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Assessment of Occupational Exposure to Antineoplastic Agents in a Healthcare Setting

Su Mi Lee, Seon Young Chung”, Hyun Jeong Im, Hyo Jung Park, Su Yun Lee, Eun Yong Jeon and Kie Ho Sohn”
Department of Pharmaceutical Services, Samsung Medical Center, 50, Ilwon-dong, Gangnam-gu, Seoul 135-710, Korea

Abstract — Most antineoplastic agents are nonselective in their mechanism of action, affecting noncancerous as well as
cancerous cells, and resulting in acute effects such as irritation of mucous membranes and chronic effects such as geno-
toxicity, teratogenicity, and carcinogenicity. Healthcare workers occupationally exposed to antineoplastic agents are at risk.
The present study aimed to develop and apply methods to monitor occupational exposure to antineoplastic agents, using
cyclophosphamide (CP) as the model compound. To monitor environmental and hiological exposure, potentially con-
taminated surfaces were wiped and 24 hour urine samples were collected from workers. Liquid chromatography combined
with tandem mass spectrometry was performed, with a limit of detection of 0.05 ng/m/. Measurable amounts of CP were
detected on 92% of the sampled surfaces, with a geometric mean of 175.22 ng/m?. Despite the environmental contamination
of the model compound, CP was below the detection limit in all urine samples. If workplace contamination cannot be com-
pletely avoided, it is importance to reduce exposure to the lowest possible levels. To this aim, efforts to minimize occu-
pational exposure along with biological and environmental monitoring are required. The standardized sampling techniques,
and specific and sensitive analytical methods reported in this study may be helpful in assessing occupational exposure and

devising strategies to reduce exposure.
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Fig. 1 - Sampling locations in the hospital pharmacy.
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Fig. 2 — Wipe sampling methods. (A) Surface areas: First swab
(Kimwipes 107%210 mm) wetted with 5 m/ 0.03 M sodium
hydroxide solution was wiped with S-shaped motions. And
second swab was wiped with a 90-change in wipe
orientation. (B) Gloves: Used gloves was wiped by educated
user. Two swabs wetted with 5 m/ 0.03 M sodium hydroxide
solution. Gloves (outer, inner) was wiped from fingertips to
palm (dorsum).
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AA
H2M &M (Validation) —
(1) W1pe sample®] A 2
389 (cyclophosphamide monohydrate, Sigma-Aldrich)
% ZE’“E 314849 0.05, 0.2, 0.5, 1, 5, 20, 50, 100 ng/m!
Lo AEA g BELNS zAstnh Zhzbe] Ak g
¥789 1 mel 100 ng/ml 552 CP-d4(cyclophosphamide-d4,
International Laboratory)S 100 p/'s 7}sla &3 3 MTBE
(Methyl-tert-Butyl-Ether, ]J.T. Baker) 4ml/E Y1l 20%3F
vortexingsF3lth. 7 - 3,000 rpmellA] 523+ QA FElste] A
ZN 4miE FHst =LAZ 3T 05% acetic acid(Sigma-
Aldrich) 100 W= Ag3sted 71 5 7wWE UPLC/MS/MS
system(Ultra performance liquid chromatography/tandem
mass spectrometry)°ll T¢1sto] FA418HTH(Table I, IM). W
EFEZQ CP-d49] peak WAl tfst CP2 WAH|E F3lo]
7&'9‘%—% At o, shpel] S 5 Algiste] A Ad

¢}
Qe e, Aslo] 57k AL Wale] Ak ARYE T
O:

(2) Urine sample®] %4 23
EFENs A E EF urine = 3|A3810] 0.05, 0.2,

Table II — Analysis instruments

UPLC system

MS system

Tabletop centrifuge
Milli-QTM (Millipore)

Waters qcquity UPLC system
Waters Quattro micro Mass/Mass
SorvallTM RT 6000D

Water purification system

Centrifuge Centrifuge 5810R (Eppendorf)

Vortex mixer Scientific industri

Balance ORION electric balance, OHAUS
AP250D

Rotation vacuum concentrator ~ RVC 2-33IR

Table IIT - UPLC/MS/MS condition
Mobile phase [Wiper] MeOH : 0.5% Acetic acid in DW

= 75:25 (v/v)
[Urine] MeOH : 0.15% Formic acid in DW
= 40:60 (v/v)
Column Waters Acquity HSS T3 1.7 um 2.1*100 mm
Flow rate [Wiper] 0.25 m//min

[Urine] 0.2 m//min

Injection volume 7w

Mass/Mass condition MRM-CP (m/z 261.21>139.92)
CP-d4 (m/z 265.26>139.98)

Cone voltage 25V
Capillary 4.0kV
Source 120°C
temperature

Desolvation gas 650 I/hr

0.5, 2, 5, 20, 50, 100 ng/m/ ‘§ =2 HFAHE HFENS A
skt Zhzke] g ¥ urine 1 miell 200 ng/ml 52
CP-d4 100 W= 7}o}ﬂ %%fz % MTBE 4miE ¥i1 20%7+

vortexingsFith. 71 3 3,000 rpmell] 5871 QalEelslo] A
N 4miE FHsto Z‘%Zﬂi % 0.5% acetic acid 100 p/= A&
kol 1 F 7 WS UPLC/MSMS systemel] F91510] 5215}
k. CP-d4°] peak HA) tigt CP2] AAHIE Fslo] A
& dalon, kel A3E 5 Aldste] AU S T
sk, Agste] 5URE AS ste] Uzt AlEde eItk

AME M2 ¥ 2 -

(1) Wipe sample #4]

-70°Celq B wiper7F B%1 50 m/ falcon tubeol] 10 ml
9] SF-5 21! shaking 2008, vortexing 30% % 5miE 3
3] syringe filter® ZA#Ujo] 1 miE EIAE FEo|| Gt} U
F3E E@?_ CP-d4(100 ng/m}) 100 p/= 7}3t & MTBE 4 ml
vortexingd}3ith. 71 5 3,000 rpmellA 557 A5
3}04 o%—'.q 4miE Fslo] FEHUZE F 0.5% acetic acid 100
2 Agalste] 1 # 7 pl—e‘ UPLC/MS/MS systemel] 5415131
th 2z} wj =] Alolel 37) F5%(0.2, 5, 50 ng/ml) ] QC(quality
control) A 5= 254 f@o}oi 4 QC AR 5 37H oldo] °]
EX19] 15% oUlZ Eo]2eA] ERIsIIT

(2) Urine sample 4]

S70°CollA] R 3 AlSE AU vortexings §F § 1m/
= Falo] YREFEAE CP-d4(200 ng/ml) 100 W= 7}fﬂ
MTBE 4 miE 43l vortexingst{tt. 71 ¥ 3,000 rpmellA] 5%
7+ EEEe] Sl 4miE FHsle] SR - 0.5% acetic
acid 100 W= A-g3lstel 1 5 7 wE UPLC/MS/MS systeme©]l
TSI, 2} viA] Afolel] 37 55(0.2, 5, 50 ng/m)°] QC A
55 2839 SAslo] 4 QC AR T i oPdo] olEA]9] 15%
olUlZ S0 RIS

=440 "Wt 71E -

1) FA7=3A Limit of detection: LOD)

A& A= I Zv}E 12 (chromatogram) oA Al o)

ZFHEB1(S/N ratio)s 3 oo skal Fd/do] 20% olstelal
gl 80~120%%) 315 WSSl= F524) 0.05 ng/mlE 7
SI3iT.

(2) Wiper 4! urine sample®] CP % Akt

dofzl AReRE IO ZHE] CP-d4e] peak WA tist CP
o] WANE etar, vlE] st AFHo RN E CPY v EE
T-aF3Ath. Wipere] 789 100 3|MsiA dAelaiglon=z 54t
s520] 1081z ARtste] Ao sl

m\m -{

UDLHE ZA}

ekt wUEPe] thde] sl BE Ak FzAld 2
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F2AHn=28)5 O = urine sampling®] A3 E+= £ 42
UHE HQU7FR] 4d F9ke] 1A} H CP Ao 4l 224

F, A AE-S ARSI

AH Y

AFCAel SN

A o] HiE A FazAdEAA A B, O &
A =AYl 22t Zfolg vERIQITE A1 A= A
e Eylol] 9xekar 9lom 199437 AT}
AIZFEIITE. 20089 QHAIE7} 7l ebaA] @Al AolHPED)
4l ARERITHOBGY)olA] A== 39k 2AI9 -5 Fdstar
Atk A Be} A1 Ci= RAlE]l f1RIskaL 9lom 2008
WRE AF7F AlRERICE A1 B - @1 2 ¢
SIS o=, A Co] A4S WHedd s gigow
FA TADT-E et vk 7} e EAE Qe
zfo) 9} 347 A% FoHASl CP XAl SHolH % 2pol= 1
ATH(Table IV). A1 B U3t Ago] 13.30 go= A
A AB.64 g/2), A C(4.26 )l Hlall FA|o] 7h
i

BE AR Fa 24 HAkE dPdo =2 Alsst Aslsts]
HUEH ] F dbdrk= 2890, tdRte] Holi= 1k 26.7
Ao, it FARAIA 508 2227019 (2.9~56.971€ )01 )

Table IV — Amounts of cyclophosphamide handled in the hospital
pharmacy units

Wipe sampling  Biological monitoring  Sampling month

day (g/day) period (g/day) (g/day)
A 9.90 5.97 (2.42~13.80) 3.64 (0~15.34)
B 24.28 16.38 (13.71~19.38)  13.30 (0~33.83)
C 4.06 2.59 (0~5.92) 4.26 (0~15.82)

Table V — Subjects of hiological monitoring

CH(Table V).

ZHNEtd 2L EE

A AE F AFE FAAQ CPE 929014 HE
ZAAER 2jolE B, A A 9 A BeflA =
oA CP7F HEH T A1 Colld= 91%°lA CP7} 3
%] ]CH(Table VI).
ERQEA] @44 o9 34 dHG 7

ol A RS vl 3088 12

THEEE Yehdel wel WA CP AEHE V)3
(geometric mean: GM) ¥ range® YERNSICH #A] A
it CP A& 175.22 ng/m®) 3, ZA1A A, %A
B, A C <=°= i CP AEH0] wWtth(Table VI).
TatzAle] AEY ol B A 13 I =
AGF- 717r0] 7hg Qe A AdlA AWkA o g =gkt
(Fig. 4).

AMEF dide] AAd He HESS vwsind A
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Fig. 4 — Cyclophosphamide concentrations levels in three hospital
pharmacy units.

A C Total
Total 10 10 28
Numbers of male 1 1 2
Average age 27.9 (23~37) 26.5 (24~32) 25.7 (22~33) 26.7 (22~37)

Working month 30.8 (13~56.9)

16.8 (3.3~34.9)

18.0 (2.9~34.9) 22.2 (2.9~56.9)

Table VI - Cyclophosphamide detection rates in wipe samples

Numbers of samples >LOD Rates GM" (ng/m® Range (ng/m?)
Total 88 81 92% 175.22 0~337890
A 25 25 100% 464.96 11.67~337890
B 29 29 100% 237.72 13.92~1861.48
C 22 20 91% 35.42 0~24099.02
Random sampling 12 7 58%

*GM: Geometric mean.
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Table VII - Cyclophosphamide concentrations levels from various sampling locations

GM™ (ng/m® Range (ng/m?) GM" (ng/lea) Range (ng/lea)
'][S;;Itgn 13;312 7§25(5):;§§§9504 Barcode reader 18.48 0~131.77
Cart 240.43 7.89~1887.22 CP case 0 0~0
BSC 197.37 0.78~24099.02 CP vial 0.45 0~0.45
llzgzt"zsgfk ?gg:gg 2:32:328;%2 Prepared fluid bag 52.11 2.26~6357.13
Airgrill 410.00 3.00~4040.54
A area 246.73 1.04~24099.02
B area 77.43 0.78~2373.56
Basket 160.17 111.27~208.42
Floor 149.58 15.89~21142.71
Shelf 148.16 20.72~4866.33

*GM: Geometric mean.

TZA, vy, vie, eRERF =0l tk(Table VID). —ﬂ}zﬂlEH
o] AEH Al W AME 9JX|of w2 CP HEHe] #ol&
W, Q)% 7 3258 ng/m% A 91 ¥ 122.94 ngm’E it 713%
o] 238 7Aastlom airgrill 2ol H HEFO| 7FE
ek,
shmsele)], ok 9, i
T A
o BT AEFoE AAE eIt Table VII). &%
Alo]2 EHAA = CP7F AEEA] Qgkont ok nlo]d 1
olX= Ul 5 Ve MEeA HEHICH, AR 7 &
(100 ml =Y = BE ABZoA AEHIT

Wafas aUEY
WA 42

o[t

Urine sampling®] A|3%]= F2] QAR E] EQ
Bt ZAPE FACPERAIRS 57429 ZAE B9

Table VIII - Cyclophosphamide detection rates in urine samples

Numbers of samples >L.OD Rates
Total 140 0 0%
A 50 0 0%
B 40 0 0%
C 50 0 0%

©Om(Table IV), urine samplingS A3+ = TR AIA %]
35 FAIRI CPe FHE=A SkthH(Table VIID.

Glove 20| M2 = T CP AEZ - A A AL
H gloves®] CP 297 = & CP A&7 e dolny)
98l 5 ZAA1E] urine sampling®] ©]Fo] x| Fol| A3
glove sampling 23}, outer gloves®llX|= 96%, inner gloves~
15%°11 CP7} AZE=91om CPE A5 ZAISH] 92 A
9] gloveselX% CP7F AZE| ATt 22fvt ZeAllol] A8t gloves
o] ekl 24l ERIHUENE =8k, BE AR =

oflX= CP7} AEHA] &4t H(Table IX).

HRLHE| I = & CP A& - 718 2=A)

A}, urine

sampling®] A3 F=2] € AKE H QU7X 447 FUA]
ZAGFE ot 2FARE F uPdRF 289 T 127 o% 1Y HA
FZANZEE 300 ~337.550| T}, A Ao Ul ZAAIZE

o WE 32 F CP AEFS Aol stetshuiA siglont, 4

sjehd BUEY 23 BE ool AlA CP7F AEEA] 4%
TH(Table X).
| =1

19801 Ath gtAe] okt FzAlel TEste] W o=

Table IX - Cyclophosphamide concentrations levels according to glove contamination

Usage time Preparation amount Glove-Outer Glove-Inner Detection rate

(mean, min) (mean, mg) (GM, ng/1EA) (GM, ng/1EA) (%, range)
244 A 123.75 0.00 12.34 0.16 0
-—= 176.25 2668.75 11.57 0.00 0
244 B 198.75 8482.25 28.12 0.41 0
= 116.25 3842.50 27.97 1.90 0
242 C 100.00 0.00 4.35 0.00 0
—= 81.25 1278.00 5.09 0.00 0

*GM: Geometric mean.
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Table X — Cyclophosphamide concentrations levels according to the
content of the work

Numbers of  Preparation time SLOD Rates
samples [mean (range)] =~
60 172.5 min/day
Preparators (n=12) (30~337.5) 0 0%
80 .
Others (n=16) 0 min/day 0 0%

Table XI - Environmental monitoring results in reference studies

Reference Numbers of Rates Rangg:
samples (%) (ng/m°®)
Sessink PJM et al,, 19927 8 25 ND™-2600
Connor TH et al., 1999 46 100  100-656600
Schmaus G et al., 2002” 185 23 ND-51060
C. Soave et al., 2003'% 48 23 ND-336100
Wick C et al,, 2003'V 17 100 4- >3300
Mason HJ et al., 20052 15 100  22-1596
Acampora A et al., 2005' 400 65 ND- >100
Hedmer M et al.,, 2005 49 100  22- 8700
Fransman W et al.,, 2007 }41% Zg Eg:ggggg
Hedmer M et al., 2008'® 335 75  ND-57000
Castiglia L et al., 20087 249 85 ND- >10
Martins I et al., 2008'® 143 81  ND-5330000
Yoshida J et al., 2009 127 100 95-270000

*ND: Not Detected.
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