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Evaluation of the occurrence of psychotropic drugs in urban sewage and the abuse during the COVID-19 epidemic period in
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Abstract: Wastewater-based epidemiology was applied to study the impact of the COVID-19 in 2020 on occurrence and
consumption of methamphetamine and ketamine before, during, and after the outbreak in a city of Guangdong province. To estimate
the total consumption during the outbreak, mobile data of the city was used to study the dynamics of the population in the towns and
districts of the city. The concept of composite population was brought about for the first time and calculated to estimate total drug
consumptions of each towns or districts. The population during the outbreak decreased by about 45% relative to before the outbreak.
The total consumptions of the two drugs declined by about 75% during the outbreak relative to before the outbreak. However, the
decrease to this extent rather implies the persistence of abuse of the two drugs, given the extremely strict control measures. The
consumptions of the two drugs were found to decrease by approximately 50% relative to before the outbreak. The consumptions of
the drugs rebounded to the level before the outbreak, further demonstrating the persistence of the abuse.

Key words: pharmaceuticals and personal care products; COVID-19; drug abuse; wastewater-based epidemiology

2y A NP B S (PPCP)FEA BT R AT A ZERRUH . JESe. WA XIEIR 2 M58 7)1z

AL 5| 2 AATTASOR R 22 (1) S 2 RS e e 24 2
PPCPs [¥—38, )& ELHEAEH T ARl 22 R4, Al 2 %
oy A A, 3% A e AR M 1) 2, LR R
A R GRT hg AR B 24 i RS R 2 e iz
JH, B RN AR H 25 2T 1 1801 .2020 453 L bR
J93 B 28 (COVID—19) % 155 1 ], 4> [E] £ M &5 KB T
PR R 747 45 O, T B A AT L /N DX P R G
ALY P SRl A B R AR —
AT, 92 155 31 113K 248 24 0 1D 48 Sl BT 0 B t 52 BAR K
M, N IEAS A 5 RGPS 2901l T A T BERE .

AR, — BT 0 7 V5 K AT W 22
2 VAR RS o 28 25 s P 5 0 1k

o PR S, b 7 o ] PR R o 24 T P VP A 7 TR T
LA V9 AR WRAT I o ] T S8 2ok
S, T AE T B R DAL AR AE R S = [ 20 i N
2ot 2R 2 MERS . T HUAR A B0 3T 50X — PR R g A2
TR RE TR T 4 2 O oz i v ] 2
8 gt ROAE S Hh A5, £ 3 T B 2 AL
5, AT LG Rt N DOE AL AT RER . 23
DXGETE K G R A TR ARIUE A N 1 23 Af T )
B A i XN IR AL AR R, 3k i R it 1

Wi BHE: 2021-02-23
BEEUH: HEXARFAILEEBIIE (41877508)
* SUTLAER, BIH#%, xli@pku.edu.urban.cn



4704 o

A 41 %

— Pl i Kt SR BT B AR s I B s rh i i T
BUAE 2SRNG35 B, 1011 44 J 48 b 12k B 552 A5
RS 2 BORS B o i SE RO B SR A e 15 B
P S B BN VB O A i TN 4 A A
AN FHES L, FHUE S B e g A -
I 18] =T 2k 56 2 I 11245 (8] Bl 25 40 W A 78 v 1
7 A U e R B AR A N D TS
IKRATIG A RE 5 b th A e,

ZTTHIAL ) KA R = A X & 5 R IR AZ T
H 23 HJE RS R o 3 DA A — g 3, A
L3 P 4= 08T I G A, B AV DRV B0 4 8 45 2%
AT INERAS A2 A 7 H iz 06 % i )N T
HEEH2 H 24 Hixm Rk AL DAESR—%
Wi N R .3 27 Hl AR X (R IX)
P52 s A BE HH TE T AN T BRI G R R
WA BT e I IR B AR 45,2020 4E 5 H 9 H R,
V5 B A By 43 . 2 B 2 ) el T IR SRk AL TR
AT G N R R = A B p L 2 A E R SE AR
SAE R N IR T 2R, Z T 92 17 R 7 4 48 it 11
R A AE 4 [ BB AL DL AR i X B AT S8 R 9
175 39 1) ST 5 A A 2 0000 ol 1 0073 A () BRARAC R

R0 8 251005 F 2% 5 ok S 35 (9 AL 2 [n) R ER
5 o) T AT LR AR AE « T B R AR A A,
XA O A XU 2 B A0 25 ) FH PEAN ¥ B A B
BOCARE E R TR T FHUE S EE A 0
M HOAR 5 V5 KT I 2 A0 4 A 1 7 FH LAVEAR
) B Ol S AR KR 7 2 T VRAR O i
BRI Z AN T Z T Rt I R
TR 5 PR AR R o 288 24 4 (PR R 2 A e R S
Pl ) 9 2 0 R R B AE R AL, 20 AT 928 155 7 4 50 s o
2 5.

1 MR5EAE

1.1 S5

A8 FH 1170 R 356 20 A Jr RN S B B e A B (Ilmg/mL %
T HEE, 41 fE>99%), LA A FERE A TN Jig—d8 Al fi i
—d4 FAR N AR(100pg/mL %5 H 2115 >99%), 34 1
H Cerilliant 2\ &) (3% ). FHER(HPLC Z¢) A1 FH R 4%
(HPLC Z0)340 [ 1 42 se AR AEA B AT BRI 7 (h
). F B (HPLC 20) ) 15 2K ve 24 =) (4 [5). £ 2 (AR
% ,36~38%) « i 2 (AR 2% ,95~98%) Fil &, /K (GR

90,25~28%) I ) ML) (b ) BB 2k
ULPHW-IV A8 4l7KLIY )L 2l R A B 2
], )
1.2 FESCREE

Z Tt 24 ML RN BT VS Kb B S 3L
A 24 MGIKRFE ARG KA EE) (3
IKVTF R SR AT RAE 758,58 2h SREE—IK
BEIFE AR 100mL, AR 24h KA 12 AMBRIRFESS
PRRURA) A3 B0 HIR AR SR 37%9K Hh R 1 17
pH {2 2,37 3L BIHERS 420 C UKFHIVA RARAE S5 40
RAESE UG, F8—VA BEIE i 48 S = A TR 434

M 2018 SEFF 4R, IRBALAE Z T FF TS /K AT
FHEFAR T 24 AREE A 2R 20k 5L
Pt S E WA BB SCREE T 14d FE 5 R B
FFEGT 2020 45 1 H 29 H gt i+ 2020 42 H
17 HIX BB [ Z 11 55 e 1 e ™ o, A sl de ™
N T VPR X 23 2 1 R, AT T LR T
AT 2 AN R 2019 4E 8 H CRAEEIAN 8 H 14~26
FAI 12 HCRFEEI N 12 A 12~23 H), &Rt G —
ANTEFE R 2020 4F 5 FJCRFERIAY 5 1 12~27 H)
(250010 oK
1.3 SKIRTTE

5 7KRE b A P [ A 26 B2 (SPE)RE AT B i i 4k
AR H 3mL R, AmL B 2lK AmL Eh R
(pH=2)i% #t. Oasis-MCX [H AHA BT (Waters 2 7], 56
)oK S0mL ZKRE ] BB £ 4 ng i (g 20 sl fy
B 28w, Hp D) a0, B A o o 2 R [ A R 4.
SRIGLL ImL/min FO A0 L A A5 EURE 6 5 0 2k
SEIG, I SmL G 47K E S [ AR AR R, DA 2
DL 2% R ) 2 00 4 [ A A IR JEDRL T 08 S,
1.2mL5% 22 7K FH v 0 ot 5 0 Mot R A i T )
A) SRR A S VR BRI 0.5 mL20% FH
TR VT BTV AT B 1) Bk B s P AT LA 0 ik
JEEF(VWR 2 ), 36 [H) B0 38 4 R IEm i N
1.5mL HPLC-MS/MS & H IR0 3% B HEFE D,
R LA .

L bw Ak A 40 A 1 I8 vt v 200 DR ol 9 A (5 %
(Prominence UFLCXR, H A)f15E %' "] (Phenomenex,
2 [H)Gemini C18 WA (il £:(50mmx2.00mm,3pm)
HEAT 20 B BERE BN SuL i sh A & 0.1% IR 1)
30mmoL/L FRE /KA W(A AH)FIHEEB AH)AL K.



10 3] LA T ARBET B I 1) K HORS R 25 M ) A s LA P PP 4705

W B BR BE 4 :0~1.5min:20% B;1.5~2.25min:80% B;
2.25~3.1min:95% B;3.1~5.0min:20% B.J 54 i 1%
i 0.3mL/min. H bS5 PRI A APT-5500 —
VYA HR T (BLFE 1 &5 DGU-20A3 i <%k
H,2 5 LC-20AD #,1 5 SIL-20AC F#hHEFE4E,1
& CTO-20AC AUFEIRAH)(AB Sciex, 3 [H)E L KWV
W IR = (MRM) R #4730 52

Fi B LA I Ak BRI 23 BT vk, R R R A i R
Ji2 B ¥ 7 92 H BR(LOD)Y 4 2 0.3ng/L, J7 1 & S FR
(LOQ)¥J 24 0.8ng/L, J7 ¥ [A] it & 1E (81.8+1.6)%~
(105.5+2.8)%2 [].
1.4 HEEITHE

R SCHR P AR SCHIF ST I B kT B R
¥l 0 ST 1R 9 2 7K T N800 2 e os 1R

[IPA: w2 =8
e FURIREE KR 1

T = iR 10¢ ()
ST AT S T 125 B
mg/(T- A BRI FE S5 A5 K AR
1014 PR AR R U T 39K, mg/ Ll
7K SRR SR T (R T, L
S 3 T 10 R B0 HE 4 0 43909 A
30%!19.

5 TR A 645 K BB T T2 0 K
S B 46 D6 A S 0 K 3 A L o 2 75
K B R KT B, R B A9 2k
i 3Ly, A 24K 5 B -4
(150, KB T AT S LR, 7 1174
2K 2500 PR 60— A 97 T, R 3 0 80 0 HE
.2 T8N N R 2 5 R R w7 1, 5
SO Z 1509 BR R e A L (S TR S,
IR 7 B 87 2 5 (2 B P2 7
B0 N0 0 B 2 ) B A L T 35
L S PTRR 250 R B B

Sty e e T RS 05 2 11 2 A
SUBRRI 230 S B BT 7 11 4 U S A
1SR AL B T 2 44 SRR 51T
GRS . A DA RRER 1% A D
B AL B B ) I HH
P A 2 A A LA 0, T3
o 5 A 1 2052 5. DR B A SR £

1B F R B 5 KRB R G v ) Z i &1
NI

WRAERS 15 4 B Gk A 0 g S 21018 32
MU R AETBAGAT (B 4T FEOs e il O R A
), 0BRGN I S AR 1 A ik
FH P BAE B T LR LR AS It 2 ) B 42 o 363
TR T, I 2[RI RE ] LU A T AL P (9 7 3
b AT B D %38 15 AR 4, T U — AN T X 3
(145 A FHLH 45 A iz IR i B sl 15 i3
HHER, AN R T S S A
FHUNE I 5 0 E AR AL F AU B LA (5 &
N B4y ) LRI/ AR ) A ik T 4 i N LR
ARG IR S S E N LI 4 AE
PNEE IV YN ER

FEIRIME, RK24h N Z T B EIEL RER
EEB TN BN VAT REFAN S 24h #B7E Z TH X
BN P AR AR T N Bk Z IR AE Z s R
() 7] B ST JLAS /NI A A L e A Kk 4 R
RIS Z 13X AT S 2 diifE 4
RGMER). 402 AR WA K E A
TR IR G L2 TR ARGt THE 2 T
B 0~1,1~2,2~3,.....,23~24h Y ANEL P, P,
P, oo Poa SRIGTH AT B 0 (4T & NBL:
0.5 1.5 2.5 23.5

P =P x + P X—4+ P x—+...... +P, x—— (2
D VR VA V| #704 @

TP AR 45 B I () BT U E SR 4 & N3P
B Py SRR i 5 RN R I R) B BT S A B
ST AR A5 B R 1) T S5 R e () DA 3 N B 7R 254
T B T AR A B T B AT A AN
gt N 1 ECRE ST HEAA S B H 2 1R N 38T B R
PR S e 2 Xk = A 1 A= 35 v K B X A
FR b B RN I EGER 2  7 AR R AR VS Vs K i 2 3L
TS A R MR AT AR e ) B R R
i, R S5 R AR N IR 2B 55 R A R0 1 i
PR A BT AR S H I e i A
RISt R) 7 RINTE H A BT 45 B IR [R)AS [, A 7= 4
(V) DTk At 22 900 2% EE 457 B I I 1) 22 S 6 N I B AT
TABLT 5, LA 2% 18 45 B B I 22 5 () i s N 1 508
)i

TE S B IR R 255 N B Al b n] DAVH 5
H BT BRLAE D7 R ARE A (] 0 255 N3 i ixX — R



4706

o[ F

ST
5%

B

41 %%

SO ) 25 2 NSO 975 7K 1 6 46 A e 4
I R K AR 251, 9T BA PSR
SO T Y 530 9 B 5 S P18 0 2 AR
4B 7 MO, RIS IS B R,
P EE 2 8 e 2 117 PR A S A 2

2 FHR51E
2.1 NG HIERE RIS 251 R A7 AL

WG 4 UCRAEWIIRL, #035 KAR B AL B
TR e A 2 FRY Y 4 A g A S i P N 380 2

S,

BT 1.

FT 1 4 RFEHHEESKT HAEHHKRERENESXAREXARINSRIMASEERS
Table 1 Wastewater flow rates and methamphetamine and ketamine consumptions in the service areas of the treatment plants
VKb H 3K (T m/d) LR T T 9 i fmg/(T A -d)] SRR 2 [mg/(T- \-d)]
2019-08  2019-12  2020-02  2020-05  2019-08 2019-12  2020-02  2020-05  2019-08 2019-12  2020-02  2020-05

HBL1 7.35 6.68 5.31 - 1.7 1.9 1.3 - 4.1 3.6 2.0 -
1 2 3.74 3.38 3.08 3.59 3.7 3.5 2.1 2.6 5.7 6.3 2.5 3.9
B3 7.16 6.84 5.54 10.51 2.6 22 1.4 2.0 6.1 3.6 22 3.7
i 4 0.83 - 0.87 0.76 1.5 - 0.4 1.6 10.4 - 1.6 6.0
BB S 8.59 8.05 10.48 10.81 1.9 1.9 1.1 2.0 2.5 2.0 3.0 3.0
#HL 6 9.23 5.56 5.39 8.14 2.6 4.5 4.5 3.0 1.5 1.8 1.6 1.9
BT 0.24 0.25 0.27 0.25 12.5 10.5 1.1 2.7 45.1 23.8 2.1 2.0
1 8 0.74 1.41 - 0.26 5.8 8.0 - 6.1 6.3 7.5 - 10
9 3.76 1.33 1.84 3.07 5.1 5.0 1.3 2.1 0.8 1.5 12 1.3
B 10 2.89 2.43 2.54 2.69 1.8 3.1 1.9 3.9 0.6 1.0 1.1 1.6
8 11 1.69 1.67 1.67 1.70 0.5 1.5 35 0.8 0.6 0.7 1.3 0.0
BB 12 2.49 3.43 231 2.93 3.4 2.3 1.8 1.3 32 2.1 2.9 4.5
BB 13 8.04 451 - 4.84 6.4 4.8 - 2.9 2.8 2.7 - 6.2
8 14 1.03 0.90 0.85 0.96 8.2 49 4.0 4.4 4.8 1.7 1.9 3.8
BB LS 1.88 421 3.03 3.86 3.9 1.8 1.0 1.2 4.8 3.4 3.1 7.2
8 16 1.13 1.05 0.87 1.05 0.9 2.6 6.4 43 3.8 43 3.8 5.5
BB 17 1.88 1.19 1.19 2.01 2.1 2.4 2.2 2.0 2.3 1.8 2.8 3.1
BB 18 2.18 1.81 1.72 1.38 4.5 2.0 0.9 2.1 4.1 1.1 1.2 3.0
BB 19 3.00 2.94 2.18 3.13 1.4 1.2 0.8 2.8 0.9 1.0 1.5 3.1
B8 20 6.97 6.64 6.31 6.24 2.9 2.0 1.5 2.3 4.5 48.9 8.4 4.1
B 21 1.50 2.00 - 1.84 1.5 7.1 - 2.8 2.6 3.9 - 2.4

i 22 0.92 0.78 0.58 - 14.9 6.5 7.5 - 42.8 3.5 2.6 -
B 23 8.21 8.21 5.80 8.07 6.4 8.7 3.9 6.2 11.5 9.9 9.5 11.7
B 24 12.37 11.98 10.86 10.72 2.3 3.5 1.1 2.7 5.1 4.0 2 4.8
Bl E* 96.32 85.25 72.69 86.97 3.6 3.5 1.9 2.8 4.7 6.9 3.1 42
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Fig 1 Population dynamics in representative urban and

non—urban districts
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Table 2 Average composite populations of the districts of Z city during four rounds of sampling

P HLE LB ST 5 AR OTN)

VAN K HEBCR A S S5 XA T (A

i 2019-08 2019-12 2020-02 2020-05 2019-08 2019-12 2020-02 2020-05
A1 26.0 27.4 17.7 26.7 28.6 26.0 20.6 —
i 2 11.7 11.1 7.5 11.4 16.0 14.4 13.2 153
3 243 245 18.2 24.6 27.8 26.6 21.5 40.8
i 4 4.4 5.7 2.4 4.2 1.8 — 1.9 1.7
5 18.2 17.5 12.6 18.7 27.8 26.6 21.5 40.8
#Hi 6 37.9 37.7 21.6 41.2 23.7 143 13.9 20.9
B 7 12.1 11.2 7.4 11.4 0.7 0.7 0.8 0.7
A4 8 20.6 19.4 6.1 19.8 2.0 3.8 — 0.7
#HB9 29.3 28.6 13.8 31.1 12.8 45 6.3 10.5
#8410 31.8 30.8 16.8 33.4 9.2 7.8 8.1 8.6
A 1L 8.7 8.4 5.3 9.0 43 43 43 43
BT 12 17.6 17.1 12.4 18.0 8.3 11.4 7.7 9.7
813 40.0 38.2 12.4 39.1 23.9 13.4 — 14.4
i 14 35.5 33.6 11.9 34.6 2.8 2.4 2.3 2.6
HB 15 21.0 19.9 11.6 222 4.8 10.7 7.7 9.8
#4816 11.9 11.2 8.6 12.0 3.7 3.4 2.8 3.4
I 17 13.5 13.1 8.1 14.1 5.0 3.1 3.1 5.3
18 16.8 16.6 8.5 19.0 6.1 5.1 4.8 3.9
#8119 14.8 14.0 8.6 14.8 8.2 8.1 6.0 8.6
#8420 33.7 31.3 19.1 31.6 23.5 22.4 213 21.0
i 21 32.8 31.5 16.2 32.0 6.4 8.5 — 7.9
P14 22 6.0 5.4 3.8 5.8 22 1.9 1.4 —
i 23 2.4 37.7 30.6 42.9 29.2 29.2 20.6 28.7
i 24 64.0 59.6 27.6 62.9 40.1 389 353 34.8

Gt 574.7 551.5 308.6 580.5 319.0 287.4 225.0 294.5

TR TG KB B ft 45 S DR T 24 R Bl

P66 N DAL AT 4 JCRAE
[, 5 V5 7K Ab B T Kb B IR v /K Bt — 2 i 8y,
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