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Long-term Trends in Illicit Drugs Abuse in the Clty Assessed by Wastewater

! P
Analysis | # , )
CAO Yu, DONG Xiao- -tang, SHAO Xue-ting, LIU Lin, WANG De-gao " i ‘ _-' -

(College of Environmenta- 501ences and Engineering, Dalidn Maritime Umversny‘ Palian 116026, China) v

Abstl.'act Illicit drug abuse. is & social issue of global conéem, a?dﬂt 1_§.»fffrbreat significance to monifor Lhe situation ofi Jillicit drug abuse in cities. Wa%lewaler bas?d
epldemwlogy ( ’BE)’was employ jed to investigate the-abusesof illic t drigs i in Dalian. Wastewater samples were collected from 22 wastewater treatment plants in Dalian from
2020 t02021. The ¢oncentrations of biomarkers of melhamphetdmme (1\/[]5]'1'1'].)1 heroin (HER), ketamjdle I?ET 3,44 methy lenedioxymethamphetamitie” (MDMA') ,#and
cocaing,(COC) and the uritfe metabolites methamphetaming’; morphing,) ketamine | 3, 4-methylenedioxymethamphetamine, and benzoylecgonine ( BE) were analyzed and
determmed using the gas Lhromatogrdph\ derivatization methody The'results showed that, the mean p ( methamphetaniine ) , p (morphine ), and p ( ketamine) in 2020 were
23:69%. 23,21, and 2.40 ngels! | respectlvely, and’ their respectne, me_g,n concentrations i 2021 were 20.64,720.92, and 0.47 ng-L”'. 3 4-
meIhvlenedloxymelhamﬁhelamme and benzoylecgonine were'niot detected in_any= szﬁnples According to the relevant information, the consumption of five illicit drugs was
estimated, and their abuse*trends in Dalian were analyzed based on the momtormg data from previous years. The consumption of methamphetamine and heroin increased in
2019 and significantly decreased in 2020, remaining basically unchanged until 2021. The level of ketamine abuse remained at a low level. This study provides the basis for the
real-time monitoring of drug abuse in Dalian, which is of great significance to the prevention and control of illicit drug crimes.

Key words: wastewater; Dalian; illicit drugs; derivatization; trends
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10 HREHAM 4 AThEEX R 2 MMUE B g
15 5K AR T K 2 A5k 2021 4F 3 A hra) sk
T 12 ANTGKANE A 1 A ZEh KRR | IR 55 X 35
Il B 5 KT 7 AR, 2 MR BT 1
Bl RARRE S 1 SR B R AR MER T (1 R
ZEANITIY 24 Wl A REA  ER  ShilkRE BROK IR
/N 120) naeff 75K, H6RE SR HCED T R BRI
SRENRA B XA e 2 — B, 4835 1
S0 % I AEAELE, < 20°C Y VKA . SR A N

=/ 2y = . YT — | d
FE TEDIA A ml BRER SN (2l =96, 0%  We  Fiom. [ . 7 &
— d | ¥ ¥ & /
N A
N SR
A 4 e \H\?. ~
= o it
40° } A LR e —,
Gl = e, . %
P i g a0
_— P < -
f i 5 q o] \l
i ! St
DE9 __ 3
—pL22 3 el
_* ~ SCE
i ~ DLII <\ .
=y T a7
IR s g
LDL1o o =
c; = g =
— /i Tl o =
= = =
~ 3 DLI3 < . {:‘ = T
. e L
e pL19 DL267
- - DL21* X - =t
s _~DLIS %\__A?_!-_'_é G~ = & = F]
39° | pL3 PP
= 4«-} umﬁ:{g; -
i -~ L1 DLz )
-0 i \fqi_/ oL
R —bLs - 0 60 km
< Dy’? L J
L___')
121° 122° 123 E

Bl1 KREWSKLE RERTE
Fig. 1 Sampling locations of WWTPs from Dalian
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STV T o R A I KA W B U R
#9F 50 mL FEAAKIKIE T 0. 45 wm H10.22 pum 7K
FRUE B U8 2% o [ (A R 2 v R ). 3k DB R
WL HEH 6 mL HEEA 9 mL #84l/K G4k MCX
R FH A TR | B i Al 2o 25 O, (o LA 5
TE 10 mm KA E S FHIF 5 min., KA 4 mL
FHSEFN 4 mL 5% 1) PP B 205 YRR V0 It 2 BB o O i

AL VR TR VI TR A 22 RN RUSUROR R T 200
L ZHEE WIS, 25 WL BSTFA € #4707 4= 4k s i
D20 5 P RS Y B 2 7B, B 20 WL $% 10: 1R FR
FC 200 ng+mlL ™" Nap-d8 1£A AR LALLM ; Fl4r
WA WG, 180 wL MR L BEE %, A 25 pl
TFA SEFEFTATAE AL B R LA A8 B L6 TR e L 3,410
FH AR Y LR TN e RN SR e R, {6 FH 200 ~ 300 L
10% ¢ 1R S ANV R pH =R L £ R 2 A
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TFA, 762 000 remin ' F &[> 3 min, L ZH HLAH
R BT i AR & 1Y Nap-d8 18 A AR
BLAT 1.
1.4 BESHT

e Agilent 7890B-5977 A S AH {21335 Ji 1%
BN (GC-MS) #4750 4T , 3544 HP-5MS (30 m
x0.25 mm x0.25 pm, J&W Scientific ) , {# FH & 4l
AR(=99.999% ) ME R EA, BRI A 43t i
FEB U8 (ET ML 25 ) T O 230°C, RE 2N 70
eV, VUL AR A 150°C . XA [a] i A7 A A RE i 1

HEREIR AT AR . WEAL AR S HERE C1 IR B U
230°C , HIRAR VIR TR A 90°C , fR-4F 2 min, SR )5 LA
10 °C - min ™" {93 B2 T 55 2] 250°C 5 fE e AL R i
FE IR BE B E R 260°C E/ﬁ%‘ﬁ%ﬂtﬁﬂfﬁ 90°C ,
£ 2 min, L 20 °C - min ™" 19 3 B T & F 230°C
4% 4 min, R 5 LA 10 °C -min ™" AY 3 & T & 2
250°C , PRFF 3 min. FEFE RN 2 pl, R A EHEE

F WAL (SIM) . 5 Fl B ARL G0 1 R i FE T
B KRR e BR R S 0 A ] IRCR Gn k1
FTs.

®1 BHRUAYNEEETF . EUEET RUR . ESMMEHE
Table 1  Qualitative ions, quantitative ions, limit of detection( LOD) , limit of quantitation( LOQ) , and recovery rate of target compounds
. ERET EMER T K B E R MEVES
HpRfea ) (m/z) (m/z) /ng-[f1 /ng'L’1 /%
METH-TFA 154 110, 118 0.19 0. 64 96. 68 £0. 95
MDMA-TFA 154 135, 162 0.15 0.51 95.07 £0-32
KET-TFA 270 110, 236 0.08 ~0.28 9496 244077
BE-TMS 361 82, 240 0.11 0.37 82.97°+5.97
MOR-2TMS 236 429 196 0.15 0.50 84.83/%3. 96
T ] [ | 7 > =7
1.5 JHHEALK AiﬂEE’J:Fi’J{"P%'ﬂ BEA G A AL BT
AN 5T A ﬂwm 5 R B B TR R ik
T (Mg ean) —TU ’?Ufﬁi’il‘l‘ﬁ .
P, _,p(NHtN) xF/m(NH" N)/ (1) f Z = .
' (3
ﬁ*me$ﬂﬂ$EmeLﬂFﬁmﬁ%m e A
NG TR L) SRR ) st w, T A5 AR5 AT RO 551

(- - *) mgNH+-N>7btAtENH+MFﬁ$ﬁ7 4

—lei'f]i(ég d- Y R

TFRG KA EE T H SRR D el A A=
=py; X F, x f./P, (2)
K ,p,  RiGAKH 5 FhEE B BT (ng-L71)
P, iR N, f, AR IERF, 5 Fh
B A IE N3k 2 R,

TR TG KA BT IR 55 N IR, S T A

My ;

5K b FR T AR T L R AR 4 9 A 1 RN IX 8 4

TG AT RS I DRI n e — AN XS 6 &
(75 7K AL BT % i
T B AT 2% P X7 | LR R R R
8, AKX,
PR = [m;/(Dy x ny) ] x 100% (4)
K, Dy A 5 FPEE LAY ) (mg- ),
R (R A7) L %1E%P§&ﬁﬂni%2ﬁﬁr

R2 SHBREVRIRY GEAFE. G ARENKIERF

Table 2 Biomarkers, Dy, ny, and correction factors of five illicit drugs

- "‘-l..

A R &Y HEYIBRIRY) BEIE R+ Dy/mg- %! ny/WR-d ™! SCHi
METH FR DR TN METH 3.7 135 0.31 [19,20]
MDMA FEK AL MDMA 4.44 70 0.43 [19,21]
KET ST KET 5 70 0.43 [22]
coc RN BE 3.59 100 0.31 [23,24]
HER % A MOR 3.07 146 2.4 [24]
1.6 AHEFESHT O 1 P 90 F A 5008 15 Ay e 254301

SR e 4 ) o A B0 R B 1
P 8 58 57 R 1 AR 07 ( Oracle Crystal Ball A<
11. 1. 4716. 0) 7347l 4 AT 28 B0 Al 2 1. U
AR 55 DN VB 3 O IR S50, 5 FhEE i

JEE R SRR JEE B B R X B 25 0 A, PR R TR A

%&Hﬁ@ﬂ/’“kﬁu@%Hﬂéﬁ%%ﬁ}%iﬁﬁﬁzﬁa Gt
2 ZER5iTie

2.1 YR BRI K

FAGKTT S FhEE S AR BE KNSR 3 iR, 7E
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2020 4EF1 2021 4 PR EE S K DU b | BT A 15 KA i
Tapkar tb P2 N e, Wk B L4301 6. 16 ~ 66. 10
ng-L ™" 1 3.55 ~ 89.01 ng-L™", SFH3 4 & 5 5 N
23.69 ng-L~" il 20. 64 ng-L~". MMk A5 e i 16
2020 4F BT TG 7K Sl ARl R ) L B 1Rl 43 i)
9 7.65 ~43.98 ng-L ' F10.51 ~4.52 ng-L~" , #4{
923,21 ng-L 7" F12.40 ng-L~"; 2021 4EHB4315 7K
ARFRT AAG H N MR SRR B, FErb p (R HE) Y5 <

LOD(fX T4 PR, T E) ~62.89 ng-L~", ¥{l N
20.92 ng-L™', p (S BT ) 5 B < LOD ~ 1.81
ng-L™", B{H N 0.47 ng-L~'. 2021 4F 3 Fp#g 4o
W7 2 AR T 2020 45 JH v FY SRR P fig AR G g B 1)
WRERIIKT 2015 4F 4 B E K 845
K N ESE- 257 96 B H AR T 2016 4F 4 [ - 243 K
ST RIEA Y5 KRR R A SR G H i Sk AL FE B 2
TFh.

£3 2020 ~2021 £iSKkPERMBIRLENRERE

Table 3 Mass concentrations of NH," -N and target compounds in wastewater in 2020-2021

- - ] A R RN i nepif SRR
W emwe o EAR R PEERR) OB )
DLI 10.0 35 16. 85 10.78 13.67 3.31
D12 8.2 25 19.09 17.61 11.15 3.74
DI3 12.0 18 17.75 19.85 13.50 2.39
DIA 12.0 28 19.15 15.18 16.20 2.72
DL5 8.0 24 30.74 26.85 17.01 _¥T5
DL6 7.2 26 40. 12 66. 10 39.32 o)
DL7 0.2 3.5 73.01 25.79 37.17 450
DL8 6.0 21 j ol 31.54 2403 26.42 S 182 -
DLY 10.0 30 24.43 o803 | 1889 . o4 ]
DL10 4.8 20/ 31.98 f2st29 o~ L 23.79 0. 517
DLII ; 1.0 1§ o 18.74 [ 49.16" 20.97 =41(15 4
— DLI2 3.2 2 gy & [ 4. 758 .“." 725.55 1.70,
2020 | DLI3) 0.6 L g 2/ & 79. 88 : 15 %1 ) 5 43,98 2. al
prid | 1.2 DS A 4155 '35.06 | . 24.98 1.00 -
/DLis 7.2 = /B 726,39 W 7o) ™l 16.99 *2.40"
DLI6 ™ 6.5 Y 41.45 4171 47 23.63 1. 1447
DLIT 36 | VA F ol 36,54 23.74 3.86
. | DLIS 6.4 18 0 ‘5181 29.74 "28.10 2.12
. JAbLi9 4.6 100 e 36,95 13.16 22.67 2.83
] D120+ 1.1 3 49. 11 6.16 28.13 2.58
D121 8.2 7.9 29.39 18.08 20. 85 2.26
D122 2.0 10 13.01 10.10 19. 80 4.29
D123 10.0 27 32.88 7.81 7.65 2.35
D124 0.3 1 20.32 18.17 32.99 1.16
DLI 10.0 35 19. 82 24.68 29.56 1.63
DL5 8.0 24 22.16 7.26 5.22 <LOD
DL6 7.2 26 49.52 13.29 <LOD <LOD
DL7 0.2 4 38.28 3.55 49.51 <LOD
DI8 6.0 21 45.75 89. 01 24.31 1.81
DLY 10.0 30 6.96 21.83 <LOD <LOD
DL10 4.8 20 31.98 39.50 37.25 <LOD
2021 DLI1 1.0 7 15. 60 5.53 <LOD <LOD
DLI2 3.2 25 39.45 6. 42 26.57 <LOD
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