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TE: BH RARSAAN S A n 7 iR E 375k B E 7 (PIVAS) TAEA T A0 5 25 4 Rk R B
R ik T 20204 4 A MAGEIKIZ PIVAS TAEA R 50 614E ARF 3T % ARIE R TSR B I A RE
28.(254) ) FodE B 2R (2541 ) . VA 5— RS (5—Fu) BIRERBRAE (CTX) A 4l 47 £ 4 , R A 5 20k 48 & BT %
% (UHPLC—MS) i# % 2 (2020 4 .2021 4 ) M £ PIVAS ZR 3% F R Bl 7 AR 50 3R AF A B LB 50 3 B i SRk P 04
5—Fu & CTX K JE 5 7 K 40 B AR M) & 9b ) oo 4 R 08 o= 5 Bl 30k S0, 9% W T i 52 8— R AL LA B 3 (8—OHAG) K -F .
R OTAHEAR—BE LK, 2 F A% FE L, PIVASIRE P ik k@ A e R B A2 B 6 5—FuAe CTX i5 ¢ , B
HERKEH S AHde AT R b A0 5-Fu-F ¥R E 55 4 2 286.26.976.82.202.42 ng-mL ™', CTX -F 34 iR 4
#1452 991.26.88.12.155.40 ng*mL™";5-Fu % CTX 4 B AL CTX K E . 2021 FAXLR I+, R EA L e
FHAEATEY R EZH TEREL(P=0.024, P=0.024); R FA T HEmieT B A T LS TEREH(P=
0.004, P<0.001), BHEHEF R RZIARFHET CTXEY, RELCTX kb 25 TEREL(Y=11.52,
P<0.001), REMCTX Rk E & TERELM[Z=-7.500, P<0.001 (2020); Z=—4.500, P<0.001 (2021) ],
8—OHdG & AN 69 37 & DNA 45 fe B AL B a9 LB A dr & dh , R EMS-OHIG K- FA R & THEEEH
(Z=-4.605, P<0.001) , R T HFHADNABGAZENEH TERREL, FEiE PIVASALE—ZBRERMNBHHF
F BRSNS 25 IR T T ST AR B 69 R ok ST AR B AP

K BN ; AMHn; PIVAS; MG 2h4p; IR R E

FESHES: R979.1  XEARIRAD: A

Health hazard assessment of occupational exposure to anti—tumor drugs
for PIVAS workers*
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Abstract: Objective To evaluate the health hazard of occupational exposure to anti—tumor drugs in the staff of pharma-
cy intravenous admixture services (PIVAS) by using environmental and biological detection methods. Methods In April
2020, 50 staff members were randomly selected from PIVAS of our hospital as the study subjects. They were divided into ex-

posed group (25 cases) and non—exposed group (25 cases) according to whether they had been exposed to anti—tumor drugs
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or not. Taking 5—fluorouracil (5-Fu) and cyclophosphamide (CTX) as detection markers, the concentrations of 5-Fu and
CTX in the blood and urine samples of subjects in two groups, as well as inthe wipe samples of different objects in PIVAS,
were determined by ultra—high performance liquid chromatography tandem mass spectrometry (UHPLC—MS) for two consec-
utive years (2020 and 2021). The apoptosis rate of peripheral blood cells was measured by flow cytometry. The level of 8-hy-
droxy-2'-deoxyguanosine(8—OHdG) was determined by enzyme-linked immunosorbent assay. Results There was no statisti-
cal difference in the general situation of the staff. The surface of the objects inPIVAS environment was polluted by 5-Fu
and CTX in different degrees. The average concentration of 5~Fu on the surface of oscillator, transfer bin handle and tele-
phone in the configuration area was 2 286.26, 976.82 and 202.42 ng*mL™" respectively, and the average concentration of
CTX was 2 991.26, 88.12 and 155.40 ngemL™", respectively. CTX residues exist in 5—Fu and CTX storage tanks. The re-
sults of flow cytometry in 2021 showed that the early and total apoptosis rates of monocytes both were higherin the exposed
group than in the non—exposed group (P=0.024, P=0.024). The early and late apoptosis rates of neutrophils in the exposed
group both were higher than in the non—exposed group (P=0.004, P<0.001). CTX residues were detected in urine of the
staff in both years, and the detection rate of urinaryCTX of the exposed group was higher than that of the non—exposed
group (¥’=11.52, P<0.001). The plasma concentration of CTX in the exposed group was higher than that of the non—exposed
group [Z=-7.500, P<0.001 (2020); Z=-4.500, P<0.001 (2021)]. 8~OHdG was recognized as a sensitive biomarker for evalu-
ating DNA damage and oxidative stress. The level of 8~OHdG in the exposed group was higher than that of the non—ex-
posed group (Z=-4.605, P<0.001), indicating that the degree of DNA damage in the exposed group was significantly higher
than that in the non—exposed group. Conclusion PIVAS is polluted by anti—tumor drugs to a certain extent, so we should

pay attention to the impact of occupational exposure to anti—tumor drugs on human health, and strengthen protection as far

as possible.

Keywords: Environment detection; Biological detection; PIVAS; Anti—tumor drug; Occupational exposure
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BRI PR, Shapiro—Wilks 43 B 45 28 & 4340 , #  1E
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Tab. 1 General information of the subjects [n(%)]

el SRR AR R /A
20 5
3 5’8 25~34 >35 3~10 >10
FRFE (n=25) 7(28.00) 18(72.00) 18(72.00) 7(28.00) 15(60.00) 10(40.00)
e (n=25) 6(24.00) 19(76.00) 13(52.00) 12(48.00) 13(52.00) 12(48.00)
X 0.104 2.122 0.325
P 0.747 0.145 0.569

22 IREEMATN AT

221 IMEEEBEAQISHT  PIVASHELE X KX
il DX 0 i B TR AEAEAS R B 1Y) S—Fu J CTX T5 4%,
PR A 2 245 O G U e 2 42 B b 245 40 43 A1 1
0 BCHE , B R X CTX U BE AR N IR 5 7
2991.26 ng-mL™" ALl ] LG 155.40 ng-mL™ L6
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%2 PIVASH#HKAR P CTX . 5—Fu-F¥RE (ng-mL™")
Tab. 2 The average concentrations of CTX and 5—Fu in PI -
VAS wipe samples (ng-mL™)

X IERHEARAE A BEKE CTX 5-Fu
IRVt 3 2991.26 2286.98
Ji /N 2 3 7359  93.38
Ol 3 3299  423.28
A A T 3 1137  244.59
e i ) i 3 3 155.40  202.42
i it 3 88.12  976.82
&6 H 3 34.01  204.58
fic & X ALAEHL 3 20.63  88.11
ZRPAETL X 3 37.06  154.85
He i BT 74T (4h) 3 1453 96.30
BT () 3 6.70 4279
®r 3 12.02  95.26
THHEF 3 13.17  75.05
e 1) - T/ N 42 3 29.99  79.92
A F A AR 3 1523 38.00
e iE 2 P 2 A 3 6.16 26.97
Pri /N 3 0.75 52.43
3 8] ] AN & 3 0.04 —
AR 3 0.13 —
i #E 2 3 1.12 —
il X pESEES 3 0.75 34.56
PRIKHLIF & 3 0.66 —
ST 3 1.74 —
PR E I (A1) 3 1.22 —
LR AAR 3 0.29 —
KT 0 e AR 3 0.05 —
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3 HBRAMS-FuACTXKREB
Tab. 3 The residues of 5—Fu and CTX in drug storage tanks

5-Fu/(ng-mL™")

CTX/(ng-mL'l)

e Ak I T i T T i
154 77 — — — 1.41+0.01 4.89+0.11 3.83+0.15
255 77 — — — 0.25+0.02 0.1320.20 0.33+0.23
3T 87 — — — 0.48+0.13 0.02+0.01 —
455 87 — — — 0.09+0.02 — 0.17+0.01
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F o4 2020 4F LA Chm e B A Pk e JE O T R M (P, P,,))

Tab. 4 Comparison of apoptosis rates of lymphocytes, monocytes and neutrophils between the two groups in 2020 [M (P,, P..)]

a5 i L A %/ % SRR I T % R 17/ %
RMET wHET BT RMMET BT BT BRSO BIET BT
By 2| 0.13 0.32 0.37 1.68 1.10 3.0 0.69 1.68 2.75
(n=25) (0.08,0.25) (0.22,0.42) (0.45,0.81) (0.73,3.33) (0.63,1.40) (1.84,4.67) (0.47,1.07) (1.26,2.40) (2.08,3.33)
A 018 0.30 0.39 1.67 1.28 3.63 0.56 1.63 2.53
(n=25) (0.18,0.24) (0.22,0.38) (0.46,0.56) (0.63,2.97) (0.83,1.76) (2.28,5.15) (0.46,0.72) (1.25,2.10) (2.00,3.04)
Z 0.336 0.476 -0.486 0.986 -1.449 -0.495 1.774 1.047 -0.951
P 0.776 0.614 0.848 0.891 0.153 0.421 0.241 0.608 0.280

£ 5 2021 5 F LA A L Az g L P A R A R T ROk M (P, P

Tab. 5 Comparison of apoptosis rates of lymphocytes, monocytes and neutrophils between the two groups in 2021[M (P,,, P,,)]

13 L A0 A 1% % FRAZ AR 7%/ % R MR A R TR %
e 18 S = X R 185 S = X R 185 S = X
Pry et 0.22 0.32 0.37 1.68 1.10 3.0 0.69 1.68 2.75
(n=25) (0.11,0.37) (0.22,0.42) (0.45,0.81) (0.73,3.33) (0.63,1.40) (1.84,4.67) (0.47,1.07) (1.26,2.40) (2.08,3.33)
JemEH 019 0.30 0.39 1.67 1.28 3.63 0.56 1.63 2.53
(n=25) (0.14,0.32) (0.22,0.38) (0.46,0.56) (0.63,2.97) (0.83,1.76) (2.28,5.15) (0.46,0.72) (1.25,2.10) (2.00,3.04)
7 -1.582 -0.757 -0.078 -2.251 -0.636 -2.251 -2.862 -4.104 -0.921
P 0.114 0.449 0.938 0.024 0.525 0.024 0.004 <0.001 0.055
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Fig. 1  The apoptosis of peripheral blood cells detected by flow cytometry
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Comparison of theapoptosis rate of peripheral blood cells between the exposed group and the non—exposed group
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Tab. 6 Detection rate of urinary 5—Fu and CTX in two consecutive years in both groups [n (%)]
5—Fu JRIEA Hi % CTX JRWG A %
215 20204F 2021 4F 20204F 2021 4F
i AH i A R AH i K

TR (n=25) 10(40.00)  15(60.00) 0 25(100.00) 23(92.00)  2(8.00) 22(88.00)  3(12.00)
B (n=25)  11(44.00) 14(56.00) 0  25(100.00) 22(88.00)  3(12.00) 12(48.00)  13(52.00)

X 0.082 — 0.222 11.52

P 0.774 — 0.637 <0.001
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A R A | 2 IR I v S A A T S YRR
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YRR R — W E ] B TR
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AU R B PR T R, 34 S i OB TS G
233 WHELE2F5-Fu Kk CTX 25 iR ELL ik
2020 4F , B FE 4 5-Fu, CTX I 2459 B 4 T AR 5 58
4, ZESAGITE L (P<0.05) 52021 4F, i4] 5-Fu
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Tab. 7 Comparison of the blood concentrations of 5~Fu and CTX between the two groups [M (P, P..)]

5-Fu il 25k &/ (ng-mL™)

CTX MZ5H % /( ng-mL™")

il

20204F 2021 4F 20204F 2021 4%
FE 4 (n=25) 32.39(19.00, 35.74) 0 0.01(0.00, 0.13) 0.008(0.005, 0.015)
R (n=25) 0 0 0 0.01(0.007, 0.012)
Z -2.089 0 ~7.500 -4.500
P 0.037 1.000 <0.001 <0.001
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Tab. 8 Comparison of apoptosis rate and urinary 8—OHdG concentration between the two groups [M (P, P,.)]

il

PR IR TR % ARSI TR % TR R T2 %% PRI 8-OHAG /K F/(ng-mg™)

HeFE 2 (n=25) 1.68(0.73, 3.33)
JERTEAH (n=25) 1.67(0.63, 2.97)

3.0(1.84, 4.67)
3.63(2.28, 5.15)

49.81(13.71, 57.45)
13.23(4.43, 39.34)

0.69(0.47, 1.07)
0.56(0.46, 0.72)

-2.251
0.024

A -2.251
P 0.024

-4.605
<0.001

-2.862
0.004
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