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Abstract: In this study an analytical method was developed for simultaneous determination of five illicit drugs i. e. amphetamine
( AMP) methamphetamine ( METH) ketamine ( KET) ephedrine ( EPH) and hydroxylimine ( HA) in water samples. The water was
extracted by solid-phase extraction ( SPE) and the extracts were analyzed by liquid chromatography with tandem mass spectrometry ( LC—
MS/MS) . The method was evaluated by testing the following variables: different types of extraction cartridges ( Oasis HLB  Oasis MCX

Oasis Wax and Oasis PRIME HLB) extraction solvents solvent volumes solvent pH values and different water matrices. The highest
recoveries (81.8% 91.1%) as well as the simplest protocol were obtained for Oasis MCX cartridges ( 60 mg 3 mL) using 4 mL of

5% ammonia solution in methane at about pH 7 as the eluting solution. The recoveries of the five illicit drugs in surface water were more

than 75.5% and the relative standard deviations ( RSDs) were
© 2016-03-03 + 2016-04-01 less than 10. 0% . The limits of detection were between 0. 30-0. 80

ng/L. and the limits of quantification were between 1.00-2.68

(19919 zhangyancraes@ 126. com.
" D (19829 ng/L. The method was successfully employed on surface water
zdhuapku@ gmail. com; @ (19789 samples collected from urban rivers in Beijing China and

resulted in the detection of all five drugs with concentrations

xujian@ craes. org. cn ranging from 1. 00 to 99. 51 ng/L. EPH ( average value was 22. 79
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ng/L) was detected in all sampling sites and the concentrations were high. Although the concentrations of AMP were relatively low

presented high frequencies ( 97.06%) .

The concentrations of METH were high

it
and reached up to 99.51 ng/L in Ba River. The

established method is simple and robust and capable of analysis of the emerging illicit drugs in the water environment. Risk assessment

showed that the five illicit drugs are not likely to exert biological effects on aquatic ecosystems at current levels in the surface water of

Beijing. However the potential adverse effects of illicit drugs on the ecosystem functioning and human health should not be neglected.
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1
Table 1 Structure of target compound and some of their physicochemical properties
/
( g/mo]) pKa IOg K()W CAS
METH CioH ;5N 149. 23 9.9 2.07 537462
AMP CoH 3N 135.21 10. 1 1.81 300-629
KET Cy3H,,CINO 237.72 7.5 2.189 6740884
EPH CioHsNO 165. 24 10.3 0. 68 299423
HA €3 Hpp CLNO 274.19 NA NA 90717-64
: NA . a) http: //www. chemspider. com/Default. aspx.

(200 mg 6 mL) Waters ( Milford MA :0~0.10 min 100% B;0. 11 ~4.90 min 30% A,
). ( GF/C™ filters 47 mm 4.91 ~6.00 min 50% A; 6.01 ~9.00 min 100% B.
1.2 wm) Whatman ( Meitesi ). 0. 4 mL/min. 30 C 1 L.

1.2 Triple Quad 6500

. Oasis MCX. Oasis HLB ( AB SCIEX USA) ( MRM)

Oasis WAX 5 mL 5 mL

Milli<Q Oasis PRIME HLB (ESI +) 5.5 kV

5 mL/min 550 C 9 Psi 35 Psi.
1 h . 2.
40 C
2
I ml, 0.22 pm Table 2 Analyte ions for LC-MS/MS monitoring and conditions
LC-MS/MS - . .
of collision voltage and declustering potential
pH
1 2
A (miy  (ME y o (m 2V v
20 ) )
. pH 3
METH 150. 1 119. 1 16.0 91.0 26.0 30.0
. 1042 21 5 AMP 136. 1 91.0 23.0 119.1 13.0 30.0
( N 5% N N 5% KET 238.2 125.1 40.0 207.1 20.0 30.0
5% ) EPH 166. 0 148.1 17.0 133.2 28.0 30.0
A HA 238.0 163. 1 32.0 125. 1 45.0 30.0
1.3 LC-MS/MS 1.4
WATERS ACQUITY UPLC 2015 9 7
BEH HILIC (2.1 mm x 100 mm 1.7 pm) 1 7
( Waters Milford MA ). A 10 mmol/L 70% GDP
2%o0 B 90% 80% N
+10 mmol/L 2%o 10% 2. 34
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(S1.82) . (W3 ~WI10) . 3 PRiME HLB 5
(Q11 ~Q18) . ( BX19 ~ BX21) . (B22 ~ 12.37% ~
B26) . (T27 ~T33) (X34). 65.49% PRiME HLB
1L Milli-Q WAX 5
4 C Oasis HLB Oasis PRiME
48 h HLB MCX . HA
21.37%~42.21% 4
WAX WAX
HLB  MCX Vazquez-Roig "' 7
SPE pH- N
HLB 6 mL
33%~108% . Gheorghe
. HLB
70% ~ 100% Baker %
MCX
3 mL. 7% NH,OH/
60% HLB
1 N—
Fig. 1 Location of the sampling sites in urban rivers in Beijing
2 MCX
2.1
4 3. (
3
Table 3 Recoveries of illicit drugs using different cartridges %o
pH
METH AMP KET EPH HA
HLB* 46.05 +5.31 33.55 2. 17 75.62 £6.38 53.81 £4.49 74.59 £6. 60
HLB" 17.48 +6.75 32.63 £2.49 53.10 £12. 58 36.48 £7.43 nd
MCX* nd nd 86.30 +6.77 nd 119. 08 +12. 88
7 mcx® 81.80 +1. 80 91.12 £2. 64 85.17 £0.91 88.47 +1.28 88.23 £3.16
PRIME HLB* 42.05 +4.58 32.94 £2.76 36.44 £5.95 36.13 £9.22 35.27 £6.27
PRiME HLB" 49.53 +1.76 37.88 £4. 65 27.04 £2.81 45.15 £5.04 26.52 £3.02
WAX? 84.37 £2.57 44.74 £4.20 83.29 +4. 80 66.13 £3. 18 83.33 £5.34
WAX" 76.93 £2.04 51.74 £2. 69 76.85 1. 63 58.84 +6.41 nd
HLB* 87.81 +4.95 50.33 £2.90 77.80 £2.12 28.60 £ 1. 86 75.97 £1.95
HLB" 76.71 £3.84 56.34 £13. 14 75.00 £4. 42 36.00 +14. 26 nd
MCX* nd nd 15.08 +1. 00 nd 11.00 £ 1. 06
3 mcx® 81.49 +3.12 90.81 +5. 16 86.79 +1.03 88.35 £2.41 85.76 £1.92
) PRIME HLB* 18.27 £1.45 12.37 £0.22 64.73 £4.31 nd 65.49 £2.39
PRiME HLB" 21.22 £2.43 13.73 £3. 15 61.26 £3.30 nd 54.16 £5.43
WAX* nd nd nd nd 21.37 £17.75
WAX" nd nd nd nd 42.21 +14.97
D a 8 mL b 8mL 5% . nd
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Fig. 2 Recoveries of illicit drugs in tap water Fig. 4 Effect of different matrix on the

using different eluents recoveries of illicit drugs
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. . 6 HA p( HA)
METH EPH 1.00 ~15. 85 ng/L . HA
12.20%  11.24%
) 3 (5.20 50  KET? .
pe/L) 5 ) 5 5 (Q11 ~Q15)  p( METH)
MCX 5 (75.51%~ 6 METH
95.13% ) p( METH) 9.25% ~53.65%. p( METH)
10. 00% ) 5 ( 46.59 +32.24) ng/L )

0.30 ~0. 80 ng/L
1.00 ~2. 68 ng/L.

5 MCX
Fig. 5 Recoveries of illicit drugs in different spiking

concentrations with MCX cartridges

2.4
2015 9
4. EPH p( EPH)
1.23 ~75. 13 ng/L B22
5
(6  plEPH)

11.82% ~80.42%
50% . Chiaia %

p( EPH) 6 900 ng/L. EPH
METH
. *  EPH
W9.Q13.Q18.T27.T28 X34
4

Table 4 Concentrations of illicit drugs in water samples from

the urban rivers in Beijing

p/( ng/L)
1%
METH 99.51 2.68 14. 63 8.57 85.29
AMP 11.23 1.54 3.15 2.77 97. 06
KET 16. 34 1.02 2.92 2.43 73.53
EPH 75.13 1.23 22.79 20. 10 100. 00
HA 15.85 1. 00 3.00 2.18 82.35

B23 99.51 ng/L; (13.78 =
12.94) ng/L) (8.66 +£8.05) ng/L).
o ( METH) 14. 63
ng/l. LI "
Wood Salt
(16. 60 ng/L) Olona  Lambro
(1.70 ~2. 10 ng/L) Llobregat-Ebro  Tagus
(0.40 ~3.22 ng/L)
o( AMP) 11.23 ng/L;
T28 33
. p( AMP) (2.93% ~42.89%)
(Q11 -~ Ql4)
(33.00% ~42.89%) . AMP
METH
p( AMP)  p( METH)
p( AMP) /p( METH) 0. 05 ~0. 10
METH AMP
(4% ~T%) '
AMP METH
p ( AMP) 3.06
ng/L Taff Llobregat Ebro
(3.38 ~20.00 ng/L)
(309 ng/L) ' .
KET 34
73.53% p(KET)  1.02 ~16. 34 ng/L
1.41% ~36.16% . KET
. KET
17
o( KET) . Khan
19 . .
KET
( ) p( KET)
500. 0 ng/L 5
p(KET)  1.80 ~15.20 ng/L
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Fig. 6 Composition distribution of illicit drugs in 34 sampling sites in Beijing
5 .
Llobregat p( KET) = Table 5 Predicted no effect concentrations ( PNECs)
p( KET) 341.0 ng/L > ; for fish daphnid and green algae
Marsden p( KET) ECsy/(mg/l)  pNEC/
51.0 ng/L > . (mg/L) e
p( KET) 25 28 30-32 METH 20.51 2.51 1.97 1.97x10~* 0.00 ~0.05
AMP 28.80 2.22 3.80 2.22x107* 0.00~0.01 34
KET 834 1.13 0.72 7.20x10™* 0.00 ~0.02
2.5 EPH 56.00 3.62 3.91 3.62x107° 0.00~0.02 35
RQ( risk quotients ) 3
Hernando % a) SPE-LC-MS/MS
0.01<RQ <0.10 0.10<RQ <1.00 Oasis
RQ=1.00 . RQ ; MCX 5% (VIV)
RQ, = MEC,/PNEC, (1) 5
PNEC, = EC,,,/AF, (2) 81.8% ~91.1%. 0.30 ~0. 80
: RO, i » MEC, ng/L 1.00 ~2. 68 ng/L.
i mg/L; PNEC, i b) 5
mg/L; EC,, i 1.00 ~99. 51 ng/L
mg/L; AF, EPH 100% METH  KET
5 HA  EC,, 85.29%  73.53%.
4 EC,, c)
ECOSAR 5 . (RQ <0.10)
N N 3
( assessment ( References) :
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