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Abstract: This paper established a method of solid phase extraction/ultra performance liquid

chromatography—tandem mass spectrometry for determination of 14 common drugs and their metabolites
in wastewater. Wastewater samples were enriched by MCX solid phase extraction column, purified with
ultrapure water, and eluted with methanol and 5% ammonia methanol solution respectively. After nitrogen
blowing, ultra performance liquid chromatography—tandem mass spectrometry was used for detection. The
linearity of 14 common drugs and their metabolites was good when their concentrations were in the range

of 1.0-500 ng/L. and population marker cotinine was in the range of 10-5 000 ng/L. The correlation
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coefficient R” was greater than 0.999, the detection limit (S/N of 3) of drugs and their metabolites was 0.2—

0.5 ng/L, and the spike recovery rate of wastewater ranged from 70.00% to 115.57%. The method was

applied to detect the inlet wastewater of 8 sewage treatment plants in Hunan Province, and the reliability

of the method was verified, which provided a reference for further establishment of regional drug abuse

assessment methods.
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P, Je it TAGE A AT B 7 o N AR XA
v AL 3 R o3 S R A AT AL, S T — A [E AR
A WU B T sh 0 52 35 7K e 14 b i WL 25 i 22
HARCE DB o 7 7 o % TR B R K BR
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1.1 FEMMEILH

1 mg/mL A HE  O°—H1 Z, BERGME | AT A7 P | K
VAR RN e SRR | 2 F S i MDMA MDA |
AR PR o T RN R L 2 HR RN R H R
PR | ] 77 b o o A U, 100 wg/mL A ME-D3
O°- B Z, fk Ny ME-D3 ] 73§ R -D3 | B BL 2R 9 e -DS5
AR R -D5 S e i -D4 | & H S e il -D4 . MDMA -
D5 MDA-D5 ., 7] K K -D3 4 H i % B 72 -D3 ji At
N b i 45 T S 1 mg/mL 7] 5 T D3 G AR N b i A
W, W A S5 [ Cerilliant 23 ), 5256 w7 FH H: Al v FiE
AR Eh b A R R A PR A A B B KA
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content determination

R VRO R VB NG AR S50 e A %
SEMAR A F . SCE I 4K th Milli-Q R4 (3
[ Millipore 23 7)) il 75
1.2 FENESEE

24 A7 B [ A A A e A5 T S 1 s A PR
25l L Oasis MCX [& AH % BUFE (60 mg, 32 [F Waters
I8 A A €8 - H IR T S 56 A (SCIEX UPLC-
Triple Quad 5500+, 3& [# SCIEX /A 7] ) . 5 20 5 %
RSO AIL GBI RS AU RS A BRZA 1) | 9
Bhas Co M E A2 i g A BR A R (24 7 KV 2 R AY
(BTHFERRAL ZR A BR A F]) o
1.3 MRABRES
1.3.1  IRAbRUES TAER K

1 pe/mLIEARES TARR (T 10 pg/ml) :
B0 pg/mL I HE O 5 2, A Rl AR B | 3
TN e R TN E SRETR B S T L MDMA |
MDA AT S AL R B2 B 17 45 100 wL & 100 pg/mL
AR T AR S AB A5 100 pl, R E A £ 1 ml,
RS, %5, BT TR URAE . SCk b pr
b B T ARV R VR A BR o S TR WO A
A,
1.3.2 IRETUC AR ECHI

25 ng/mL IR & AR AR AR (5% T 8 7 -D3
250 ng/mL) : £ ML 5 pe/mL M RE-D3, O°- 51 Z, [i iy
ME-D3 W] R -D3  H LR N B -D5 R A -D5 V5
[ B -D4 2= & e -D4 \MDMA-D5 .MDA-D5 . 1]
R -D3 K R BRE 7 -D3 1R A AR 9 AR T 500
wL 2% 100 wg/mL 7] #7-D3 NFRIE 250 L, F s
FEZE R 100 mL,IRA), B8, & T KA TR R R AT
1.4 HRETRERHE
1.4.1 Tikbs

0 V5 7K R S A RO 72 0 B 50 45 mL T A
FEB IR T, 7 000 t/min T B0 10 min, B
O JE RS LS 40 mL T HLZE B0 b, AR R
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P4 pH A 20 A 80 pLiR-G AR AR (25 ng/mL,
F AT -D3 250 ng/mL) , ¥z3% 30 min, A2,
1.4.2  [EAHAEE

6T 0 TR AE R B KUK 6 mL H AT 6
mL # 4L 7K Ak Oasis MCX [F A AL BURE , 8 il 7 4 by
I mL/min, FHZETALBEAGTE KRS LA 1 mL/min 3
T o [ AR 2 BORE . B pH=2 AR 27K 3 mL bRV [
FHAS R (1 mL/min) |, 410 %8 26 BURE T8 T2 7K (30
min) . H A2 mL 5 4 mL 5% %7K B VS R
SIPEBEAEBURE (1 mL/min) , WA VEBUR AR Z 3T T,
1200 wL 0. 2% W g 7K i W e, R e , 1 i W &8
0. 22 wm fEALA HLIE RS I , 7 LC-MS/MS 23047 .
1.5 {UEBEHG

wm,2. 1 mmx 100 mm) ;#4375 :40 “C; 3% ;0. 35 mL/min;
HERER 5 pL; AFH R 0. 2% W R 2 BG VA W, B AH
0. 2% W IRIK W o

BB B VE AR E - 0~6 min (10%A, 90%B) , 6~6. 2
min (25%A , 75%B) , 6. 2~8. 2 min (90%A , 10%B) ,
8.2 min(10%A ,90%B) .
1.5.2  JRiE&M

BT H WSS B TR, IE B TR (EST+)

BRI 550 °C;

s R 5. 5 kV;

R 7 =X 22 e W W AR = (MRMD &

BB W 43 0 18 6 W B B A
R PEBS XF, AI E AR ) i ELAAE R E

1.5.1 & f: i X 2 R Al A RE  (CE) AR B3 A [A]
WOHIAE : ACQUITY UPLC® BEH C, 53 M (1.7 WIE 1R,
1 RNBERYRIESH
Tab.1 Mass spectrometry parameters of target substances
SR EBEFXF (mlz) FETEE TXF (m/z) PN AN AY i e & /e V £ B8 15} 5] /min
286.1/201.1 36
AL 286.1/201.1 12 1.21
sl 86.1/20 286.1/165.1 0 53
328.2/211.1 36
6 N 28.2/165.1 1
O°— B Z, P i e 328.2/165 328.0/165.1 90 - 3.10
150.1/119.1 16
P 5]/ 150.1/91.1 34
FH RN 50.1/9 1501911 30 > 3.3
136.1/119.1 13
B]i17s 136.1/91.1 40 291
R 36.19 136.1/91.1 23 ?
238.1/207.1 21
SH TR 238.1/125.0 40 45
St / 238.1/125.0 39 ?
224.1/207.1 18
S TR 224.1/125.0 40 430
L 224.1/125.0 35
194.1/163.1 18
MDMA 194.1/163.1 35 3.47
194.1/105.1 34
180.1/133.1 25
MDA 180.1/133.1 40 3.09
180.1/105.1 30
304.2/182.1 28
CIR SIS 304.2/182.1 60 6.68
TR 304.2/150.1 34
_ 290.1/168.1 28
K ZRET 290.1/168.1 70 421
AR R 290.1/105.0 41
164.0/146.0 12
i 164.0/146.0 60 2.28
(UL 164.0/130.0 34
300.2/199.1 41
EREARS . . .
RSS! 300.2/165.1 2002/165.1 140 = 2.38
222.1/191.1 20
ST 222.1/109. 2 72
AR /1090 222.1/109.0 6 40 37
208.0/163.0 35
= FH e B 208.0/109. .
2 H U 08.0/109.0 508.0/109.0 60 > 3.33
177.0/98.0 30
Al B 177.0/80.0 40 0.99
TET 177.0/80.0 25
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Fig.1 Typical chromatogram of target substances
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2.2 HEPFERELMETEE
TEZS FK A A IR A br i i TAEW, (1 = rp
AR R MR R 43 5 R 10,2050, 100,200, 500
1 000.,2 000.5 000 ng/L, H:AH M H #5420 (1) i 2 ik
JEAr 91 1.2.5.10,20.,50.,100,200.,500 ng/L, £ Hy
Emm#&J#LCMMBhM
PLRE I 9 5 5% 0 A i e T AR 2 B R Y
(FH 4 1Y ] % 1 R R R TR R =D 980G T % 1 S e
i —D4 | 25 H 80 o 107 2 F U -D4 ) R 4y vk
FE R X BEAT M [T, 45 198 0 B 43 43 S 7E 1. 0~500
ng/L F110~5 000 ng/L Il N LM SC R R4, Lk T7
FNFR 2 R, DL id mAl Y TR M 3451

e E R R, DA%

ey 5

0. 2~0.5 ng/L5E =
FRK 0. 5 ng/L 2
15 Fie U B AR 3 BT RO 2k 14 7 52

Tab.2 Linear equations of 15 target substances

g 5 A 24 F 2R M 101511
PR, 140 ULRE & B LA A BR
PR 1. 0 ng/L, 7 5 7 A 46
FRA 1.0 ng/L.

Hiryy B/ (ng-17") ey R’ K BRLOD/(ng- L") | &R LOQ/(ng-1.7")
ALk 1.0 ~ 500 ¥=0.023 46X+0.009 39 0.999 73 0.5 1.0
0°— P 2 Tk Ay 1.0 ~ 500 ¥=0.030 98X+0.009 05 0.999 62 0.5 1.0
AR A 1.0 ~ 500 ¥=0.019 85X+0.004 22 0.999 73 0.5 1.0
PP BRI 1.0 ~ 500 Y=0.031 21X+0.009 36 0.999 75 0.2 1.0
RN 1.0 ~ 500 ¥=0.031 59X+0.014 55 0.999 77 0.5 1.0
SR 1.0 ~ 500 Y=0.022 45X+0.009 36 0.999 46 0.5 1.0
25 H G 1.0 ~ 500 ¥=0.024 00X+0.003 37 0.999 85 0.5 1.0
MDMA 1.0 ~ 500 ¥=0.021 61X+0.003 84 0.999 57 0.3 1.0
MDA 1.0 ~ 500 Y=0.022 96X+0.006 10 0.999 83 0.5 1.0
CIRNPE| 1.0 ~ 500 ¥=0.045 94X+0.009 96 0.999 25 0.2 1.0
e 1.0 ~ 500 ¥=0.022 11X+0.001 79 0.999 90 0.2 1.0
R P4 1.0 ~ 500 ¥=0.006 50X+0.002 85 0.999 47 0.5 1.0
TV 1.0 ~ 500 ¥=0.030 65X+0.011 08 0.999 16 0.3 1.0
25 H U 1.0 ~ 500 ¥=0.027 57X+0.010 93 0.998 80 0.5 1.0
g 10 ~ 5 000 ¥=0.001 90X+0.041 32 0.999 12 0.5 1.0
2.3 fiREMRRIEEE 84. 62%~97. 03%
PS5 REIARE 4 S B 4K, BSIR A e v i ®3 EWRRBEE
TAEWE A5 3 7T B 7 B f e B2 43703 10,100, 2 500 Tab.3 Recovery and precision
y = b ¥ N S [A] ek 3% ] e R
oefLOLAKM I FRBIIEA A0 1,10 250 ng) | gty | 0| B0 FVUVEE | RS
RN N S ng.m /% %1% % /%
YA H LR AR R A RE A 25 S ), B AT LC-MS/ " e | 637 513
S KGN, g e el 0 5 A ot o 45 e 0 114 % (G 10 91.24 6.01 7.62
ORI LI e R RE S TR H P 250 89.68 | 521 7.66
o K JE 0° 7, 1 94.82 431 4.59
NI - . PRy
] K % B, 45 5 0L 3. nl UL, A ] R 250 96.02 3.88 6.34
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£33 (Continued) K A DL EE A R AR 64 T R N T SE PR UK
A I/ Ml | HPgRE | H IR FE f ARSI, Z8 RGN | 32 7 16 % 35 K iRk 1S
(ng-ml?) | /% | BE/% Pei% IKE S BRI [0 25 FE g 70. 00%~115. 57% . %
1 86.69 5.55 7.87 . o A - . v b
. 0 2992 153 - i) me 44 8/41 AR ORE 7J$4L|*EE F?& 7K EI_H— in
250 94.67 4.96 7.03 (S1~S8) , #E4T LC-MS/MS & , BT A5 6 & 9 b 441 i
E 1 94.88 2.12 1.93 TEH UG, A1 A4 B e FEE ARG I 248 R G 3 4 BT
e 10 26.26 | 3.6 1.98 #4 FAERPELERRERENKE
2?0 Z;gg 421(2); zgz Tab.4 Concentrations of common drugs and their
. : : : metabolites in wastewater samples  ng-L
IR 10 95.46 3.69 5.54
250 91.51 4.63 591 His¥| Sl S2 | S3 S4 S5 | S6 | S7 | S8
1 90.30 3.94 3.98 ik | 9.56 [12.50] 5.20 [22.55|14.21 9.69 |16.78|11.47
ST 10 92.65 3.41 4.05 DG 6.58 | 3.12 1.17 | 420 | 6.77 [12.03
250 90.56 3.56 3.82 AR 843 | 238 [1635]13.57| 4.25
. 1 92.36 5.65 4.96 %
LA ErR——
il 10 91.08 4.03 5.42 RN R 6.90
" 250 93.97 4.56 5.31 i3] 3.65 | 1.51 | 0.72 6.00
1 92.64 3.01 251 ERLIE 0.55
MDMA 10 94.42 3.65 1.74 JH iR ’
250 93.26 2.45 2.06 TR
1 90.56 | 4.6l 6.22 il 0.93
MDA 10 90.12 4.02 4.39 e 267
250 91.33 5.06 4.93 AT 0 838002 18118]1 8040602 370.51(1 28490]1 381692 931073 15104
1 2265 | 162 306 HE: 02 BISIE MDMA MDA o[£ 1 2 M e
CIRNFS! 10 94.03 2.00 1.98 O
250 95.66 2.15 228 : e
R TR
HET 250 93'98 2'93 307 TN T — o ] A A O B 9 [ s A
1 90.64 421 456 AR 14 e L i S 09 5 2 6N BRI
F < P i 10 92.65 4.06 4.33 YAl TR 14 FhEE i S AR I e 45 R A R
250 93.36 4.02 3.91 HHIZRIE G ZR L R>0. 999, 3 i S A4S H BR Ry
1 89.64 3.0 4.11
- B o > 4 4
Fvi 10 9256 | 293 3.15 0.2~0. 5 ng/L, 15746 H R4 0. 5 ng@j:ﬁ’g’iﬁﬂ(
250 93.08 3.03 3.61 B (1S3 50 BB b 84 629%~97. 03% , SZFR 5 K FE )
- 1 92.23 5.12 5.19 Tk [\ 0 #3E BBl R 70. 00%~115. 57%. %75 1 %)
i 10 9520 | 507 511 15 FL AR50 89 58 4, W ARG, [ W03 B4, ][]
250 90.64 5.4 4.97 i o e - i -
0 95.66 Lo 508 YRR I Y55 7K A i DL A A I W Ak B, M
T 100 95.42 1.52 1.73 UL A 0 T FEG O RS PR Rk A A (K
2 500 96.21 171 1.69 WT7k o N HZ I e T 8 AT AN [R5 7K Ak B
2.4 REM B T5 KRR iy, B A e A AR R AT S

Be K P L AR EE B RE S 3 I AE 4 Citt
FESLICE 24 b IRCE 24 h FIG S E % Rl 3 YAk
ARG UEAT LC-MS/MS K , B — Joft 4 e &S 410
FESAREA, SEERFEH] 15 PRI AEAS ] S5 R
PR B R e v IR 22 39 7E£15% S5 LN
2.5 FHitMNH

Vo AR AR 9 N 1 [ R 2 U/ I 3R FH 2 A

5% k-
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