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Determination of five benzodiazepines in water by solid-phase extraction and ultra
performance liquid chromatography-tandem mass spectrometry
ZHANG Xin', ZHANG Jing'**, SHAO Bing'**
(1. School of Public Health, Capital Medical University, Beijing 100069, China;
2. Beijing Key Laboratory of Diagnostic and Traceability Technologies for Food Poisoning, Beijing
Center for Disease Prevention and Control, Beijing 100013, China; 3. Beijing Research Center
for Preventive Medicine, Beijing 100013, China)

Abstract; Objective A simultaneous determination method for five benzodiazepines ( nitrazepam, diazepam,
oxazepam, chlordiazepoxide, clonazepam) in drinking water was developed using ultra performance liquid chromatography-
tandem mass spectrometry ( UPLC-MS/MS). Methods Samples were concentrated and purified with MCX solid-phase
extraction cartridge. The chromatographic separation was achieved using an ACQUITY BEH C,; (2.1 mm X 100 mm,
1.7 wm) column with methanol and water as mobile phase. The targets were analyzed with ESI operating in positive
multiple reaction monitoring (MRM) mode. Quantification was performed by matrix-matched standard calibration. Results
Satisfactory linearity (r° > 0.999) was obtained for all targets, with the limits of quantification ( LOQs) ranged in
0.050-0. 500 ng/L. Average recoveries at three spiked levels were 78.2% -108. 0% , with relative standard deviations
(RSDs) less than or equal to 12.4% (n=6). The developed method was used to analyze 96 drinking water samples, in
which 51 samples were detected containing diazepam and 13 samples containing oxazepam. The concentrations were
<L0Q-29.92 ng/L and < LOQ-93.93 ng/L, respectively. Conclusion The established method was simple, highly
sensitive and with good repeatability, and could be applied in analysis of 5 benzodiazepines in drinking water.
Key words: Drinking water; benzodiazepines; solid-phase extraction; ultra performance liquid chromatography-tandem

mass spectrometry ; adulterant; food safety
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TR/ H W) ( benzodiazepines, BZDs) fiE
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(200 mg/3 ml) ,ACQUITY UPLC BEH C, (2.1 mm
x 100 mm,1.7 pm),ACQUITY UPLC BEH Shield
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HSS T3(2.1 mm x 100 mm, 1. 8 wm) {8 3% 4 2 1 [
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Agilent) , Milli-Q i 4ti 7K #L .

BZDs #5 9 S5z i P4 ¥ ( CAS: 146-22-5) M P4
PE(CAS:439-14-5) B Vb P4 2 (CAS:604-75-1) 4
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Table 1 Structure and MS/MS parameters for the target compounds
F b5 40 {4 B4 1 [8] /min BTER/ (m/z) A% RE L/ eV R O
282.0 >235.3° 25
il V8 2 3.86
282.0 >207.5 30
285.0 >257.0 20
Ho 7P 5.42
285.0>193.0° 30
287.0 >268. 9" 15
LR URES 4. 40
287.0 >241.0 15
300.0 >282. 5 15
A 4.95
300. 0 >226. 7° 20
316.0 >270. 1° 30
SR TG P 3.84
316.0 >240.7 30
et AT
400 CHERE 4 b L, IR TGS 09 TS e o0y, KA e
ove
BEE 5 10 G REA B AE 1 NS 1AL LA L : | B
il 5 2000 100 200 300 400 500 600 7.00 800 9.00
% 1005 B | 457
I h H
2 H#RE L e e M
”% = ;% 20,00 1.00 200 3.00 400 500 600 7.00 800 9.00
2.1 W& PRI ik 0s ¢ e
N iy N L/
211 AL - L
ARiRE#2 T BEH C, \HSS T3 1 BEH Shield .00 1.00 200 3.00 4.00 500 6.00 7.00 800 9.00
. VRN _ e s , t/mi
RP18 = ff (0 38% H: X F A5 AL A 90 66,38 17 49 10 5% i m
é%%ﬁﬂ[gl 1 }5)1"% , BEH Clﬁiﬁﬁ ﬁ%iﬁfﬂ? E‘Jﬁ’%&i #H:A:BEH C4;B:HSS T3;C:BEH Shield RP18
SR TN B A A 0 1 068 T B O O B, % A1 ARSHERHTHRTLEUERE
Figure 1 Chromatograms of the target compounds by
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R e Hinfb & 9 0 B a3, el 1 8 OF
FRAT B (g 1 ) 7 fE, PRI I AE KR R 43 S A 0. 1%
R A1 5 mmol/L 1R &k , SR T 45 3R Wos P K & JF
A7 A U Y A5 R JF B2 ok W BEAE A BLAE
W, 5O e, Bantk G HA T E Y R B

different UPLC columns

TSI 43 B R DR R 2SR PP - K AR A it 3 A
i,

2.2 [EA BRI RA

2.2. 1 [EIAHZE BUME ) 2 4%

B TR KRR S v BZDs ok BE ARG , B3 5T
FEAE T, 3 90 6 SR I A 2 BOAE X B ot AT 5
FF b, A I M T 4 [ A A BCH HLB
MCX PLEXA 1 C18 fhntri 5, s H 6 ml i
B A6 ml 417K I 1k 22 BUAE , 26 B 500 ml 25 [ 7K



I A 22 T - e 50V €6 335 - £ 0BG 3% 0 s K P 5 b IOR T R LR A ) —— kT, 4

—687—

FEdL, A 100 wl 100 we/L YR A b o 15 W, I 1 %
IR e BE Sy 20 ng/L i B A O 4R 5 R 5T, Bl S L
5 ~10 ml/min (3 8 H I 2 6 ml B 4K .6 ml
HH 7K (40: 60, V/V) k4 T, B 5 FH 6 ml HI B
Ye B, MCX # A 6 ml # 4l K. 6 ml F fiE-/K
(40:60,V/V) kst /5, H 6 ml & 3% &K 2,
FUEMG . VEMLW AE AW PR EE T, K
(50:50,V/V)EARE 1 ml, BAHIKXKTEE 3 K, 4

R 2, 4 FM/NEX H ARG W1 5 i 1L

2 5 BOK  HLB \PLEXA A1 C18 A (1 [ i %8 43 5]
1 61.4% ~79.6% 66.4% ~83.3% Fl 57.8% ~
76. 2% , H HE 5T 80N B, ¥R Be T2 R B oK
Mz MCX #:4b3 f5, B brfb & 9 09 Il R 1 >
80% , B0 AL F 20% LA T, X & T BZDs
2 A W P A B 1 55 M LA W, i MCX A 2 —
TE A 780 BH S - 28 40 [8] AH A6 AT, % ek b & ) B
R ) e BE M R RO, DR I e 0k B MCX A
X i AT AL B

F 2 EARYBUAE A R [ A A€ BOH: Hh i [0 i 58 B B AR 45 2R (% )
Table 2 Recoveries and matrix effect using different solid phase extraction columns
. HLB MCX PLEXA C18
R I i 4 B 5T RN miiEs HE 5N mpsEs B B RN Il 4 K 5 RN
il 7 7 61.4 22.2 89.8 18.6 83.3 -27.2 57.8 25.1
o pe 73.1 66. 6 95.6 16. 0 72.8 11.9 76.2 55.2
YD 7 P 65.8 31.0 92.3 8.2 82.6 -39.4 75.1 26.7
A 5 79.6 10.3 87.4 9.5 66. 4 -2.1 63.2 14.1
ENGIERS 69. 4 44.5 94.5 14.0 77.9 -28.0 58.3 40.0

T« B = (B UM AR VA 1T B/ 4 S D TE e TR AR ) < 100% 5 48 BN = (1 — 2 5t DG JiE 06 1T B/ ofe it W T ARL) % 100%

2.2.2 LMW pH AR ERE

1 F MCX A 5 AT PH B - 3 46 F1 5 AH I B 1 e
B, 80N H ARG W8S 7 4k 2 0F H M 5 B
Bt ZENE B pH E &M T, BAR L& W B A AN
BFIEAS . AT BRI pH (ER 3.5.7 F19, 435
EAT AR BISOR 56 . S5 SR an & 2 FroR, pH (E 1 B A
Xt H AL A P DR I AR A R R TR
JURR pH B 500 T, B ARG W 3 68 1 55+ )
B AR FH 4 e 0 % B #E MCX A - o AR 9 AR K ) pH
HK 6.5 ~8.5, UL T I8 1A & pH A, B 4
X i S Y

I —

HTE
100

304 HARE

£ 604 E HhVE#E
ﬁé- S & SR
e fE s
B 401 B b
-~ IE B

K2 BEffea PR e LR pH EAMF T RIR (n =6)
Figure 2 Recoveries of the target compounds in loading

solution with different pH
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10) 73 58 7€ A6t BR (LOD ) 5 7 & fR (LOQ) o 5k
AL PEE [l LOD 5 LOQ =k 3 fiox, 45 R £ W,
5 HARL AW E IR EEB NG LR R
W MSE R B () 3 > 0,999, b7 P A AL A 5 Y
LOQ ¥4 0.050 ng/L,LOD ¥4 0.025 ng/L; f§ 7§
P B VG PR ANEE VY EE Y LOQ 475 0.500 ng/L,
LOD ¥4 0.250 ng/L,

2.4 J5 vk Wl R %

TEHLZS 1RO KRR B 0T, I A L 3
AN TR MR BE K P B TR G AR E T W, LA B 5 Y
AIEEVE HRE M, B KR 6 AT, R AR
Bt B B AR B I SRR A X AR U e 25
(RSD) , [] i} 3 4 o Wk B 22 64T 5 d 19 o [l ik
B, B i HRDRE % R . A5 RNk 4 R,
I IR g 78. 2% ~108. 0% , H Pk 55 B Ky
4.4% ~12.4% ,H ARG 3R 3. 1% ~10.7% , 3
BZ B B E M SR e v, ol 5
(AN S T
2.5 SEBRAEE SR

I FH BT 8 ST 10 5 3 % 96 4 IR K RE G E AT 2
ST RS R W AR 5. 7E 51 AR S R H b v
PELHE 9 <LOQ ~29.92 ng/L A Z IR AEACHE ff ok
513 Oy FE At B VD PO R W < LOQ ~
93.93 ng/L XUAE KWK FARAE K oA £ b b
BWAEA LR R B R . PR L G R A
e VB ¥ 1 T FICK 251 4R 3 1 IR o b 2 K i b 7 32
( <LOQ ~2.8 ng/L) FIERVHPEPE( <LOQ ~61 ng/L) )

W JE AKSF-, ELAG AR (TG PO 18% , B Vb 7E
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Table 3 Linearity, limits of detection and limits of quantification of the method
Atrfe &9 LOD/(ng/L) LOQ/ (ng/L) LA/ (ng/L) iV MK RE P
Tl 7 0.250 0. 500 0.50 ~100. 00 y =12273x +652. 46 0.999 9
b G 0. 025 0. 050 0. 05 ~100. 00 y =67899x + 30832 0.999 2
BTG R 0.250 0. 500 0. 50 ~ 100. 00 y=13284x +2861. 5 0.999 9
AEE 0. 025 0. 050 0. 05 ~100. 00 y =184684x + 37202 0.999 2
RS 0.250 0.500 0. 50 ~100. 00 y =17122x +5056. 8 0.999 5
Fhe NN R % T
#*4 LJ\FH;M‘iui‘T?H%UEﬁD%E’J@W?W Jy 85% ) We A5 R A L X AT B 5 AR A M X 25 W) i 1
ARG (=00 WL B 2 SEREAT 0 T 3 I A o L R
Table 4 Recoveries and relative standard deviations of - . B N o .
AR (RS2 B ACRE 17 FLBR A8 069 MRM. it 1, B
- ARV 2 W] i % H ks 2% H [k 2% i G oh B RORS KRR i, G rp i P 2 R B VD P PR Y
/(ng/L) /% HE/ % HE/ % We B 4y 5o 0.78 i1 93.93 ng/L, DL L &5 R
\ e i W1, 1 kKT BLAT R Yl A ERH 7 T 2F A fig
T VY 2 2.50 96. 8 5.5 7.2 - i o . . .
1. 00 78.2 11.3 7[3'%{?]]-;/1? BZDS’ lf)\ﬁﬁ7kqjﬂ/ﬂﬁ§‘§%%@§|ﬁﬂ:
0. 50 99.3 9.5 —RE,
BUYIRES 0.25 108.0 7.0 5.6
0. 10 100. 3 12. 4
5.00 84.0 8.5 3 A
YD 7 P 2.50 98.8 11.6 10.7 AR H] MCX [ AR 28 U o B Ak, B = %
(1)' Zg :Zz jj VRAR € 35 - FR IR R R ST T AR K i BZDs (1 G
ey 025 o5 5 . - W T7 ¥k o % J7 5T Ab BRART A M R4 A S
0.10 85. 6 4.9 RO T B, AT R IR FH K TP BZDs AR A I SR,
s e S 61T R U 04 T 7 2 R
SN T R 2.50 93.1 4.8 6.2
1. 00 82.3 11.2
F£S5 O RHHKFERAGIEER (n =96)
Table 5 Occurrence of target compounds in drinking water samples
KK K VYN
Hirfb &9 ot 2R YI{E /v 5K ot 3R Y{E /v 7 5 ot =R B/ v 5
/% /(ng/L) /% /(ng/L) /% /(ng/L)
il VG 7 ND — ND _ ND —
7 80.0(8/10) 0.76/0. 67 83.3(5/6) 0. 48/0. 40 ND -
YD P 20.0(2/10) 0. 41/0. 41 ND — ND —
AU ND — ND — ND —
ER GRS ND — ND _ ND o
K LS
HAR LA otk s/ 2 Rl % 1/ 1 K
/% /(ng/L) /% /(ng/L)
fil§ 74 7 ND - ND -
b Y 2 100.0(12/12) 3.77/0. 87 54.2(26/48) 1.81/0.76
LU ND — 22.9(11/48) 8.90/0. 41
KA ND — ND _
SURH TG P ND — ND _
TE:ND 7R R A — 38R L8
[2] OCHOA ]G, KILGO W A. The role of benzodiazepines in the
%%E ik treatment of epilepsy [ J ]. Current Treatment Options in
[1] FERNANDEZ P, GONZALEZ C, PENA M T, et al. A rapid Neurology, 2016, 18(4): 1-11.
ultrasound-assisted  dispersive  liquid-liquid  microextraction [3] YANL J, ZHANG F, MIN W U, et al. Determination of
followed by ultra-performance liquid chromatography for the benzodiazepines in animal feeds by UPLC-ESI MS/MS []].
simultaneous determination of seven benzodiazepines in human Journal of Instrumental Analysis, 2011, 30(11) . 1301-1305.
plasma samples[ J]. Analytica Chimica Acta, 2013, 767 (5) : [4] B ERE, RKRA4E. HPLC o U 2 Rk o 3t v 3 09 &

88-96.
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