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B e kA EIE-RE L LB FHE PIVAS T/EIMEH
S FheRfE A YRE "

P F355 Eaa Rk & % F ox B
(EPREMEMIEERE, EIK, 400030)

W OB B AR AR - AR R R R B R R B ER KO 25 A L L (PIVAS) TAEM S
SR EZI Y VEMLIE . PRBENEIG . RFE | RITIAH X RIS . NENM PVC MR
BB AR ARG I 7 VR % 2 emx2 em B4R 100 L 80% ZUJF5-0.1% HY BRI I 25 4T 10 emx10 em #) 6 1F
TR, AR 1 mL 20% W55 0.1% MRS ERE R 2 K, AHRIORE ORI ER,
PIK-2 1 (0.1% HR ) A i shAe s BEve M, SR FH e mi 55 F 25 U 0F 2 158 =0 Fn MRM A =Rl . 45 5L 3=
B, PRI EEITE 0.1—800 ng-mL™", 3R HLAMKFLIATTE 0.1—200 ng-mL™" . EAHETE 0.2—
200 ng'mL ' YU I N &R RAF, MXRBOIIKT 0999, Hkmm Ry 02—1 pgrem?, &R
(LOQ) } 0.6—3.2 pgrem ™ FEBEES . PVC FUREEM 3 Fibf i I 3 Az 7K F (200, 1000, 4000 ng-mL™)
B B 67.1%—108%, FHXIAR iR 22 (RSD) N 0.8%—13.3%. JHAS SCEEST 19 7 B K A< ot PIVAS
WY kRm, RIS PR 2T g AR IR B Y, WE Y 1.8—10898.8 pgrem?, PIVAS &
55 N A AETE— 22 BY N AL B 2 24 0 Rl 22 38 XL

XKEIR  EIKHZGIEECH L (PIVAS), N2, 588, WA % B B BT (UPLC-MS/MS).

Simultaneous determination of 5 cytotoxic drugs residues
in PIVAS workplace ultra-performance liquid
chromatography-tandem mass spectrometry

YUAN Zhongzhen LI Qiaogiao TANG Tiantian ZHANG Min
LIU Yu LIU Ling ™
(Department of Pharmacy, Chongqing University Cancer Hospital, Chongqing, 400030, China)

Abstract An ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS)
analytical method was established and validated for the simultaneous determination of 5 cytotoxic
drugs on the surface of glass, stainless steel, and PVC in the working environment of the pharmacy
intravenous admixture service (PIVAS). The 10 cmx10 cm surface was wiped and sampled by a
2 cmx2 cm filter paper moistened with 100 pL of 80% ACN (0.1% FA) solution. Then the sample of

filter paper was extracted with 1 mL 20% acetonitrile containing 0.1% formic acid solution two
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times. The supernatant was taken after centrifugation of the combined extraction solution, then the
supernatant was used directly quantitated by UPLC-MS/MS in MRM mode after gradient elution
with water and ACN with -0.1% FA as mobile phase. The results showed that good linearity was
observed for GEM and CTX from 0.1 ng'mL™" to 800 ng-mL™", EPI and VP-16 from 0.1 ng-mL™"to
200 ng'mL™", TAX from 0.2 ng-mL™" to 200 ng-mL"", with correlation coefficients larger than 0.999.
The limits of detection (LODs) were 0.2—1 pg-cm* and limits of quantitation (LOQs) were 0.6—
3.2 pg-em . The average recoveries at three different spiked levels (200, 1000, 4000 ng-mL™") ranged
from 67.1% to 108%, with relative standard deviations (RSD) of 0.8%—13.3%. This method was
used to detect the surface of the PIVAS environment, and it was found that five cytotoxic drugs could
be detected with concentrations range from 1.8 pg-cm™ to 10898.8 pg-cm™, which indicated that
unintended occupational exposure to antineoplastic drugs may occur in PIVAS.

Keywords pharmacy intravenous admixture service (PIVAS), cytotoxic drug, residue, ultra-

high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS).

0 R E M 2 A E P R IR YT I B BT B —, IR Tz K F 4 i st 2 a8 T
() B 40 N B3 1T R 37 2 WP 2 5 16 T RS SER AR | AR R i A0 Y [ PR VF IS LR 10 &%
PR EE 25020 1 RBUEY S 2A REEEUED Y. B RTA BT HGE, 40wt 25 P il 2 65 4
FAEEME T BB S B0 . B I PR E R A EAR A L B SRR R TR A | R fl T £ 2 ) BRI
TN & | R SRR B RE R R L T . RN SR B AU e A, BRI 2
ANATY) DNA #5145 . Yo fon i S5 FIRRAE 1) A 0 o e U 80, A i ) % 10 A4 fgde B 2 & A 1) il ik P 24 A1
HUOHEIR S R B ) RLE , A M B 1 2 W D A AR R DK 25 W JR B 0y (Pharmacy Intravenous Admixture
Services) 1 SLATAE HEL B AN, TAE N R R S5 0HEZ | IR A V8BRS A% 55 TAE, ASnl Gt
T2 A A2 A M 25 25 ), TG 35 AR K B RO B2 B8 KU . PIVAS T AEBREE W A K 17 1 5% B4 %) 240 it 75 1 24
Yy E e — SRS TR 25, B R A o R 28 g WSO L HR Y 8 5 1) & AR 0 L BT PIVAS TAE
AR, JUHJE T AR DX I (AR 3 17 200 60 25 14 245 400 % B 175 000 ) AV R s 0 2 G a2 19,

H BT 5A 5— 1Y R 075 G BUE K, R85 U 10 32 259 — e AR i 24 i 7 5 B 40 Pt 75 14 24
it A AR St e L FR T E R DAL 20 A 24 W i R LT B ) AR 25 K 2 AUIFSY T IR I B
L5 AR L PR AR 2, T L B R B 25, W VMR | RSB A DA RIS L A
A WS UPLC-MS/MS XH K[ 10 & g PIVAS #EAT T R85 75 Ye PPk LI, & BG4 14 24
Wy (Ol P e R DR L) 75 2 )™ ) DX Sl A ) 2 A AR, S IBORE L 2832 1oy FH 5 R W e =),
AHEFE R UPLC-MS/MS, #EHL T 5 il FHAI 2 5, M o7 25 57 K i) At ML s PE 25 A i 5 vt &, dd et
X A 2 4G K PIVAS PR P A IR B 38 . AN E 80 F1 PVC 2R 1i A TR 40075 e, i i S B BORE, JSr T
PIVAS A9 2 4H0 Mt  TAE X Sl H oAb iR e 10T 2 Fh A M 5 1k 25 40 5 B8 0 0 7 5 12, XAl PIVAS
TAEN G 2 i AU HLAT 2

1 i%\%ﬁﬁj\(EXperimental section)

1.1 AR 55

AB SCIEX Triple Quad TM 4500MD & AH {233 5 16 03 1 A5 DU R 45 . =3 800 AH 2,335 1) (Jasper TM) Al
At Analyst ® MD(H A5 1.6) 41 % (AB SCIEX 22 H)); H1-16KR % = FH 25,00 ML (I g v] B AR 7 A
FR 2\ ] ) 5 SB-5200D #4875 31 W5 Ve AL (77 B8 2 A W B IR A BR A F] ) 5 Milli-Q &li /K & 458 (36
Millipore 2y H] ) ; Waters ACQUITY UPLC BEH Cg & 3% # ( 2.1 mmx50 mm, 1.7 pm) ; Quintix125D-
1CN J7 53 Z—53#7 R (SQP #4, Sartorius /A A ).

FRE s 75 P4 A7 (Gemcitabine, GEM, #t5-: T26S6T3870, 4l i >99%) . {K 41 ( Etoposide, VP-
16, #it5: C09S11S123704, 4liJF>98%) . 45425 (Paclitaxel, TAX, #t5: J04S11H123510, 4l [ >98%) . &
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% H & ( Epirubicin, EPI, It 5 : AQW905, 4li & >98%) . ¥4 i Mk % ( Cyclophosphamide, CTX, #t 5 :
CMA739, 4i[5>98%) . % %5 bk (Antipyrine, APR, #lt5: Y22A10C86317, 4li[#>98%) , 31k H I A= 4
FHEABRA . FL50): o B2k, 55 F TEDIA A n]); R . — P AR ({43 2, Macklin
D)5 KN Milli-Q i &lizk; HE4R(100 5K /45, 9% [ Whatman A /] ).

PRI V5 R %) T A o 5 R B8 % EE AR 20.0 mg, BT 20 mL 2 B P, A A O 2 25, 158
1 mg-mL™" 54 W . K BB BN ARE 4 WK 0.4 mL % 20 mL 25 =0, P EERR BE l 20 pg-mL ™ i bR o
VST, IRRGE S BRI RIER TR AT AE 4 °C VKA. HE—25H 20% 2 (7 0.1% HR) Rk 10 ng'mL™
PIbR ARV, MY H B fef e ).

B WA W O BC T - AE A RIS PO AT | ARFETATT . SAZ I . e3¢ LU B PR Ik e b o i 20.0 mg, 43
S B AR RO E A 25 T 20 mL AP, A4 8] 1 mg-mL™ BRARGE R 43 BIKS 25 B8 U AR it A
W 0.4 mL % 20 mL #¥ 5 b, FH FR EAa B, OV B 450 20 pg-mL ! A IR G AR IR . ETR RS BUR &
FRUETE W 225 8O, IO 200, 1000, 4000 ng-mL™" (IR & F5#E 1. ] 10 ng-mL™" AR TAEW
BRFRER 0.1, 0.5, 1, 10, 50, 200, 800 ng-mL™" R FIARIE TR, LHLINE . Ir AT 6f & WORTbR
WIITE 4 °C FOGIRAE.

1.2 SEE ik
1.2.1  FEACRAE AL

F 2 emx2 cm W JE 4R 10 cmx 10 em (AR X, 0.1 mL £ HE-0.1% H RV (80:20, V/V) Ry Fil i
W, AR 2 0 BHERUE B9 2 TRIELRE T 2 mL EP S, DA 1 mL AR TAEWK, #8755 $2 8L 20 min.
LR RS — 4mL B.08 T, RIEH | mL AR TAEREZHI 1R, &IF LIEW, 14000 r'min™
B0 5 min, BT 200 pL fit UPLC-MS/MS iz,

122 s

3% 4 : Waters ACQUITY UPLC BEH C #£(2.1 mmx50 mm, 1.7 pm); #13: 35 °C; PEAER: 3 ul; i
BitH: A K, B AN 0.1% B H R &G W W Tk : 0.5 mL-min'; B FE PE 2 /¥ 24 : 0—1.0 min,
10%B; 1.01 —2.50 min, 20%—30%B; 2.51—3.00 min, 30%—80%B; 3.01 —3.50 min, 80%B; 3.51 —
4.00 min, 80%—10%B; 4.01—5.00 min, 10%B.

123 Juig st

FEL IS 25 L B U EST(+), SR FH 22 2 By W (MRMD) 885X A7 AU 402 35 psi, Aili48E S 72 8 psi, 25T
PR 55 HL R 2 5500 V, HRE: 500 °C, B FURA 1 ) 50 psi, B TR 2 FE 77 50 psi, S5 40514 259
() ER IR i S L% 1.

F 15 FPANMEENE 2 A DI bR A BRI T S 4

Table 1 Detection parameters of 5 cytotoxic drugs and internal standard with tandem mass spectrometry

E&Y PR B4 Bf []/min REEgTr TET HEfLHE/V WEHERE RV
Compounds Retention time Precursor ion (m/z) Product ions (m/z) Cone voltage Collision energy
GEM 0.42 264.3 112.0 72 23
APR 1.84 189.3 56.0 78 49
CTX 2.6 261.1 140.1 92 29
EPI 2.86 544.3 379.0 105 27
VP-16 3.19 589.3 229.1 116 20
TAX 3.61 876.4 308.2 60 28

2 5B 5308 (Results and discussion)

2.1 LB YRR YRR
R 55 13 A 2 0[] o 3 RE AIF S LA 22 A ) 2020 4F 4 BR e AE T P80 B, TR R &
o 58 e B T K, T A R R A 2 7S R B R 3 9 A R A T B, Al PR Tz L X B



2352 7N 54 1t 2 2 %

2019—2020 4F- 21 il #5425 W 0 R S0 64T e v 20 A, Tk HF HE 44 SE 0T 10 67 1 25 4. AR 40 40 M =2 14 24
Yy FRAL R RN S5 R SR, IA 10 Fh 254 ik S R B IR R IER 258, & T KB TE R IR M2
Yy, oK B 25l P . IABEIE G . R LU, RIS TR R ARFCIA T AR A2 .

PIBR ) 1 18 45 1 R RS IRV ZE AR i DI b, () B 7 22 o 245 40 B 5 2 2 P 2 4 [R50 R N s, (LR A7
RN ARG 135, PR LR R ME. 7 SCRRHREE 2285 FUARAE R S SR B BE G I bR 2B 17 18 5 25 e i ls
LRGN 7 A AT CY. A S e R L LU I bR, LA 35 06 (1) 7 S A 5 ol 200 i M 24 W €335 0 v ] EL
SEATE, REE I T L
2.2 BUiGsMrAk

FH 100 ng-mL™" /4 5 Fi 40 B 25 1 245 W0 IR A& bRl b i VR, DL ESI+ 948 7 04T — BT, %
R HARALA YIRSy B 0 [MHHT, BfE B8 s, AT ZOTE R, IR R E HARX R E R
WER B AR g E . EEES 1, IR0 MRM B gt — A AL mli e fe | ik i R 25 R 240 R#R
0 E R B T AT AR I, SR R fE S m/z 544.3/397.1 5 m/z 544.3/379.0 B X5 Wi v 8 4, {H 52
B 5 F & 3 X5 1) 7 558 15 Y m/z 544.3/397.1 B F XA R 2 TR, BOR A m/z 544.3/379.0 1€ 2
BTX
23 iRk

AHFFE LT 0.1% A9 H R /K 6 -0.1% B9 FH R B IR 1L 0.1% B9 H R K IS - IE VR T L K -
0.1% i H R 2B . 0.1% B9 B R /K IR T-0.1% 1) R FRY B3 . 0.1% 1Y HR R /K I8 V- Y SV A /K-
0.1% 14 H iR FH Vs VALV R DSl AR T 5 P i B BRI 259 1) 43 B OCR . S5 2R R W, L G M U sl A 3 P At
TR (03 I i 2 P 5 45 B A0, WP ARPE G, 7K-0.1% 1Y R 5 15 M T ShAHTIRE, SR IR BE R 5, 43 A
IFE] 5 min, 2% RF00 A0S P BE G, BT AURBOR A, 5 Fh AN B REPE 25 W) R0 N AR Y (40 T ULIAT 1.

2.4 FEFHON

HU6 153 2 emx2 em 25 FHIELEH] 1 mL 20% ZJE-0.1% FERIA R 2 HR K 2 YR, A T4 HU&, 14000 r-min™'
B0 5 min, b RN A 482w A B ) A% S T 43 00 U R RN 28 sk i Ak B Y s P L SO A S 25,
100 ng-mL™" 4 HFE 5, 5 PP AT EE M 25 9 F 1S 1 58 80N =100%> 25 338 1if A0 B9 25 11 J56 ot e A o 1)
WA T L/ 700 T o1 AR o 18 06 TET L, PR U — e 194 5 B A0 1 =100% < 200 b0 75 P 24 400 ) 5k I 5 2 /1S 1) 66
B

100 |'A | GEM 100’73 | GEM lOO”"v}\GEM
O 1 1 1 1 J O ;\ 1 1 1 1 J O “ 1 1 1 1 J
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
t/min t/min t/min
IOO[ A | ARP 100" B | ARP 100" C | ARP
| I
0 I Ll I 1 0 1 P 1 ) 0 1 P 1 ]
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
t/min t/min t/min
s 100 o 100 < 100
ES [A | e g (B | e ES [ ¢ | et
= I 2 | = |
g 0 1 1 1 I ) ,Z_ 0 1 1 1 1 ) g 0 1 1 T )
i'_; 0 1 2 3 4 5 g 0 1 2 3 4 5 J'E’ 0 1 2 3 4 5
S t/min S t/min S t/min
2 2 3
= = =
3 100rA | EPI =z 10rp | EPI = 10 C | EPI
0 1 1 1 1 J 0 I 1 1 Lo ) 0 L
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
t/min t/min t/min
100 | VP-16 108 | VP-16 100r-¢ | VP-16
0 1 1 1 \ 1 ] 0 1 ! ! “\ l J 0 ! ! ! ‘ ! J
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
t/min t/min t/min
100 - A | TAX 100 B | TAX 100~ € | TAX
0 1 1 1 \“ 1 J 0 1 1 1 \“ 1 J 0 1 1 1 l 1 J
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
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100 ’—D,\ GEM 100 [E’ GEM 100 [Fl GEM
0 }k 1 1 1 1 ] 0 “‘\ 1 1 1 1 ] 0 “\ 1 1 1 1 ]
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
t/min t/min t/min
100{ D | ARP 100( E | ARP 100{ F | ARP
0 I I I I ) 0 ! Ly ! ! ) 0 1 \‘ 1 | 1 )
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
t/min t/min t/min
£ 100 D CTX & 100 E | CTX & 100 F | CTX
Lt SN S
g 0 | L | ) g 0 1 1 J‘L I I ) g 0 1 TR 1 I
£ 0 1 2 3 4 5002 0 1 2 3 4 5 £ 0 1 2 3 4 5
o t/min - t/min o t/min
2 2 2
= = =
© 100 - p | EPI ) 100 - g | EPI = 100~ ‘ EPI
| (
O 1 1 1‘ 1 1 J O 1 1 “l 1 ] O 1 1 ‘\ 1 1 J
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
t/min t/min t/min
100 - p | VP-16 100 E | VP-16 100~ F VP-16
0 1 1 I“ 1 ) 0 1 1 J‘\ 1 ) 0 I I |“\ ! )
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
t/min t/min t/min
100~ D | TAX 100~ E | TAX 100 F l TAX
0 1 1 1 \l 1 J 0 1 1 1 H 1 J 0 1 1 1 “\l J
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
f/min f/min f/min

B 15 FhanfEa 2 Y A N bR 4 i 1
(HARPIME A 200 ng'mL™"; A. 0.1% /K -H B B.K-0.1% FHRFF S C. 0.1% H#R7K-0.1% H R HEE; D. 0.1% H K- HE;
E.JK-0.1% HERZIH; F. 0.1% HHIK-0.1% HIRZIE)
Fig.1 Chromatograms of 5 cytotoxic drugs and internal standard
(The target analytes concentration was 200 ng'mL™"; A. 0.1% formic acid/water-methanol; B. water-0.1% formic acid/methanol; C. 0.1%
formic acid/water-0.1% formic acid/methanol; D. 0.1% formic acid/water-acetonitrile; E. water-0.1% formic acid/ acetonitrile;

F. 0.1% formic acid/water-0.1% formic acid/ acetonitrile )

16 2 cmx2 em 25 UL RN 50 ul, 200, 1000, 4000 ng-mL™" [ 3 /K AR SAR#EY T, ] 1 mL
20% ZNE-0.1% H R ¥ W B A FE L 2 IR, A JF 4RO, 14000 rmin™' &0 5 min, & FIEWRIERE; 280 A
A B ) 24 P R C AR O R 1 AR . S R A 25 0 A IS 1 TR IBCR =100% < bR A i A5 1
g T R /235 P SR T TAC oA 000 5 g 0 T R, PR 0 — Ak 1) [T A0 =1 00% > 200 Jf 752 25 9 1) [ DUAC3R /1S 14 [l
e, X AN 5 EISCR RSD AN KT 15%, 2553 L3 2.

R 25 PN ERE 2 R P AR I B RO B ATl
Table 2 The matrix effect and recovery of 5 cytotoxic drugs and IS

ey e /(ng'mL™) LN /% PRI — L R FE AL /% Bl /% WARIH—AL Y RIS %
Compounds Concentration Matrix effect IS-normalized matrix effect Recovery IS-normalized recovery

5 98.246.2 94.845.5 94.3£9.8 92.2+5.0

GEM 25 96.2+1.1 94.5+0.7 92.8+8.4 105.9+11.9
100 96.5+1.3 94.0+£2.4 97.8+£5.2 108.7+3.0
5 100.2+2.4 96.7+1.2 91.6+10.8 89.5+7.2

CTX 25 98.9+7.5 97.1+7.0 92.5+£3.7 105.4+7.3
100 103.0£3.7 100.3£2.5 90.8+3.4 101.3£2.3
5 101.9+6.4 98.4+8.7 95.6+4.7 93.7+4.3

EPI 25 100.5+4.2 98.7+£5.7 93.3£3.0 106.2+2.9
100 101.9+1.4 99.3£2.6 91.3£1.6 102.8+1.8
5 98.6+11.2 95.0+8.5 101.3+£5.6 99.3+8.0

VP-16 25 96.0+7.0 94.2+6.1 95.249.2 108.3+8.0

100 101.4+2.1 98.8+2.7 95.9£2.9 109.3£3.5
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g2
ety W/ (ng'mL™) LB/ % PIARIE— LR RE T8 /% /% PIARIE— PR [T %
Compounds Concentration Matrix effect IS-normalized matrix effect Recovery IS-normalized recovery
5 101.0£10.0 97.7£12.9 87.6+7.6 85.6+2.1
TAX 25 91.5+8.3 89.949.8 87.0£10.7 98.9+10.1
100 99.6+6.4 97.1+6.8 89.2+6.2 99.2+7.1
APR 10 102.7£1.9 92.5+9.1

2.5 FESYETARELSRA R AL
251 PREUA WA ERE

PRI TR B e AR BOE 209 H ARtk S W A A (0 2 ok B K F BRI 2 2 B A B B
AL ARBESE LA T AN R HE B (20%. 40%. 60% FT 80% ) 1) i /K i W (1% 0.1% HI R ) X 5 AP 4 e 7%
P 259 1) $ BOROCR OB B 4000 ng-mL ™" TAEW 50 uL BEPE 2] 2 emx2 em 3848 [ AE A HLRE S #0175
g2, AR R INEL 2, 20% ZNE-0.1% BRI A FEBGEFINT, 5 B0 FI 3 B mic 3 BRI T iA 51 84.7%—
102%, REAZ 1 /& OSHA 2 [ RAFIEAL 48 m B B BT 1 R A2 MDSCRT 8 T 75% IV EE 14 I o
K R R IR R, T2 20 e B 2] 80% i, F 2 e B g R AR 15 AR 22, H % 3 A HLE
A HEE, DRI 20% S -0.1% F RV WA B U 1.

120 - PZ720%ACN 60%ACN
BI40%ACN = 80%ACN

§

X+

J
A

3

N

®
(=
T

5
&
]
&
]
bS
]
bS
]
&
]
&
3
&
3
&
3
bS
]
"
o

Recovery/%
(=)
S
I

N
(=3
T

7

[353
=)
T

I,

SISO IIII SISO NIIIa%
e 0ata et AN IIII SIS

XN NN RINKKHRNKNR]

X0SROIAIIRIIRAIRAIKKON]

e~
(=}

GEM CTX EPI VP-1 TAX

B2 AERBOA G S oK

Fig.2 Extraction efficiency of different extraction solvents

L

252 PRBORER R

ARSI %% T 1 mL 20% ZNE—0.1% H RN 4000 ng-mL™ TAEWE 50 pL Wil %E] 2 cmx2 cm
PEAR AR MBI SR R 1 ORI 2 R B $R IR 25 R A 3 R, BRI 1 AR 2 YR (-2
[R5 h 84.7%—102% Fi1 98.0%—112%, JuHJE R 2 2 B FEBGECR I 84.7% $i 55 2 98.0%, il
ASZEVERE 1 mL 20% ZJE—0.1% W RRIA IR E 2 YR 3BT 2.

VP-16 EPI
B3 A ER KR R

Fig.3 Extraction efficiency of different extraction times
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253 #ERIAEW LR

PPAG T LRI 7150 BIAE 10 cmx10 em AOANEEA . BEIE A PVC M b A7 B IBORE 9 [ml i %2
4000 ng'mL™" AYARHESS I 50 uL XT 10 cmx10 cm AR . BEIS AN PVC MEEA BTG 4y, #0 B A T ot
B, FE IR 12,1 1 A TAE R AR AL 3, JF 1A 2 i 3. 25 R R an &l 4, 78 20% S E-0.1% H IR
TWAEITE 3 M R R TR IR | BB IR AR, 32 b 2 R 18.2%—37.6%,
SAEE 13.1%—32.2%. MGG ], 22 HL A | A2 e IR RE IS AT 21 2055 2 80% L IE—0.1%
FH R Vs VR R BRI WP, 3R 5% L B R A B 1 [T S 0 SR 3] 71.3%—92.5% F11 88.1%—114%. ML
K FF, RS A R IR R A PVC AR, 5 7RV 25 W) 7E DL 354 . PVC MR AR E5 0 b |
(- ISR 535100 80.8%—106% ., 80.7%—108% ., 70.8%—94.1%, RSD 533 4.8%—11.1%. 1.4%—
5.3%. 2.0%—6.8%, iX N g 5 3R 1A B KR B2 AH G, A3 A5 3¢ W RELRS 88 5 1y 3 T [l s IR 200,
BN, 5 FZGYIE B RS . PVC MRS SR B9 M _E 0 734 [T ISR 38 B8 T R A9 1 40 B 2K . IRk,
5 80% LNE-0.1% W RIE W T /NS . BEI A PVC i 2% 17 240 it 25 1 25 ) 5k B8 8R4 HURE

20%ACN 70%ACN

120 L R 60%ACN Eso%acN

100 j %
so [f
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Fig.4 Wiping recovery of five drug residues on three materials with different wiping solvents

2.6 ZRAMEVEREL K R AE R

FEFALE R BRI TS A0, W0 A [ e B ) 48 0 25 1 25 TR G A AL, Ao et W 2 A A
(X, Ty 5 N AR TR FUAELCY) S AR AR il Bn e M 2, 25 RN 3 R, 5 M2y e e HEE L A
RIZRME IR B AT, R? YT 0.999, K HFR(LODs) A 0.2—1 pg-em 2, 75 PEABIEAIFABEIE G & PR 0.6 pg-cm 2,
REHRFRICIA T E =R 1.2 pgrem?, A28 E IR 3.2 pgrem?, BL T SCHRHE 19 5E 7R, KRBT
Ty R

R3 STFAMBEEIEL Y LN B R R AOC R AL, KBRS e R

Table 3 Linear regression equation, R, linear range, detection limit and quantitative limit of 5 cytotoxic drugs

I\ 4 P ] ] 1 4 S ArslES . -1
et Q}El"#ﬂ}ﬂﬁ& &#(l.lm/( ngml) R> LOD/(pgem™) LOQ/ (pg-em™)
Compounds Regression equation Linear range

GEM y=0.186x+0.00628 0.1—800 0.9990 0.2 0.6

CTX y=0.0475x-0.00165 0.1—800 0.9996 0.2 0.6

EPI y=0.0099x+0.000765 0.1—200 0.9994 0.4 1.2
VP-16 y=0.0209x+0.00026 0.1—200 0.9996 0.4 1.2

TAX y=0.00189x+0.0000717 0.2—200 0.9994 1 3.2

2.7 IR SR
43 HITE 10 emx10 em ANE) 25 (YR ORGEH . BB FI PVC AR) E3S N 50 pL 200, 1000, 4000 ng'mL™!
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B 3 D AKCERIR S PR UEY) BT, A4 TR 25870 10, 50, 200 ng, FHe B4 W6l & 6 AN FATRE, 1%
BE1 2. 10 T RE R AE FNAL B, 38 S 25 [ S 2 FAR X B vl 22 (RSD) , 45 58 UL& 4.

R4 AFEMBYIE LS TP MEEEE 25 09 IO KA XS bR IR 22 (n=6)

Table 4 Recovery and RSD of 5 cytotoxic drugs on different materials surfaces (n=6)

R 10 ng SIS0 ng R IN200ng
aEY Added Added Added
Compounds Recovery/% RSD/% Recovery /% RSD/% Recovery /% RSD/%
GEM 86.4 4.9 104 4.5 84.9 43
CTX 108 1.9 106 2.7 98.0 2.4
X
BRI EPI 98.5 7.1 93.0 4.8 97.0 6.6
Glass surface
VP-16 102 43 97.9 8.3 99.5 6.9
TAX 105 2.9 99.3 42 101 6.6
GEM 87.7 55 89.1 6.4 85.1 1.4
CTX 107 4.7 98.6 4.0 98.7 3.8
PVC i EPI 97.5 2.2 99.2 0.8 94.0 6.1
PVC surface
VP-16 96.7 3.1 95.1 0.8 92.1 4.8
TAX 93.1 13.3 101 6.8 97.6 5.1
GEM 89.0 4.7 88.8 6.3 87.2 9.7
CTX 85.7 4.5 101 1.5 97.9 3.6
or s
. AR EPI 68.3 3.8 67.1 1.3 69.4 7.7
Stainless steel surface
VP-16 83.5 2.5 90.3 9.0 89.3 8.4
TAX 76.0 8.8 87.4 4.8 85.9 11.0

SEE SRR, 7E 3 IR ACE T, 5 R 2 W AE B I AR L 1T 34 MR R 84.9%—108%, RSD
1.9%—8.3%; PVC # I 19 F- 4 [ % K 85.1%—107%, RSD A 0.8%—13.3%; ANEEAIM I #9247 [ i
BN 67.1%—101%, RSD 4 1.3%—11.0%, A 715 Al 1R 1 RIS 5% B 45 4
2.8 SEBRFE I E

H4i st 25 L B 25 A, TAE AN DL X AR e A | T | 15388 1 45 HEA T T T 2. XTI
JE WA AR TAE G, DIBE | DY ESPYAR | 9 75 | i A 3o 1 A R 44 IR < 1. 2.1 HEA TR A R B AR
B, I A SCEE ST 1Y) UPLC-MS/MS J5 ¥ #1740 ML 35 MR 25 5% B U . 45 R L3R 5, TEA e R N By 24
L 24 0 1 R B R i A, v L Il I A R ™ B, A% B N 34.3—10898.8 pgrem %, i E H T
MEWIP W58 i (1) B AR 15 47K F 100 pg-em 2200 R, 76T THEFFIEC B A4 B8 SO AN st 25
5% FE, R FE PIVAS TAE DX IR H A 47 P 6 T | i 258 DX IR T s AN [ R B2 0 25 0 % 7

R 5 PIVAS TAEX 5 Fh 20 i a1 25 9 5% 5 1% 0
Table 5 Residues of 5 cytotoxic drugs in PIVAS working area
R/ (pgrem?)

Residues
GEM CTX EPI VP-16 TAX
TS DAL T
Preparation area -desktop 136 343 o 18 248
o X A
. (elasiing 69.0 83.0 — 37.8 69.0
Preparation area-trolley worktop
W X
/EE%E . 9.1 64.7 — — 66.6
Preparation area-floor
S SR X SR TR
Check area-desktop 485 184.5 o 274 476
S
PEE [FIEZE 339.3 594.3 — 14.9 47.8

Clean room- trolley worktop




7 1 BB B SRR 3 - Hp B RS A R I E PIVAS TAERREE P 5 Fran s 25 5% &8 2357
giks
58/ (pgrem?)
Residues
GEM CTX EPI VP-16 TAX
R
e 95.1 246.4 — 12.8 234
Delivery window
e T
Delivery window handles 443.5 888.6 2.6 87.5 75.6
[aEITREES
Clean room- door handles 4430 689.9 o 1275 602
AL I 1T 54.3 1463.6 — 24.1 32.7
Clean room-floor
YRS E
BSC workbench 792.9 6391.9 1.9 292.3 349.0
He Wyt RN
BSC side wall 1552.7 3545.7 — 375.8 314.2
AW AR N B
Inside the windscreen of BSC 1013.4 10898.8 10.8 364.8 404.2
A W) RSN 33 3
Outside the windscreen of BSC 604.9 22532 o 85.1 1027
ey AN
Outer edge of BSC 819.9 2650.8 1.6 1109.4 503.6
« 2 FORIEH . Note:“ —” Represented no corresponded value
3 %58 (Conclusions)

ABFFEHESE T AE PIVAS PRI W) RS b [ I AGH I 704 355 74 flu 35 . PR TBENG . R L2 L AT
R0 5 AN FEVE 25 W R B 9 UPLC-MS/MS I 5E 757125 1% 07 VA i Ak B a7 5, X AN [R) B4 5 2 T 41 i

‘@ﬂi%ﬁf B R N0 3% B A 5 e ) O R ORGP bR R AT B T R R S R,
PIVAS T AR A0 M B 25 Wy 3k B AR I St 1B O BOR T8, X Tt — 2B fe gt PIVAS T AR AL AL
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