et al., 1978). 

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

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

Vincristine and vinblastine sulfates 

Methods for the analysis of vincristine and vinbiastine sulfate were reviewed by 
Burns (1972) and include colorimetric assays, direct spectrophotometry and TLC; the 
latter method can separate the two compounds (Cone et 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 exhibiting anti-tumour properties (Issaq et al., 1977). TLC separation of 
vincristine from vinblastine sulfate and other impurities, followed by densitometric 
analysis, has been used by Panas et aI. (1979) to determine the purity of vincristine 
sulfate. 

HPLC has also been proposed for analysing vincristine and vinblastine sulfates 
separately (Gdrdg 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 vincristine or vinblastine sulfate (Hoon & 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 vinbiastine (Rusling et ai., 
1984). 

6-Thioguanine and 6-mercaptпpuriпe 

Methods for the analysis of б-mercaptopurine have been reviewed (Benezra & 
Foss, 1978) and include spectrophotometry, polarography (Smith & Elving, 1962; 
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Dryhurst, 1969) and chromatographic techniques (TLC, GC, 'PLC). TLC and GС  
conditions for the analysis of 6-mercaрtopurine are also given by Daldrup et al. 

(1981). 

At present, ‚PLC coupled with UV detection seems to be the methоd of choice 
for the direct analysis of eithcr 6-mercaptоpцrine (Fell et at, 1979; De Abreu et at, 

1982; Narang et al., 1982; Tsutsumi et al., 1982) or б-tЬиоguaninе  (Breithaupt & 
Goebel, 1981; Andrews et al., 1982b). 

6-мercaрtopurine has also been analysed by НPLC/spectго  luorimetry of its 
6-sulfоnate derivative, obtained by oxidation with acid chromate (Hirose & Tawa, 
1983). Spectrofluorimetrie detection of the sulfonate derivative has also been used 
after HPLC separation of б-mercaptoрuridine and on-line derivatization with chro-
mate (3onkers et al., 1982). 

Cisplatin 

L1ameless absorption spectrophotometry has been proposed for the analysis of 
platinum in biological samples (Priesner et al., 1981; Cano et at, 1982); however, this 
method allows analysis only of total platinum and does not diITerentiate between 
platinum-containing compounds. The use of differential pulse polarography after 
pretreatment of the sample is more specific (Banosёk et al., 1982, 1983; Brabec et at, 

1983; Vrâna et at, '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 
(lineal et at, 1979; Marian et at, 1980) or for analysis after derivatization with 
diethyldithiocarbanate (Bannister et at, 1979); HPLC may also be coupled with 
electrochemical detection (Bannister et al., 1983; Krull et al., 1983) or with UV and 
oIf-hie atomic absorption spectrophotometry (Chang et at, 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 choice for the chromatographic separation of various 
platinum complexes. 

Nitrosourea drugs 

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

Other means of analysing for these compounds include differential pulse polaro-
graphy (Bartosёk et at, 1978; Vachek et at, 1982) and various chromatographic 
techniques. TLC analysis of streptozotocin has been discussed by Rudas (1972), but 
most developments have been in the use of OC and HPLC. Semustine has been 
analysed by GC after derivatization to the semicarbazide by sodium tetrahydrob orate 
(III) (Caddy & Idowu, 1982x) or formation of its trifluoroacetyl derivative (Caddy 
& Idowu, 1982b). Smith et al. (1981) aid Smith and Cheung (1982) also used 
derivatization with tritluoroacetic acid anhydride followed by GC/1!/1S to analyse 
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semustine, lomustine and carinustinc. Formation of an 0-methyl carbamate deriva-
tive followed by GС/nitrogen-apеciйc detection analysis or IC/MS has been 
proposed by Weinkam and Liu (1982); and direct chemical ionization 1Ѕ  has been 
used by Weinkam et al. (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, Iomustine and semustine (May et al., 1975; Reed et al., 
1975; Krull et a1., 1981; Aukerinan e aL, 1983). 

1Flelрhalai 

Little information has been published concerning the analysis of iraelрhalan, but 
it appears that chrornatographic 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 spectroluorimetry (Egan et al., 1981; Woodhouse & Hender-
san, 1982). 

After treatment with trifluoracetic acid and diazomethane, melphalan can be 
analysed as the N-trifluoracetyl methylester derivative by GС/1S (Palante et al., 
1980). 



.... 	*.. ...  
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Previous monographs in this series have been of interest mainly to workers in 
specialized analytical facihties, whereas the present monograph covers а  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 heeds 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 safe working conditions and that adherence to a code 
of 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 Sаlmoпella mutation assay (Ames et al., 1975; Bartsch et al., 
1980). Several strains — ТА1530, ТA 1535, ТA98, TA100, ТА102 or UТ18414 — were 
used to test the residues of each destruction method. If not mentioned, no mutagenic 
residue 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 еli-
ciency of a destruction method. in such cases, therefore, the ешciеncy 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 molјL) in sulfuric acid (3 mol/L) 
solution. This method gave acceptable results, except for doxorubicin, for which a 
mutagenic effect was detectable with ,alтonella tyрhimurium strain ТА102. 
(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. 

Methntrexate and dichloromethotгеxate 

Three methods were evaluated: 

(1) Oxidation with potassium permanganate (0.3 mol/L) in sulfuric acid (3 mol/L) 
solution; tested on both methot exate and dichloromethotrexate 
(2) Oxidation with aqueous alkaline potassium permanganate; tested only on теtho-
trexate 
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(3) Oxidation with a 30-Гаld excess of sodium hypochlorite solution; tested only on 
rnethotrexate 

All three methods gave acceptable results. 

Cуclophosphamide and rfasfamide 

Three methods were evaluated: 

(1) Alkaline hydrolysis in the presence 0f dimethylformarnide. This method gave 
acceptable results for both compounds. 
(2) Acid hydrolysis followed by addition of sodium thiosulfate and alcaline hydroly-
sis. This method gave acceptable results oniy for cyclophosphamide. Residues from 
the destruction of ifosfamide showed mutagenic activity, and the method was rejected 
for use 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 residues. 

hinсrisйпе  sulfate and vinЫastine sulfute 

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

6- Тhюguаппе  and 6-mercаptapиriгъe 

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

Cisplalin 

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; however, 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 тolјL) in sulfuric acid 
solution (3 тоlјL). 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 method 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 permanganate in 3 mol/L 
sulfuric acid solution of either the pure compound or of solutions containing di- 
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methylformamide (DIF) or dimе thylsulfокide (П1S®). The method was satisfac-
toi-y only for streptozotocin. For lomustine, carmustinc, semustine, 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. 

Meiphигluп  

The only method tested, oxidation with potassium permanganate (0.3 mol/L) in 
sulfuric acid (3 mо1/L) solution, gave satisfactory chemical destruction but was 
rejected because of high mutagenic activity in the residues. 

It is important to note that methods that work successfully for the destruction 
of some compounds may 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 et al., 1980, 1982, 1983a,b,c, 1985). This method 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 et al., 1982, 1983с), but for only three of the six N-nitrosoureas tested. Sadium 
hypochlorite, often recommended for general destruction, could not be used for 
doxorubicin, daunorubicin, N-nitrosamines or polycyclic aromatic hydrocarbons, but 
could be used for aflatoxins (Castegnaro et al., 1980)   and hydrazines (Castegnaro et 
al., 1.983b). 

When dealing with quantities larger than those described in the methods, it 
should be borne in mind that even crnciencies of destruction in excess of 99.5% can 
result in the presence of significant quantities 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 diшculties of testing flue gases for the possible presence 
of volatile carcinogens are 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. 



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 Research, University of Texas 
System Cancer Center, М. П_ Anderson Hospital & Tumor Institute, 6723 Bert-
ner Avenue, Houston, TX 77030, USA 

Pharmaceutical Research & Development, Farmitalia Carlo Erba, Via Carlo 
lmbonati 24, 20159 Milan, Italy 

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

Department of Chemistry, The catholic University of America, Washington 
DC 20464, USA 

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

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

Unilever Research, Colworth Laboratory, Sharnbrook, Beds 1К44 1 LQ, 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 
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1. МЕТ  ®DS RECOMMENDED FOR SРЕСјFтС  WAЅТЕ  CАТЕG®RIЕS 
Coil ['AIN[NG N ETHOTREXATE OR DICHLOROM.ET1OTREXATF 

WLN(e ca(cgoiy Rccптmспded destruction method iio. 

(in order of prеfеrеnсе) 

lot hotrexate 	1)chlorcnietliotroxotc 

Sлlid coтponul5 3, 4, 2 	 2 

Aцtcouч  solutiлns and pi 	г r пxссц hса l solutions , 4, 2 	 2 

Solutioст s di vo]aiilc oгgaл ic solvents 3, 4, 2 	 2 

Solutions in 131E and 1)150 ? 	 2 

Glassware 3.4. 2 	 2 

Spills o1 solid coiпpouпds 4, 3, 2 	 2 

Spills of aqueous solu(ions and pharmaceutieal soIu(ions 4, 3, 2 	 2 

Spi1Э s of solutions in volatile organic snlееnt 4. 3, 2 	 2 

2. МЕТ1ОDЅ  RECOMMENDED FOR SРЕCтFтС  WAЅТЕ  CАТЕG®RтЕЅ  
CONTAiNiNG CYCLOPHOsPHAMiDE OR тF®ЅFАмIDЕ  

Waч lе  category Recommended destructiлп  method no. 

Cyclophosphamide 	Imlamide 

Scud compouпds 5 or 6 	 5 

Ayuccis s lutions and phari acesitical preparatiOns 5 or 6 	 5 

Solutions in 131F 5 ci 6 	 . 5 

Solutions in volatile organic solvents 5 or 6 	 5 

Solutions in DMSO 5 or 6 	 5 

Glassware 5 or 6 	 5 

Spills cf solid compounds 5 or 6 	 5 

$pills of нducous 5OlI.itii)r1t 01 of solutions in DMF or 1)150 5 or 6 	 5 

Spills оГ  solutions in volatile organic solveпгs 5 or 6 	 5 

— 21 — 
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RECOMMENDED METHODS 

3, мЕТ1®DЅ  RECOMMENDED FOR ЅРEC1гIС  WАЅТЕ  CАТЕСОRYЕЅ  
C®NTAININ( СIЅPLAТIN 

WOs[L category 	 Rocomnintided destruction method no. 

(in order oГ  prcfcrcnce) 

Solid con pound 	 10, 9 

Aqueous solгц ioп  and pharmaceutical SOIIitiOnS 	 10. 9 

Solutiлns in wator -- miscible solvents 	 9 

GIassware 	 10. ) 

5pi11s 	 10 

Waste eutegory Rconimcndod desliudiori rnuthod no. 

(€n order of preference) 

Chlarozotocin 	9treptozolociп 	г  oniusline 

Solid compounds 11 	 1 	], 	12 	 11 

Phaпт  aceuticи l prcparations (sands) I 	1 	 11, 	12 	 11 

лquелΡиs solutions 12 	 1 

Phaniiaccutical solutions 12 

5oiи lioпs in volatile organic solvents 11 	 11, 	12 	 11 

Solutions in 01F oг  0150 12 

Solutions in ethanol or methanol 11 	 12, 	11 	 11 

Glassware 11 	 1I, 	12 	 I1 

Spills of solid compounds 11 	 11, 	12 	 II 

Spills of liquid or pharmaceutical preparalions 12 

Spills of solutions in v-oluliic organic solvents 11 	 11, 	12 	 II 





L SCОPE AND FIELD 0F APPL.ICАTIОN 

This method specifies a procedure for the destruction of doxorubicin and dauno-
rubicin in the following wastes: solid compounds (6.1), aqueous solutions (5.2), 
pharmaceutical preparations (5.3), solutions in volatile organic solvents (6.4), solu-
tions in dimethylsulfoxide (DMSО) (6.5), glassware (6.6), spills of solid compounds 
(6.7), spills of aqueous solutions or of pharmaceutical 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 
D1SО. The method affords better than 99% degradation for the samples tested. 

The residues produced by this method were tested for mutagenicity using Sal-
monella typhimurium strains ТА98, TA100 and ТA102 with and without metabolic 
activation. No mutagenic activity was detected with residues from daunorubicin, but 
twice the background level of spontaneous mutants was seen with the highest con-
centration of residues from doxorubicin in salmonella typhimurium strain ТA102. 

фф 	tiI►[*I21 

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

3. HAZARDS 

3.1 Froni 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 et al., 
1981; Anderson et al., 1982; National Institutes of Health, 1982; Joncs et al., 1983; 
5olimando, 1983; Stolar et al., 1983; National Study Commission on Cytotoxic 
Exposure, 1984; American Society of Hospital Pharmacists, 1985). 

3.2 Other hazards 

Concentrated sulгuric 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 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 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 sldn contact with corrоsive chemicals, wash the skin with flowing water 
for at least 15 min. 

4. RЕАGЕNТS 

4.1 For dеsЁгuction 

Potassium permanganate 

5ulfuric acid (concentrated) 

Sulfuric acid solution 

Technical grade 

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

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

Potassium permanganate sulfuric acid solution To 100 mL of 3 molL 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 

Sodium hydroxide 

podium hydroxide solution 

5odium carbonate 

4.2 For analysis 

Ascorbic acid 

Water 

50 g/L, aqueous 

Technical grade 

2 molL, aqueous (8 g-
ill mL) 

Technical grade 

Analytical grade 

Redistilled from glass 
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Acetonitrile 	 HPI ,C grade 

Phosphoric acid 
	

Analytical grade; specific 
gravity, 1.71 

Potassium dihydrogenphosphate 	 Analytical grade 

5. AРPАRАТU5 

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

6. PROCEDURE 

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

6.1 Solin cотроипds 

6.1.1 	Dissolve in 3 mo11L sulfuric acid to obtain a maximum content of 
3 mg/mL. 

6.1.2 	Place flask on a magnetic stirrer; add about 1 g potassium permanganate 
per 1.0 m1_, of solution from 6.1.1. 

6.1.3 	Allow to react 2h with stirring, 

6.1 .4 	If desired, check for completeness of degradation using the procedure 
described in Sесt.iоn 7. 

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

6.2 Aqueous solutions 

6.2.1 	If necessary, dilute with water to obtain a maximum concentration of 
3 mg7mL. 

6.2.2 	Add slowly, with stirring, enough concentrated sulfuric acid to obtain 
a 3 mo1/L solution and allow to cool to room temperature (see 3.2., 

• Hazards). 

6.2.3 	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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6.3.1 	Liquids: 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. 

6.4 S®lutions in volatile organic solvents 

	

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

	

6.4.2 	Proceed as in 6.1.1 to 6.1.5. 

6.5 Solutions in 1)150 

	

6.5.1 	Dilute with water to not more than 20% DI14S0 and to not more than 
3 rng/rnL of drug. 

	

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

6.6 Glassware 

	

6.6.1 	Immerse in a freshly prepared solution of potassium permanganate7 
sulfuric acid. Allow to react 2 h. 

	

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

6.7 Spills of solid compounds 

	

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

	

6.7.2 	Pour an excess of potassium permanganate/sulfuric acid solution over 
the contaminated area. If the purple colour fades, add more potassium 
permanganate. A.11ow 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 material. 

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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6.8 S'pills ®f aqueous solutions or of pharmaceutical preparations 

	

6.8.1 	Proceed as in 6.7. 

6,9 ,spills of solutions й  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 6.7.2 to 6.7.7. 

7. ANALYSIS FOIS COМPLETENESS OF DEGRADATION 

7.1 Add ascorbic acid until the solution becomes colourless. 

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

Column: 25 cm x 3.6 mm id., Partisil ODS-2 10 µm 

Precolumn: 6.5 cii x 3.6mm i. d., filed with CO: Pei ODA 30....38 iuт  

Eluant: Isocratic system. Aсetonitrile:0.щ  mo1/L potassium dih.ydrogenphos-
phate in 0.02 mo17L phosphoric acid (45:55) 

Flow rate: 1.5 rnL/min 

Injection volume: 50 µL 

Spectrofluorimetric analysis: excitation, 470 nui; emission, 565 nm 

NOTE: The high sensitivity required for the fluorescence detection system is 
necessary because of the high mutagenic activity of the compound. 1f 
such a detector is not аvајlаЫе  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-цL injections. 
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g. SCHEMATIC RЕРRЕSЕNТAТI®N OF PROCEDURE 
Solid eampoond 5olutioн  in Aqueous Pli an i accutical Soltdion 

volatile organic solution prcparation n D1SO 
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1 
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i0 3 Пг4;n1L э  fu g.'1Y1I_ Э  1Э1 g ПI I. to 20% лΡr leSц  ПМSO 
and to 5 3 mg ml 
Uf drug 

Make 3 woOL Make 3 mol?L 

in Н2_5O, li Н)SО, 

Add 1 g KиnО4 pcl' 
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y 	 Acid cxccss 
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)diet 2 h 	 solitO Oil 
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ј 
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1. SСDPE AND FIELD ®F APPLICATiON 

This method specifies a procedure for the destruction 0f 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 dimethylsulfoxide (DN1S®) or dimethylformamide (DIF) 
(6.5), glassware (6.6), spills if solid compounds (6.7 , spills of aqueous solutions or 
of injectable pharmaceutical preparations (6.8) and spills of solutions in volatile 
organic solvents (69). 

The method has been tested collaboratively using 5 mg methotrexate (phar-
maceutical preparation) and a solution containing 25 mg dichloromethotrexate in 
3 mL DM5®. The method atTords better than 99.5% destruction fir the samples 
tested. 

The residues produced by this method were tested for mutagenicity using Sа1-
monellа  typhimurium strains ТА1530, TA!535 and TA110 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 spontaneous revertants was observed when the maximal con-
centration that can be destroyed was tested in ТА1530 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 dichlorometho'rexate 

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 wear gloves even when handling compounds for which data on toxicity and 
carcinogenicity are incomplete. 

A number of guidelines for the safe handling of antineoplastic agents have been 
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman et а1., 

- 33 - 
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1981; Anderson et al., 1982; National Institutes of Health 1982; Joncs et al., 1983; 
Soli аndo, 1983; Stolаr et al., 1983; National 5tиdу  Commission on Cytotoxic 
Exposure, 1984; American 5оciety 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 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. 

4.1 For destruction 

Potassium permanganate 

Sulfuric acid (concentrated) 

Sulfuric acid solution 

Potassium permanganate sulfuric acid solution 

Technical grade 

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

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

To ho ml of a З  mol!L sul-
furic acid solution, add 4.7 g 
solid potassium pennan-
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 
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5одипт  hydroxide solution 

Sоdium carbonate 

4.2 For analysis 

Ascorbic acid 

Methanol 

Acetonitrile 

Water 

Tetrabutylammonium phosphate 

Phosphoric acid 

Tetrabutylammonium phosphate (solution) 

35 

2 mol,L, aqueous (^ $ gI 
100 mL) 

Technical grade 

Analytical grade 

HPLC grade 

HPLC; grade 

Redistilled from glass 

Analytical grade 

Analytical grade 

5 mmоlјL, aqueous (1.7 gel), 
adjusted to pH 3.5 with phos-
phoric acid 

5. AРPARAТUS 

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

6. PROCEDURE 

Fifty mg of methotrexate or 10 mg of dichloromethotrexate (solid compound) 
dissolved in 1® mL of З  mol/L sulfuric acid are destroyed by 0.5 g potassium perman-
ganate in 1 h. 

NOTE: In the ease of pharmaceutical preparations of dichloromethotrexate, 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 Ѕоlid compounds 

6.1.1 	For each 50 mg methotrexate or about 10 mg dichloromethotrexate add 
10 mL of 3 тоlјL 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 	1f desired, cheek for completeness оГ  degradation using the procedure 
described in Sectiоп  7. 

	

6.1.5 	Neutralize with 8 gј l00 mL sodium hydroxide solution and discard. 

6.2 Aqueous si/ut ions 

6.2.1Dilute with water to obtain a maximum concentration of 5 mg/mL 
methotrexate or 1 mg/mL dichloromethotrexate. 

	

6.2.2 	Add slowly, with stirring, enough concentrated sulfuzic acid to obtain 
a 3 тоlјL solution (see 3.2, Hazards). 

	

6.2.3 	Proceed as in 6.1.2 to 6.1.5. 

6.3 Injectable phaгтnасеutieal 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 mgјmL of 
either compound. 

	

6.3.2 	Add slowly, with stirring, enough concentrated sulfuric acid to obtain 
a 3 mo17L solution (see 3.2, Hazards). 

6.3.3 Add 1 g potassium permanganate per each 10 mL 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. 

6.4 Sоlutioпs 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. 

6.5 Solutions in DMS0 or DIF 

6.5.1 Dilute with water to not more than 20% DМ5® 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. 

6.6 Glassware 

	

6.6.1 	IтΡтΡerse in a freshly prepared solution 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. 

6.7 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 aid treat as in 6.1. 

	

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

	

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

	

6.7.5 	If desired, check the surface for completeness of removal by wiping it 
with 0.1 mo1/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. 

6.8 Spills ofxaqueous 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 material in a beaker 
for inactivation. 

	

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. 

6.9 Spills of solutions in volatile organic solvents 

	

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



38 	 GASÏEGNARO EТ  AL. 

	

6.9.2 	Allow the solvent to evaporate. 

	

6.9.3 	Proceed as in 6.7.3 to 6.7.7. 

7. ANALYSIS FOR C®MPLЕТЕNЕSS OF DEGRADATION 

7.1 Add ascorbic acid until the solution becomes colourless. 

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

Column: 25 cm x 3.6 mm id., Partisil ®DЅ-2 10 цm 

Precolumn: 6.5 cm x 3.6 mm i. д., filled with CO: Pell ®ISS 30 38 µm 

El uant: For methotrexate, tetrabutylarnrnonium phosphate solution: methanol 
(55:45) 
For dichloromethotrcxate, methanol: acetonitrilc:tctrabutylammonium 
phosphate solution (11:22:66) 

Flow rate: 1.5 mL/min 

Injection volume: 50 1iL 

Detector: UV, 254 nm 
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8. SCНEМATIC REРRЕSЕNТАTјON OE PROCEDURE 
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L SC®PЕ  AND FIELD OF APPLICATION 

This method specifics 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-
wаrе  (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 mcthotrexate 
and affords better than 99.5% degradation. 

The residues produced by this method were tested for mutagencity using Sal-
monella typhimurium strains ТA1535, TA 100 and цТН8414 with and without mcm-
holic activation. No mutagenic activity was detected. 

For recommended applications of this method, sec Methods Index, page 21 

2. PRINCIPLE 

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

З . 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 safe handling of antineoplastic 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 et 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. 

Potassium permanganate 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_ RFАGЕNTS 

4.1 Fir destruction 

Potassium permanganate Technical grade 

5odiит  hydroxide Technical grade 

Ѕоdiиm bisulfite Technical grade 

Potassium permanganate solution 0.06 mol/L, aqueous 
(1 g/100 mL) 

podium bisulfite solution 0.1 mol/L, aqueous 
(1 g/100 mL) 

Ѕоdiиm hydroxide solutions 1 mol/L, aqueous 
(4 87100 mL) 
2 mo11L, aqueous 
(8 g/100 mL) 

Sоdiиm hydroxide/potassium 1 g/100 mL 	potassium 	per- 
permanganate solution manganate 	in 	4 g/100 mL 

sodium hydroxide 

4.2 For analysis 

Methanol Distilled in glass 

Ammonium formate Analytical grade 

Water Deionized, distilled 

Formic acid Analytical grade 

Hydrochloric acid (concentrated) Specific gravity, 1.19; 
12 moI/L; analytical grade 

Hydrochloric асiд  solution 1 mol/L, aqueous 

Sodium hydroxide Analytical grade 

Sodium hydroxide solution 0.1 mol/L, aqueous 
(^ 0.4 g/ 100 mL) 
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5. АРРАRАТU] 

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

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 1 g/100 mL potassium permanganate solution in 
30 min. 

6.1 5'oliд  conipound 

6.1.1 	Dissolve in 4 g/100 rnL sodium hydroxide solution to obtain a con- 
centration of not more than 1 mg/mL. 

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

6.1.3 	Add sodium bisulf te solution to the reaction mixture until the purple 
colour disappears. 

6.1 .4 	If desired check for degree of degradation using the procedure described 
in Section 7. 

6.1.5 	Discard. 

6.2 Aqueous solutions, including injectable pharnwceutical preparations 

6.2.! 	Add an equal volume of 8 gј100 mL sodium hydroxide solution. 

6.2.2 	Proceed as in 6.1.2 to 6.1.5. 

6.3 Solutions in volatile organic solvents 

6.3.1 	Estimate the amount of methotrexate to be degraded. 

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

6.3.3 	Proceed as in 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 bisulfite solution. 

6.5 Spills пf solid соmрound 

	

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

	

6.5.2 	Collect the solid, place it in а  beaker. 

	

6.5.3 	Rinse the area 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 mо1/L sodium hydroxide 
solution arid analysing the wipe (see Section 7). 

	

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

6.5.7 Discard. 

6.6 Spills of aqueous 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 permanganate solution. 

	

6.6.3 	Proceed as in 6.5.3 to 6.5.7. 

6.7 Spills of snlutmns in volatile пrgаnic solvents 

	

6.7.1 	Isolate 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 6.5.7. 

7. ANALYSIS FOR COMPLETENESS OF DEGRADATION 

7.1 To an aliquot of solution to be analysed, add sodium bisulfite solution until 
colourless, then neutralize with •1 mol7L hydrochloric acid solution. 

7.2 Analyse by HPLC, using the following conditions, or any other suitable HPLC 
chromatography system: 

Column: Reverse-phase ®DS, 25 cm x 3.9 mm id. 
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Eluant: 5 mmо1јL, аштоniит  formate, adjusted to pH 3.5 with formic acid: 
methanol (6():40} 

F]®w rate: ï mL/min 

Injection volume: il ii 

Detector: UV, 254 nm 
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K. SCнЕМА  IС  RЕРRЕSЕNтАТIQN OF PROCEDURE 
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1. SСОРЕ  ANIS FIELD OF APPLICATION 

This method specifies a procedure for the destruction of methotrexate in the 
following wastes: solid compound (6 1), aqueous solutions, 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 5а1-
mпnch a typhymurium strains TA1535, TA 100 and UТH8414 with and without mi-
crosomal activation. No mutage.nic activity was detected. 

For recommended applications of this method, see Methods Index, 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 rnethotrcxate, 
this compound is teratogenic. It is good laboratory practice to wear gloves when 
handling potentially hazardous compounds. 

A number of guidelines for the safe handling of antincoplas tic agents have been 
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman et 
а/.,1981; Anderson et al., 1982; National Institutes of Health, 1982; Joncs et al., 1983; 
5o]imando, 1983; Stolaг  et aL, 1983; National Stuffy Commission on Cytotoxic 
Exposure, 1984; American society of Hospital Pharmacists, 1985). 

3.2 Other hazards 

5odium hydroxide and its solutions are corrosive and should be handled with 
care. 

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

- 49- 
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In case of skin contact with corrosive chemicals, wash the skin under flowing 
water for at least 15 min. 

4. REAGENТS 

4.1 For desiruction 

Sodium hypochlorite solution 	 Commercial grade, 5% or 
48°С1 

Sodiuпп  hydroxide 	 Technical grade 

Sodium hydroxide solution 	 1 тnol/L, aqueous 
(4 g/ 100 mL) 

4.2 For analysis 

Sodium bisulfite Technical grade 

Sоdiuгп  bisulfite solution 0.1 niol7L, aqueous 
(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 triol/L, analytical grade 

Hydrochloric acid solution 	 1 mol/L, aqueous 

5. АPPARАTUS 

Usual laboratory equipment and the following items: liquid chromatograph 
equippcd with a reverse-phase ®DS 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. 
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NOTE 1: It must be remembered that solutions of sodium hypochlorite tend to 
deteriorate. It is therefore essential to check their active chlorine 
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. 

NOTE 2: Percent (%) available chlorine = mass of chlorine in grams liberated 
by acidifying 100 g of sodium hypochlorite solution. The available 
chlorine may also be expressed as °С1, 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 hypochloritc corresponds to 
22.4GС1. 

NOTE 3: 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 hypoehlorite solution into 
a 100-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, 1 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 chlorine. 

6. 1 Solid compound 

	

6.1 .1 	Dissolve in 4 x/100 mL sodium hydroxide solution to obtain 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, i.e., 	10 mL sodium hypo- 
chlorite solution for each 50 mg mеthotrеxate_ 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. 

6.2 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. 

6.3 Sпlгсtioпs in volatile organic solvents 

	

6.3.1 	Estimate the amount of methotrexate to be degraded. 
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6.3.2 	Remove the solvent by evaporation, using а  rotary evaporator, under 
reduced pressure. 

	

6.3.3 	Proceed as in 6.1. 

6.4 Glassware 

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

6.5 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 а  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). 

6.6 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 	Proceed as in 6.1.2 to 6.1.5. 

6.7 Spills of solutions in volatile organic solvents 

	

6.7.1 	Isolate 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. 

7. ANALYSIS FOR CОMPLLТENESS OF DEGRADATION 

7.1 To an aliquot of the solution to be analysed, add sodium bisulfite solution to 
reduce oxidant, then neutralize with 1 mоlјL 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 0DS, 25 cm x 3.9 mm id' 

Eluant: 5 mmo1/L ammonium formate, pH 3.5 with formic acid:metlianol 
(60:40) 

Flow rate: ] тL/min 

Injection volume: 10 µL 

Detector: UV, 254 nm 
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9. ®RiGIN ®F METHOD 

University of Texas System Cancer Center 
M.D. Anderson Hospital and Tumor Institute 
Departments оC Pharmacy and Chemotherapy Research 
6723 Hennir Avenue 
Houston, Texas 77030, USA 

Contact point:.I.A. BENVENUT® 



1. SCОРE AND FIELD OF APPLICATION 

This method specifies 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 (DIFF) (7.3), solu-
tions in volatile organic solvents (7.4), solutions in dimethylsulfoxide (DMS®) (7.5), 
glassware (7.6), spills of solid compounds (7.7), spills of aqueous solutions or of 
solutions in DIF or D1S® (7.3) and spills of solutions in volatile organic solvents 
(7.9). 

The method has been tested collaboratively using 100 mg solid ifosfamide and 
using a solution of 1®0 ng cyclophosphamide in 4 mL D1S0. The method affords 
better than 99% degradation for the samples tested. 

The residues produced by this method were tested for mutagenicity using Sal-
monet/a typhymur ram strains TA 1530, TA 1535 aid TAIOO with and without tnetabo1-
ic activation. No liutagenic activity was detected. 

For recommended applications of this method, see Methods Index, page 2.1. 

2. REFERENCES 

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

Friedman, 0.1. (1967) Recent biologic and chemical studies of cyclophosphamide 
(NSC-26271). Cancer Cheтother. Rep., 51(6) 327-333 

3. PRINCIPLE 

Destruction is effected by re$uxing with a mixture of DMF and sodium hy-
droxide_ 

4. НAZARDS 

4.1 From cyclophosphamide or i/ famide 

Cyclophosphamide is carcinogenic to humans, and ifosfamide has been shown 
to be carcinogenic to animals. Gloves must be worn for all operations involving the 

- 57- 
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handling of these compounds or their solutions. 8hоиld 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 аftег  use. 

A number ®f guidelines for the safe handling of antineoplastic agents have been 
published (Knowles & Virden, 1980; Daыis, 1981: Harrison, 1981; Zimmerman et aL, 
1981; Anderson et al., '1982; National Institutes of Health, 1982; Jones et al., 1983, 
5оliтando, 1983; Stоlar et al., 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 cure. 

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

5. REАGENTЅ  

5.1 For destruction 

Technical grade 

10 mol/L, aqueous 
(40 g/100 m L) 

3 mol/L, aqueous 
(12 gј100 mL) 

Analytical grade 

Analytical grade 

Freshly prepared solution 
containing 2 volumes DMF 
and 1 volume of 12 gј100 mL 
sodium hydroxide 

Analytical grade 

HPLC grade 

Redistilled from glass 

SpeciЕс  gravity, 1.19; 
12 то1јL, technical grade 

Sодiит  hydroxide 

Sodium hydroxide solution 

DIF 

Е7f~ц(i 

DMF: sodium hydroxide solution 

52 For analysis 

Potassium dihydrogenphosphate (К1ZР®4) 

Acetonitrile 

Water 

Hydrochloric acid 
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Hydrochloric acid solution 	 5 moi/L, aqueous 

Phosphoric acid 	 Analytical grade 

6. АРРARАтUS 

Usual laboratory equipment and the following items_ HPLC equipped with a 
reverse-phase DDS column and a UV detection system capable of measurement at 
210 nm. 

7. PROCEDURE 

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

7.1 Solid compounds 

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

7.1.2 	Reflux for 4h. 

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 cyclophospha.mide and/or ifosfamide and a mini-
mum concentration of 12 g/100 mL sodium hydroxide. 

7.2.2 Add 2 mL DMF for each mL of solution from 7.2.1. 

72.3 	Proceed as in 7.1.2 to 7.1.4. 

7.3 Sоlutions In DMF 

7.3.1 	Estimate the amount of eye1ophosphamidc 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 For each 2 mL of solution from 7.3.1, add 1 mL of 12 gј100 mL sodium 
hydroxide solution_ 
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7.3.3 	Proceed as in 7.1.2 to 714. 

7.4 Solutions in volatile orgопiе  solveпts 

	

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

	

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

	

7.4.3 	Proceed as in 7.1. 

7.5 Solutions in DMS® 

	

7.5.1 	Estimate the amount of cyclоphosрhamide and/or ifosfamide to be 
destroyed and dilute, if necessary, with D1S0 to obtain not more than 
20 g/L of drug. 

7.5.2 Add an equal volume of DIF and enough 12 g/100 mL sodium 
hydroxide solution to obtain a minimum concentration of 4 g/l00 mL 
sodium hydroxide and a maximum concentration of not more than 5 g/L 
cyclophosphamide and/or ifosfanvide. 

	

7.5.3 	Proceed as in 7.1.2 to 7a 1.4 

7.6 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 in 7.2. 

7.7 Spills of solid compounds 

	

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

	

7.7.2 	Collect the solid, place it in a beaker and treat as in 7.1. 

	

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

	

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

	

7.7.5 	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 
Sеctiоn 8). 

	

7.7.7 	proceed as in 7.1.2 to 7.1.4. 

7.8 Spills o!' aqueous solutions or of solutions in DIE or DMS® 

	

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 DIF/sodium hydroxide solution. 

	

7.8.3 	Proceed as in 7.7.3 to 7.7.8. 

7.9 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. 

8. АNАLYSIS FOR С®MРLЕТЕNЕSS ®F DEGRADATION 

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

8.2 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 0Dв  -2 10 t 

Precoluтn: 6.5 cm x 3.6 mm id., filled with CO:Pell ®ISS 30-38 µm 

Solvent: Buffer 0.02 mol/L КН2Р®~ adjusted to pH 4.5 with H3PC94 : acetooitrile 
(65:35). Isocratic system 

Flow rate: 1.5 mL/min 

Injection volume: 50 µL 

Detector: UV, 210 nm 
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9. kHEMATIC REERЕSENТАТЮN ®E PROCEDURE 
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1. SC®PE 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 (DIF) and di-
methylsulfoxide (D1S0) (6.3), solutions in volatile organic solvents (6.4). glassware 
(6.5), spills of solid compound (6.6), spills of aqueous solutions or of solutions in 
DIF or D1SO (6.7) and spills of solutions in volatile organic solvents (6.). 

The method has been tested collaboratively using l00 mg solid cyclophospha-
rude. The method affords better than 99% degradation for the samples tested. 

The residues produced by this method were tested for mutagenieity using Sa1-
пгonella typhimurium strains TA 1530, TA 1535 and TA 1.00 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 achieved, the residues possessed high muta-
genie activity in each of the three strains tested. This method should 
therefore 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. HАZАRDS 

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. 5hоuld 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 et al., 
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1981; Anderson et aî.,1982; National Institutes of Health, 1982; Jones et a1., 1983; 
Solimаndо, 1983; Stolar et al., 1983; National Study Commission on Cytotoxic 
Exposure, 1984; American Society of Hospital Pharmacists, 1985). 

3.2 Other hazards 

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

4. REАGЕNТS 

4.1 For destruction 

Sodium hydroxide 

Sodium hydroxide solution 

Sodium thiosulfate 

Hydrochloric acid (concentrated) 

Hydrochloric acid solution 

pH paper 

4.2 For analysis 

Potassium dihydrogenphosphate (KH2Р®4) 

Acetonitrile 

Water 

Hydrochloric acid (concentrated) 

Phosphoric acid  

Technical grade 

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

Technical grade 

Sресiпс  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/L, analytical grade 

Analytical grade 

5. АРРАR.ТцS 

Usual laboratory equipment and the following items: HPLC equipped with a 
reverse-hase 0DЅ  column and a UV detection system capable of measurement at 
210 nm. 
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б. PROCEDURE 

A sample of 250 rug cyclophosphamide dissolved in 10 mL of 1 mol/L hydro-
chloric acid solution is completely hydrolysed when refiuxed 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 i h. 

6.1 Solid compound 

	

6.1.1 	For each 250 rig of sample, add 10 mL of 1 mol/L hydrochloric acid 
solution. 

	

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

	

6.1.3 	Add 20 g/100 mL sodium hydroxide solution until a pi of about б  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. 

6.2 Aqueous solutions and injectable pharmaceutical preparations 

	

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

	

6.2.2 	Proceed as in 6.1.2 to 6.1.7. 

6.3 5olиdп fтs in DiF оr DMSO 

	

6.3.1 	Dilute with water, if necessary, to obtain a maximum content of су- 
clophosphanide of 50 g/L. Add an equal volume of 2 mo1/L hydrochlo-
ric acid solution. 

	

6.3.2 	Proceed as in 6.1..2 to 6.1.7. 

6.4 Solutiпns in volatile organic solvents 

	

6.4.1 	Estimate the amount of cyclophosphamide to be degraded. 
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6,4.2 	Remove the solvent by evaporation, using a rotary evaporator, under 
reduced pressure. 

	

6.4.3 	Proceed as in 6.1. 

6.5 Glassware 

	

6.5.1 	Rinse with four successive portions of 1 то1/L hydrochloric acid solu- 
tion (enough to wet all the glass). Drain completely between each rinse. 

	

6.5.2 	Treat rinses as in 6.1.2 to 6.1.7. 

6.6 Spills of so/k! compound 

	

6.6.1 	Isolate 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 wet i1. Take up each rinse 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 I mol/L 
hydrochloric acid solution. 

	

6.6.6 	Proceed as in 6.1.2 to 6.1.5. 

6.6.7 Discard. 

6.7 5pills of aqueous solutions or of solutions in DIF пr DM80 

	

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 1 mol/L hydrochloric acid solution. 

	

6.7.3 	Rinse the area with four successive portions of enough 1 mol/L hydro- 
chloric acid solution to wet it. 

	

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



METHOD 6 
	

69 

	

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 as in 6.1.2 to 6.1.5. 

6.8 ,pills of solutions in volatile organic solvents 

	

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

	

6.8.2 	Allow the solvent to evaporate. 

	

6.8.3 	Proceed as in 6.6.3 to 6.6.7. 

7. ANALYSIS FOR CОMPLFTENESS 0F DEGRADATiON 

7.1 Bring the pI of an aliquot of the sample to be analysed to pIII 5-7 using 
concentrated hydrochloric acid. 

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

Column: 25 cm x 3.6 mm id., Partisil ОDS-2 10 µm 

Precolunin: 6.5 cm x 3.6 mm id., filled with C®:Pell О®S 30-38 µп1 

Solvent: Puffer 0.02 то17L К1 Р04 adjusted to p14.5 with 13PO4:acetonitrile 
(65:35). Isocratic system. R 	8 min 

Flow rate: 1.5 m.Lјmin 

Injection volume: 50 pL 

Detector: UV, 210 rim 
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8. SСНЕМATIС  RЕPRЕSЕNТАТЮN OF PROCEDURE 
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9. ORIGIN OF METHOD 

Ludeman, S. & Zon, G. 
The Catholic University of America 
Department of Chemistry 
Washington DC 20064, USA 

Brouet, I. & Michelin, J. (for testing of residues) 
International Agency for Research on Cancer 
150 Cours Albert Thomas 
69372 Lyon Cedex 08, France 

Contact point: S. LUDEMA1®T and G. ZON 

Ti 



1. SСОFE AND FIELD OF APPLICATION 

This method specifies а  procedure for the destruction of vincristine sulfate and 
vinblastine sulfate in the following wastes: solid compounds (6.1), aqueous solutions 
(6.2), solutions in volatile organic solvents (6.3), solutions in dimethylformamide 
(DIF) or diшеthyisulго  dde (D1Ѕ0) (6.4), pharmaceutical preparations (6.5), glass-
ware (6.6), spills of solid compounds (6.7), spills of aqueous solutions or of solutions 
of pharmaceutical preparations (6.8) and spills of solutions in volatile organic so1-
vеnts (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 
DMS. The method affords better than 99% degradation for the samples tested. 

The residues of destruction of pharmaceutical preparations dissolved in water, 
DMF or D1SО  were tested for coutagenicity using Salmoaтellа  typhirnurium strains 
TR1535, ТA98 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. 

З . НAZАRDS 

3.1 From vincristine sulfate аrгd vinhlasnne 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 anrineoplasric 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 et al., 1983; 
Solimando, 1983; 5tolar et al., 1983; National Study Commission on Cytotoxic 
Exposure, 1984; American Sociеtу  of Hospital Pharmacists, 1985). 

3.2 Other hazards 

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

- 73 - 
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Care should be taken in the preparation оГ  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 reverse, and remove heat by 
cooling in a cold-water bath. 

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

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

4. RЕAGтЕNТS 

4.1 For destruction 

Potassium permanganate 

Sulfuric acid (concentrated) 

Sиlfuriс  acid solution 

Potassium permanganate sulfuric acid solution 

Technical grade 

specific gravity, 1.84 (about 
18 mol/L); technical grade 

3 то1/L, aqueous (see Haz-
ards, 3.2) 

To lii mL оi 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 

Ascorbic acid or sodium bisulfite solution 

Sodium hydroxide 

Sодiиm hydroxide solution 

Sodium carbonate 

4.2 For analysis 

Technical grade 

50 g/L, aqueous 

Technical grade 

2 тоl/L, aqueous (^ 8 g/ 
IIS mL) 

Technical grade 

Ascorbic acid 	 Analytical grade 
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Tetrabutylammonium phosphate 

Tetrabutylammonium phosphate solution 

Phosphoric acid 

Acetonitrile 

Tetrahydrofu ran 

Water 

5. APPARATUS 

75 

Analytical grade 

5 mшol7L, aqueous (1.7 gI 
100 mL), adjusted to pH 3.5 
with phosphoric acid 

Analytical grade 

HPLC grade 

HPLC grade 

Redistilled from glass 

Usual laboratory equipment and the foiiowing items; iiquid chromatograph 
equipped with a reverse phase О®Ѕ  column, and a UV detection system capable of 
measurement at 254 пtn. 

6. PROCEDURE 

Ten mg of vincristine sulfate or vinhlastine sulfate in 10 mL of 3 mo17L sulfuric 
acid solution are completely destroyed by 0.5 g potassium permanganate in 2 h. 

6.1 Solid сonгpoипдs 

	

6.1.1 	Estimate the amount of drug to be destroyed, and dissolve in 3 тo1/L 
sulfuric acid solution to obtain a maximum content of 1 mgјmL. 

	

6.1.2 	Place flask on a magnetic stirrer; add 0.5 g potassium permanganate per 
l0 тL 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 87100 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 of] mg/niL. 
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6.2.2 	Add slowly, with stirring, enough concentrated sulfuric acid to obtain 
a 3 mol7L solution, and allow to cool to room temperature (see 3.2, 
Hazards). 

	

6.2.3 	Proceed as in 6.1.2 to 6.1.5. 

6.3 Solutions is volatile organic solvents (including тethaпol and ethanol) 

	

6.3.1 	Estimate the amount of drug to be destroyed. 

	

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

	

6.3.3 	Proceed as in 6.1.2 to 6.1.5. 

6.4 Solution.г  in DIF or Л1S0 

	

6.4.1 	Dilute with water to obtain a maximum concentration of 20% solvent 
and not more than 1 mg(mL of drug. 

	

6.4.2 	Add slowly, with stirring, enough concentrated sulfuric acid to obtain 
а  concentration of 3 mol7L and allow to cool to room temperature (see 
3.2, Hazards). 

	

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

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

	

6.4.4 	Proceed as ii 6.1.3 to 6.1.5. 

6.5 Pharmaceutical preparations 

NOTE 1: The following preparation was investigated: 1 rig of compound + 
1.275 mg methyl para-hydroxybenzoate + 1.225 propyl para-
hydroxybenzoate + 100 mg mannitol. 

	

6.5.1 	Estimate the amount of drug to be destroyed, arid dissolve in 3 тоlјL 
sulfuric acid solution to obtain a maximum content 0f 0.1 mg7m.L. 

	

6.5.2 	Place on a 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-
ments. 

	

6.5.3 	Proceed as in 6.1.3 to 6.1.5. 
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6.6 Glassware 

	

6.6.1 	Immerse in a freshly prepared solution of potassium permanganate1 
sulfuric acid. allow to react 2 h or more. 

	

6.6.2 	Clean the glass by immersion in a solution 0f ascorbic acid or sodium 
bisulfite. 

6.7 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 area 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 
(sее  Sectiоп  7). 

	

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

6.7.6 Discard 

6.8 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 to 6.7.6. 

6.9 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. 

7. ANALYSIS EOR COMPLETENESS OF DEGRADATION 

7.1 Add ascorbic acid until the solution becomes colourless. 

7.2 Analyse by HPLC using the following conditions, or any other suitable system: 

Column: 25 cm x 3.6 mm id., Partisil 0ПS-2 10 sm 
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Precolumn: 65 mm x 3.6 mm id., filed with C0:Pe11 ®ISS 3031 m 

eo1wnt:Isucratic system. Tetrabutylammonium phosphate solution: accto-
nitrile:tctrahydrofuran (54:26:20) 

Flow rate: 1.5 mL/min 

Injection volume: 50 јiL 

Detector: UV, 254 nun 
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9. ORIGiN OF METHOD 

Castegnaro, M., Michelin, J. & Brouet, I. 
Internatiornal Agency for Research on Cancer 
150 Cours Albert Thomas 
69372 Lyon Cedex 08, France 

Contact point: M. САS ЕбNAR® 



SC®PE AND FIELD ®Ÿ APPLICATI®N 

This method specifies a procedure for the destruction 0f &-thioguanine and 
6-вnercaptopurinе  in the following wastes: solid compounds (6.1), aqueous solutions 
(6.2), solutions in volatile organic solvents (6.3), solutions in dimethylformamide 
(DIF) or diinethylsulfoxide (D1S®) (6.4), pharmaceutical preparations (6.5), glass-
ware (6.6) and spills (6.7). 

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

The residues produced by this method were tested for mutagenicity using Ѕa1-
monella typhimur-ium strains TA 1535, ТА98 and TA 100 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. НAZARDS 

3.1 From 6-mеrсарtорurirгe 

б-Mercaрtopurine was shown to be mutagenic without metabolic activation in 
Sаlпгonellа  typhimurium tester strains his G46 and TA 1535 and must be handled with 
care. It is good laboratory practice to wear gloves when handling potentially hazard-
ous compounds. 

A number of guidelines fir the safe handling of antineoplaatic 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 et al., 1983; 
5olimando, 1983; Stolar et al., '1983; National Study Commission on Cytotoxic 
Exposure, 1984; American Society of Hospital Pharmacists, 1985). 

3.2 Other hazards 

Concentrated sulfпric acid and potassium 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 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. RЕАСЕNTS 

4.1 For destruction 

Potassium permanganate 

Sulfuric acid (concentrated) 

Sulfuric acid solution 

Potassium permanganate sulfuric acid solution 

Technical grade 

Specific gravity, 1.84 (about 
18 mоlјL); technical grade 

3 mo1јL, aqueous (see 3.2, 
Hazards) 

To 100 mL of a 3 mоl/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 

Ascorbic acid or sodium bisulfite solutions 

Sodium hydroxide 

Sодiит  hydroxide solution 

Sodium carbonate 

4.2 For analysis 

Technical grade 

50 gјL, aqueous 

Technical grade 

2 molјL, aqueous (^ 8 g7 
100 mL) 

Technical grade 

Ascorbic acid 	 Analytical grade 
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Potassium dihydrogenphosphatc (КНZ P®4) 

К12Р04 solution 

Water 

Acetonitrile 

Sodium hydroxide 

5odiиш  hydroxide solution 

Analytical grade 

0.02 mol/L, aqueous 

Redistilled from glass 

HPLC grade 

Analytical grade 

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

 

5. АPPARАTUS 

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

6. PROCEDURE 

Eighteen mg of 6-thioguanme or 6-mercaptopurinc dissolved in 20 mL of 3 mо1!L 
sulfuric acid solution arc destroyed by 0.13 g potassium permanganate in 10-12 h. 

6.1 Qоlid compounds 

	

6.1.1 	Dissolve in 3 rnol/L sulfuric acid to obtain a maximum concentration of 
900 mgјL. 

	

6.1.2 	Place $ask on a magnetic stirrer; add 0.5 g potassium permanganate per 
80 mL of solution from 6.1.1. 

	

6.1.3 	Allow to react overnight. 

	

6.1 .4 	If desired, check for completeness of destruction using the method 
described in Section 7. 

	

6.1.5 	Neutralize with 8 g1100 mL sodium hydroxide solution, and discard. 

6.2 Aqueous solutions 

	

6.2.1 	If necessary, dilute with water to obtain a maximum concentration of 
900 mgjL. 

	

6.2.2 	Add slowly, with stirring, enough concentrated sulfuric acid to obtain 
a 3 mo1,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 Saluticэns in volatile organic solvents 

	

6.3.1 	Estimate the amount of compound to be destroyed. 

	

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

	

6.3.3 	Proceed as iп  6.1. 

6.4 Solutions in DMF or DМ50 

	

6.4.1 	Dilute with water to obtain a maximum concentration of 20% solvent 
and not more than 400 mg/L of drug. 

	

6.4.2 	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). 

	

6.4.3 	Р1асе  flask on a magnetic stirrer; gradually add 4 g potassium perman- 
ganate per 80 mL of solution. 

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

	

6.4.4 	Proceed as in 6.1.3 to 6.1.5. 

6.5 Pharmaceutical preparations 

	

6.5.1 	Oral preparations 

6.5.1.1 Dissolve in 3 inol7L sulfuric acid. 

6.5.1.2 Proceed as in 6.4.3 — 6.4.4. 

	

6.5.2 	Parentera1 solutions 

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

6.6 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 
bisu[ te. 
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6.7 Ѕрil/s 

	

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. 

	

6.7.3 	Rinse th.e 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. 

	

6.7.4 	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). 

	

6.7.5 	Cover the contents of the beaker from б.7.3 with 3 mol/L sulfuric acid 
and add, with stirring, an excess of potassium permanganate. Allow to 
react overnight. 

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

6.7.6 Discard. 

7. ANАLYSIЅ  FOR CОMРLETENESS OF DEGRADATION 

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

7.1 Add ascorbic acid until the solution becomes colourless. 

7.2 Analyse by HPLC, using the following conditions: 

Column: 25 cm x 16 mm id., Partisil SDS-2 10 tm 

Precolumu: 6.5 cm x 3.6 mii i.d., filled with CO:Pcll ®DS 30-38 µm 

Eluant: 0.02 mol/L KH2РО4 :acetonitrile (98:2) 

Flow rate: 1.5 mL/min 

Injection volume: 50 µL 

Detector: UV, 340 nrr~ 
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8. SСНЕМлТiС  RI РRЕ, ЕNTА  ГI®N 0F PROCEDURE 
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1. SCOPE AND FIELD ®F АPPLICATI®N 

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 glassware 
(6.4). 

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

The residue produced by this method was tested for mutagenicity using &й-
anonella typhimurium strains ТA98, TA 100 and TA 1535 with and without metabolic 
activation. No mutagenic activity was detected. 

For recommended applications 0f 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 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 antincoplastic agents have been 
published (Knowles & Virden, 1980; Davis, 1981; Harrison, 1981; Zimmerman et al., 
1981; Anderson et a1., 1982; National Institutes of Health, 1982; Jones et al., 1983; 
Solimando, 1983; Stolar et al., 1983; National Study Commission on Cytotoxic 
Exposure, 1984; American Society of Hospital Pharmacists, 1985). 

3.2 Other hаzards 

Concentrated sulfuric acid aid 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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in case of skin contact with corrosive chemicals, wash the skin with flowing water 
for at least 15 min. 

4. RЕАGЕNТS 

4.1 For des jructiin 

Sulfuric acid (concentrated) Ѕрес iгс  gravity, 1.~4 (about 
1 	mulL); technical grade 

Zinc powder Technical grade 

Sodium hydroxide Technical grade 

Sulfuric acid solution 2 mol,L and 	4 mol/L, 
aqueous (see Hazards, 3.2) 

Sodiuш  hydroxide solution 2 тоlјL aqueous (^ 8 g~ 
100 mL) 

4.2 For analysis 

Water Redistilled from glass 

Heptane LV grade 

lsopropanol LV grade 

Chloroform Analytical grade 

Chloroform Water-saturated 

Sodiuзn nitrate Analytical grade 

Sodium nitrate solution Saturated, aqueous 

Sоdium diethyldithiocarbamate Analytical grade 

Sodium hydroxide Analytical grade 

Sodium hydroxide solution 0.1 mol/L, 	aqueous 	(0.4 g/ 
X00 mL) 

Sodium diethyldithiocarbamate solution 10% 	in 	0.1 mo1'L 	sodium 
hydroxide solution 
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5. АPPARАTUS 

Usual laboratory equipment and the following items: 

5intered glass funnel 	 Po:rosity 4 or similar 

Atomic absorption spectrophotometer with platinum lamp 

or 

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

6. 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 

6.1.E 	Dissolve in 2 mо1/L suifuric acid solution to achieve a maximum con- 
centratiori of 0.6 mg/1L. 

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

6.1.3 	Stir overnight. 

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

6.1.5 	Neutralize with a 8 87100 mL sodium hydroxide solution. 

6.1.6 	Discard. 

6.2 Aqueous solutions and injectаЬle pharmaceutical preparations 

NOTE: Sо1цoоns in 5% dextrose or 0.9% saline were considered. 

6.2.1 	Dilute with water to obtain a maximum concentration of 0.6 mg/mL. 

6.2.2 	Add slowly, with stirring, enough concentrated sulfuric acid to obtain 
a 2 mоlјL sointion, and allow to cool to room temperature (see 3.2, 
Hazards). 

6.2.3 	Proceed as in 6.1.2 to 6.1.6. 
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6.3 Solutions in waier-niiscible organic solvents 

	

6.3.1 	Add an equal volume of 4 тo17L 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. 

6.4 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. 

7. ANALYSIS FOR СОМfLETENЕSS OF DEGRADATI®N 

7.1 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 µL of a 2 mo1/L 
cisplatin solution. 

	

7.1.3 	Determine platinum I1, using the following conditions: 
— acetylene-air dame 
— band width, 0.5 nm 
— wavelength, 260 nm 
— Pt lamp 

7.2 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. 

	

7.2.3 	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 ruin. 

	

7.2.5 	Discard aqueous layer and emulsion. 

	

7.2.6 	Analyse, using the following conditions: 
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Соlитn: 30 cm x 3.6 mm i.d., µ Bondapack CN 

Eluant: Heptane: isоpr®panol (82:18) 

Flow rate: 2 mL/min 

Injection volume: 301îL 

Detector: UV, 254 nm 
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8. SСНГМАТIC RЕPRЕSЕNTАТIОN OF PROCEDURE 
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150 Cours Albert Thomas 
69372 Lyon Cedex 08, France 

Contact point: J. BAREK 
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1. SCOPE AND FIELD OF APPLICATION 

This method specifies a procedure for the destruction of cisp1atin in the following 
wastes: solid compound (7.1), aqueous solutions, including injectable pharmaceutical 
preparations (72), glassware (7.3) and spills (7.4). 

The solution and precipitate produced by this method were tested for mutagenic-
ity using Salmonella typhimuhum strains ТА98, 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 is recommended only on the basis of the absence of mutage nie 
activity in the residue. 

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

2. REFERENCE 

Bannister, 5.i, Sternson, L.A. & Repta, A.J. (1979) Urine analysis of platinum 
species derived from cis-dichlorod.iammineplatinum (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. I{АZARDS 

4.1 From eisplatin 

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 at., 
1981; Anderson et al., 1982; National Institutes of Health, 1982; Jones et al., 1983; 
Solimando, 1983; Stolar et al., 1983; National Study Commission on Cytotoxic 
Exposure, 1984; American Society of Hospital Pharmacists, 1985). 

4.2 Other hazards 

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

_97_ 
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In case of skin contact with corrosive chemicals, wash the skin with lowing water 
for at least 15 min. 

Dry sodium nitrate is highly combustible. 

5. REAGENTS 

5.1 For destruction 

Sodium diethyldithiocarbamate 	 Technical grade 

Sodium hydroxide 	 Technical grade 

Sodium hydroxide solution 	 0.1 mo1/L aqueous (0.4 gј  
100 mL) 

Sodium nitrate 	 Technical grade 

Sodium nitrate solution 	 Saturated, aqueous 

Sodium diethyldithiocarbamatc solution 	0.68 mоlјL (^ 1 gј100 mL) 
in 0.1 xuol/L sodium hy-
droxide solution 

5.2 For analysis 

Not applicable. 

6. APPA.RATUS 

Usual laboratory equipment. 

7. PROCEDURE 

7.1 Sоlid соmpoиnd 

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 З  mL sodium diethyldithiocarbamate 
solution. 

7.1.4 	Add an equal volume of sodium nitrate solution. 
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NOTE: A yellow precipitate of the complex of platinum II and diethyldiihio-
carbamate will form when the platinum concentration is greater than 
100 јаg/шL. 

	

7.1.5 	Discard. 

7.2 Aqueous solutions, including injectable pharmaceutical preparations 

Proceed as in 7.1. 

7.3 Glassware 

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

7.4 Spills 

	

7.4.1 	Isolate 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 іβ n the beaker from 7.4.2. 

	

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

	

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

7.4.6 Discard. 

8. ANALYSIS FOR СОМРLЕТЕNЕSЅ  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. SСНЕМAТIС  RЕРRЕSЕNТАТТON OF PROCEDURE 
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10. ORIGIN OF METHOD 

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: J.A. BENVENUTO 
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L sСОPE AND FIELD 0F APPLICATION 

This method specifies a procedure for the destruction of lonvustine, chlorozotocin 
and streptozotocin in the following wastes: solid compounds (7.1), solutions in 
volatile organic solvents (excluding alcohols) (7.2), aqueous solutions (7.3), pharma-
ceuticaI 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 ethanol) (7.7). 

The method has been tested collaboratively using 100 mg solid 8omustine, 50 mg 
solid streptozotocin and a solution 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 TA 1530, TA 1535 and TA lii with and without metabolic 
activation. No mutagenic activity was detected. 

NOTE: The method was also tested using PCNU, carmustine and semustinc. 
Destruction of PCNU was not reproducible, and the residues from 
carmustine and semustine showed mutagenic activity. This method 
should not he 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) Einc mine Methode zur kolorimetrischeu 
Bestimmung von Nitrosaminen nach Sрaltung der Nitrosogruppe mit Brim-
wasserstoif 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, 383 386 

Lunn, G., 5ansone, Е.B., Andrews, А.W., Castegnaro, M., Malaveille, C., Michelon, 
T_, Brouet, I. & Keefer, L.K. (1984) Destruction of carcinogenic and тшаgenic 
N-nitrosamides in laboratory wastes. In: O'Neill, 1K., von Borstel, R.C., Miller, 
C. T., Long, J. & Bartsch, H., eds, N-Nitroso Compounds: Occurrence, Biological 
Еffects and Relevance to Human Cancer ('ARC Seieпgc Publications No. 57), 
Lyon, International Agency for Research on Cancer, pp. 387....398 

Preussmann, R. & Eisenbrand, G. (1972) Problems and recent results in the analytical 
determination of N-пitrosocompouпds. In: Topics in Chemical Carcinogenesis, 
Tokyo, University of Tokyo Press, pp. 323-341 
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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 Slushing with nitrogen to eliminate the possible re-formation of N-nitro-
sourеas. 

4.1 From N-nitrosourea drugs 

Sоme 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 th.e risk of contact with the skin. The gloves should be discarded 
after use. Sоте  N-nitrosoureas occur as electrostatic powders, and precautions 
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 et al., 
1981; Anderson et al., 1982; National institutes of Health, 1982; Jones et al., 1983; 
Soiimandо, 1983; Stolar et al., 1983; National Study Commission on Cytotoxic 
Exposure, 1984; American Society of Hospital Pharmacists, 1985). 

4.2 Other hazards 

;ulfцric acid and hydrobromic acid7glacial acetic acid solutions are corrosive and 
should be handled with care. 

In case of skin contact with corrosive chemicals, wash the skin with f7owing water 
for at least 15 min. 

5. REAГENTS 

5.1 For destruction 

Hydrobromic acid 

Glacial acetic acid 

Hydrobromic acid solution 

30% solution in glacial acetic 
acid 

Analytical grade 

4.5% hydrogen bromide in 
glacial acetic acid, prepared 
by diluting the 30% hydro-
bromic acid solution 1 to б  
with glacial acetic acid 
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Ammonium sulfamate Technical grade 

Sodium carbonate 	 Technical grade 

Dichloromethane 	 Analytical grade (alcohol - 
free) 

Nitrogen gas 

Sulfuric acid (concentrated) 	 Spесifъc gravity, 1.84; techni- 
cal grade; 	18 mol/L 

Sulfuric acid solution 	 3.6 mol7L, aqueous 

5.2 For analysis 

Water 	 Redistilled from glass 

Methanol 	 HPLC grade 

Acetonitrile 	 HPLC grade 

Phosphoric acid 	 Analytical grade 

Potassium dihydrogenphosphatc 	 Analytical grade 
(КН2Р04) 

К1ZР®4 solution 	 0.02 xnol/L, aqueous, adjust- 
ed to pH 4.8 with phosphoric 
acid 

6. APРARAТUS 

Usual laboratory equipment and the fallowing items: liquid chromatograph 
equipped with a reverse-phase ®ISS column and a UV detection system capable of 
measurement at 230 um.. 

Efficient bubbling system. 

7. 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. 
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NOTE: The procedure must not be carried out in the presence of water or 
dimethylsul foxide. 

7.1 Solid compounds 

	

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

	

7.1.2 	For lomustine, dissolve in dichloromethane. 

	

7.1.3 	Add the quantity of 4.5% hydrobromic acid solution calculated in 7.1.1. 

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

7.1.4 Allow to react at room temperature for about 15 min, then Bush 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 1V-nitrosourcas. 

NOTE: 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 mo1јL sulfuric acid. 

	

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

	

7.1.6 	Dilute with water, and discard. 

7.2 Solutions in volatile organic solvents (excluding alcohols) 

	

7.2.1 	estimate the amount of drug to be degraded. 

	

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

	

7.2.3 	Proceed as in 7.1. 

7.3 Aqueous solutions 

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

	

7.3.1 	Extract with three equal volumes of dichloromethane, each volume of 
solvent being about equal to the volume of water. 
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7.3.2 	Proceed as in 7.2. 

7.4 Pharmaceutical preparations 

	

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

	

7.4.2 	Chlorozotocin and streptozot.ocin (solid compound containing citric 
acid): Treat as in 7.1. 

NOTE: Reconstituted solutions cannot be treated by this method. 

7.5 Sпlutioпs ii methanol ог  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 separately and treated as described below. 

	

7.5.1 	Add 4.5% hydrobromic acid solution until the mixture contains less than 
15% alcohol and less than 50 mg drug per 40 mL. 

	

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 is essential to avoid re-formation of N-nitrosoureas. 

NOTE: 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 тoI,L sulfuric acid. 

	

7.5.3 	Proceed as in 7.1.5 and 7.1.6. 

7.6 Glassware 

	

7.6.1 	Drain thoroughly and immerse 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. 

7.7 5риlls of solid compounds or of solutions in volatile organic solvents (inclining 
methanol and ethanol) 

NOTE: This method is not appropriate for the treatment of aqueous spills. 

7.7.1 	Isolate the area, and put on suitable protective clothing, including 
breathing apparatus. 
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7.7.2 	For solutions in volatile organic solvents, allow the solvent to evaporate. 

	

7.7.3 	Cover the area with an excess of 4.5% solution of hydrobromic acid. 
Allow to react for at least l h. 

	

7.7.4 	Add solid sodium carbonate to the treated surface. 

	

7.7.5 	To check for completeness of decontamination, wipe the surface with 
absorbent material moistened with methanol, and analyse the wipe (see 
Section 8). 

8. ANALYSIS FOR CОMРLETENFSS OF DEGRADATION 

Analyse directly by HPLC, using the following conditions: 

8.1 Lomustine 

Cokimn: 25 cm x 3.6 mm i.d. Partisil ®DS-2 10 цm 

Рrecolumn: 6.5 cm к  3.6 mm i.d., шlеd with CO:Pell ОDS 30-38 µm 

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

Flow rate: 1.5 mL/min 

Injection volume: 50 µL 

Detector: UV, 230 nm 

8.2 Ѕtгeptozotocin and chiorozo tocin 

Column: 25 cm к  3.6 mm i.d., Partisil SDS-2 l0 цm 

Precoluim: 6.5 cm к  3.6 mm i.d_, filled with CO:PelI ОD5 30-38 цz1 

Eluant: Streptozotocin: 0.02М  К12Р04 pH 4.8 
Chlorozotacin: 0.021 KНZРО4 pH 4.8 :methanol (96:4) 

Flow rate: 1.5 rLјmin 

Injection volume: 50 цL 

Detector: UV, 230 nm 
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10. ORIGIN OF METHOD 

Castegnaro. M» Мichelon J. & Brouet, I. 
International Agency for Research on fiancer 
150 Cours Albert Thomas 
69372 Lyon Cedex 08, France 

Contact point: M. САSТЕGNАRО  

Sагisoпe, Е.В. 
NСI-Frederik Cancer Research Facility 
P.O. Box В  
Frederick, MD 21701, USA. 

Contact point: E. B. SANSONЕ  



1. SС®РE 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-
methylformarnide (DIF) or dimethylsulfoxide (DMS®) (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 Sа1-
monella typhimurium strains TA1530, TÀ1535 and TA100 with and without metabolic 
activation. No mutagenic activity was detected. 

NOTE: This method was also tested for lomustine, carmustine, semustinc, 
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. 

~7-1r•Е®1~71t~ 

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

3. HAZARDS 

3.1 From streptozotocin 

Sueptozotodn 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 al., 1982; National Institutes of Health, 1982; Jones et al., 1983; 
5olimando, 1983; 5tolar et аl.,1983; National Study Commission on Cytotoxic Ex-
posure, 1984; American Societу  of Hospital Pharmacists, 1985). 
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3.2 01/1er• 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 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 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 

Sи1Гuriс  acid (concentrated) 

Sulfuric acid solution 

Potassium permanganatејsulfuriс  acid solution 

Technical grade 

Specific gravity, 1.f34 (about 
18 mol /L); technical grade 

3 mol/L, aqueous (see 3.2, 
Hazards) 

To 100 mL of a 3 mo1/L su1-
furie 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 

Ascorbic acid or sodium bisulfite solution 

Sодiиrn hydroxide 

Sodium hydroxide solution 

Sodium carbonate 

Technical grade 

50 g/L, aqueous 

Technical grade 

2 mo17L, aqueous (^ 8 gI 
100 m L) 

Technical grade 



1лI [в1јU~a 

4.2 For analysis 

Ascorbic acid 

Water 

Potassium dihydrogenphosphate (K1гР®4) 

Phosphoric acid 

К12Р®4 solution 

113 

Analytical grade 

Redistilled from glass 

Analytical grade 

Analytical grade 

0.021®1/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 reverse-phase ®DS column and a UV detection system capable of 
measurement at 230 rim. 

6. PROCEDURE 

Forty-eight mg of streptozotocin dissolved in IO 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 	For each 48 rig of drug, add 10 mL of 3 mol/L sulfuric acid. 

	

6.1 .2 	Place {task on a magnetic stirrer; add 2 g potassium permanganate per 
10 mL of solution from 6.1.1. 

	

6.1.3 	5tir overnight. 

	

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

	

6.2.2 	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). 
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6.2.3 	Proceed as in 6.1.2 to 6.L5. 

6.3 Sоlг€tion. in DIF or DМЅО  

	

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

	

6.3.2 	proceed as in 6.2.2 and 6.2.3. 

6.4 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. 

6.5 Pharmaceutical solutions 

Solid compound containing citric acid diluted with saline (10 mg/ml) or 5% 
dextrose (0. t mg/ml): 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 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 	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 fox completeness of removal by wiping it 
with absorbent material moistened with water and analysing the wipe 
(sее  Section 7). 

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

7. АNALУSIЅ  FOR COMРLETENESS OF DEGRADATION 

7.1 Add ascorbic until the solution becomes colourless. 

7.2 Analyse by HPLC, using the Гollowing conditions or any other suitable system: 

Column: 25 cm x 3.6 mm id., Partisil 0DJ -2 14 iii 

Prc-column: 6.5 cm x 3.6mm id., filled with CO: Pei 0DS 30-38 цт  

Eluаnt: 0.02 mol!L К1zР®4, pH 4.8 

Flow rate: 1.5 mL/min 

Injection volume: 50.tL 

Detector: UV, 230 nm 
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9. ORIGIN OF METHOD 
Castegnaro, M., Brouet, I_ & Michdon, J. 
International Agency Гог  Research on Cancer 
150 Cours Albert Thomas 
69372 Lyon Cedex 08, France 

Contact point: M. CASTEGNARО  
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1. D®x®ruЫсiп  

Nomenc/alure 

Chemical Abstracts Scrvices Registry Number: 23214-92-8 

Cheudca] Abstracts Name: (8S-cis)-10-[(3-Аmino-2 3 6-tridеоху-с -L-lухоhexa-
pyranоsyl)oхy]-7,8,9,10-tetrah.ydrо-б,8,11-trihуdroxy-8-(hydroxyacetуl)-1-
methoxy-5,12-naphthacevedione 

Synonyms: Adriablastin; adriаЫastina; gdriamycin; 10-1(3-аш i по-2 Э 6-tг idеоху-
D-1ухоhехоругапоѕу l)оху]-8-g1усоѕу1-7 8,9,10-tetrchydro-6 8,11-trihydroxy-l-
rnethoxy-5,]2-naphthacenedione; 1,2,3,4,б,11-hexahydro-4(3,-5,I2-trihуdгоху-4- 
(hydroxуacetyl)-10-methoxу-б,11-dioxonaphthacene-1(3-у1-3-amino-2, 3,6-tride- 
oxy-a-L-lyxphexopyranosi de; 1 4-hуdгохуdаuпоmусип; 	I 4'-hуdгоху-dаunо- 
mycin; FI 106; NSC-123127 

Molecular and stn'c(ural information 

Molecular formula: С2 - Н29N®11 

Molecular weight: 543.54 

Structural formula: 

Physical рrпpertie.5 

Data obtained from Wade (1977). Vigevani & Williamson (1980) or Windholz 
(19$3), unless otherwise specifгed 

Description: 	Orange-red. thin needles; reddish powder 
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Melting-point: 	204-205 °C (with decomposition); 205 "C (decomposes) (Area- 
mine et at., 1975) 

Optical rota- 	[a]° + 248" (C = 0.1 in methanol) (Arcamone et al., 1969); 
till: 	 [cu]e,5 + 255" (C = 0.1 in methanol) 

Solubility: 	Solubk in water, methanol and aqueous ethanol. Practically 
insoluble in acetone, henzene, chloroform, ethy1ether and 
petroleum ether 
Aqueous solutions arc yellow orange at acid pis and violet 
blue at pis above 9 

stability: 	Aqueous solutions are stable at pi 3 to 6.5, but decompose 
as the pi increases in the range 6.5 to 12 (Vigevani & Will Ёam-
son, 1980) 
Aqueous solutions arc unchanged after 1 month at 5 "C but 
unstable at higher temperatures (Windholz, 19X3) 

Spectral data: 	UV 7, ,К  (E]) in methanol: 233 (658). 253 (440), 290 (145), 477 
(225), 495 (223), 529 (124) (Arcamone et al., 1969) 
UV and NIR spectra are described by Smith et at. (1977) and 
Vigevani & Williamson (1980) 
IR spectra are described by Arcamone et al. (i 969) and Vigeva-
ni & Williamson (1980) 
Mass spectra are given by Vigevani & Williamson (1980). 

2. Daunorubicin 

Nomenclature 

Chemical Abstracts Sewiccs Registry Number: 20830-81-3 

Chemical Abstracts Name: (8S-cis)-8-Аcetу1-10-ј (3-amino-2,3.6-tridсоху-a-L-
lухоhexapyranosу)оху]-7,8,9,10-tetrahydro-6,8,11-tetrahydroxy- l -methоху-
5,12-naphthacenedionc 

Synonyms: Acetyladriamycin; 8-асetуl-10-[(Э-amino-2,3,6-tridеоху-a-L-lухо-
heхapyranosyl)оху]-7,8,9,10-tetrahydro-6,8,11-trihydroxy-l-methoxу-(8S, 10S)- 
5,12-naphthacenedione; 	3-acetyl-1 2,3,4,6,1 !-hexahydro-3,5,12-trihуdroхy-l0- 
mcthoхy-6,11-дiохо- l -naphthacenyl-3-аmiпo-2,3,6-trideoxy-a-L-Iуxohexapyra-
noside (IS 3S); cerubidin; daunomycin; daunorubicine; leukacmomycin C; NSC 
82151; RP 13057; rubidomycin; rubomycin C; rubomycin C, 

Molecular and structural information 

Molecular formula: C2-77H29NО10 
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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} 0 + 248 ± 5" (C = 0.05-0.l in methanol) 
till: 

Solubility: 	Sо1иЫe in water. methanol and aqueous alcohols 
Practically insoluble in chloroform, ether and benzene 
The colour of aqueous solutions changes from pink at acid pi 
to blue at alkaline pI 

Sрectral data: 	UV 7 aK (L,,) in methanol: 234 (665), 252 (462), 290 (153), 480 
(214), 495 (218), 532 (112). 

3. Methotrexate 

Nomenclature 

Chemical Abstracts Services Registry Number: 59-45-2 

Chemical Abstracts Name: L-Сlutamic acid, N-(4-{[(2,4-diamiaю-6-pteriдinyl)-
methyl]methylamino{benzoyl- 

5ynonyms: A-inethoptcrin; amethopterin; arnethopterine; 4--amino-4-dcoxy-N1 o_ 
methylpteroylglutamic acid; 4-amino-1 O-methylГolic acid; 4-amino-N' °-meth- 
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yipteroylghataznic acid; antifulan; N-bismethylpteroylglutamic acid; CL-14377; 
У-(рага[(2-4-d is minoptcridiп-6-yl-methyl )щethylaю.иro1bеuzоу1}-L-g1utатiс  
acid; л  р{[(2,4-diаmипо-6-Inter€dinyl)mcthyl]шеthylamino;bеnzoyl-,L-; FIT 
25,299; glutamic acid; glutamic acid, iУ-(p{[(2,4-diamiпо-6-рtеridinv1)mеthуl]-
methylпnгiпо,}benzoyl)-,L-(+)-8 Ci; HDMTX; ledcrtrexate; o.-metliopterin; 
methotrexatc specia; methotrexatum; methylaminopterin; MEXATE; MTX; 
NCI-С04б71; NSA 740; R 9985 

Molecular and structural informalion 

Molecular formula: CZOНZZN3Dç 

Molecular weight: 454.4 

Structurel formula: 

н2N
Y 

и  N 

~ çн3 

и0 О  cн  гv ООco~rн  
NH2 	 ноос~/с  н2см~ с  CIII 

I 
н  

Physical properties 

Data obtained from Wade (W77) or Wind1ho1z (1983), unless otherwise specified 

Description: 	Bright yellow-orange. odourless crystalline powder (Chamber- 
lin et cal., 1976) contaiz1irvg not less than 85% 4-aminо-l0-
methу lГolic acid 

Melting-point: 	Decomposes at 185-204 ` С  (mоnohydrаtc) 

Optical rota- 	[с ] 	20.4 ± 0.6 (C = 1; 0.1 N Nail) (Chamberlin et 
tion: 	 al., 1976) 

Solubility: 	Practically insoluble in water, ethanol, chloroform and diethyl- 
ether: freely soluble in dilute solutions of alkaline hydroxides 
or carbonates; soluble in dilute hydrochloric acid 
For medical use, solutions are prepared as follows: 10 mg/mL 
0.9% NaCI; 5% dextrose, pH 7.0-88; 50 mgллL sterile water, 
pH 7.0-8.8 (National Cancer Institute, 1983) 

Ѕtabilitу: 	Sensitive to hydrolysis, oxidation and light. Bottles of tablets 
are stable for at least three years at room temperature 
(20-25 С) 
Medical solutions described above are stable for at least one 
week at room temperature (National Cancer Institute, 1983) 
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Sресtrаl data: 	UV ?mix (Ai) iп  O.OJN ICi: 243 (388), 307 (475); in lIN 
Nail: 258 (544), 303 (546), 372 (177) 
IR and NTT spectra have been tabulated (Chamberlin et aL, 

1976) 
Field desorption mass spectra are availably (erzybylski et al., 
1982). 

4. Dichlоmпiеthоtгехatе  

Nom.enclature 

Chemical Abstracts Services Registry Number: 528-74-5 

Chemical Abstracts Names: L-Glutamic acid, N-(3,5-dichloro-4-{[(2,4-diaщino-
6-pteridinyl)mctsy1]metliylamino}benzoyУ)-; glutanic acid, N-(3 , 5 diсhlого-4-  
{[(2,4-diamino-б-ptcridiпyl)mеthуl]methylamino}beпzoyl)-, L- 

Synonyms: 4-Amino-IO-methyl-3',5'-dichloro-pteгoyl glutamic acid; 3',5'-di-
chloroamethopterin; 3',5'-dichloromcthotrexate; methotrexate, dichloro-; NSC 
29630 

Molecular arid structural йi/oгmatiaп  
Molecular formula: C2оH2оC12NнО 5 

1vbletuIar weight: 523л  

aructural Cormu1a: 

0 

Nk- 	N 	N 	 c.-o1 
с  
C

Hs 

Н  

O _ N 	CH,-N 	 C NI-Cl-C-II 
i 

NH, 	 о  
n 

Physical properties 

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

Description: 	SquаΡre platelets from 50% aqueous alcohol; bright-yellow 
odourless crystalline powder 

Melting point: 	185-204 ЁС: (monoirydrate) 
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Optical rota- 	a] 	= 20.4 + 0.б  (С  = 1; 0.1 N Nail) 
Lion: 

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

Spectral data: 	UV ?rа  (Ai) ii 0.1 N Nail: 258 (488), 370 (145); in 0.1 N 
IC1: 240 (442), 330 (231) 
IR and NIR specra are available. 

5. Cyclophosphaniide 

Noa2enciаlur°e 

Chemical Abstracts 5ervices Registry Number: 6055-19-2 or 50-18-0 (anhydrous 
fo rin) 

Chemical Abstracts Name: 21-1,3,2-Охаzaрhosphоriп-2-amine, N,N-bis(2-chlo-
roethyl)tetrahydro-, 2-oxide monohydrate 

Synonyms: 2-[ 3is(2-сhbroеhуl)amino]-1-oxa-3-aza-2-рhоsрhоcуdоhexеnс  2-
oxide monohydrate; 1-bis(2-ch1onоеthyl)arniпo-l-oxo-2-a.za 5-pxmhgsphpndine 
monohydrate; 2-[bis(2-drlprpcthyt)amino]tetuahydrc-2н-1,3,2-оxazaphospho-
rine 2-oxide monohydrate; 2-[bis(2-chloroethgl)amino]tetrdhydro[2Н]-1 3,2-
oxazaphosphorine 2-oxide monohydrate; [bis(сhlom-2-ethyl)-amino]-2-tetгa-
hydro-3,4,5,б-оxazaghasphоnпc-1,3,2-oxide-2 monohydrate; iV, N-hiѕ(2-сhlо-
госthуl)-N'-(3-hуdгoхургору l)рhоѕрhогоdiаmidiс  acid intramolecular ester 
rnonohydrate; bis(2-chlоmеthyl)рhosphoramide cyclic propanolamide ester 
monohydrate; N,N-bis((3-сhlоrоethуl)-N',®-propylenephosphoriс  acid ester 
amide monohydrate; N,N-bis(J3-chlorоethyl)-N,O-trimethflene-phosphoric acid 
ester diamide monohydrate; В  518; СВ-4564; clafen; cyclic N',0-propylene ester 
of N,N-bis(2-chloroethyl)phosphorо-diainidic acid monohydrate; сусlоphosрha-
mid; cyclophosphamidum; cyciophosphan; cycloehosphane; cyc1ophosphanum; 
cytopüosphan; cytoxan; 2-(di(2-chbrocthy1)amino]-1-oхa-3-aza-2-phosphacy-
cloheхane-2-oxide monohydrate; N,N-di(2-chloroethyl)amino-N,O-рroрylene 
phosphoric acid ester diamide monohydrate; endoxan; endoxana; endoxan-asta; 
endoxan R; enduxan; genoxal; mitoxan; NSC-26271; procytox; semdoxan; sen-
doxan; senduxan 

Molecular and strie tirai in/'orrnalion 

Molecular formula: СtН15С1 2N2О  Р.12 0 

Molecular weight: 279.1 
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Stгис tuml fоrusиla; 
2 optical isomers 

/сн2.сн2 G 
N 

СH2.СК2СI Р=o 
Nн 	 .н~о  

P!ywcaf properties 

Data obtained from Wade (1977) оr Windhilz (1983), unless otherwise specified 

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

Melting-point: 	41-4.5 С  (monohydrate); 49.5-53 "C 

Solubility: 	Sоlиble in water (40 g,/L) and ethanol (1 to 1); slightly soluble 
in peizene. ethylene glycol, carbon tetrachloride, riioxane; 
sparingly soluble in ether and acetone 

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

Sреctгal data: 	NIR spectra are available (Zon et al., 1977). 

6. Ifgsnarnide 

Nome;idat иrе  

Chemical Abstracts Oervices Registry Number: 3778-73-2 

Chemical Abstracts Name: 2H-1,3,2-®xazaphosphorinе-2-aminc,N.3-bis(2-ch10-
roethyl)tetrahydro-, 2-oxide 

Sупоnушs: A 4942; asti Z 4942; 3-(2-chloyocthyl)-2-[(2-chloroethyl)aminо]-
perhудro-2H-1,3,2-охazaphpsphorine 2-oxide; 3-(2-riAproethyl)-2-[(2-chlо-
гоеthуl)аmino]tetrahуdro-2H-1,3,2-oxazaphosрhorine 2 oxide; cyfos; holoxan 
1000; ifoslamid; iphosphamid; iphosphamide; isoendoxan; isofosfamide; iso-
fosfamidum; isophosphcrmide; mitoxersa; МiF 9325; mxamide; NSC 109724; Z 
4942 

Molecular and structural infornuition 

Molecular formula: O7115С1 2N202 g 

Molecular weight: 261,1 
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Structural formula: 
* 2 optical isomers 

o 
о  Il 

Р-NH-TH2-CN2С1 

N 
XСFФ 2-СN 2С1 

Pli vsical properties 

Data obtained from liandeisrnan et al. (1974), unless otherwise specified 

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

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

Solubility: 	Sо1иЫе  in water (lin 10) and carbon disulfide (1.5 in 100); very 
soluble in dichloromethanc 
For medical use, solutions are prepared in sterile water (50 оr 
100 mgfiniL), to pH 4-7 (National Cancer institute, '1983) 

Stabi1ity: 	Sensitive to hydrolysis, oxidation and heat 
Reconstituted solutions for medical use arc stable for at least 
seven days (National Cancer institute, 1983) 

Spectral data: 	IR and NMR spectra are available (Handelsman et a1» 1974; 
Zon et al., 1977). 

7. Vincristine sulfate 

Nonienciatrre 

Cbemical Abstracts Services Registry Number: 2068-78-2 

Chemical Abstracts Name: Vincaleukoblastine, 22-oxo-, sulfate (1:1) (salt) 

synonyms: 37231; IBES-N~-methyl-Nа-formy1vinbiastine sulfate; kyocristme; 
LCR; LCR sulfate; leurocristine sulfate; ieurocristine, sulfate (1:1) (salt); NSC 
67574; oncovin; olikovin; 22-oxovincaleukoЫastine; VCR; VCR sulfate; vincrisul 

Molecular and structural information 

Molecular formula: C46,H,6N40,О  • НZ SO4 

Molecular weight: 923.0 
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5tructural formula: 

Physical properties 

Data obtained from Wade (1977) or Burns (1972) 

Description: 	White to slightly yellow, odourless, very hygroscopic, arnor- 
phous or crystalline powder 

Melting-point: 	After recrystallization from absolute ethanol, 273-281 °C 

Optical rota- 	t] 5 8.5 (C = 0.s in methanol) 
tion: 

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

Stability: 	Sensitive to hydrolysis, oxidation and heat 

Spectral data: 	UV 	(E) in 95% ethanol: 221 (510), 255 (167), 296 (169) 
IR and NMR spectra have been tabulated (Burns, 1972). 

8. Vinblastine sulfate 

NоmепСlаttггe 

Chemical Abstracts Services Registry Number: 143-67-9 

Chemical Abstracts Name: Vincaleukoblastine, sulfate (1 :1) (salt) 
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Ѕуnоnyms: Еxal; l ЈI-indоhzino(8,1-ccl)сarbaгolc, vinca]cukoblastine deny.; 
29060-LE; 21-3,7-rncthаnoazacуclоundecino(5,4-h)iidoЭ e, vincaleukoblastine 
deny.; NSC 49842; velban; velbe: vincaleucoblastine sulfate; v-iпcaleukohlastinc 
sulfate; VLB sulfate 

Molecular and structural information 

Molecular formula: Сл 01з 	- 12Ѕ04 

Molecular weight: 909.1 

Structurнl lormula: 

аΡм  
С6-!'Сh9Э  

и  
I 	~ СаΡСF9, 

1Я  

и  

il 

s 	 СTlaСн3 
.. Fi 

сн  HO 

СОсН  
11 
O 

Physical рroрertгes 

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

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

Melting-point: 	284.285 °C with decomposition (monohydrale) 

Optical rоtg- 	[гx 	.--28" (С  = 1.01 in methanol) 
ti on: 

Solubility: 	SоluЫc in water (lin 10), ethanol (lin 12 200), chloroform (1 
in 50) and methanol; insoluble in dicthyiether 

SMMlity: 	Sensitive to hydrolysis, oxidation and heat 
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Epcctral data: 	UV ?UG, x (Аz) iп  95% ethanol: 214 (592), 246 (131), 262 (176), 
287 (143). 296 (127) (11 500) 
IR and NMR spectra are given by Burns (1972). 

9. 6-Тhвoguaniпe 

Nomenclature 

Chemical abstracts Services Registry Number: 154-42-7 

Chemical Abstracts Name: 6Н-Purine-6-thione, 2-amino-1 7-dihydro- 

Synoпyne: 2-Amino-6-шеrcaptopuriпe Nemihydrate; purine-6-thio1, 2-amino; 
б-thioguanine; 6-ТG 

Molecular and structura! inforrnгг tгon 

Molecular formula: C5 I15 N;Ѕ  

Molecular weight: 167.2 

Structural formula: 

Physical properties 

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

Melting-point: 	360 °C 

Solubility: 	InsoluЫe in water, ethanol and chloroform; very soluble in 
dilute solutions of alkali hydroxides 
For medical use, solutions are prepared as 15 nпg,ml of 0.9% 
NaCl adjusted to pi 11-12 with Nail 

10. 6~Мегcapt®purиne 

Nomenclature 
Chemical Abstracts Services Registry Number: 54-42-2 
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Chemical Abstracts Name: 6н-Purine-б-thione, ! ,7-dihуdго  

Synonyms: Hypoxantine, thio-; IDN 1226; ismipur; leukerin; leupurin; mer-
caleukin; б-mercaptopuriп; mercaptopurtne; mercaptopnrinol; 7-mercapto-
I,3,4,6-tetrazaindene; rnertapurin; MERN; 6MP; NCI-С0488б; NSС  755; purine 
6-mercapto; 11-purine, 6-mdreapto; purinethiol; purine-6-thiоl (8С1); 6-pu-
nineihiol; 3Н-purine-6-thиоl; purinethol; thiohуpoxaпthiаe; 6-tMoрumае; б-thi-
oxopuriпe 

Molecular and structural information 
Molecular formula: С$14N 4S 

Molecular weight: 1522 

Structural formula: 

Physical properties 

Data obtained from Wade (1977), Weast (1977) or Windholz (3983), unless 
otherwise sрес  bed 

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

Melting-point: 	313-314 °С  (decomposition) 

5olubility: 	Almost insoluble in water, acetone, chloroform and ether; 
soluble 1 in 950 in ethanol; soluble in solutions of alkali 
hydroxide and in dilute sulfuric acid; soluble in boiling water 
(lin 100) 
For medical use, solutions are prepared as 10 mg of sodium 
salt pci- mL of sterile water, pi 10-1 1 (National Cancer In-
stitute, 1983) 

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

Spectral data: 	UV m~ x (Ai) iп  Q1 N Nail: 230 (919), 312 (1288); in 
0.1 N ICI: 222 (607), 327 (1400); in methanol: 216 (587), 329 
(1268). 

11. Cisplatin 

Nomenclature 

Chemical Abstracts Services Registry Number: 15663-27-1 
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Chemical Abstracts Name: Platinum, diamminc dichloro-, (S1'-4-2) 

Synonyms: CACP; CDDP; CPDC; DDP; cis-DDP; cis-diaminodichloroplati-
num; cis-diaminodichloroplatinum (ц); cis-diamminedich1orop1atinum; cis-
diamminedichloroplatinum (II); cis-diarnmineplatinurn (II) chloride; cis-dichlo-
rodiaminoplatinum; cis-dichlorodiaminoplatinum (II); cis-dichlorodiarnminepla-
tinum; cis-diehlorodiammincplatinum (II); neoplatin; DISC 119875; PDD; plati-
flex; platinol; cis-platinous diaminodichloride; cis-platinum; cis-platinum (II); 
cis-platinum diaminodichloride; cis-piatin urn (II) diaminodichloride; platinum 
diamminedichlorida; cis-platinum diamminedichloride; cis-platinum (II) diam-
minedichloride; cis-platyl 

Molecular and structural information 
Molecular formula: СI 2Н6hï 2 Pt 

Molecular weight: 300.05 

structural formula: 

Physical properties 
Data obtained from NVindho1z (1983) and Каufгman & Cowan (1963), unless 
otherwise specified 

Description: 	Deep-yellow solid 

Melting-point: 	270° (decomposition) 

Solubility: 	Slight[y soluble in water (0.253/100) at 25 -C; insoluble in most 
common organic solvents, except dimethylformamide 

Stability: 	Slowly changes to the Irons 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. 

12. Ѕtreptоzоtociп  

Nomenclature 
Chemical Abstracts Services Registry Number: 18883-66-4 
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Chemical Abstracts Name: D-Glucose, 2-деоху-2-{[(methylnitrosamino)car-
hопуl]amiлo;- 

5уnonуrs: 2-Dеоху-2-([(mсthуlnitrоsamino)carbonyl]amino}-D-glucoрyrаnose; 
2-deoxу-2-(3-methyl-3-nitrosоurеido)-D-glпсоpуranоse; glucopyranosc, 2-dе-
oху-2-(3-methy1-3-nitrosOureidO)-,D-; N-d-glucоsyl(2)-N'-nitr®sоmethylharn-
sto[T; N-D-glucоsуl-(2)-N'-nitrosornethуlurea; NCI-C® 3 d 67; NSC 37915 (Wade, 
1977); NSC 85998; STIL; ltreptozocins STZ; U-9889: zarvosar 

Л1olecгйаг  and stnict'ural гп/ ггПа [иой  

Molecular formula: С  Н15 N~O, 

Molecular weight: 2б5.2 

Structural formula: 

сн 2он  
o 

I I 	н  
OH H 

HO 	01 

H NН  

С-O 
I~ 
NN=O 

с1.  

Physical arпРСГuеs 

Data obtained from Windholz (1983), unless otherwise specified 

Description: 	Pointed platelets or prisms from 950/u ethanol 

Melting-point: 	115 °C (decomposition) (White, 1963) 

Optical rota- 	Streptozotocin is a mixture of a and [3 stereoisomers; [а] 5 
tion: 	 varies widely between + 15° and ±68; aqueous solutions 

rapidly undergo mutarotation to an equilibrium value of [а1т,` 
+39° (Herr et аl., 1967; Rudas, 1972) 

Solubihtу: 	SобuЫе  in water, lower alcohols aid ketones; insoluble in 
non-polar organic solvents 

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

5рectral data: 	UV 7 ,aY in ethanol: 228 nm, Еz = 240 (Herr e1 al., 1967); 380, 
394, 412 nip (Rudas, 1972) 
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13. Chlorozotocin 

г  ,неr~сlа1ure 

Chemical Abstracts Sources Registry Number: 54749-90-5 

Chemical Abstracts Name: D-Glucose, 2-({[(2-chloroеthyl)nitrosаm и no]car-
bonyl, amino)-2-дeоху- 

Synonyms: 2({[(2-Ch1otuethyt)nitrоsarivno]cаrhonyl}amino)-2-деоху-; 	1 -(2- 
chloroethyl)- I -п itгоѕо -3-(D-gluсоѕ-2-уl)uгеа; 	2-[3-(2-ch1osoethyT)-3-nitroso- 
ureido]-2-deoхy-D -gluсоpугапosе; DCN U; D-giucopyranosc; NSC 178248; 
NSC 178,248 

Molecular aids truc turai inforfatioп  

Molecular formula: C Н1 f C1lV3®., 

Molecular weight: 313.7 

Structural Гormи lа: 

HO-Cl2 
o 

II 
оH 

Ho и=o 
i 

NI—C—N—Cl 2 сн2 — с i 
11 
o 

Physical properties 

Data obtained from Windholz (1983), unless otherwise specd~еd 

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

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

Optical rota- 	[cc]: —53° (0 h) (C L0, Н  О); 	36° (2.5 h); —19° (20 h) 
tion: 	 (.iohnstois et al., 1979) 

Spectral data: 	[R and PIR spectra are available (khnston et a1., 1975). 
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14. Lomuчtiпe 

Nomenclature 

Chemical Abstracts Services Registry Number: 13010-47-4 

Chemical Abstracts Name: Urea, 1У-(2-chloroethу1)-N'-cyclohеxу1-N-пitroso- 

Synonyms: Belustine; CeCeNU; ice NU; chloroethylcyclohcxylnitrosourea; 
1 -(2-сhlогоеthуl)-3-сусlоhехуl- I -nitrosourea; 	1-(2-chloroethyl)-3-cyclohexyl- 
nitrosourea; CCNU; ICIG 1109; NSC 79037; RB 1509 

Лiоleсulaг  mid structurai information 

Molecular formula: С9H1бСIN~02 

Molecular weight: 233.7 

Structural formula: 
o 
11 

NH — — сн,—сн,сi 

NO 

Physical properties 

Data obtained from IWindholz (1983) or Baker (1980), unless otherwise specified 

Description: 	Yellow powder 

Melting-point: 	90 °С  

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

5tability: 	Scnsitivc to oxidation and hydrolysis; forms a1kylating and 
carbamoy]ating intermediates. Half-life of 117 min at 25 "С  
and neutral pi (Schein et al., 1978) 

spectral data: 	infrared and nuclear magnetic resonance spectra have been 
reported (Lown & Chauhan, 198 1h). 

15. Carniustine 

Nomenclature 

Chemical Abstracts Services Registry Number: 154-93-8 
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Chemical Abstracts Name: Urea, iV, N-bјs(2-сh1огоеthуl)-N-пi troso-  

Synonyms: BCNU; BiCNU; 1 ,3-biѕ(2-сhlогоеthуl)- 1 -nitrosourea; 1,3-bis(2-ch10-
roethyl)nitrosourca; bis(2-сHomethуl)nitrоsoureа; 1 ,3 -bјѕ(-сы  oroethyl)- I -ni-
trosourea; N,N'-bis(2-chloroethyl)-N-nitrоsоurеa; I ,3-dј-(2-сhlогое thуl)-1 -nitro-
sourea; NSС  409962 

Molecular and structural information 

Molecular formula: С519С1гNз®г  

Molecular weight: 214 

5tructural formula: 

NO O 
1 	i1 

С1СН2CH2 N---C— гц ICH2 CH 2 Cf 

Physical properties 

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

Description: 	Light-yellow powder that melts to an oily liquid 

Melting-point: 	30-32 °С  

Solubility: 	So1цЫe in water (4 mg/ml) and 50% ethanol (150 mgjmL); 
soluble in ethanol (Ito 2); very soluble in lipids 

Stability: 	Both powders and liquids are stable; in aqueous solutions, 
most stable at pi 4 (half-life, 511 min); in acid solutions and 
in solutions above pH 7, decomposes rapidly (Loo et al., 1966); 
at neutral pH, half-life is 98 min (Schein et a1., 1978) 

Spectral data: 	NMR spectra (town & Chauhan, 198la) and MS spectra 
(Weinkam et al., 1978) have been reported. 

16. Ѕеmuѕtinе  

Nomenclature 

Chemical Abstracts Services Registry Number: 13909-09-6 

Chemical Abstracts Name: Urea, N-(2-chloroеthyl)-N'-(4-methylcyclohexyl)-N-
nitroso- 
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Synonуms: iCIG 1110; Me-CCNU; methyl-CCNU; NSC 95441; эп rеa, 1-(2-
chforethyl)-3-(4-mеthy]cyclo-hexyl)-I -nitroso- 

моleси/аr and s truc tarоt йп/Dгтаhоn 

Molecular formula: C, 0Н  1 нС1N~02 

Molecular weight: 247.7 

Structurаl formula: 

11 
СН3 	Nti—C—N—СH 2 —СН7С I 

NO 

Physical properls 

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

Description: 	Light pale-yellow powder 

Melting-point: 	68-69 ''C (town & Chauhan, 1981b) 

Solubility: 	0.09 mg/mL in water, 0.1 mo11L HC1 or 0.1 rnol/L Nail; 
0.1 mg/mL in 10% ethanol; 100 mg/mL in absolute ethanol; 
250 mg/mL in dimetby1su1foxide 

gtability: 	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 C h at room tem-
perature; solutions in methanol are unstable 

Spectral data: 	IR and NMR spectra have been presented (town & Chauhan,, 
1981  b); UV /1.mиx 229 `F 2 mn. 

17. PCNU 

Nomenclature 

Chemical Abstracts Sovices Registry Number: 13909-02-9 

Chemical Abstracts Name: Urey Nи(2-chloroethyl)-N'-(2,6-dioxo-3-piperidinyl)-
N-nitroso- 
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Synonyms: 1-(2-Сhlorocthуl)-3-(2,6-dipxo-3-piperidyl)-i -nitrosourca; NSC 
95466; иrсa, l-(2-chlorocthyi)-3-(2,6-dioxo-3-piperidyl)-1-nitroso- 

Moleculгr• aidstructural пп fàгmatiaг  
Molecular formula: С~Н11СlN~®4 

Molecular weight: 262.7 

Structural formula: 

o 	o 
11 	" 

С1°—СНaС"a —N--С—NН 	 o 
I 
hЮ  

Physical prOperties 

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

Description: 	Fine, ivory powder 

Solubility: 	c 1 mg/mL in water (National Cancer institute, 1980); 
2-3 mg/mL in buffer pH 9; 1 mg/mL in 10% ethanol; 2-3 mg! 
mL in 95% ethanol; 3-4 mg/mL in methanol; 1-3 mg,/mL in 
chloroform; and 12.5-15 mg/mL in acetone 

Stability: 	Sоlгdon 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 
temperature and daylight 

18. Melphalan 

NOf7?епс/аtиге  

Chemical Abstracts Services Registry Number: 148-82-3 

Chemical Abstracts Nare: L-PhеnуIаlanine, 4-[bis-(2-chloroethyl)ansinо]- (9th 
edition); alanine, 3-{p-[bis(-2-chloroethуl)amino]phenyl}- (8th edition) 

Synonyms: A]keran; Св  3025: 3025 C. В.; p-di(2-chlorocthyl)amino-L-phenyl-
alanine; levofalan; NSС-8806; PAM; L-PAN]; phenylalanine mustard; L-phenyl-
alaninc mustard; phenylalanine nitrogen mustard; sarcoclorin; L-sarcolysin; 
L-sarcolysine; L-sarkolysin 



138 
	

CASTEGNARO ET AL. 

iV!o/ecular аtгd stпiсOјrа! foг ttatfon 

Molecular formula: C1 Т-Т  8С1 2N20г  

Molecular weight: 305.2 

Structural formula: 

cool 	‚_СН  2.CН  2C1 
Cfi.~Н 2 O N 

`CН 2.C}д ZC4 
NH 2 

Physical properIes 

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

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

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

Optical rota- 	[4 	+7.5° (C = 1.33 in 1.0 N HC1); [с ]2 _ Э l.5° (C = 0.67 
tion: 	 in methanol) 

Solubility: 	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 sol ubilizing 100 mg 
in 1 mL acid alcohol solvent and diluting to 10 mL with a 
phosphate buffer (final pH, c7) (National Cancer Institute, 
1983) 

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

Spectral data: 	Mass spectra have been reported (Dallante et al., 1980) 
UV ?. 	260 nm, Е  = 560 (in aqueous solutions at pH 7) 



1 _ Biological methods 

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

Table 2. Biological degradation of antineoplastk agents 

Antincoplastic 	Reaction 	Reaction and % conversion 	 Refcrcncc 
agent 	 products 

Methotrexatc 	Pteroic acid 	A pseudomonad that utilizes glutamate derived from 	Levy & Goldman 
the hydrolysis of niethotrexate has been isolated. The 	(1967) 

enzyme responsible for £hе  deamination has been 
partially purified; it has an optimal pi of 7.3 and a 
К», towards mcthotrcxatc of 2.4 10-` 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 — 



140 	 CASTEGNARй  ET AL. 

Table 3. Ѕtabнitу  and chemical reactions of some antineoplastk agents 

Antincoplastic 
agent 

Reaction 
products 

Reaction and % conversion Reference 

Daonorubiun 0-Trirncthylsilyl Treatment by tri mcihylsilyliniadazol/pyridmr at 65°C Andrews et al. 

derivative for 10 min; quantitative yield (1982a) 

[vaunorubicin A modified UV irradiation if so1uisпns in 50 mM NaCI, Gray &- Phillips 

aglycoue (in 50 mmo1/L phosphate pH 7.05 produces precipitates (1981) 

which ring A is which vary in quantity with the duration of irradiation 

deacetylated aid and the presence or absence of oxygen 

aromatic) is the 
major degra- 
dation preduet 

after l0 min 

Daunorubiein Adsorption of 10-' mol/ L from salinc solution by iayatsu et al. 

Crisulfo-copper-phthalocyanine; 99% removal (1983) 

Doxorubicin, Solutions of normal pharmacy standards arc stable for Karisesi et al. 

methotrexale up to 30 days when slorcd at —20°С  and when (1983) 

subjected to 5 thawings and refrcczings 

Doxorubicin Complexes with 	Binding constnnts to Fe' 	and Cu2+ have been May et al. (1980) 

metals 	 investigated 

Doxorubicin Corresponding 	Clcavagc at C„ C„ bond by one equivalent of Tong e f al. 

carboxyhic acid 	metaferiodate (1976) 

Doxorubicin At concentrations below 500 µg,1ml, appreciable Tavoloisi et a1. 

photodegradation can occur (1980) 

Doxorubiein When reconstituted according to manufeclurer's Beriveriuto cf al. 

instructions, the resulting solution kept at room (1981) 

temperature and in daylight was stable both in glass 

and plastic containers 

Carmustine Chemical decomposition in 0л  mo1JL phosphate Aukrrman et at. 

bulTer pH (7.4) at 37°C occurs with a half-life if (1983) 

40 min 

Carmustine Half-life in 0.2 mol/L citric acid is about 270 h at 0°C Bartosék et at. 

and 16.9 al 20°C. Very slow decay in ethanol solution (1978) 

acids еd with a drop of 1 roil/f. citric acid per 10 mL. 
Hall-life al 20°C is 250...-300 h 

Carmustine When reconstituted in ethanol/water at a Benvcnuli et at. 

concentration of 1.25 mg/nL, solutions undergo 10% (1981) 

degradation in glass containers at pH 4.6 in 7-7 h and 

in plastic containers at pH 4.2 in 0.6 h 
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Aitiiicoplastic 
agent 

Reaction 
products 

Reaction and % conversion Reference 

Carmustine At pH 5.0: Incubation of 0.05 тo91L solutions at 37 ~С  in Brundrelt (1980) 
ethylene glycol 0.1 mol/L sodium phosphate buyer PI-I 5.0 or 7.4 
and acetalde- lcads to decomposition 
hyde; at pH 7.4: 
chloroethanol 

and acclaldehyde 

Semustine 2-(2-Chloro- Ticatnient of an ethereal solution with sodium Cady & (dowu 
ethyl)-4-(trans-4- tetrahydroborate (111) in presence of ethanol for (l982h) 
mcthylcyclo- 20 min at room temperature leads to decomposition 
hexyl)semicar- 
banide 

Semuвtine 1-(2-Chloro- Пeпэ frmsаdоn by peroxiacetic acid Caddy & Idowu 
ethуl)-з-(ггans-4- (19кга) 
mcthyleyclo- 

hexyl)urea 

Carmustine Aceta1deyhhc Decomposition of solutions in 0.05 molIL sodium Colvin et a1. 
(31%); dichloro- oriody1ate buH°or (pH 7) containing 0.1 moHL sodium (1974) 
ethaiir (2%); chloride 

chloroethanol 
(63%); vinyl 
chloride (4%) 

Carmustine Vinyl chloride Decomposition of solution in 0.1 inol/L phosphate Colvin et at. 
(2%); acetal- buffer (pH 7.4) at 37°С  (1976) 
deli yde (26%): 
dichloructhane 

(2%); chloro- 
ethanol (7l%) 

Lomustine Vinyl chloride 
(4%); acctal- 

dehyde (37%); 

diehloroethane 

(3%); chloro- 
ethanol (56%) 

Carnwstine 	 When in solution in 5% dextrose and 0.9% sodium Colvin et al. 
chlor de, rio decomposition occurs within 90 min; (198)) 
addition of sodium carbonate increases the raie of 
degradation (only 73% remaining after 90 min) 

Streptozotocin 	Diazorcethanc 	Treatment with 2 mo]!L sodium hydroxide at 0°С  Herr et al. (1967) 
leads to decomposition with evolution of 
d iazomethane 

Strеptozotocin 	 5µg/m1 solution in cell culture medium incubated at Jensen et at. 
37"С 

 
to an atmosphere of 8% CI5 in air; half-life, (1977) 

19 min 
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Antineoplastie 	Reaction 	Emotion and % conversion 	 Reference 

agent 	 products 

Carmustine 	 Stability evaluated in various buflbrs (citrate, acetate, 	Laskar & Aугеs 

phosphate, barbital) over a pH range of 3-8; 	(1977а) 

minimum degradation rate obtained between pH 5.2 
and 5.5; rate increases rapidly with pH between pi 
5.5 and t 

Carmustirie Rate of degradation invcRigated in ethanol, propylene Laskar & Аyres 

glycol, dimcthylsu]foxide, mannitol and aqueous (1977b) 
solutions of these solvents. The aqueous solvent 
mixtures containing the least water demonstrated 
minimal degradation rates 

Carmustine 5tabüity evaluated in a range of buder pH 1-9.3; moSt Loo ci il. (1966) 

stable at pi 4; decomposes rapidly in acid and even 
inure rapidly in alkali; T'/ are given over the range of 

pi 

Carrnustine 1-Вгоmo-2-chlo- Decomposition in a saturated sodium bromide Lown et a1. 

roethane; 2-bro- solution pi 7.2, at 37°С  in a sealed tube for 24 h (1979) 

moethanol 

Carmustine Ethanol from Decomposition in phosphate bolTer nt pH 7.1 and Lown & 

acetaldehyde 25°С  in 99% Н2 zR0 in presence of alcohol Chauhan (1982) 

intermediate dehydrogenase and NADI-I 

Carmustine; Garrnustine had a half-life of 9 days in sesame oil. Montgomery et 

lomustinc 30 days in propylene glycol and 74 days in 95% п1. (1967) 

ethanol 
Nz-2-Сhloro- When refiiixed in 2,2,Ttnmelh,у1pentaпе, for 1 h under 

ethanol; 2-chlo- anhydrous conditions, carmustme decomposes 
rocthyhsocyanate completely 
1 3-Вiг(2-сhloго- Decomposition of carmustine by heating an aqueous 

ethyl)urea; solution at 50 °С  for 96 h 
2-Ch7oroethanol 
1,3-Bis(2-chlo- Decomposition of carmustine in water containing the 
roethyl)urca same molar amount of triethylamine, by stirring for 

I h at 5-10 C and it h at room temperature 
I-(2-Сhloro- Лccomposition of carmustine in water containing the 

ethyl)-3-cyc]o- same molar amount of cyeiohexylaminc, by stirring 
lexy1 area for 1h at 5'C and 2h at 10fiC 
2-(2-Chloro- Decomposition of carmustine in phosphate baiTer, 
ethyliimino)- pH 7.2 

2-asszalroe 
hydrochloride 

Half-lives of carmustine and lomustinc in water and in 

various boliers are presented. 
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Antincoplastie 	Reaction 	Reaction and 14 COnYCriiIOn 	 ïtefeгепсе  
agent 	 products 

Carmustine, 	 Stability il all three nitrosourean has been tested in 	Montgomery et 
]omustine, 	 boiled distilled water, phosphate buffer pH 7, acetate 	ai. (1975) 
eh1orozotoem 	Acctaldchyde; 	buffer pli 7, tris buffer pH 7.4, dioxane:boiled distilled 

2-chlоroethаoo1; 	water (1:2), dioxanc:phosphate buffer pH 7 (1:2) and 
chloride ion 	рhasрЬпte buffer pH 7.4. Deeоmpomtиоn is dependent 

on buffering at or near physiological pi. Ratio of 
products is presented 

Carmustine. Stability of solutions in 0.5 moijE cacodylate buffer Morimoto et at. 
lomustine (pI-I 7,0) containing 3.3% dimcfhylsulfoxidc has bccn (1978) 

studied at 37°С: T% carmustine, 81.3 min; 7-Ч  
lomustine, 103 min 

Carmustine, 2-Chloroethпnol Degradation study in phosphate buffer (pH 7.4) at Nakamura et a1. 
lomustinc, scmustinc (s); chloride ion 37 C in 3 h: Carmustine: a, 50%, b, 50%, c, 11%; (1979) 

(b); acetaldehyde Lomustine: a, 35%, b, 65%, с. 19%: 5emusti ne: a, 
(с) 34%, b, 65%, c, 24% 

Carmustine, 	 Stability study in phosphate huffered taline pH 7.4 	Panasci et ai, 
lomusdne 	 (145 mnuol/L sodium chloride. 10 mmol/L sodium 	(1977) 

phosphate) at 31С: T% carmustine, 98 mm; T% 
lomustine, 117 min 

Lomuistine, 2-Сhloroethanol; Stability study in O.I mol L phosphate buffer pH 7.4 Reed et a1. (1975) 
semustine acetaldehyde; at 37 "C: Т  1 iomustine, 48 min; Т'14 semustine, 

vinyl chloride; 70 min 
ethylene; 
cyclohcxylamine 

Carrnustine, Stability study in phosphate buffered saline pH 7.4: Schein cl ai. 
lomustine, Т  % carmustine, 98 min; F14 lomusdnc, 117 mii; F14 (1978) 
chlorozotocin chlorozotocin, 48 min 

Lomustine Rate of hydrolysis higher with increasing hydroxide Yoshida & Yano 
ion concentration within pH ranges 7-8; (1982) 

decomposition rate reduced at lowcr pis but 
reduction in rate is lower 

Chlorozotocin 	Acetaldehyde; 	Decomposition in aqueous solution at various pHs 	Chatterji et a1. 
2-chlorocthanol; 	and buffer concentrations at 37`С  follows first-order 	(1978) 
other products 	kinetics from pH 2 and above; the higher the pH the 

greater the rate of decomposition. 

Cyclophosphamide 	Acrolein; others 	Oxidation of 28 µmol/L by II ОZ, Fe50„ Fe50,- 	Alarcon & 
EDTA, Fс50,-EDTA-12Q, Fe504-EDТA-ascorbic 	Meienhoffer 
acid, FeSQ-EDTA-ascorbic acid-H5Oz or CuSO4- 	(1971) 
sodium ascorbate produces 0.07 to 5.6 µmoI acrolein 

Cyclophosphamide 	 Whcu reconstituted with sterile water, a solution kept 	Benvenuto et a1. 

at room temperature and in daylight was stable in 	(1981) 
glass and plastic containers for at least 24 h 
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Antineoplastie 	Reaction 
agent 	 products 

Reaction and % conversion Refbrence 

Cyelophosphaniide When heated for 15 min at 50°С  or 60°C, the potency Brooke et al. 

of aqueous solutions did not change aрpгесiаЫу; at (1975) 

70°C, only 90.2% recovered and at 50°C only 77.5% 

Cyclophosphamide Solutions iп  paranteral liquids at 24-27°C or 5°C are Brooke et al. 

unstable on prolonged storage, solutions are more (1973x) 
stable at 5°C than at roam temperature_ Fiг  т-order 
rates of reaction have been found, and the rate 
constants are presented under various conditions 

Cyclophosphamide Solutions in aromatic elixir USF are unstable on Brioke si al. 

prolonged storage at 4з°С. 35`С  ог  f0001 (1973b) 
temperature. First-order reaction rate has been 

demonstrated in all cases; greatly reduced at 5°C, as 
expected from Arrhenius equation 

Cyclopliosphamide 	 Complete destruction is obtained in 0.2 mol/L 	Ehrenberg & 
potassium hydroxide in methanol in less than 1 h 	Waehlmeister 

(1977) 

Cyclophosphamide 	N-(2-Hydгoxy- Boiling for several hours leads to hydrolysis; initially, 	Friedman (1967); 

ethyl)-N'-(3- an intramolecular alkylation occurs, followed by a 	Friedman CS ai. 

hydroxypropyl)- sequence of simple hydrolytic cleavage of P-N and 	(1965) 

ethylenediaminc; P-O bonds 
N-(3-hydroху- 

ргopУ1)- 
piperazine 

Cyclophosphamide 	 0.4% solutions in sodium chloride injection are ttahle 	Gallelli (1967) 

for at least 4 weeks at refrigerator temperalure 

Cyclophosphamide 4-Ketocyclo- Treatment ifS mg of compound with 10 mg КМn04 Jarman (1973) 

phosphamide; in 0.2 mL water at 20°C for 4h (95.5% removal) or in 
monodcehloro- (1.2 mL acetone at 20°C for 3h (22% removal) 
cthylated 
derivative 

tfosfamide 2-(1-Aziridinyl)- Reaction of 1.2 ттоl sodhsrn hydride in ether with L udeman at al. 

3-(2-drlorо - 1 mmii ifosfamide Os benzene for 24 h results in 100% (1979) 

ethyl)-2H-1,3,2- removal 
oxazaphosphori- 
пanе-2-oxide 

Cyclophosphamide NN-13is(2-chlo- Treatment of 280 mg in 30 mL water with 210 mg Norpoth et al. 

roethyl)diamido- KInD4 at 4°C aller pi adjustment to 2.5 with (1972) 

phosphoric acid 0.1 mol/L ICI results in decomposition 
(2-caтЬoxyethyl- 
ester) 

Cyclophosphamide 4-Hydroкуeyе1о- Oxidation with Fenton reagent (1:1 or 1 : l.5 Van der Stem et 

phospliamidc FеSO4:1202) c1. (1973) 
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Antineoplastic 	Reaction Reaction and % conversion 	 Reference 
agent 	 products 

Cyclophosphamide 	4-Peroxycyclo- Treatment of 1 g in 30 mL water containing 1.25 g 	Struck et "I. 
phosplhamide 4- 1- 5SО4.7Н2О  at 5°C with 0.5 mL 30% 1`I202 yields 	(1974) 
hydroperoxycy- two products, which react chemically as both 
clophosphamide aldehydes and alkylating agents 

Cyclophosphamide 4-KetocyсЭophos- Oxidation with Fenton reagent in phosphate ЬиtГег  Takamizawa et 
phamide; 4-by- solution (pi-1 6.4) for 2h at 0 1Q°C ai. (1974) 
droxycyclo- 

phosphimside 
anh ydro-dinicr 

Cyclophosphamide Acroleiп  Oxidation of 28 pmol with a Fenton oxidation system Thomson & 
(FеSО4 30 gril, DUrA 53 gril in 5 тL 0.1 mol/I., Colvin (1974) 
phosphate buffer and 100 g] 5% 1202) for 3h at 
37°С  

Cyclophosphaisiidc When heated at 60, 75 or 90 С, decomposes following Masaharu et a1. 

a first-order rate of reaction; hydrolysis is independent (1967) 
of pi except at gil o 1 or з  11 

Methotrexate Irradiation by 4000, 8000 and 12 000 Lux lamps of Battelli et ai. 

aqueons solutions containing 2.5, 1 or 0.5 тg/mI.. (1983) 
provokes photodegradation; the more diluted the 
solution, the more ctrieicnt the degradation 

Methotrexate Solutions kept at room temperature and daylight in Bcnvcnuto et aL 

glass or plastie containers are stable for at least 24h (1981) 

Mcthotrexate л°0-Mеthyl- At pHs above 7, mctholrexatc is hydrolysed at 85 С, Сhattег  i & 
ptcroylglutamie following first-order kinetics; rate increases with pi. Ga11eI1i (1978) 
acid Half-hid varies from 13 days at pI 8.5 to 0.038 days 

at pi-I 12 
2,4-Пiamiпo-б- Methotrexate in solution undergoes slow photolytic 
pteridinecarbal- degradation catalysed by the presence of bicarbonate 

дсhудс; 2,4- ions 
diаn ino-6- 
pteridine 

carboxylic acid; 
p-aminoben- 

zoylglutamic acid 

Methotrexate ТO -Methyl- At pis above 6.5, methotrexate is hydrolysed at Hansen et a1. 
pteroylglutamic 85 С, following first-order kinetics; rate increases with (1983) 
acid pH. At pis below 6.5, route o1' degradation was much 

more complex 

Methotrexate Solutions in 5% dextrose with 0.05 mEgjmL of Ilurnphreys et a1. 

sodium bicarbonate decompose by 1.4% in 72h and (1978) 
6.1% in 7 days when stored at 4--5 °С  and protected 
from light; and by 6.2% in 72 h and 149% in 7 days 
when stored at room temperature, not protected from 
light 



146 	 CASТEGNRRO ЕТ  4L 

Antineoplastic 	Reaction 

agent 	 products 

Reaction and % conversion Reference 

Methotrexate Soiutions of ionisai pharmacy standards arc stable up Karlsen et at. 

to 30 days when stored at —20'С  and when subjected (1983) 

to 5 thawings and reГreezings 

Dichloroenetho- Sоlutioпs in bacteriostatic 0.9% NaC1 containing Keller & 

trexate 200 UjmL heparin showed no appreciable Ensuunger (1982) 

decomposition in control vials for up to 28 days 

Cisplatio StаЫс  in solutions in physiological saline for at least Earhart (1978, 

24 h; in presence of dextrose, two unidentified 1979) 

breakdown products are formed in less than 2 h in the 
dark, at room temperature 

Cisplatin Solutions in 0.9% saline degrade 3% in < I h and arc Стeепе  et at. 

then stable for at least 24 h at room temperature; (1979) 

exposure to strong fluorescent light creates major 

dilibrences in the entire UV absorption spectrum, but 
little change is noticeable when exposed to normal 

room light. 

Cisplatin Iii aqueous solutions, the presence of sodium chloride lineal et ai, 

enhances the stability of cisplatin; dextrose or (1979); Repta et 

niannitol does not affect the stability of the drug; al. (1979) 

sodium bicarbonate adversely affects the stability 

significantly. Normal laboratory light has no effect on 
stability. 

Cisplatin StаЫс  for 8h at 25°C in 5% dextrose with 0.45% Mariani et at. 

NaCI and 1.875% mannitol or 5% dextrose with (1980) 

0.33% NaCI and 1.875% mannitol; stable for 12h in 

5% dextrose in 0.33% NaC1 containing 20 mg KС' 
with 1.075% rnanriitol, in bacteriostatic water for 

injection with benzyl alcohol USP, in bacteriostatic 
water for injection with paraberis U5P, or in mixtures 
of the above solutions 

Vincristine sulfate When reconstituted with bacteriostetic sodium Benvmuto et u1. 
chloride, solutions kept at room temperature and ii (1981) 

daylight are stable in glass containers for at least 24h 
but degraded by 10% in plastic containers within 10h. 

Vinыastine sulfate When reconstituted with sodium chloride injection 

US?, a solution kept at room temperature and in 
daylight is stable both in glass and plastic containers 
for at least 24h. 

Vinblastinc sulfate 	Vincristine Oxidation of vinblastine sulfate with chromic acid or Jovanovics et al. 

its salt at low temperature produces viпcristЭne in 50% (1975) 

yield. 

Vinblastinc sulfate Solutions in bacteriostatic 0.9% sodium chloride are Keller & 

degraded by 20% in control vials in 14 days Enaminger (1982) 
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Antineoplastic 

agent 

Reaction 
products 

Reaction and % conversion Refcrrncc 

6-Mercaptopurine Purine-6-sulfuric Treatment of a deoxygeuatcd methanolic solution with Abraham et a1. 

acid a solution of m-chloroperoxy benzoic acid in methanol (1983) 

in a nitrogen atmosphere results in 2025% 

conversion, 

6-Mcrcaptopurine Potassium Treatment of an aqucouabthanol (50%) solution with Brown & 

purine-б- 0.05 mol /L potassium permanganate results in 57% loskins (1972) 

sulfonate formation of the sulfonatc. 

6-Mercaptopurine, Suspensions of 6-mercaptopurine (50 fjg/oiL) oг  Dressma.n & 

6-thioguanine Г-thioguaпinc (40 mg/mL) in a mixture of cologel and Poust (1983) 

Savouring agent stored at room temperature kept over 
90% of their potency for 14 days (6-mercaplopurine) 

or 84 days (б-гhioguаnьпе) 

Melphalan Suspensions in a mixture of cologel and flavouring Drrssman & 

agent are very unstable: >80% degradation after Poust (1983) 

1 day and 100% after 4 days of storage at room 
lemperature, and >50% degradation after 7 days' 
storaee at 5°C 

N1ciphalan stability tested at 37 ̀ С  in 0.9% NaCl, 0.156 mauL chang etal. 

ICI pI 1.7, 0.013 mo1/L ICI, 0.013 mol(L 13Р04 (1979) 
and 0.06 mol/L phosphate buffers; chloride ion 

favours stability, while phosphate favours 
decomposition (95% degradation in 3 h in 0.06 rnol/L 

phosphate buffer 

Melphalan 	 4-[2(-Chloro- Ratc of hydrolysis studied in various buffers (p'-3 3-9) Flora et al. 

ethyl) (2-by- in presence or absence of chloride ion: most stable at (1979) 

droxyethyl)- low pI; chloride ions reduce the rate of hydrolysis 

aniino]-L-phenyl- 
alanine; 4-[bis(2- 

hydгоxyethyl)- 

amiпo]-L-phеnуl- 
alaninc 

Iclphalan Stability of melphalan bound to albumin is about Ehrsson & 

3 times higher than unbound in solution Ldnroth (1982) 
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1 	k. 

Laboratory Decontamination and Destruction of Carcinogens in Laboratory Wastes: 
,оnгc Hydrazines (ГА  RC scientific Publications No. 54) 

p. 49 Section 1, after paragraph 3 	Insert: Residues of degradation of hydrazines 
by this method have been tested for mutagen-
ic activity using Salmoпella typhimur•irai 
strains ТA i 530, ТA 1535 and TA.i00 and in 
addition ТА98 for residues from procar-
bazine.With sodium hypochiorite treatment, 
only MMI gave non-mutagenic residues, 
while with calcium hypochlorite non-
mutagenic residues were obtained from 
III, hydrazine and procarbazine. All 
other residues exerted some mutagenic activ-
ily. 
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