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Optimization and Validation of the Analytical Method to Detect Common Illicit

Drugs in Wastewater

GAO Ting-ting' , DU Peng', XU Ze-qiong', YANG Jun®, ZHANG Hua-fang’, LI Xi-qing'"

(1. Laboratory of Earth Surface Processes, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China;
2. Beijing Urban Drainage Monitoring Center Co. , Ltd. , Beijing 100012, China)

Abstract: Illicit drugs have been recognized as a group of emerging pollutants. Based on previous research, procedures to pre-treat
wastewater including SPE column, pH of water samples, and processes of washing, acidifying and re-dissolving were compared. It was
found that the best recovery was achieved when wastewater was adjusted to pH =2 and Oasis MCX column was used. It was not
necessary to flush the loaded column or to acidify the eluate prior to evaporation using nitrogen steam. After evaporation, it is
recommended to redissolve the evaporated samples using 200 wL acetonitrile and 100 wL acetonitrile + 100 wL 5 mmol+L ™" ammonium
acetate in Milli-Q water for HILIC-UPLC-MS/MS and C18-UPLC-MS/MS, respectively. After comparing retention times, limit of
detection, limit of quantification, recoveries, and matrix effects of HILIC and C18 methods, C18-UPLC-MS/MS was chosen. Influent
and effluent samples from 12 wastewater treatment plants in Beijing were analyzed using the optimized method for validation. The
validated methods set a firm foundation to apply the sewage-based epidemiology to monitor illicit drug abuse in China.
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2B BR R KT IR B i X B AR 2 W 1
HAZRW ., Seat, a5 00 KR A
HAE T i R AR I ) 6-H L BERD R (6-AM) |
AR E AR YR W BEE 5 T (BE) | SEVD A
) FEACHY) 20 2 -1, 5- I 33 3o 2R Ak,
MJE (EDDP) | M Il ) = BEAR 38 7= 2 FE S e
(NK) A B AR AR 2R T e (AM) | HY JE 2R 9 i
(METH) | $£35 L (MDMA) | S IHR (KET) %4k 5
WL B ARG V5 K AT 2 T L B RGE
GBS 25 SO AE PR BT Il R LN s R T
R FBE KOS AFAE 200 IR Ik, 9T 9 s [ A 5 1) i Ak
PR3 A RO | R I A BT T e
b A L

EA BFFTH, X PREE K B B4 i A B 3k SR
AHAEBUAE AR (solid phase extraction, SPE) S Pk
Fg Al e I B B . (HAS[R] 2 2 1 1)
SPE AANHIAL IR | Z50F L) M SPE FERYZEEL (4N Oasis
HLB . Oasis MCX, Oasis MAX ) &5 R A ]2 -7
X UL AR 25 04 53 T 5, R 22 800 2 1 FHVROH
- BT HOR (LC-MS/MS) |, I8 1t 5% bR
2 PR AT 2% 1 5 8 B M 2 0 H .
FRIKAE R 3 - AR 5 B s R (8 HILIC fo %4
HILIC-LC-MS/MS) 722"V 1 I 1 45 A €00 13- £ B
FRigH A (FH C18 i H:, C18-LC-MS/MS) %1%
AR A RA.

AN A B A3 BT 25 1 T S AR 25 1) A sk
FCanmEe | kB AR 2R, it mEm AR
A IR ARS8 AN SPE #E A9 2SS (# H Oasis HLB
il Oasis MCX) | FEdh pH (EHATMPUE, BR1L, E#H T
FREAETT D AL B AR EAT T k. ARBF X
o RO AH €2 33% - R B B3 ( UPLC-MS/MS) 1) 9 Fifr 73
M7 HILIC/ C18-UPLC-MS/MS (5 | {03 4514
HEAT TR, T FH L BRSO, . [DISCR | o 3 FoRG
CE AN ol el R e NS e R S I = Ao
HILIC %40 C18 35 34T T VR, B2 T Fef iy SPE
A B 2% 4 FIE T 5 O 3 25 25 9 40 A 4G B9
UPLC-MS/MS J7¥%. a3 Ardt st i v K A i U
TBES YY) KAL) TR T T AIE , LAY AR R
ST S A 2 I T K A T 2 5 PPN i A
251 BRI XU B4 LS 10 At

1 #MREHZE

1.1 #H
T ARG AR ERE S AGRAC A bR i A T B

ZE Y Cerilliant 23 7] ( Round Rock, TX, USA). H:
b R AL AR S E (MOR,, 100 pg-mL™") | AR
H(COC, 100 pg-mL™") | KHBEZ T (BE, 100
pg-mL™") | WA (COD, 100 pg-mL™") . 6-Z Mt
MHE (6-AM, 100 pg-mL™") . FE VI (MTD, 100
pg-mL™")  2-WW L FE-1, 5-H R33N
%% ( EDDP, 100 pg-mL™") ., 2K N % (AM, 10
pgemL ™) . HIIEHE N HE (METH, 100 pg-mL™") .
&k HL(MDMA, 75 pg-mL~") K AT # (MDA,
100 wg-mL™") . Z&HEHT (KET, 100 pg-mL "), 2%
& i B ( NK, 100 pg-mL™"); FiAC 4 A5 0 45
MOR-D6, COC-D3, BE-D3, COD-D6, 6-AM-D6 .
MTD-D9 . EDDP-D3 ., AM-D8, METH-D8, MDMA-
D5, MDA-D5, KET-D4., NK-D4 ( # & 10
pg-mL™").

FEEH ECkE, 20K, FhER (B kol ,
(PRt ) s, Wik, Wieg . 25 (3B3h
WA TR .

FEALLS  FAHAETCR B (12 7 B AR U
CNW Bl /A 7)) , SPE £ ( Oasis MCX F1 Oasis HLB,
Y1060 mg 3 mL, W H Waters) , Z AL, WeiR Ik 7
ASC, B HIL, A P AN, VA € 3 T 10 FH S (£ 3 A
Waters ACQUITY UPLC, Jit 1% {1 AB Sciex Triple
Quad 6500).

L2 E Ik
1.2.1 ik & n ik

R A7 0 4 10 1 I, 2 436 L WS 55 5 1 VR I B 1
B ESI( + ). Bl 4 B R AR AR & 0 10 43 F
B E AR L msz YE ), TR ARI RE
I, A 5 L T ( declustering potential, DP) s
E31 RN e D /A 1 R = B = 1111 B v = 1< DLV
() BE B AT T 0, F o 8 AR Ak B 1 AR =
(collision energy, CE) ,fi B} 145 5 by ] 3% o 2
WERRBERY 1/4 ~ 1/3 45 B e A2 e fy 14 25 -, H:
HRAREASREIN AL A 0 d5e R 3 B 9 S 1 R o
T, 5 — B FRHE e T
1.2.2 i

ARSI XF HILIC ¥ C18 B A9 shAH . PeMi
ST TR, G H B liGe )1 . Mtk SE
R, Lk £ CIEE M AL AR, DR T
T4 1 T FL S 6 A LA R KRR HR oA — i Tk
() PR B PR TR B DA oS DA Y. Ry 47 e 3 A R
P 155 43 B B8 T R R A5 S S0 50 SR R B B O
15 =X
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1.3 HibIR T
1.3.1 Oasis MCX [EAHFEHRL

OFE L IE .50 mL 5 K FE o 35 38 2T 4 8 5
@MCX AL ARKINA 6 mL H . 4 mlL i 4ik
M4 mL pH =2 FBAIK, HH 1 ~2 mL-min~'; @
BRI sk BB /KRR TR as N 13 Fidi 2R 24 i i TR
B ER, FE 3 ~5 min FBAMRS) @EE SNz .
HOTWINEA NARRES  E 1 ~2 mLomin™'; &
THE B2 RS 15 ~ 40 min B % SPE ¥ T
B, @UEMG MK 4 mL PP EERT 4 mL 2K/ H A
W (57100, Frat ) Y148 1 MCX AT, i 1 ~2
mL-min " ; OFFHRSE B A ARV,
BRT; @B A e W 4i W%k HILIC-UPLC-
MS/MS 52 , 75 H 200 pL ZIEEIE ARG A Y ; 45
B U 45 W% ] C18-UPLC-MS/MS Il % , 75 Ji 100
pL 2 +100 wL 5 mmol - L™" 2 2B 52 5 R ik B2
Y OB VEWGTIE 0. 22 pL B O e i 2 v s
FORE S JETCHE A UPLC-MS/MS & FHRE S, 4°C
TRAE, LA EALINE .
1.3.2  Oasis HLB [HAHZEHL

55 Oasis MCX [EIFHZE B A B A AR A, AR Z
SAAETQHLB #ETE AL ARKNA 6 mL FEE . 6 mL
4K Fi#E 1 ~2 mLemin ™' ; @PEM .8 mL I EEUE
A HLB A i 1 ~2 mL-min ™',
1.4 JriEiHh

% M ICH

Harmonization  of

( International Conference on

Technical ~ Requirements  for
Registration of Pharmaceuticals for Human Use) 574,
TEH IR | HEFRRONE | A BE (— B IRl 3R 3k
R) KR (HNATH EPRE%E R ) | R i PR, E &
BIR AR 4 A R B S A0 D 1 2547 VAR
L4.1 IR

A3 HIEC 20 . 100 F1200 L 4 100 ng-mL ™~ VEAR
TEA 50 mL pH =2 @2k i SRR S e i e
AR 24 W ik B2 B A 15 HAE SR 5 /K P ARG HE
JE. HAE MCX [ AR AR IO 5 25155 DU )k 2, 75 21
13 BRI P LEA [ B2 B0 2 T g [l g 3.
1.4.2 JEFE0N

eI 50T 5 KA B KA R Al
I A K BE, 43 ST 20, 100 #1200 wL A9 100
ng-mL~RFREA 50 mL KEE PSR bR KRR, A
TR B BEAT S 23 KRR, 220 MCX [ AH 25 BORI
UPLC-MS/MS Z3#ril R , HaH 45 15 I 400 1 AN ] ok 2
B AR 7K RE 55 23 KRR ARSI e J8E 22 2 FHCAE

AFNE R B AR i v ()G 0 o B T B X (5
(R0 B R A5
1.4.3 i PRAE HRRE

$i B8 ICH ARLE A AAE H BR (TLOD ) i R
(TLOQ) 43I LA 3 {545 M kb (3S/N) Fil 10 £5 15 48 kb
(10S/N)#fi5E. 0.01,0.05, 0.1 F10.5 ng-mL ™" %5
R FEIR AR AL E , S/N Ky 3 X6 107 4 e B hg 41X
R B, S/N S 10 B X 07 1) ¥ B S SR PR
IriERE R (MLOD ) A5 2 BR (MLOQ) 3 2 DL T 24
KA,

MLOD 5 MLOQ = ILOD 1 ILOQ x 200 pL

50 mL.
1,200 wL by B AL 46 W A TR, 50 mL A SPE
AL BRI ELYS AR R AR AR
1.4.4  ZMAIEH

ST O HRIE 1 SR 5 KRR A A AR 2 2 9
(R B K 1] C G RO AR TR 9 R A s o
R R PR (50 L) A SRR P9 AR TR A VT (100
ng-ml ") FFEIREVLE R 0. 01 ~200 ng-mL ™" 1Y
ZIVRA TR
1.4.5 R5#E

ESNA 10 ng IRFREY pH =2 #2liK 2535 By kb 33
J& ,— H NPT HERE 3 U, RO 5 B 1Y H A R
ESNA 10 ng IBFFH pH =2 H4liKiESE 3 N TAEH
PEATRE S RTAR BRI AL , PR 5 1 19 B (RS 25
JE. H NN DR 9% B2 34 HAR DO A v I 22 (RSD) 38
7N, 15% 14 RSD FUASKE 1 B2 4 Ry 0 vk w42 52 i A
FBR.

2 HR5ITE

2.1 ARk 5
2.1.1 HILIC-UPLC-MS/MS 1Ak 5 i {18 45 4

{6 1% #£ 5 Waters ACQUITY UPLC BEH-HILIC
EFEAE (2.1 mm x 100 mm, 1.7 pm). HEALFE S
i, ZEA HUAH AN AR i A — 2 v B R R f |, i fe
WA HE RIS, P A R i i 0 78 45 38 Y b i
e MRS B S A 25 1A 10 mmol - L1 R 4%
0.2% HRRIKVEW (A #) . 90% 2N + 10 mmol - L.~
HTREE 0. 2% R /KIF W (B AH) . DEMLEREE LR 1,
LV, Y G R s T B it = i = 1
MRBEE. PACSEFRE S 0.4 mLemin ™', AN
40°C , HHEEH 1 pl.
2.1.2 CI8-UPLC-MS/MS fiAkJe iy {3 461

4, 1% % & Waters ACQUITY UPLC CSH-C18 {5,
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%1 HILIC-UPLC-MS/MS 37 Zh48 5% Bt 46 B

Table 1  Elution gradient of mobile phase in HILIC-UPLC-MS/MS
5} [E]/ min A8/ % B #1/%
0.0 0 100
4.9 30 70
5.0 50 50
6.0 50 50
6.1 0 100
9.0 0 100

PEAE(2. 1 mm x 100 mm, 1.7 pm). FEOLALTRBIAART,
) A HLAR IR AR oA e B 1 FH R, BV AT 75 38 34
RRERY AL s 2510 0. 19% F KW (A
) . CE +0. 1% R (B A1) , Peliph L2 2, ik
F70.4 mLemin ™" AEIEA 40°C  FEEEEN 1 pl.
2.2 fRALSE I BRE S
HILIC/C18-UPLC-MS/MS A6 5 1 241 5%
HLE %5 251U (EST) |, 38 3k 22 S W W 453 X ( MRM))
XEETA RE BT AN, BT AR ESI( + ), B
FIURH K (IS): 5500 V, B F I i & (TEM) :
550°C , <A L (CUR) JE J1:35psi, T 1R (GS1) F0I
B (GS2) FE S35 8 50psi, #li 8 it < (CAD) .

9psi, ZFEHLE (DP) ;30 V, HILIC ¥ F1 C18 B9
W4 B AR L AR B 25 R o . T oy o
b (m/z) B AR B IHE] (RT) | Bl fE B R (CE) 25340
L3 3.
%2 C18-UPLC-MS/MS i shi8 5% B #h B
Table 2 Elution gradient of mobile phase in C18-UPLC-MS/MS

5[]/ min A /% B /%
0.0 95 5
5.0 5 95
6.5 5 95
7.0 95 5

10.0 95 5

FH 2 3 S RF DN A ) O3 B IRF ] RT W40, HILIC
PASEI A METH 5 AM {3 8 B[] 24 1. 68 min,
MDMA 5 MDA {4 8 B} [E] 444 1. 65 min, MTD A9 {#
BAINHE] 1. 41 min 5 EDDP A4 B ] 1. 43 min AH
i, C18 Y2453 Y it A 1 I 49y 1) £ B IF (] A 2 4
K. K1 HILIC 31 C18 B i KA T 13 Fpit
RIS A DL, DN B[R] R | C18 1 e BT 4
Hb o3 BSR4

%3 54 HILIC/C18-UPLC-MS/MS KBk &8
Table 3 Mass spectrometric parameters of HILIC/C18-UPLC-MS/MS

BEF FEET ENsT RT

HET ERET  ENEET RT

i H . i H .
m/z m/z CE/V m/z CE/V /min m/z m/z CE/V m/z CE/V  /min
METH Hélféc 150.1 91.0 26 119.1 16 1 32 MDMA-D5 HéhI;C 199.1 165.0 19 — — i g?)
METH-DS8 Hé?éC 158.1 93.2 27 — — i gi COD H(%;C 300.1 165.0 60 153.0 60 ? g
AM Hélféc 136.1 91.0 23 119.1 13 1 ?3 COD-D6 HéhI;C 306.2 165.2 58 — — ? 3
AM-D8 Hé?éC 144.1 97.1 23 — — i ?3 MTD H(%;C 310.0 265.2 22 105.2 37 ; ‘5‘;
KET Hélféc 238.2 125.1 40 207.1 20 1‘212 MTD-D9 HéhI;C 319.3 268.2 22 — — ; ;‘;
KET-D4 Hélféc 242.1 129.1 38 — — iig BE Hé];éc 290.1 168.1 27 105.1 41 T (7)3
MOR H(I:I;;C 286.1 181.1 48 201.1 37 (2) Zi BE-D3 Hélféc 293.2 171.2 29 — — ? (7)3
MOR-D6 Hélféc 292.1 181.1 51 — — 3 éi NK Hé];éc 224.1 125.0 35 125.0 23 (1) ?é
6-AM H(I:I;;C 328.1 211.1 37 165.0 52 1 2(7) NK-D4 Hélféc 228.1 129.1 35 — — (1) ?é
6-AM-D6 Hélféc 334.2 211.2 38 — — i §(7) EDDP Hé];éc 278.1 234.1 42 249.2 34 ; ;‘g
CoC H(I:I;;C 304.0 182.1 28 150.1 34 132 EDDP-D3 Hé];;(J 281.2 234.2 44 — — ; ;‘2
COC-D3 Hélféc 307.1 185.1 28 — — 132 MDA HéhI;C 180.0 163.1 14 — — i gg
MDMA Hé?éC 194.0 163.1 18 105.0 34 i gg MDA-D5 H(%;C 185.1 168.0 19 — — i g;
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MTD
() HILIC{:
EDDP
1 coc
BE
KET METH
- u MDMA
B . l JJ , MDA JAMAM  6.am COD  MOR
0.7 0.9 1 1.3 1.5 1.7 1.9 2.1 2.3 25
MTD
(b) C18{%
EDDP
BE
KET COC
METH MDMA
NK
MDAM |
AM
MoR  cooXfI\ || . 1
0 05 1.0 6-AM - 5 2.0 25 3.0
i ) /min

BE1 13 #2244 HILIC-UPLC-MS/MS #1 C18-UPLC-MS/MS & i
Fig. 1 HILIC-and C18-UPLC-MS/MS chromatograms of 13 illicit drugs

2.3 {ALSS 1 SPE HiAb3R A AF

2.3.1 SPE H:AES pH EXTRRII E1ICR 5 50

AR S0 FH PR B /K RE SPE FiT AL 3N 148 R )
1Z 1 Oasis HLB ¥ F1 Oasis MCX #1:, #fF 5% SPE #1: %}
FEEER 25 SR RS2 . X HLB A1 5, 43 5]
B pHAER2, 7, 11 BBai KIS H: # R 1.3.2 17
o HLB [EAHASHOT WA e TRTAL B, LU BCHE & pH {E
XA 258y [BDSCR B T4 MCX R 5, 2
pH H N 2 By 4l K a4, # 1E 1.3, 1 45 Oasis
MCX [ AH % B 2047 i A 242

H 2 4 v, H HILIC A1 C18 L4551/ 13 Fp
FEMPIAEANTR] SPE AEFIRE S pH (B 25048 T /9 [l
FAAHF Y EA — a2 E. HLB FEFEFE
pHE M2, 7, 11 B4 250 METH, AM, MOR .
COC, COD, MTD, EDDP %54y Jit iy Al e %, H.
METH, AM. MOR 7E#E 5 pH =2 LA & EDDP 18
i pH M 2 7, 11 B ECR BN TE 80% ~ 120%
ZIa]. Al Oasis HLB FERTALFRAS 2 1) K 28015
M ECR 3Z K FE pH ERE K, BN B 2L 24
VIt EL O B R pH EARTH, L AE & H Oasis
HLB # i 4b 3K R LA T Z2 80 WLk 2R 25 1) e H:

IR A0 . MR, F Oasis MCX A3 11 Ab 2
pH =2 FEA TS 13 FRAFINA DGR 7E 80% ~
120% Z 6] , HCKF Oasis MCX ARAE N G 225256 K A e
SRR TE KRE AT AL B A BRAR SPE A, 2k 258 H
Oasis HLB Fil Oasis MCX #1417 SPE Hij &b ¥ fir 15 1]
WCRAN R R, R BE 2 P Al SPE A % W 6 751 ( 35
B A RIS, Hirp Oasis HLB A3 2y 57 7K -5 JiE W% i
F B T AT B XA ) B DR B 5 Oasis MCX
HEA TR G RLR B B A4 | 7K AT PR R A 1) W BT
X BRPE Ak ) B A A (R A R A R AR T
BB AL 25 4 ¥ B & N BB 3L A, 3 E A
Oasis MCX #E#E17 SPE Hij4b#.
2.3.2  FESHRAR SRR AR AR A [T 5

FRAE 1. 3.1 5t Oasis MCX & A 28 By 85, 7
VR A G R v, SRR 1 mL 2245 43
SIAIA 0, 200, 400, 600 wL Ehis/ HEEH T (5795,
ARG I R A e R %o 72 T 42 ] AR i 2

H 3R 5 AIRIFR AL 254 800 47 i ml i 2] 1
R T e A A 2 A TR A B R TR B X 13 AR
Pty ISR SE I AN K 150 W] R ik AR R £ (R 1 T )
) 2 T b 2 552 i G [ 3 PR bt S 6 T R R i
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* 4 7A[E SPE #HFK# pH ERE THFNY EKZREER/ %

Table 4 Comparison of recoverieswith different SPE columns and pH values of water samples/%

HLB MCX
T H
pH=2 pH=7 pH=11 pH=2

METH HILIC 58.57 £7.52 76.30 £3.15 71.97 £2.02 87.07 £0.46
C18 64.10 £7.76 81.17 £6.45 81.33 £2.41 90.30 £2.72

AM HILIC 30.80 +4.01 87.77 £4.56 93.90 +2.31 93.80 +1.21
C18 32.40 £3.99 88.40 £5.46 94.93 +1.91 91.30 £0.85

KET HILIC 117.63 +£5.46 110.93 +0.45 104.17 £3.17 105.43 +5.69
C18 117.77 £12.42 111.63 £2.15 101.13 £1.34 101.33 +0.35

MOR HILIC 47.67 £5.84 115.33 +£2.80 201.15 +4.03 114.43 £3.02
C18 47.60 +£7.20 106.37 +5.95 217.03 +28.75 122.43 +4.88

6-AM HILIC 117.03 £3.95 104.20 +£2.52 114.57 +3.31 94.60 £3.61
C18 125.63 +7.61 102.60 +6.20 115.27 £3.59 96.20 £3.41

coc HILIC 99.00 +13.53 118.23 +£3.89 84.77 £3.12 87.63 £3.62
C18 109.27 +12.39 134.00 +10.23 95.07 £2.27 98.77 £3.07

MDMA HILIC 124.15 +2.05 107.97 £1.85 104.63 +2.78 113.93 +3.09
C18 125.00 +1.84 111.47 £1.63 108.80 +5.41 116.37 +3.35

CoD HILIC 106.43 £9. 14 105.27 £6.78 83.40 £1.55 91.83 +2.83
C18 104.73 £10.43 107.10 £3.72 83.27 +4.04 89.87 £2.18

MTD HILIC 109.35 +9.97 113.10 +4.41 87.40 +5.88 108.57 +5.02
C18 100.07 £12.97 99.70 £5.57 74.73 £6.05 84.73 £3.26

BE HILIC 93.73 £11.47 87.57 £1.60 87.97 £3.35 84.53 +£3.65
C18 93.31 +11.41 81.58 £1.54 86.31 £2.69 86.08 £5.96

NK HILIC 104.97 +10.48 93.60 £1.01 95.17 £0.35 94.60 £0. 82
C18 92.77 £9.51 88.37 £0.72 89.23 +£0.93 85.43 £1.70

EDDP HILIC 124.20 +24.61 276.00 £12.73 173.33 +8.95 109.97 +7.53
C18 115.05 +£23.41 264.00 £11.31 166.20 +16.69 101.37 £5.12

MDA HILIC 93.33 £9.60 84.40 £1.05 85.33 +2.05 87.93 +1.33
C18 99.17 £12.13 92.13 £0.21 93.63 £4.01 92.23 +1.82

WeaR I BRI TR L AL 2.
2.3.3 PRSI P RSO 5

FRAE 1. 3.1 5t Oasis MCX [#] A28 By 85, 7
FEsNE 25, /3 5l & 3 mL H4iK, 3 mL IE
CErBE Oasis MCX FEFITC vk 3 2% RS 4%, #F
FE AL TR ARE I 245 ) [T 1) 5

3R 6 AS[R]rh e 25 40 T 10 42 1y ml i ] 1
BTG e AR e MCX A A5 M3 EI coc i
RSN, A phide MCX R KOS ] g5 B4 b e
HE 12 FhEFI Y [R5, R, A
HIAL BT FEICTT AT MCX A () bk,
2.3.4  SVEVE AL RO X A I ) RIS ) B

FRAE 1. 3.1 5t Oasis MCX Al A 28 By 85, 78
B E 3 XIS D200 wL SHEEH
RIKFEEYI 1 miny; @JEH 100 wL IR % 30 s,
JIA 100 WL 5 mmol - L ™" ZL R4 #8 4 7K 5 W 1 30

s; BM00pL ZHEE A KFE A Y 1 min.

FH e 6 AN[F) &0 25 A R A 1y [l 3 ml
AN 2 18 0B 0 500 52 % RUIR 8% BR W, Ik A
HILIC 31 C18 AR B I 4y [l i 3R e A k3 22
B, AH C18 i E B, F 200 wL 1400 pl Z
NS %A 3R KET, MOR | NK (435 [ 254 P> 5
I 43 S7E 1. 35 min A1 1. 48 min At . 0. 63 min
0. 66 min 4, 1.27 min 1 1. 43 min Ab, X & FHLAY
VAR AT AILAR ) B8] A v 7T 309 790 2550 T 3 i
FHA AL A HE 1 32 4K 9 100 pL Z % + 100 wlL
5 mmol- L™ ZR ¥ 2 A3 81 KET, MOR, NK {4
TG4 —ANE 43 5I7E 1. 48 . 0. 63, 1. 43 min 4b.
PRI, 508 F HILIC 700 7 5 UL 35 2 245 49 B LAl
Yy, FIE ] 200wl S35 27 I C18 1L a2
VLA 259 RO ), #3100 L M + 100
plL 5 mmol - L~ Z R4k %
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R5 TREBRUFETHEFNYE R ERLS %

Table 5 Comparison of recoveries under different acidifying conditions/%

HCL/CH, OH (5/95) RIFRAL/ L.

i H
0 200 400 600
HILIC 85.10 23.93 89.50 £3.70 82.20 2 1.74 84.30 = 1.60
METH 18 101.37 £9. 00 93.57 +3.26 87.37 +1.81 90.20 0. 95
HILIC 96.23 +3.44 101.07 £0. 55 96.83 +1.29 99.57 +1.17
AM c18 102.53 £3.91 90.27 +4.10 86.73 +1.36 89.63 £1.37
HILIC 137.70 £ 11.06 110.00 +9. 48 112.90 £7.35 119.80 £5.51
KET 18 108.97 +6. 65 105.13 +5.78 98.80 +1.85 99.43 +4. 14
HILIC 104.70 +4.08 112.10 £3. 11 109. 10 +0. 00 118.85 +1.34
MOR 18 106.77 4. 84 109. 10 0. 00 113.90 £0.00 114.00 +3.39
HILIC 102.43 £5.25 97.57 +4.58 104.13 £5. 52 96.80 +1.70
6-AM 18 101.50 +5. 34 97.30 +0. 00 88.60 +0. 00 96.70 +2.97
HILIC 88.50 +4.22 88.23 +6.92 80.90 +4. 69 83.83 +4.12
coc ci8 99.50 +4.56 98.03 +7.17 91.07 +3.93 94.87 +5.74
— HILIC 117.40 £6. 30 116.50 +3.28 112.10 2. 18 116.70 £2.21
18 122.40 2. 83 118.03 +3.52 113.53 +3.46 115.23 £0.70
HILIC 95.90 6. 18 95.60 +1.85 91.63 +1.70 94.27 +2.68
cop 18 98.10 +6.24 92.57 +6.53 84.70 +3.76 87.87 +3.84
D HILIC 112.10 £6.70 115.40 = 14.22 100.97 +3. 65 109.70 7.01
18 87.20 £5.56 88.40 +8. 87 77.77 £3.74 84.17 +4.11
] HILIC 76.43 +5.01 85.00 +0.98 84.00 +5.91 82.73 +3.57
BE 18 95.01 +4.47 91.34 +5.65 88.24 +8.94 84.61 £2.75
« HILIC 104.57 +6. 50 98.97 +3.48 93.83 +1.62 96.57 +1.59
N 18 94.53 +5.06 88.13 +4.27 84.03 +1.85 86.23 +1.80
DD HILIC 109.03 £6.72 103.50 +6.08 91.30 +3.08 104.03 £7.42
18 99.40 +5.46 89.43 +10.95 84.60 £22. 19 92.30 £0.28
DA HILIC 95.37 +4.63 89.77 +3.91 83.83 +1.25 86.03 +2.58
18 101.77 +4.50 95.93 +4.84 91.03 +1.14 91.97 +0.81
R6 AREHMEBLZGTHEFNYEIKMELLER %
Table 6 Comparison of recoveries under different washing and redissolving conditions/%
A Ah 3 A WEA IR AT
. B} 100pL 20 + 3
# ~ , f 2000l 215 t 400pL 2
f— HILIC 87.70+1.18  84.67=1.19  89.87+6.88 85272091 84.43:1.78  86.6022.55
18 96.50 +4.03  95.23+2.66 101.33+12.36 92.80+3.91  92.70+2.95  92.67 +2.12
i HILIC 101.47 £0.85  100.63 +0.58  101.80£5.89  96.30 £3.50  96.67 +2.94  97.33 +1.17
18 95.70 £3.46  95.80+2.95 101.40+11.27 88.30 +9.83  94.67+6.90  96.40 +4.97
HILIC 113.40 £3.15  114.23£6.90 115.27+7.34 104.90+7.21  100.63 £5.14  100.13 £5.53
KET 18 114.13£6.45  108.00+6.36 115.10£6.07 104.40 £6.35  96.53 +4.48  104.23 +3.28
HILIC 118.40 £4.59  116.20+4.27 118.43+7.29  114.53+5.05 115.20+1.30  116.63 +2.50
MOR 18 111.17£1.20  116.900.00 114.47 +4.97  106.63 +8.03  130.97 +7.12  118.40 +2.86
o HILIC 97.27+5.66  93.50+2.01 104.07+11.89 95.77+1.76  96.50 +2.54  97.57 0.93
- 18 93.8344.38  96.33+6.29 107.40+7.53  99.83 +4.84 101.00+3.57  96.47 +5.44
- HILIC 61.67+4.20  59.53+2.84  90.00£3.50  88.57+8.93  84.17+3.44  85.55+6.43
coc cis 69.23 +4.25  66.53+2.95 100.53+4.26  98.13+8.15  92.63£5.30  92.40+7.03
HILIC 115.73£0.85  109.80+2.76  110.30 £0.57 109.50 +4.89  109.67 3.72  111.77 +2.91
MDMA 18 114.53 £6.15  114.67+4.21  115.35+0.21 113.47+2.27 114.73+2.90  115.87 +1.91
HILIC 96.37 +4.84  92.43+4.48 100.07+7.91  91.73+4.71  89.50+4.40  91.50 +2.00
€op 18 97.50£6.60  96.13+3.47  99.13+9.51  92.67+5.81  73.97+5.06  90.73 +4.61
HILIC 121.2348.09 118.50+3.73 115.80+2.96 114.90+7.82 110.10+7.16  109.70 +7.41
MTD 18 102.0347.26  96.17+6.46  96.87 +1.50  94.83+10.40 85.90+7.35  89.57 +9.77
] HILIC 116.30 £3.45  116.13+8.20  103.20+10.29  96.97 +12.81  83.07+3.07  87.53 +4.24
BE cis 116.38 £2.81  120.18 +13.82 107.44+16.89 98.18+9.23  91.08+4.52  89.64 +3.88
HILIC 103.23£4.25  99.73+4.32  108.47+9.92  97.73+3.05  96.77+7.36  94.80 +1.65
NK cis 92.07+3.13  89.90+3.70  97.03£9.07  88.43+1.59  86.53+3.61  88.20 +3.12
- HILIC 142.85 +14.64 125.00+11.31 120.95+22.27 121.45+21.43 106.90+9.85  113.50 +18.81
18 113.10£2.97  101.93 +14.35 108.57 +19.18 112.80+20.36 99.63 £9.20  105.50 +17.54
DA HILIC 90.40 +3.74  88.57+2.61  98.47+11.96 88.60+2.92  87.30+4.73  85.67 +1.10

C18 98.77 +4.04 96.33 +2.00 104.43 £11.61  94.83 +0.65 94.90 +2.46 93.17 £1.16
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2.4 DT ERIEN
2.4.1  [RISCR AN TR0
t 3% 7 AT HILIC A1 C18 36 5E Y [m iR
N T 50 B FE A AL T 80% ~ 120% =2 [a] i3 B 52
B FH MCX. [ AH 26 B i A 3807 5 BT AT iy, {3
SRR, C18 325 JIT A5 [m] Ag 25 711 356 Joi &% 1z #¢ HILIC
LT 100% .
2.4.2 KuihFR | EEIR . Lot B RO 2
FRHE 2R 8 BIAP ik iy Lh A 45 28, B COD Al NK
PP AR P C18 3415 3 ) LOD Ml LOQ & T
HILIC 340 ,METH , 6-AM F1 MDA 3% 3 Fhf5 4 F
C18 45931 LOD 1 LOQ 14/, H HILIC ¥ 5

MDA A7 LOQ 1K) 20. 00 ng-L™", AR E T H
TERZBOKAEE h vk B2, B0 HILIC YA 1R AT e
T 6-AM | MDA % il 2825 W) 7E K BB vh A2 A 5 T
AM | KET & H & 8 F i Il 45 FH W6 B 7 7445 31 1Y
LOD A1 LOQ #f[F]. HILIC ¥ A1 C18 y:45 26 fr f5
FEIAI bR AE T S AH OC REISTE 0. 99 DL L, H T A
FEIKSEFEAR T IAR] 85% ~ 115% B HERHJE F1 RSD <
15% WX B DR A o il 46 ] F S B is ok sy
WABEEZ ) KA Y W BE R 2. H AT H [
RSD #J <2.5% , GiHHUES AR e M | ik EE
SRR B THIAE R SR K. £5 1, C18 ¥4 HILIC
B A T E S K AR 2 Y 0 AT

%7 HILIC/C18-UPLC-MS/MS 5] 2 Fin 5 B S B Lb 38/ %
Table 7 Comparison of recoveries and matrix effects between HILIC and C18-UPLC-MS/MS/%

LV bR EErES BE RN
IRV B 10 ng-mlL ! 50 ng-ml ! 100 ng-ml. ! 10 ng-ml ! 50 ng-mL "' 100 ng-mL "'
METH HILIC 80.95 +3.64 82.920.61 84.22+2.05  82.39%5.23  100.23+0.51  92.90+1.28
C18 90.00 +7.33 86.80 +0.56  88.17+1.83  95.19+12.78 100.71 £2.20  100.97 +5.74
AM HILIC 109.22 £8.30 95.43+0.93  97.28+1.17  77.80%2.80  105.18 26.51  107.16 +4.04
C18 105.23 £4.82 90.20 £2.05  92.73+1.30  92.54+5.48  108.02%3.49  106.70 +0.57
KET HILIC 112.33 £5.35  108.07 £4.40 109.00 +3.04  103.70 +1.46  109.65 +2.77  97.44 £0.52
C18 94.78 +9.40 95.70 £0.85  97.57+2.08  98.70£2.60  110.99 £2.74  105.09 +1.40
VIOR HILIC 103.10 £8.49  104.60 £2.86 107.67 +1.04  100.29 +3.71  124.09 +6.03  120.13 £1.36
C18 104.18 £8.81 97.90 £2.57 106.17 +1.44  103.27 +7.07  124.71£1.20  118.61 +3.98
6AM HILIC 91.32+7.58 89.60 +0.53  92.33+2.20  96.37x1.12  103.18 £4.94  96.40 +3.82
C18 96.73 £13.07  90.13+1.39  96.48+1.97  97.86+4.01  114.13 £8.64  107.08 £2.79
coc HILIC 94.12+12.02  84.10+1.61  97.12+2.92  91.65+1.78 97.80+5.25  96.73 £1.30
C18 109.95 £14.51  96.03 £1.62  98.33+1.49  84.22+2.88  103.10+4.39  108.31 £0.43
MDMA HILIC 109.33 +11.12  109.87 £0.64 115.00+3.91  87.80+2.53  109.10 £1.68  104.65 +1.27
C18 110.57 £9.87  110.63 £1.29 115.00 +4.50  88.26 +0.26  106.35 +2.53  101.27 +3.54
oD HILIC 86.98 +3.31 85.03£1.53  87.45+2.79  84.45+1.28 97.34+0.33  96.54+1.76
C18 87.50 +6.60 86.93+0.65  88.02+2.41  85.77£5.73  104.36 £3.96  110.32 =0.28
MITD HILIC 101.10 +7.64  102.47 £1.07 126.17 £3.33  98.64 +6.06 97.81 +3.38  104.67 =0.00
C18 87.43 +3.39 83.53+0.50  94.83%2.62 110.39£1.06  117.36 £6.59  110.17 =4.33
BE HILIC 120.33 £12.00  87.40£6.36  84.75+3.46  99.92+10.82 104.12£4.10  91.87 +2.10
C18 106. 88 £4.48 88.74 +7.13  89.74+3.73 105.13£5.24  108.87 £3.64  99.87 +2.01
NK HILIC 92.00 +8.01 91.67+0.51  92.18+1.80  92.01+1.97  101.69+3.42  100.99 =1.86
C18 85.70 +3.67 88.27+1.38  87.65%2.19 105.94+1.99  112.02+1.46 110.01 £0.76
EDDP HILIC 98.18 +7.48 96.37 +1.43 111.50 +5.68  88.33+2.32  101.64 +5.47  89.90 £2.70
C18 90.67 +7.40 89.43+1.14  99.47+2.10 108.26£32.93  95.53£1.16  116.65 £9.36
MDA HILIC 84.25 +4.21 84.57+1.85  86.38+2.23  90.49£2.05  109.08 £3.86  101.84 +1.40
C18 97.78 +8.07 89.07+1.33  91.13=1.99  108.39 £4.72  109.34£2.08  105.15 +3.39

3 RMAEEXRSKERFHEA

P PRTG KRR A LRI 12 875 KA,
S Ae N AEBE AR RS AL
ZUIT L REMS AR IR I J7EAE S

KT RIS AT 114,672 G db st w AR A
Y 51. 4% 5 157K BAL PR N 285.4 Fim’-d ™' H:
PR KA TR N 95.0 JTm’ -d ™ (SIS K) ),
/MR 2.0 Fm’ -d ' (GKEFR RIS K.
V5 KAESR T 2015 4E5 J1 18 ~20 HAl6 H2~3 H,
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%8 HILIC/C18-UPLC-MS/MS W HRFIE MR, &IEFEE RIFZE LR

Table 8 Comparison of LOD, LOQ, linearity and range, precision between HILIC and C18-UPLC-MS/MS
il B LoD FE R 10Q i £ i
TR R R AR LOD  JrEELOD  fUFRLOQ  FEELOQ  AHRFREK e L I RSD H &) RSD
/ng-mL ™! /ng-L~! /ng-mL ! /ng-L~! () S /% /%
METH HILIC 0.05 0.20 0.10 0. 40 0.9926 0. 10 ~200 0.59 0.28
C18 0.01 0.04 0.05 0.20 0.997 6 0. 05 ~200 0.44 0.23
AM HILIC 0.05 0.20 0.50 2.00 0.998 2 0.50 ~200 0. 60 0.43
C18 0.05 0.20 0.50 2.00 0.997 8 0.50 ~200 1. 06 0.96
KET HILIC 0.01 0.04 0.05 0.20 0.9957 0.01 ~200 0.35 0.63
C18 0.01 0.04 0.05 0.20 0.998 3 0.01 ~200 0.55 0.73
MOR HILIC 0.01 0.04 0.05 0.20 0.998 2 0. 05 ~200 0.51 0.61
C18 0.01 0.04 0.05 0.20 0.9977 0. 05 ~200 0.97 0.44
6-AM HILIC 0.05 0.20 0.10 0. 40 0.998 3 0. 10 ~200 1.05 0. 60
C18 0.01 0.04 0.05 0.20 0.996 4 0. 05 ~200 1.91 0.48
coc HILIC 0.01 0.04 0.05 0.20 0.996 1 0.01 ~200 0. 81 0.55
C18 0.01 0.04 0.05 0.20 0.996 1 0.01 ~200 0.82 0.38
MDMA HILIC 0.01 0.04 0.05 0.20 0.9977 0.01 ~200 0. 40 0.49
C18 0.01 0.04 0.05 0.20 0.9972 0.01 ~200 1.37 0.97
coD HILIC 0.01 0.04 0.05 0.20 0.998 3 0. 05 ~200 0.62 0.13
C18 0.05 0.20 0.10 0.40 0.9977 0. 10 ~200 1.50 0.26
MTD HILIC 0.01 0.04 0.05 0.20 0.9979 0.01 ~200 1. 46 0.25
C18 0.01 0.04 0.05 0.20 0.9934 0.01 ~200 0.57 0.28
BE HILIC 0.01 0.04 0.05 0.20 0.996 0 0.01 ~200 0.25 2.03
C18 0.01 0.04 0.05 0.20 0.9978 0.01 ~200 0.15 0.56
NK HILIC 0.01 0.04 0.05 0.20 0.9989 0.01 ~200 0.15 0.22
C18 0.05 0.20 0.10 0.40 0.998 6 0. 10 ~200 0.44 1.09
EDDP HILIC 0.01 0.04 0.05 0.20 0.997 1 0.01 ~200 0.51 0.63
C18 0.01 0.04 0.05 0.20 0.9907 0.01 ~200 0.42 0.82
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Table 9 Removal rates of common illicit drugs and their metabolites in 12 wastewater treatment plants of Beijing/%
V5K METH  AM KET MOR  6-AM  COC MDMA  COD MTD BE NK EDDP MDA
/NG KT 100.00 88.13 15.66 90.73 28.24 -24.66 61.14 90.89 43.64 -92.77 -2.23 47.38  81.17
destiE K™ 88.76 81.07 70.48 98.74 30.44  36.90 —-104.74 60.95 -29.91 -19.95 6.74 -21.30 -93.05
JEVAREE K 100.00 88.34 51.27 96.00 -27.25 —180.37 -16.46 99.81 32.85 -35.30 -2.91 45.71  74.20
RS TR 100.00 90.62 16.78 90.52 -0.84  21.00 45.96 95.58 26.26 -50.34 6.26 43.99  72.08
WALFEE K 90.48 90.88 32.78 93.24 54.59 1.68  41.48 77.06 15.67 23.28 7.90 21.09 89.34
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