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Learning ObjectivesLearning Objectives

Evaluate the risk in the workplace related to 
cytotoxic preparation. By reviewing the 
international studies, the possible sources of 
contamination in the workplace and the route of 
exposure will be identified.
Develop a risk management strategy. In 
particular, develop skills related to technical 
aspects of collective equipment and personal 
protective equipment
Discuss the use of environmental monitoring and 
biological monitoring for risk control

Evaluate the risk in the workplace related to Evaluate the risk in the workplace related to 
cytotoxiccytotoxic preparation. By reviewing the preparation. By reviewing the 
international studies, the possible sources of international studies, the possible sources of 
contamination in the workplace and the route of contamination in the workplace and the route of 
exposure will be identified.exposure will be identified.

Develop a risk management strategy. In Develop a risk management strategy. In 
particular, develop skills related to technical particular, develop skills related to technical 
aspects of collective equipment and personal aspects of collective equipment and personal 
protective equipmentprotective equipment

Discuss the use of environmental monitoring and Discuss the use of environmental monitoring and 
biological monitoring for risk controlbiological monitoring for risk control



4

Workshop PlanWorkshop Plan

Evaluate the risk in the workplace
• Identify hazardous substances
• Assess the risk to health

Develop a risk management strategy
• Control the risk to health
• Assess the control measures implemented

Evaluate the risk in the workplaceEvaluate the risk in the workplace
•• Identify hazardous substancesIdentify hazardous substances

•• Assess the risk to healthAssess the risk to health

Develop a risk management strategyDevelop a risk management strategy
•• Control the risk to healthControl the risk to health

•• Assess the control measures implementedAssess the control measures implemented
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Evaluate the Risk: 
Hazard Identification
Evaluate the Risk: 
Hazard Identification

IARC Classification
(International Agency for 

Research on Cancer)
Antineoplastic drugs

IARC ClassificationIARC Classification

(International Agency for (International Agency for 
Research on Cancer)Research on Cancer)

Antineoplastic drugsAntineoplastic drugs

1: Carcinogenic in humans
2A: Probably carcinogenic in 

humans
2B: Possibly carcinogenic in 

humans
3: Not classifiable
4: Not carcinogenic

1: 1: Carcinogenic in humansCarcinogenic in humans

2A: Probably carcinogenic in 2A: Probably carcinogenic in 
humanshumans

2B: Possibly carcinogenic in 2B: Possibly carcinogenic in 
humanshumans

3: 3: Not classifiableNot classifiable

4: 4: Not carcinogenicNot carcinogenic

International Agency for Research on Cancer (IARC) 1997 vol 1-42 Lyon France.
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Evaluate the Risk: 
Hazard Identification
Evaluate the Risk: 
Hazard Identification
1 Carcinogenic in humans
• Azathioprine
• Chlorambucil
• Cyclophosphamide
• Myleran
• Melphalan
• Semustine
• Tamoxifen
• Thiotepa
• Treosulfan
• Mustargen-Oncovin-Procarbazine-

Prednisone (MOPP)
• Etoposide-Cisplatin-Bleomycin 

(ECB)

1 Carcinogenic in humans1 Carcinogenic in humans
•• AzathioprineAzathioprine

•• ChlorambucilChlorambucil

•• CyclophosphamideCyclophosphamide

•• MyleranMyleran

•• MelphalanMelphalan

•• SemustineSemustine

•• TamoxifenTamoxifen

•• ThiotepaThiotepa

•• TreosulfanTreosulfan

•• MustargenMustargen--OncovinOncovin--ProcarbazineProcarbazine--
Prednisone (MOPP)Prednisone (MOPP)

•• EtoposideEtoposide--CisplatinCisplatin--Bleomycin Bleomycin 
(ECB)(ECB)

2A Probably carcinogenic in 
humans
• Azacitidine
• Bischloroethyl nitrosourea 

(BCNU)
• 1-(2-Chloroethyl)-3-cyclohexyl-

1-nitrosourea (CCNU)
• Chlorozotocin Chlorozotocin
• Cisplatin
• Doxorubicin hydrochloride
• Mechlorethamine hydrochloride
• N-ethyl-N-nitrosourea
• Procarbazine 
• Teniposide hydrochloride 

2A Probably carcinogenic in 2A Probably carcinogenic in 
humanshumans
•• AzacitidineAzacitidine

•• Bischloroethyl nitrosourea Bischloroethyl nitrosourea 
(BCNU)(BCNU)

•• 11--(2(2--Chloroethyl)Chloroethyl)--33--cyclohexylcyclohexyl--
11--nitrosourea (CCNU)nitrosourea (CCNU)

•• Chlorozotocin ChlorozotocinChlorozotocin Chlorozotocin

•• CisplatinCisplatin

•• Doxorubicin hydrochlorideDoxorubicin hydrochloride

•• Mechlorethamine hydrochlorideMechlorethamine hydrochloride

•• NN--ethylethyl--NN--nitrosoureanitrosourea

•• Procarbazine Procarbazine 

•• Teniposide hydrochloride Teniposide hydrochloride 

International Agency for research on Cancer (IARC) 1997 vol 1-42 Lyon France.
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NIOSH definition of hazardous drugsNIOSH definition of hazardous drugsNIOSH definition of hazardous drugs
1. Carcinogenicity
2. Teratogenicity or other 

developmental toxicity
3. Reproductive toxicity
4. Organ toxicity at low dose
5. Genotoxicity
6. Structure and toxicity profiles 

of new drugs that mimic existing 
drugs determined hazardous 
by the above criteria

1.1. CarcinogenicityCarcinogenicity
2.2. Teratogenicity or other Teratogenicity or other 

developmental toxicitydevelopmental toxicity
3.3. Reproductive toxicityReproductive toxicity
4.4. Organ toxicity at low doseOrgan toxicity at low dose
5.5. GenotoxicityGenotoxicity
6.6. Structure and toxicity profiles Structure and toxicity profiles 

of new drugs that mimic existing of new drugs that mimic existing 
drugs determined hazardous drugs determined hazardous 
by the above criteriaby the above criteria

Evaluate the Risk: 
Hazard Identification
Evaluate the Risk: 
Hazard Identification

NIOSH National Institute for Occupational Safety and Health. 2004. NIOSH publication N°2004-165, Washington DC.
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2004 NIOSH Alert List Content
Antineoplastics
Antiretroviral agents
Antivirals 
Androgens
Estrogen agonist antagonists
Progestins
Contraceptives
Gonadotropins
Oxycytocics

2004 NIOSH Alert List Content2004 NIOSH Alert List Content
AntineoplasticsAntineoplastics
Antiretroviral agentsAntiretroviral agents
Antivirals Antivirals 
AndrogensAndrogens
Estrogen agonist antagonistsEstrogen agonist antagonists
ProgestinsProgestins
ContraceptivesContraceptives
GonadotropinsGonadotropins
OxycytocicsOxycytocics

2006 Updated list
Monoclonal antibodies ../..

2006 Updated list2006 Updated list
Monoclonal antibodies ../..Monoclonal antibodies ../..

Immunomodulators
Immunosuppressants

ImmunomodulatorsImmunomodulators
ImmunosuppressantsImmunosuppressants

Evaluate the Risk: 
Hazard Identification
Evaluate the Risk: 
Hazard Identification

NIOSH National Institute for Occupational Safety and Health. 2004. NIOSH publication N°2004-165, Washington DC.
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Workshop PlanWorkshop Plan

Evaluate the risk in the workplace
• Identify hazardous substances
• Assess the risk to health

Develop a risk management strategy
• Control the risk to health
• Assess the control measures implemented

Evaluate the risk in the workplaceEvaluate the risk in the workplace
•• Identify hazardous substancesIdentify hazardous substances

•• Assess the risk to healthAssess the risk to health

Develop a risk management strategyDevelop a risk management strategy
•• Control the risk to healthControl the risk to health

•• Assess the control measures implementedAssess the control measures implemented
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What Are the Health Risks?What Are the Health Risks?

Acute health effects
• Irritation
• Headache
• Nausea, vomiting, diarrhea
• Allergy

Acute health effectsAcute health effects
•• IrritationIrritation

•• HeadacheHeadache

•• Nausea, vomiting, diarrheaNausea, vomiting, diarrhea

•• AllergyAllergy
Reproductive effects
• Fetal loss
• Low birth weight
• Congenital abnormality
• Infertility

Reproductive effectsReproductive effects
•• Fetal lossFetal loss

•• Low birth weightLow birth weight

•• Congenital abnormalityCongenital abnormality

•• InfertilityInfertility Chronic health effect
• Possibly cancer

Chronic health effectChronic health effect
•• Possibly cancerPossibly cancer
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Material Safety Data SheetMaterial Safety Data Sheet

Example: CyclophosphamideExample: Example: CyclophosphamideCyclophosphamide
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• Risk Statements 37/38-41-42/43-62-68
R37/38: Irritating to respiratory system and skin
R41: Risk of serious damage to eyes 
R42/43: May cause sensitization by inhalation and skin contact 
R62: Possible risk of impaired fertility 
R68: Possible risk of irreversible effects

• Safety Statements 22-26-36/37/39-45
R22: Do not breathe dust 
R26: In case of contact with eyes, rinse immediately with plenty of water 
and seek medical advice 
R36/37/39: Wear suitable protective clothing, gloves, and eye/face 
protection 
R45: In case of accident or if you feel unwell, seek medical advice 
immediately (show label where possible)

• Risk Statements 37/38-41-42/43-62-68
R37/38: Irritating to respiratory system and skin
R41: Risk of serious damage to eyes 
R42/43: May cause sensitization by inhalation and skin contact 
R62: Possible risk of impaired fertility 
R68: Possible risk of irreversible effects

• Safety Statements 22-26-36/37/39-45
R22: Do not breathe dust 
R26: In case of contact with eyes, rinse immediately with plenty of water 
and seek medical advice 
R36/37/39: Wear suitable protective clothing, gloves, and eye/face 
protection 
R45: In case of accident or if you feel unwell, seek medical advice 
immediately (show label where possible)

Material Safety Data SheetMaterial Safety Data Sheet

Example: Paclitaxel
Hazard Code Xn (Harmful)
Example: PaclitaxelExample: Paclitaxel
Hazard CodeHazard Code Xn (Harmful)Xn (Harmful)

OHSAH- MSDS database http://www.ohsah.bc.ca/EN/search_msds/search_msds_database/ accessed May 2008.
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Health Risks AssessmentHealth Risks Assessment

1111
101022

10010033
1000100044

10 00010 00055

Hazard ScoreHazard ScoreHazard ClassHazard Class

T+ [highly toxic] T+

T T [toxic]

Xn Xn [harmful]

Xi Xi [irritant]

Simplified method for risk assessment in the workplace. INRS [French National 
Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)]
Simplified method for risk assessment in the workplace. Simplified method for risk assessment in the workplace. INRS [French National 
Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)]
Vincent et al., INRS Cahier de Notes Documentaires, ND 2233-200-05. 2005;200:39-62.



14

Health Risks AssessmentHealth Risks Assessment
Gastrointestinal distress Gastrointestinal distress ──
cutaneous penetration of 
carmustine

Cancer Cancer ── routine preparation of 
cytotoxic in horizontal laminar 
airflow hood

Allergic asthma Allergic asthma ── nurse 
working in oncology ward

Allergic rash Allergic rash ── patient care 
assistant working in oncology 
ward ── handling patient urine

NIOSH National Institute for Occupational Safety and Health. 2004. NIOSH publication N°2004-165, Washington DC.
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Identify the Possible 
Exposure Routes
Identify the Possible 
Exposure Routes

Dermal 
• Contact
• Penetration

Inhalation
Unexpected/accident
• Oral ingestion (hand-to-mouth)
• Percutaneous injury

Dermal Dermal 
•• ContactContact

•• PenetrationPenetration

InhalationInhalation
Unexpected/accidentUnexpected/accident
•• Oral ingestion (handOral ingestion (hand--toto--mouth)mouth)

•• Percutaneous injuryPercutaneous injury

Sessink, et al. 1994.
Kromhout, et al. 2000.

Sessink, et al, Arch Environ Health. 1994;49:165-169. 
Kromhout, et al., Ann Occup Hyg. 2000;44:551-60.
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Identify the Form of the 
Substance
Identify the Form of the 
Substance

Liquid
Powder
Solid tablets
Cream, ointments, 
lotions for topical 
application

LiquidLiquid

PowderPowder

Solid tabletsSolid tablets

Cream, ointments, Cream, ointments, 
lotions for topical lotions for topical 
applicationapplication

Aerosols, droplets
Vapors (cytotoxics 
able to vaporize at 
ambient temperature)
• Cyclophosphamide
• Ifosfamide
• carmustine
• Thiothepa

Aerosols, dropletsAerosols, droplets

Vapors (cytotoxics Vapors (cytotoxics 
able to vaporize at able to vaporize at 
ambient temperature)ambient temperature)
•• CyclophosphamideCyclophosphamide

•• IfosfamideIfosfamide

•• carmustinecarmustine

•• ThiothepaThiothepa
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Identify the Physical State 
of the Substance
Identify the Physical State 
of the Substance

Liquid
Powder
Solid tablets
Cream, ointments, 
lotions for topical 
application

LiquidLiquid

PowderPowder

Solid tabletsSolid tablets

Cream, ointments, Cream, ointments, 
lotions for topical lotions for topical 
applicationapplication

Liquid Volatility ClassLiquid Volatility ClassLiquid Volatility Class

Simplified method for risk assessment in the workplace. INRS [French National 
Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)]
Simplified method for risk assessment in the workplace. Simplified method for risk assessment in the workplace. INRS [French National 
Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)]

B
oi

lin
g 

Te
m

pe
ra

tu
re

, °
C

Temperature of Use, °C

Class 1: Low

Class 2: 

Moderate

Class 3: High

Vincent R., et al., INRS Cahier de Notes Documentaires, ND 2233-200-05. 2005;200:39-62.
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Identify the Physical State 
of the Substance
Identify the Physical State 
of the Substance

Liquid
Powder
Solid tablets
Cream, ointments, 
lotions for topical 
application

LiquidLiquid

PowderPowder

Solid tabletsSolid tablets

Cream, ointments, Cream, ointments, 
lotions for topical lotions for topical 
applicationapplication

Powder Volatility ClassPowder Volatility ClassPowder Volatility Class

11

1010

100100

ScoreScore

33AggregatedAggregated

22CrystallizedCrystallized

11FineFine

ClassClassPowder Powder 
TypeType

Simplified method for risk assessment in the workplace. INRS [French National 
Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)]
Simplified method for risk assessment in the workplace. Simplified method for risk assessment in the workplace. INRS [French National 
Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)]

Vincent R, et al., INRS Cahier de Notes Documentaires, ND 2233-200-05. 2005;200:39-62.
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Identify the Physical State 
of the Substance
Identify the Physical State 
of the Substance

Smaller particles
• Higher emission
• Increase transfer
• Higher adherence to 

skin

Smaller particlesSmaller particles
•• Higher emissionHigher emission
•• Increase transferIncrease transfer
•• Higher adherence to Higher adherence to 

skinskin

Van-Wendel-de-Joode B, et al. Ann Occup Hyg. 2003;47:71-87.VanVan--WendelWendel--dede--Joode B, et al. Joode B, et al. Ann Occup HygAnn Occup Hyg. 2003;47:71. 2003;47:71--87.87.

Liquid
Powder
Solid tablets
Cream, ointments, 
lotions for topical 
application

LiquidLiquid
PowderPowder
Solid tabletsSolid tablets
Cream, ointments, Cream, ointments, 
lotions for topical lotions for topical 
applicationapplication
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Analyze the Quantities and 
Frequencies of Use
Analyze the Quantities and 
Frequencies of Use

Quantity
Frequency
Drug hazard score

QuantityQuantity

FrequencyFrequency

Drug hazard scoreDrug hazard score

Score the exposure riskScore the exposure riskScore the exposure risk

Simplified method for risk assessment in the workplace. INRS [French National Research and Safety Institute 
(Institut National de Recherche et de Sécurité- France)]
Simplified method for risk assessment in the workplace. INRS [FrSimplified method for risk assessment in the workplace. INRS [French National Research and Safety Institute ench National Research and Safety Institute 
(Institut National de Recherche et de S(Institut National de Recherche et de Séécuritcuritéé-- France)]France)]

Vincent R, et al. INRS Cahier de Notes Documentaires, ND 2233-200-05. 2005;200:39-62.
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Quantities HandledQuantities Handled

Qi: quantities of the 
drug handled
Qmax: highest 
quantities of drugs 
handled 

Qi: quantities of the Qi: quantities of the 
drug handleddrug handled

Qmax: highest Qmax: highest 
quantities of drugs quantities of drugs 
handled handled 

3333––100%100%55

1212––33%33%44

55––12%12%33

11––5%5%22

< 1%< 1%11

Qi /QmaxQi /QmaxQuantity Quantity 
ClassClass

Simplified method for risk assessment in the workplace. INRS [French National Research and Safety Institute 
(Institut National de Recherche et de Sécurité- France)]
Simplified method for risk assessment in the workplace. INRS [FrSimplified method for risk assessment in the workplace. INRS [French National Research and Safety Institute ench National Research and Safety Institute 
(Institut National de Recherche et de S(Institut National de Recherche et de Séécuritcuritéé-- France)]France)]

Vincent R, et al. INRS Cahier de Notes Documentaires, ND 2233-200-05. 2005;200:39-62.
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Frequencies of UseFrequencies of Use

Frequency classFrequency classFrequency class

4321Class

> 5 m> 5 m22––5 m5 m15 d15 d––2 m2 m< 5 d< 5 dPer yearPer year

> 15 d> 15 d66––15 d15 d11––6 d6 d< 1 d < 1 d Per monthPer month

> 3 d> 3 d11––3 d3 d22––8 h8 h< 2 h < 2 h Per weekPer week

> 6 h> 6 h22––6 h6 h3030––120 min120 min< 30 min< 30 minPer dayPer day
PermanentFrequentIntermittentRareUse

Simplified method for risk assessment in the workplace. INRS [French National Research and Safety Institute 
(Institut National de Recherche et de Sécurité- France)]
Simplified method for risk assessment in the workplace. INRS [FrSimplified method for risk assessment in the workplace. INRS [French National Research and Safety Institute ench National Research and Safety Institute 
(Institut National de Recherche et de S(Institut National de Recherche et de Séécuritcuritéé-- France)]France)]

Vincent R, et al. INRS Cahier de Notes Documentaires, ND 2233-200-05. 2005;200:39-62.
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Exposure ClassExposure Class

Frequency Frequency 
classclass

4433221100

111111110011

222222220022

443333330033

554444330044

555555440055

Quantity Quantity 
ClassClass

Simplified method for risk assessment in the workplace. INRS [French National Research and Safety Institute 
(Institut National de Recherche et de Sécurité- France)]
Simplified method for risk assessment in the workplace. INRS [FrSimplified method for risk assessment in the workplace. INRS [French National Research and Safety Institute ench National Research and Safety Institute 
(Institut National de Recherche et de S(Institut National de Recherche et de Séécuritcuritéé-- France)]France)]

Vincent R, et al. INRS Cahier de Notes Documentaires, ND 2233-200-05. 2005;200:39-62.
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Potential Risk of ExposurePotential Risk of Exposure

Hazard Hazard 
ClassClass

5544332211

10 00010 0001000100010010010101111

30 00030 0003000300030030030303322

100 000100 00010 00010 00010001000100100101033

300 000300 00030 00030 00030003000300300303044

1 000 0001 000 000100 000100 00010 00010 0001000100010010055

Exposure Exposure 
ClassClass

Simplified method for risk assessment in the workplace. INRS [French National Research and Safety Institute 
(Institut National de Recherche et de Sécurité- France)]
Simplified method for risk assessment in the workplace. INRS [FrSimplified method for risk assessment in the workplace. INRS [French National Research and Safety Institute ench National Research and Safety Institute 
(Institut National de Recherche et de S(Institut National de Recherche et de Séécuritcuritéé-- France)]France)]

Vincent R, et al. INRS Cahier de Notes Documentaires, ND 2233-200-05. 2005;200:39-62.
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Risk Priority: Priority ScoreRisk Priority: Priority Score

Priority scorePriority scorePriority score

LOWLOW< 100< 100

MODERATEMODERATE100100--10 00010 000

HIGHHIGH≥≥ 10 00010 000

PriorityPriorityScoreScore

Vincent R, et al. INRS Cahier de Notes Documentaires, ND 2233-200-05. 2005;200:39-62.
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Risk AssessmentRisk Assessment

Nature of work involving cytotoxics
Sources of contamination
• External surface of vials
• Process
• External surface of final product
• Patient

Nature of work involving cytotoxicsNature of work involving cytotoxics
Sources of contaminationSources of contamination
•• External surface of vialsExternal surface of vials

•• ProcessProcess

•• External surface of final productExternal surface of final product

•• PatientPatient
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Identify the Nature of the Work 
Involving Cytotoxic Drugs
Identify the Nature of the Work 
Involving Cytotoxic Drugs

Pharmacy 
(drug reception and 
storage)
Pharmacy
(drug preparation)
Pharmacy
(drug destruction)

Pharmacy Pharmacy 
(drug reception and (drug reception and 
storage)storage)
PharmacyPharmacy
(drug preparation)(drug preparation)
PharmacyPharmacy
(drug destruction)(drug destruction)

Ward, daycare center (drug 
administration)
Patient care after 
administration (drug excretion)

Ward, daycare center (drug Ward, daycare center (drug 
administration)administration)
Patient care after Patient care after 
administration (drug excretion)administration (drug excretion)

Where are cytotoxics used in the workplace?Where are cytotoxics used in the workplace?

Handling transport 
disposition (cytotoxic drug 
and cytotoxic waste)

Handling transport Handling transport 
disposition (cytotoxic drug disposition (cytotoxic drug 
and cytotoxic waste)and cytotoxic waste)
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Exposure risk assessment: 
international studies results
Exposure risk assessment: 
international studies results

Environmental 
contamination in the 
workplace

Environmental Environmental 
contamination in the contamination in the 
workplaceworkplace

Biological exposure of 
handlers
Biological exposure of Biological exposure of 
handlershandlers

Evidence for worker exposureEvidence for worker exposureEvidence for worker exposure
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PHARMACY: 
External Surface Vials Contamination
PHARMACY: 
External Surface Vials Contamination

Fenton-May V, chemical contamination with cytotoxic drugs in the UK, 7th GERPAC conference, 2004  Hyères, France .Fenton-May V, chemical contamination with cytotoxic drugs in the UK, 7th GERPAC conference, 2004  Hyères, France .

Connor TH, et al. Am J Health-System 
Pharm. 2005; 62:475-84. 
Delporte JP, et al. Eur Hosp 
Pharm.1999;5:119-21. 
Favier B, et al. Oncol Pharm Pract. 
2003;9:15-20.
Hepp R, et al. Krankenhauspharmazie. 
1998;19:22-7.
Mason HJ, et al. Ann Occup Hyg. 
2003;47:681-685.
Nygren O, et al. Ann Occup Hyg. 
2002;46:555-7. 
Ros JJW, et al. Ziekenhuisfarmacie. 
1997;13:168-71.

Connor TH, et al. Connor TH, et al. Am J HealthAm J Health--System System 
PharmPharm.. 2005; 2005; 62:47562:475--84. 84. 
Delporte JP, et al.Delporte JP, et al. Eur Hosp Eur Hosp 
Pharm.Pharm.1999;5:1191999;5:119--2121. 
Favier B, et al. Favier B, et al. OncolOncol PharmPharm PractPract. . 
2003;9:152003;9:15--20.20.
Hepp R, et al. Hepp R, et al. KrankenhauspharmazieKrankenhauspharmazie. . 
1998;19:221998;19:22--7.7.
Mason HJ, et al. Mason HJ, et al. Ann Occup HygAnn Occup Hyg. . 
2003;47:6812003;47:681--685.685.
Nygren O, et al. Nygren O, et al. Ann Occup HygAnn Occup Hyg. . 
2002;46:5552002;46:555--7. 7. 
Ros JJW, et al. Ros JJW, et al. ZZiekenhuisfarmacie. 
1997;13:168-71.
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PHARMACY: Compounding Process     
as Source of Contamination
PHARMACY: Compounding Process     
as Source of Contamination

Reconstitution
Withdrawal of the solution
Transfer of the solution into bags

Spivey S, et al. Hosp Pharm. 2003:38:135-9.Spivey S, et al. Hosp Pharm. 2003:38:135-9.
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PHARMACY / WARD: 
External Surface of Final Product
PHARMACY / WARD: 
External Surface of Final Product

Contamination is 
transferred during the 
compounding process

Contamination is Contamination is 
transferred during the transferred during the 
compounding processcompounding process

Gilles,  et al. Archives des Maladies Professionnelles et de Médecine du travail. 2004; 65:9-17.Gilles,  et al. Archives des Maladies Professionnelles et de Médecine du travail. 2004; 65:9-17.
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WARD: Drug AdministrationWARD: Drug Administration

Injection
Remove perfusion 
line

InjectionInjection
RemoveRemove perfusion perfusion 
lineline

Spivey S, et al. Hosp Pharm. 2003:38:135-9.
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Environmental contamination with cyclophosphamideEnvironmental contamination with cyclophosphamide
• Surface contamination1

• Air contamination (0,5- 1,7 ng/m3)1

• Bed sheets, towels2

WARD: Patient CareWARD: Patient Care

Excreta
• Urine
• Fecal
• Sweat
• Vomit

ExcretaExcreta
•• UrineUrine

•• FecalFecal

•• SweatSweat

•• VomitVomit

• Handling patient urine
• Washing a patient
• Removing bed sheets
• Cleaning patient toilets

•• Handling patient urineHandling patient urine

•• Washing a patientWashing a patient

•• Removing bed sheetsRemoving bed sheets

•• Cleaning patient toiletsCleaning patient toilets

1. Kromhout H, et al. 1. Kromhout H, et al. Ann Occup HygAnn Occup Hyg. 2000;44:551. 2000;44:551--60.60.
2. Fransman W, et al. 2. Fransman W, et al. Ann Occup HygAnn Occup Hyg. 2004;48:237. 2004;48:237--44. 44. 
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Dermal Exposure AssessmentDermal Exposure Assessment

Potential dermal exposure function of task 
(RISKOFDERM Model)
Potential dermal exposure function of task Potential dermal exposure function of task 
(RISKOFDERM Model)(RISKOFDERM Model)

Reasonable Worst Case Exposure

0.02218.0Pouring of urine contaminated with 
cytotoxics

0.000650.53Mixing small quantities of cytotoxic 
drugs in hospital pharmacies

30.525000Washing patient
mg/cm2mgTask                                      Default values

Marquart H, et al.,Ann Occup Hyg 2006;50:469-89.
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Exposure risk assessment: 
international studies results
Exposure risk assessment: 
international studies results

Environmental 
contamination in the 
workplace

Environmental Environmental 
contamination in the contamination in the 
workplaceworkplace

Biological exposure of 
handlers
Biological exposure of Biological exposure of 
handlershandlers

Evidence for worker exposureEvidence for worker exposureEvidence for worker exposure
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Biological ExposureBiological Exposure

0.20–19.40 µg/L38/9 (88.9%)Pharmacy technicians
0.70–2.70 µg/24h25/20 (25%)Pharmacy technicians

0.35–9.08 µg/L18/87 (9.2%)Nurses

0.05–10.03 µg/L618/62 (29%) Pharmacy technicians 
and nurses

0.05–0.76 µg/L5106/1415 (7.5%)Pharmacy technicians 
and nurses

0.02–9.14 µg/24h420/25 (80%)Nurses

Range of 
Concentration

No. of Positive 
Samples(%)Subject

Cyclophosphamide in UrineCyclophosphamide in Urine

1. Hirst, et al. Lancet 1984;1:186-8. 
2. Evelo, et al. Int Arch Occup Environ Health. 1986;58:151-5.
3. Sessink PJM, et al. Arch Environment Health. 1994;49:165-9.
4. Burgaz S, et al. Mutation Res. 1999;439:97-104.
5. Pethran et al. Int Arch Occup Environ Health. 2003;76:5-10.
6. Turci R, et al. Toxicol letters .2002;134:57-64. 
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Biological ExposureBiological Exposure

Pharmacy technicians and pharmacy assistants (not 
directly involved in preparation)
• 57/87 positive urine samples (at least one positive result)
• No difference between subjects working

either as manufacturer or assistant

Pharmacy technicians and pharmacy assistants (not Pharmacy technicians and pharmacy assistants (not 
directly involved in preparation)directly involved in preparation)
•• 57/87 positive urine samples (at least one positive result)57/87 positive urine samples (at least one positive result)

•• No difference between subjects workingNo difference between subjects working
either as manufacturer or assistanteither as manufacturer or assistant

4.5–196 µg/L Epirubicine/ doxorubicine
0.07–2.00µg/LIF
0.04–0.76µg/LCP

Range of 
ConcentrationDrugs

!!

CP = cyclophosphamidecyclophosphamide; IF = ifosphamideifosphamide.

Schreiber C, et al. Int Arch Occup Environ Health. 2003;76:11-6.
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Workshop PlanWorkshop Plan

Evaluate the risk in the workplace
• Identify hazardous substances
• Assess the risk to health

Develop a risk management strategy
• Control the risk to health
• Assess the control measures implemented

Evaluate the risk in the workplaceEvaluate the risk in the workplace
•• Identify hazardous substancesIdentify hazardous substances

•• Assess the risk to healthAssess the risk to health

Develop a risk management strategyDevelop a risk management strategy
•• Control the risk to healthControl the risk to health

•• Assess the control measures implementedAssess the control measures implemented
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Control MeasuresControl Measures

Acceptable level of 
exposure of workers does 
not exist for 
pharmaceutical products

Acceptable level of Acceptable level of 
exposure of workers does exposure of workers does 
not exist for not exist for 
pharmaceutical productspharmaceutical products

Control measures must 
be implemented to 
reduce exposure to low 
level “as low as 
reasonably achievable”
(ALARA)

Control measures must Control measures must 
be implemented to be implemented to 
reduce exposure to low reduce exposure to low 
level level ““as low as as low as 
reasonably achievablereasonably achievable””
(ALARA)(ALARA)Occupational 

Exposure Limits 
(OEL) ???

Occupational Occupational 
Exposure Limits Exposure Limits 
(OEL) ???(OEL) ???

ALARA = as low as reasonably achievable.
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Control Measures: 
General Considerations
Control Measures: 
General Considerations

INRS [French National Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)] 
http://www.inrs.fr.
INRS [French National Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)] 
http://http://www.inrs.frwww.inrs.fr..

SUBSTITUTIONSUBSTITUTION

CLOSED COLLECTIVE PROTECTION CLOSED COLLECTIVE PROTECTION 

WORK PRACTICE PROCEDURES

PERSONAL PROTECTIONPERSONAL PROTECTION

Residual Risk

OTHER COLLECTIVE PROTECTIONOTHER COLLECTIVE PROTECTION

Efficiency of the Measure
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“Closed” Collective Protection“Closed” Collective Protection

System allowing a total and 
permanent containment 
System where all the 
operations processes, 
transfers, transportation, 
cleaning, 
maintenance…/… are 
physically and permanently 
separated from the toxic 
product….

System allowing a System allowing a total and total and 
permanentpermanent containment containment 
System where all the System where all the 
operations processes, operations processes, 
transfers, transportation, transfers, transportation, 
cleaning, cleaning, 
maintenancemaintenance……//…… are are 
physically and permanently physically and permanently 
separated from the toxic separated from the toxic 
productproduct……..

Need the development of 
automation of the tasks 
including transportation 
and cleaning

Need the development of Need the development of 
automationautomation of the tasks of the tasks 
including transportation including transportation 
and cleaningand cleaning
Preparation should  
potentially be automated   
Preparation should  Preparation should  
potentially be automated   potentially be automated   

CLOSED COLLECTIVE PROTECTION CLOSED COLLECTIVE PROTECTION 

INRS [French National Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)] http://www.inrs.fr.INRS [French National Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)] http://www.inrs.fr.
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AutomationAutomation

Intellifill i.v.Intellifill i.v.™™ ––
Forhealth Forhealth 

Technology, Inc.Technology, Inc.

Cytotoxic Formulating Machine Cytotoxic Formulating Machine –– MDSMDS

CytocareCytocare--Healthcare RoboticsHealthcare Robotics

APIAPI-- Sintetica SA Sintetica SA 
PharmaceuticalsPharmaceuticals
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Other Collective ProtectionOther Collective Protection

Use ventilation systems Use ventilation systems Use ventilation systems Use barrier systemsUse barrier systemsUse barrier systems

!!

BSC IIB (minimum)BSC IIB (minimum)

BSC IIIBSC III

IsolatorIsolator

Air must be vented Air must be vented 
outside the buildingoutside the building

OTHER COLLECTIVE PROTECTIONOTHER COLLECTIVE PROTECTION
BSC = biological safety cabinet.
NIOSH National Institute for Occupational Safety and Health. 2004. NIOSH publication N°2004-165, Washington DC.
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Laminar Airflow / Biohazard 
Safety Cabinets
Laminar Airflow / Biohazard 
Safety Cabinets

Horizontal airflow is not allowed for cytotoxics preparation

PIC/S Guide to good practices for preparation of medicinal products in healthcare establishments- April 2008   
http://www.picscheme.org/.
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Biohazard Safety CabinetsBiohazard Safety Cabinets

Class II B1
• Recirculated air inside the 

cabinet
• Exhaust downflow air 

through HEPA filter to the 
atmosphere 

• All contaminated ducts and 
plenums under negative 
pressure

Class II B2 (total exhaust)
• Without air recirculation 

inside the cabinet

Class II B1Class II B1
•• Recirculated air inside the Recirculated air inside the 

cabinetcabinet

•• Exhaust downflow air Exhaust downflow air 
through HEPA filter to the through HEPA filter to the 
atmosphere atmosphere 

•• All contaminated ducts and All contaminated ducts and 
plenums under negative plenums under negative 
pressurepressure

Class II B2 (total exhaust)Class II B2 (total exhaust)
•• Without air recirculation Without air recirculation 

inside the cabinetinside the cabinet
HEPA = high efficiency particulate arresting.
NIOSH National Institute for Occupational Safety and Health. 2004. NIOSH publication N°2004-165, Washington DC.
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Biohazard Safety CabinetsBiohazard Safety Cabinets

Class III
• Totally enclosed
• Gastight
• Preparation with attached 

rubber gloves through a non-
opening view window

• Negative pressure
• HEPA filtration (inlet and outlet 

air)
• Passage of material through 

double-door or pass-through 
box

Class IIIClass III
•• Totally enclosedTotally enclosed
•• GastightGastight
•• Preparation with attached Preparation with attached 

rubber gloves through a nonrubber gloves through a non--
opening view windowopening view window

•• Negative pressureNegative pressure
•• HEPA filtration (inlet and outlet HEPA filtration (inlet and outlet 

air)air)
•• Passage of material through Passage of material through 

doubledouble--door or passdoor or pass--through through 
boxbox

NIOSH National Institute for Occupational Safety and Health. 2004. NIOSH publication N°2004-165, Washington DC.
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ISOLATOR Definition: 
USP <797> 2008
ISOLATOR Definition: 
USP <797> 2008

Compounding aseptic Compounding aseptic 
containment isolator (CACI)containment isolator (CACI)

USP = United States Pharmacopeia. Pharmaceutical compounding sterile preparations (general chapter 797) in: second 
supplement to UPS 31-NF 26; 2008. Available at http://www.usp.org/pdf/EN/USPNF/generalChapter797.pdf.
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Isolator Definition PIC/S 
Guidelines 2008
Isolator Definition PIC/S 
Guidelines 2008

Rigid or soft wall
Turbulent airflow
Double HEPA air filtration (inlet and outlet)
Positive or negative pressure
Preparation with attached rubber 
gloves/half suit
Sterile (gas sterilization: H202 , peracetic acid)
Containment transfer systems

Rigid or soft wallRigid or soft wall
Turbulent airflowTurbulent airflow
Double HEPA air filtration (inlet and outlet)Double HEPA air filtration (inlet and outlet)
Positive or negative pressurePositive or negative pressure
Preparation with attached rubber Preparation with attached rubber 
gloves/half suitgloves/half suit
Sterile (gas sterilization: HSterile (gas sterilization: H220022 , peracetic acid), peracetic acid)
Containment transfer systemsContainment transfer systems

PIC/S Guide to good practices for preparation of medicinal products in healthcare establishments- April 2008   
http://www.picscheme.org/.



49

Personal Protective EquipmentPersonal Protective Equipment

Gloving and gowningGloving and gowningGloving and gowning
• “Chemotherapy” gloves
• Double gloving
• Change every 30 minutes 

or when torn, punctured 
or contaminated

• Inspect before use
• Wash hands with soap 

before donning and after 
removal

•• ““ChemotherapyChemotherapy”” glovesgloves
•• Double glovingDouble gloving
•• Change every 30 minutes Change every 30 minutes 

or when torn, punctured or when torn, punctured 
or contaminatedor contaminated

•• Inspect before useInspect before use
•• Wash hands with soap Wash hands with soap 

before donning and after before donning and after 
removalremoval

PERSONAL PROTECTIONPERSONAL PROTECTION

Use disposable 
sleeve cover
Use polyethylene 

Use disposable Use disposable 
sleeve coversleeve cover
Use polyethylene Use polyethylene 

NIOSH National Institute for Occupational Safety and Health. 2004. NIOSH publication N°2004-165, Washington DC.
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Gloves / Cloth Exposure PreventionGloves / Cloth Exposure Prevention

Hierarchic order for dermal risk exposureHierarchic order for dermal risk exposureHierarchic order for dermal risk exposure

• No cloth : 1
• Woven clothing: 0.3
• Non woven clothing-permeable: 0.1
• Non-woven clothing impermeable: 0.03

• No cloth : 1
• Woven clothing: 0.3
• Non woven clothing-permeable: 0.1
• Non-woven clothing impermeable: 0.03

Double gloving > simple gloving
Replacement frequency of the inner glove
Double gloving > simple glovingDouble gloving > simple gloving
Replacement frequency of the inner gloveReplacement frequency of the inner glove

Van-Wenkel-de-Joode B, et al. Ann Occup Hyg. 2003;47:71-87.
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Work Practice ProceduresWork Practice Procedures

Insufficient on their own
Improvement of the protection 
• Use of containment systems  

Compounding process
Administration  
Transport  of drugs and waste

• Education and training

Insufficient on their ownInsufficient on their own
Improvement of the protection Improvement of the protection 
•• Use of containment systems  Use of containment systems  

Compounding processCompounding process
Administration  Administration  
Transport  of drugs and wasteTransport  of drugs and waste

•• Education and trainingEducation and training

WORK PRACTICE PROCEDURES
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Improve Compounding ProcessImprove Compounding Process

Transfer devices which 
are able to decrease 
aerosolization of toxic 
drugs during the 
preparation

Transfer devices which Transfer devices which 
are able to decrease are able to decrease 
aerosolization of toxic aerosolization of toxic 
drugs during the drugs during the 
preparationpreparation

Compounding devicesCompounding devicesCompounding devices

Codan
ICU-

Hospira
B Braun

Carmel

Teva

Baxter

ICU Medical

“When closed-system vial-transfer 
devices (CSTDs) (ie, vial-transfer 
systems that allow no venting or 
exposure of hazardous substance to 
the environment) are used, they shall 
be used within the ISO class 5 
environment of a BSC or CACI.”

INRS [French National Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)] http://www.inrs.fr.INRS [French National Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)] http://www.inrs.fr.
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Improve AdministrationImprove Administration

Personal protective equipment
Containment tubing
Containment connection

Personal protective equipmentPersonal protective equipment

Containment tubingContainment tubing

Containment connectionContainment connection

Codan
Macopharma Aguettant

ICU Medical

Carmel
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Improve Containment of 
Products and Waste
Improve Containment of 
Products and Waste

Disposable transport 
bags
Disposable sealed 
plastic bags

Disposable transport Disposable transport 
bagsbags

Disposable sealed Disposable sealed 
plastic bagsplastic bags

For BSC’SFor BSCFor BSC’’SS
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Improve Containment of 
Products and Waste
Improve Containment of 
Products and Waste

For isolatorsFor isolatorsFor isolators

Tubing®, La Calhène Beta Bag® , La Calhène

Biosafe®, IDC

Double interlocking doors Double interlocking doors 

Disposable sealed sterile plastic bagsDisposable sealed sterile plastic bagsDisposable sealed sterile plastic bags
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Education Education 

“Feel safe, it 
is risky !”
““Feel safe, it Feel safe, it 
is risky !is risky !”” “Always think

before doing !”
““Always thinkAlways think
before doing !before doing !””

“Protecting oneself   
is not ridiculous !”

““Protecting oneself   Protecting oneself   
is not ridiculous !is not ridiculous !””

INRS [French National Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)] http://www.inrs.fr.INRS [French National Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)] http://www.inrs.fr.
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EducationEducation

“Fit your mask on 
face,… it is vital !”
““Fit your mask on Fit your mask on 
face,face,…… it is vital !it is vital !””

“Disposable gloves 
are single use”

““Disposable gloves Disposable gloves 
are single useare single use””

“After use, discard your 
disposable gloves”

““After use, discard your After use, discard your 
disposable glovesdisposable gloves””

INRS [French National Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)] http://www.inrs.fr.INRSINRS [[French National French National Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)] http://http://www.inrs.frwww.inrs.fr..
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Training: USP <797>Training: USP <797>

Full training for all personnel 
compounding hazardous 
drugs
• Storage
• Handling
• Disposal of the drug
Training verification 
• prior compounding
• Tested at least annually
• Documented

Overview of hazardous drugs 
(mutagenic teratogenic 
carcinogenic properties)

Full training for all personnel 
compounding hazardous 
drugs
• Storage
• Handling
• Disposal of the drug
Training verification 
• prior compounding
• Tested at least annually
• Documented

Overview of hazardous drugs 
(mutagenic teratogenic 
carcinogenic properties)

Contents
• Safe aseptic 

manipulation practice
• Negative pressure technique 

when utilizing BSC or CACI
• Correct use of closed system 

transfer devices
• Containment cleanup, disposal 

procedure, and procedures for 
breakage and spills

• Treatment of personnel contact 
and inhalation exposure

ContentsContents
• Safe aseptic 

manipulation practice
• Negative pressure technique 

when utilizing BSC or CACI
• Correct use of closed system 

transfer devices
• Containment cleanup, disposal 

procedure, and procedures for 
breakage and spills

• Treatment of personnel contact 
and inhalation exposure

USP = United States Pharmacopeia. Pharmaceutical compounding sterile preparations (general chapter 797) in: second 
supplement to UPS 31-NF 26; 2008. Available at http://www.usp.org/pdf/EN/USPNF/generalChapter797.pdf.

BSC Biological Safety Cabinet
CACI Compounding Aseptic Containment Isolator
BSC Biological Safety Cabinet
CACI Compounding Aseptic Containment Isolator
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Evaluation of Protective MeasuresEvaluation of Protective Measures

Environmental 
monitoring
Environmental Environmental 
monitoringmonitoring

Useful tool for:
• Assessment of 

environmental basic 
level in the workplace: 
benchmark

• Assessment of 
protective measure 
implemented

• Detect failure in 
the process

Useful tool for:
• Assessment of 

environmental basic 
level in the workplace: 
benchmark

• Assessment of 
protective measure 
implemented

• Detect failure in 
the process

Cytotoxic drugs 
commonly used 
as markers:

Cytotoxic drugs 
commonly used 
as markers:

Cyclophosphamide / Ifosphamide
5 FU
Methotrexate
Platinum 
[cisplatin, carboplatin, oxaliplatin]
Doxorubicin / epirubicine
Paclitaxel

Cyclophosphamide / IfosphamideCyclophosphamide / Ifosphamide
5 FU5 FU
MethotrexateMethotrexate
Platinum Platinum 
[cisplatin, carboplatin, oxaliplatin][cisplatin, carboplatin, oxaliplatin]
Doxorubicin / epirubicineDoxorubicin / epirubicine
PaclitaxelPaclitaxel

INRS [French National Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)] http://www.inrs.fr.INRS [French National Research and Safety Institute  (Institut National de Recherche et de Sécurité- France)] http://www.inrs.fr.
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Evaluation of Protective MeasuresEvaluation of Protective Measures

GC-MS GC-MS-MS
LC-MS-MS
ICP-MS
Adsorptive Voltammetry

GCGC--MS GCMS GC--MSMS--MSMS
LCLC--MSMS--MSMS
ICPICP--MSMS
Adsorptive VoltammetryAdsorptive Voltammetry

Environmental 
monitoring
Surface contamination 
sampling
Filter paper or tissue 
wipe 
Solvent system for 
helping drug recovery (ie, 
HCl, NaOH)

Environmental Environmental 
monitoringmonitoring

Surface contamination Surface contamination 
samplingsampling

Filter paper or tissue Filter paper or tissue 
wipe wipe 

Solvent system for Solvent system for 
helping drug recovery (ie, helping drug recovery (ie, 
HCl, NaOH)HCl, NaOH)

Sensitive analytical 
method
Sensitive analytical Sensitive analytical 
methodmethod

GC-MS Gas chromatography Mass Spectrometry 
GC-MSMS Gas chromatography tandem mass spectrometry 
LC-MSMS Liquid Chromatography tandem mass spectrometry
ICP-MS Inductively coupled plasma mass spectrometry

GC-MS Gas chromatography Mass Spectrometry 
GC-MSMS Gas chromatography tandem mass spectrometry 
LC-MSMS Liquid Chromatography tandem mass spectrometry
ICP-MS Inductively coupled plasma mass spectrometry
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Surface Environmental Sampling
Recommendation USP <797> 2008
Surface Environmental Sampling
Recommendation USP <797> 2008

Frequency:
• Initially
• At least every 6 months

Frequency:
• Initially
• At least every 6 months

If measurable level
of contamination:
• Identify cause of contamination

Document
Contain

• Retraining
Cleaning (high-pH soap and water)
Improving engineering controls

If measurable level
of contamination:
• Identify cause of contamination

Document
Contain

• Retraining
Cleaning (high-pH soap and water)
Improving engineering controls

Engineering controls 
improvements:
• Venting BSCs/CACIs 100% to 

the outside
• Implement CSTD
• Re-assessing type of 

BSCs/CACIs

Engineering controls 
improvements:
• Venting BSCs/CACIs 100% to 

the outside
• Implement CSTD
• Re-assessing type of 

BSCs/CACIs

Sample localizations:
• Working area of BSCs and CACIs
• Counter tops (finished preparation) 
• Areas adjacent to 

BSCs / CACIs (Floor)
• Patient administration areas

Sample localizations:
• Working area of BSCs and CACIs
• Counter tops (finished preparation) 
• Areas adjacent to 

BSCs / CACIs (Floor)
• Patient administration areas

USP = United States Pharmacopeia. Pharmaceutical compounding sterile preparations (general chapter 797) in: second 
supplement to UPS 31-NF 26; 2008. Available at http://www.usp.org/pdf/EN/USPNF/generalChapter797.pdf.

CSTD Closed System Transfer DeviceCSTD Closed System Transfer Device

BSC Biological Safety Cabinet
CACI Compounding Aseptic Containment Isolator
BSC Biological Safety Cabinet
CACI Compounding Aseptic Containment Isolator
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References - GuidelinesReferences - Guidelines

ISOPP Standards of Practice
Safe handling of cytotoxics
ISOPP Standards of PracticeISOPP Standards of Practice
Safe handling of cytotoxicsSafe handling of cytotoxics

International Society of Oncology Pharmacy Practicioners Standards Committee. J Oncol Pharm Pract. 2007;13 (Suppl):1-81. 

Table of contents 
• Transport of cytotoxics
• Personnel
• Education and training
• Hierarchic order in protection measures
• Facilities for sterile cytotoxic reconstitution 

and personal protective equipment
• Special devices
• Ventilation tools
• Nonsterile preparations
• Chemical contamination monitoring
• Checking procedures
• Administration of cytotoxic drugs
• Cleaning procedures
• Cytotoxic spills, extravasation and other 

incidents
• Waste handling and patient excreta
• Laundry
• Warning staff of presence of cytotoxic agents
• Home care
• Risk management
• Medicine management

Table of contents Table of contents 
•• Transport of cytotoxicsTransport of cytotoxics
•• PersonnelPersonnel
•• Education and trainingEducation and training
•• Hierarchic order in protection measuresHierarchic order in protection measures
•• Facilities for sterile cytotoxic reconstitution Facilities for sterile cytotoxic reconstitution 

and personal protective equipmentand personal protective equipment
•• Special devicesSpecial devices
•• Ventilation toolsVentilation tools
•• Nonsterile preparationsNonsterile preparations
•• Chemical contamination monitoringChemical contamination monitoring
•• Checking proceduresChecking procedures
•• Administration of cytotoxic drugsAdministration of cytotoxic drugs
•• Cleaning proceduresCleaning procedures
•• Cytotoxic spills, extravasation and other Cytotoxic spills, extravasation and other 

incidentsincidents
•• Waste handling and patient excretaWaste handling and patient excreta
•• LaundryLaundry
•• Warning staff of presence of cytotoxic agentsWarning staff of presence of cytotoxic agents
•• Home careHome care
•• Risk managementRisk management
•• Medicine managementMedicine management
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