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T OE RIS MY T R A BB AR G E U A SRR . IR BRI O L T A S R —
HbL DX X 2 A6 0 10 T R B T R A X S ) T Y OB AR TR L PR AT 12 15 K AR 3T ( waste-
water treatment plants, WWTPs ) R 45 X 3 i i) 8 Bk i My BUHFE 04T TR 4. 158, SRAIMEIAHZE
P AR 0% - B B B 0 2 1) V31T 12 4~ WWTPs #E7K A 8 Flokg s i P9 B iR B, 46 3 7E <y
HA I (method detection limit, MDL) 2 170.9 ng-L ™' {5 Bl N (4 5 ok S tE IR SR )5, RAETS K iitT
Ji 7 ( wastewater-based epidemiology, WBE) #EATIHAE R 5. £ REW], ST ( ketamine, KET) |
e ( morphine, MOR ) . VKE ( methamphetamine, METH ) . #&3kAL (3, 4-methylenedioxymethampheta-
mine, MDMA ) J& FZA AR PEMIT, FRIHFER I 682.4, 167.8. 44.6. 11.3mg-d'-1000inh™';
M KH (cocaine, COC) . #H BT (benzoylecgonine BE) . H-KVUMEA ( methcathinone, MC) %
AR . X WWTPs 3E 7K FFoRS I P4 52 (4 5 B8 R AT 4007, A Bk Sy T AE A XS T AR 1, A B
2 R R AL S

KPR KEAEEMIET, EAKRATRY, TP, TSKARETT, JHEEE.

Estimation of the consumption of psychoactive substances in the service
areas of 12 wastewater treatment plants in a city of Guangxi, China

using wastewater-based epidemiology

JIN Hangbiao' YANG Dan' ZHAO Meirong' ZHANG Jinyang® HAO Yunbin***
(1. College of Environment, Zhejiang University of Technology, Hangzhou, 310032, China;
2. Hangzhou Ruide Life Technology Co., Ltd., Hangzhou, 311121, China)

Abstract The abuse of psychoactive substances is increasing in the last few years, which has
became a new concern for social stability and human health. How to accurately estimate the total
amount of psychoactive substances used in a certain area is the key point for the management of
these substances. This study investigated the consumption of 8 psychoactive substances in the

service areas of 12 wastewater treatment plants (WWTPs) in a city of Guangxi, China. Firstly, the
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solid phase extraction-liquid chromatography-tandem mass spectrometry was used to determine the
concentrations of 8 psychoactive substances in the influent of 12 WWTPs in a city of Guangxi, and
5 psychoactive substances were detected, with the concentrations ranging from <method detection
limit (MDL) to 170.91 ng-L™". Then, back calculation of consumption was conducted, according to
the wastewater-based epidemiology (WBE). The results showed that ketamine (KET),
morphine (MOR), methamphetamine (METH), and ecstasy (3, 4-methylenedioxymethamphe-
tamine, MDMA) were the main psychoactive substances detected, with the average consumption
of 682.4, 167.8, 44.6 and 11.3 mg-d'-1000inh™', respectively. However, cocaine (COC),

benzoylecgonine (BE), and methcathinone (MC) were not detected at all. The residues of
psychoactive substances in WWTPs influent were analyzed to estimate the consumption of these
substances in specific areas, which contributes to the control and prevention of these psychoactive
substances.

Keywords psychoactive substances, wastewater-based epidemiology, Guangxi, wastewater

treatment plants, consumption.

UTAE A, B A e AR S b ol DR 10358 1 0 I, S 0 1 0 T L 8 S LR 3R T 95 7K S K IR .
(2019 4F AL 35 SR )R 2 ERA 2.71 /2 N OV R i R 9 o **%EF(E VW) BN U IR 25 3R 42
S DR LA A 3 T SRR 1T W 3 A S IR B RN S A O 9 S G P 9 S5 T 40 A AR R 2 | BT
BB 2GS 1 B RS Al Ak T 24 F0 R R AT 1 0 BORE 2 R T B, 61 a0 4 AR RD ok &) 7 S,

A T 5 b A AR S 25 LRI A sl LA 08 =X B R HE AR 51, 2%?7](%‘@%/\
T ARSI, ST R A TS KA R (WWTPs) 7L fHE 5545 Wi L 28 il T 2256 WWTPs A6 i 16 14 i
17 F 14 . Huerta-Fontela 2% 75 VG HE 5F 42 /4 4t WWTPs HE/K 45 T op (2 4 B o 200 ng- L7 19 Al & I
(COC). 1100 ng-L™" fy4 B k2 B 7 (BE) F1 29 ng-L™" B 458 el (KET)™; Du 2575 b 3k P4 W 75 B I i —
A WWTP ZE7K A 2 (v BE R 956 ng- L' APKEE(METH) L 936 ng- L™ AL AL(MDMA) | 284 ng-L"!
() KET. 94 ng-L™" 1y 25 G IE R (NK) . 16 ng-L™" 1§ BE®.. fy st nl 1, th 545 M i) WWTPs i 7K ozl
#f) COC, BE. METH, MDMA , KET ¥ Ji 3 il 5 75 .

AR 2 WWTPs b3 5 HE B K FREE (1 e FE AR (ng L), (EJ2 RS A TG 4 0 o HL A AR T 4, ]

RE SRR K A AR 0 A P 4 ib R 40, LA A 25 XU U0 1. T DA U U ¥ A o o v 0 o 3 8 K AR AR 3
IR AN /N Fraz 58RI, 288 T 10 pg L R PG 6 J8 1Y sl AR B 5 0 A GE i b a2, el
TR ARG FWIE S &2 B m, B2 2 Rpak 2 R ok 2 82 1 J5 4 LU, Sivalingam %‘EEBLTIE&MF
(MOR) ] LA FH T B fo K i #8467, 3 B %5 MOR 1] g 23 5%F BE 5 f A0 F5 A0 . PR 1 K ki o fi
i3, Johnson 45 & B, FCHR /3 HLANAR 24 4 K AR v J3E 2 8 2 Xk A A 2 7 A 41 o) A 4K B S SO AL 1,
T3 A, KA RS A I P W Tt TT R T A A X A 2 A B 7 AR S i 1Y) Moratalla 5 & BE, METH Al
MDMA [ & 23 7€ 1 1532 Sl AT G 88 i T 8 19 iy DX 380 A= B PEAE Y, bl A (A ik e e,

A R A 5 T 50 T 2 R U I Rk 2 W B SR s R S H g R L
A, V5K AT (WBE) &) 1z W T e Ala | S8 AN 20 A b i WWTPs. 3 J 3R X ik
TG 7K H bRy sl LA 0k B AT 0 A, 45 G WWTPs (9 i35 IX BN B 8L | /K i DA e 2l
YA S 5 WWTPs IR 45 X301 H bR 245 W0 i FE 5. VB X PR SR A 78, & B &0, 2eaf
ST PG A, AR AT DA A X5 /NS BB X3 B 1 i T 8 fb AT B sl G 12 B ) A

FRAE (2019 4FtH FL 8 i R 5 ), COC, METH, MDMA Fl1 MOR 454 4 15 149 o A Fp 4 b T+
HRE f LA R BTSE L MOR, METH, KET. NK. MDMA ., H! K74l (MC) . COC 1 BE #5854,
WMAE T XSRS FOE YEY R A PE 5T 12 4> WWTPs #E K B9k JE 7K, 3171 WBE J 35 WWTPs IR 55 X
S FRPRE RIS PR T RE R, DAIDI SR W5 8 ks e M ST A D B A S A A
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1 #MBL5 7 (Materials and methods)

L1 2 50

ST ARG AT 0 SO A O, A TR AR IE A AR, Y90 ) Cerilliant( SR i, 18 5d 57 17 M,
FIH) . XL A T 6 ARG A IS A o A R AL : MOR, METH., KET. NK(KET BYfCH#) |
MDMA, MC. COC, BE(MOR %t ¥ ) . [Al i Z #5ic &9 N 45 2 $§ MOR-d;. METH-ds. KET-d,.
MDMA-ds, MC-ds. COC-d; £ BE-d;.

FmE(LC ) . HR(LC 9) . &K (Zrdral) fEhmig (Zr 4l ) 4394 H Sigma-Aldrich P4 A% F o 4 B
%(Lf)iﬁ%ﬁﬁﬁ/\j TR T A TE R AT BRAA R L AT R LR 2046 T A BR A WAL Ve 1 Ak A
A PR A F]. i Mili-Q #E4li7K & 4t (Millipore 23 7], € ) il £ #E 41 7K . 8 Flokg w16 2 4 ot R AR B Ak v

Fifs B2 1.
R 1 KEIEPEY) AR A AL B

Table 1 Basic physicochemical properties of the psychoactive substances

R P B B 43 F it/ (gmol 1) oK oK, ik
Psychoactive substances Structure Molecular weight : o Remarks
MOR on 285.4 8.2 — PR
O—7
“O\Qﬁ
¥
METH 149.3 9.9 2.1 E[82R715T
Py
H
KET Ke 2377 7.5 22 E|2eR 7))
NK e 223.7 — 2.7 KETH i
NH
MC 163.2 8.0 1.9 eI
A,
0 H
MDMA 193.2 9.9 2.3 e R
H
o N
()
coc . 303.4 8.61 2.3 EB737/5
H(\©)LO»[ ﬁ
070
BE 0 289.3 10.1 13 cocrittig

12 JKEERSE

2019 4E 11 H 4, FI% BERUK i R AE 2% (LB-8000D, T #E L MR A BRA R, 1 ZR) AP ) P 3
TR 12 4~ WWTPs & 2 h R4 1 IRES S A KK AR, 4 R RAE 12 3Kk, Y H R SRR BUR & 5 JD
5 24 h IRAKEE. BER R IG, T-20 °C 50F FIAAE, B hEsi 250865
1.3 Wik
1.3.1  [EAHAEHR

FE b Y [ A A HUH SUPELCO visiprep 24™ DL(SUPELCO, USA) #E47. - BUI5 K #E 5 100 mL, /il A
WEER 25 ng-mL " IR G INFRIEIR 200 pL, 1855, SRS LR AEuE R U8, HOEW 50 mL, A 3 mol-L™
ERFRVH Y 2 pH E/NT 2, #2300 1(6 mL HEE+6 mL H4L7K) 1) Oasis®MCX EIFHAERUIME (3 cc, 60 mg,
Waters) , 7% il i 3 4 4.0 mL-min ', FAESERUS, 4 mL H EEMRUE, 25 T B AHZE UM, F 4 mL e
R 5% F G K P B B, 358 S O 1.0 mL-min”!, WA BRI, 60 °C AR T T, il 250 uL Y
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0.1% HRK, WHEST, 7K RIFLIE R U8 5 , BEACER AN . A& E 5 43 5 Al S7 i & 2 0 P AT R bE, A6 (R
FAE R ERAE.
1.3.2 WM a3 ER K B3 (LC-MS/MS)

FE 5 BT 2l o WA €63 HR BX = EE DU B 3% &R 48 ( Thermo Scientific U3000 UPLC; Thermo
Scientific TSQ Quantive, Thermo, 3 [E ) 5¢ 5. LC 77k H B BEVE R S AH A Fl1 0.1% H R /K i AR i 3
#H B. i Syncronis C18 {4 1% 4% (100 mmx=2.1 mm, 1.7 um) DA 350 pL-min™" {37 38 23 B 3B . 6 5 vk i
FEFUF: 0—0.5 min, A #H 5%, B #H 95%; 1 min, A #H 15%, B #H 85%; 5.5 min, A #H 30%, B #H 70%;
6—38 min, A # 90%, B #H 10%; 8.5—10 min, A # 5%, B #H 95%. JEHE A 5 uL. H:IE K 40 <C.

[ ik DAE 88 70 25 F 25 (ESI) HEATHRAE, JF 647 2 N I (MRM) . 85 F- IR L 3.5 kV.
L4 KIS MY s FE T

H T A WWTPs [l 45 X3 H A 259 AE i, 45X (2O MRA R (D), b= (3), ) A
THFER.

CxFn MW, 1
= — X — —_

MC X QD)
P, MW,, E,;
P Cruyn X Fy 2)
Rxm, -~

CixRw,n MW, 1
_ NH,-N P 3)
Cxmen MWy E;

MC

A, MC o T A H 24 H b5 25 ) 19 1F #6 4, mg-d'-1000inh™'; C; Sy 5% ¥ H AR 25 ) 1 K ¥R B2, ng- L5
Fi, 8 WWTPs 4 H i tit, m*d s Ps 5 WWTPs [l 55 XA F1; MW, S BRA 25 1) 53 15 MW,y R AR5
FEI oy T B O FARYIARI 5% B H AR R HE S, Can, o W AR RIS, mg- L' Ry N T AH
P FAECRE, ¢-d-1000inh !, TP T TN H S & A R 7.9 g-d'+1000inh . 44 TS B L
2.

F® 2 AR HARY (DTR) IR K HE %
Table 2 Selection and consumption of Drug Target Residues (DTR)

Hbri B By H b5+ it /5% 88 B o+ i Het2%/%
Target compound DTR Molecular weight ratio of target compound to DTR Excretion rate
MOR MOR 1.00 5.004
METH METH 1.00 4304
KET NK 1.06 1.654
MC MC 1.00 5.504
MDMA MDMA 1.00 2024
COoC BE 1.05 30.0724

1.5 e PR aE Ao e 45

FH ER B LK B BRI 28 FURE R B AR S AE 3 SRV 4 L 3R il B R A5 32 BS54, LIS A 43
BT 35 I A M RS B 1. XS T T A RS S P o, an 3k 3 R, R < 1.5 ng' L, PA SIN>10 K
SERRR, SAN>3 Jy MDL, 8 Flvks #% PE9 i i MDL 1 < 0.45 ng L. Jilkg [A1S R AE 78%—95% 2 [H], 1E
DFERE, B 10 AMFE RIS A ZS FIRE, 25 A RS DU 2R RS P9 5, ELAH A 0 O 22 (RSD, n=3) 3
INT 8%, Ui W% 5 R AR TR R AR RE S 40 BT ELR, BB FH T H 8 0 Hr G I
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R3 TERMR, E RN R
Table 3 Method detection limit, limit of quantitative(LOQ) and linear relationship

Ewy FER R /(ng L) JE R/ ng L) LT LSS
Compounds MDL LOQ Linear equation )i

MOR 0.45 1.5 y=—0.101+2.86x 0.9904
METH 0.30 1.0 y=-0.145+3.02x 0.9935
KET 0.30 1.0 y=-0.0875+1.97x 0.9903
NK 0.15 0.5 y=-0.0119+0.173x 0.9918
MC 0.15 0.5 y=-0.0342+0.820x 0.9911
MDMA 0.15 0.5 »=-0.00856+0.319x 0.9942
cocC 0.30 1.0 »=—-0.0188+0.501x 0.9931
BE 0.15 0.5 y=-0.0523+2.13x 0.9966

2 25 54718 (Results and discussion)

2.1 RS A o A IR AT
FE)TPURY 12 1> WWTPs 1, Rl 21 8 Rk #fi i PR 4 i (%) 5, KA 2] MC. COC. BE. 413 4
s, K EN 5 Rk A 4 B9V BEE <MDL—170.9 ng- L™ (97K F N 3 3. Hrh MOR. METH., KET [
i 28 100%, 1 NK, MDMA F6 H 253 514 44.1%. 14.3%.
F4 JVEET 124 WWTPs 58 8 HARY T YRR | Tk B 3 Bl B i i =

Table 4 Average concentrations, concentration ranges, and detection frequencies of 12 WWTPs in a city of Guangxi

MOR METH KET NK MDMA
IS 35.5 123.8 41.7 9.8 25.6
25 49 7.2 46.1 7.0 ND
35 20.7 70.0 51.3 44.5 ND
45 17.0 57.3 23.0 37.9 ND
55 42 8.9 21.2 ND¢ ND
65 7.6 59.6 13.6 ND ND
TS 18.8 14.6 3.9 ND ND
g5 14.4 223 11.9 19.1 ND
95 23.8 12.7 2.8 ND ND
105 17.6 4.5 26.1 92.8 29.5
115) 11.8 18.0 17.2 30.2 ND
125 212 282 8.9 ND ND
K i % 100.0% 100.0% 100.0% 44.1% 14.3%
JuHP 2.9—55.1 3.8—170.9 1.15—74.0 <MDL—161.68 <MDL—72.4
e 16.5 38.7 22.3 20.1 4.6
LHIER 15.7 225 18.9 ND ND

12T RSP BE s A Sy B BAARE, ng- L' ¢ NDFRIR A E).
* Average concentration, corresponding to WWTP NO.1—12; ** Expressed in ng-L™'; ¢ ND means not detected.
211 MEE
TERAEWIIN], 35X 12 4> WWTPs 3K it MOR fAS: H 5458 100%, $EH] T MOR 7£) " P AL )2
0. W ETE 2.9—55.1 ng- L™ N8, v 1,95 WWTP Rl B9 40, 5. 2 %5 WWTP A6l )
(VR B B AIG. F 3 S T, ACHIFGE G I 3] ) WWTPs i 7K MOR ¥R I T 2 R FIK 24 1) WWTPs 7K
MOR % ((83.3+11.8) ng-L™") FlFi—t /5 i ity WWTPs 17K MOR ¥ J& ((204.4+£49.9) ng-L™").
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R S5 [EHNIN WWTPs K1 i ML) B Kk (ng L)

Table 5 Influent concentrations of psychoactive substances in domestic and foreign WWTPs(ng-L™")

MOR METH KET MDMA MC coc i{i

ABIFFE 2.9—55.1 3.8—170.9 1.15—74.0 <MDL—72.4 <MDL <MDL 2019

T R IR — 21—65 — 10—35 — 209—823 2009

PUPEF AL — 3—277 7—50 2598 — 4—4700 2007
FERFPK P 83.3+11.8 16.2+7.1 — 14.2+14.5 — 421+83.3 2006

i A e 204.4+49.9 <LOQ — 13.6£12.6 — 218.4+58.4 2006

212 Uk

TETREWIN, 7 PEHETH 12 4~ WWTPs #E7K 7 METH O 255 100%, $iW] T METH 76/ 75 5
T A4 3k 0 B . METH A9 AG I0 BE 7E 3.8—170.9 ng-L™' NI sh, Hodr 1. 3, 6 5 WWTP K 2] ) ¢ i
BT, 205 5 WWTP Kl £ (9 vk FE 54Kt ¢ 5 nl 0, ASHIFZE A6 00 21 () WWTPs 7K METH ¥ J& I =
T3 KH K 22 WWTPs # 7k METH ¥ ((16.2+7.1) ng-L™) Fl i -+ /5 inifs WWTPs i#f /K METH ¥ Ji
(<LOQ); W& F V4 BE 24 A b &8 42 4~ WWTPs # /K METH ¥ J& (3—277 ng-L™") ; {H 5 fin & K R
WWTPs #f7K METH #¢ & (21—65 ng-L ) #HZE A K.
213 $#EkA

% WWTPs i) MDMA #3527 1. 10 5 WWTPs 73514 100%., 71% #b, Hidy WWTPs £ ) 3%
H 0%, e 7E < MDL—72.4 ng-L"' N 3h, P EH 4.6 ng' L. 26 5 a0, [ 40 &%
WWTPs [ # 7K ' MDMA 1% A7, 8 YRI5 K6 21 1) i2E 7K MDMA ¥R 5 5 i 42 K 2R 3 WWTPs #f 7k
MDMA ¥ J# (10—35 ng-L™") . & KFIK 2 WWTPs #E/K MDMA ¢ ((14.2£14.5) ng-L™) AHiT; (HAE T
PUBEA L3 42 > WWTPs 7k MDMA #¢ )% (2—598 ng-L™") FllFi -+ /5 i WWTPs # 7K MDMA ¥
& ((13.6£12.6) ng-L™"). XF L AT A1, PEBESF | Hi =55 E 5 MDMA 935 R 00 Lo 1) P 3 oo ™ 8.
2.1.4 HWRPGER

TEA MBS RAE ], X 12 1> WWTPs #RIA I 2 MC AUFEAE. B2 5 Al A1, [E4 6 WWTPs
K MC BRAEAR IS e /b . BRI T 42 BR 89 WWTPs BE/K MC IRAF I AN 3 36 .
2.1.5 SR AN 2 B SR

%) KET. NK WK H R 53514 100%., 44.1%, BT KET 6] V8 5107 1 A7 45 k34 3k . V4 JE 53 031)
£ 1.2—74.0 ng'L', <MDL—161.7 ng-L™" NI 3h, Hr 3,2, 1, 105 WWTP £l 2 1) KET. NK #
JERR, 9. 7. 125 WWTPs £ I 21 (4 vk BE AR, B3 5 w1, EI4bXT WWTPs #E 7K 1 KET., NK I
8 e b, FEPEF A AL 42 4> WWTPs kil 5] 7—50 ng- L™ JEFE ) KET % B2, FIAHF 246 00 21 (9
JEMHZEARK.
2.1.6 AT PRURIAR B k2 R T

TEAUR B RAEWIE], X 12 4~ WWTPs #3A Fill 2] COC. BE BIAAAE. iXf [ 5, E4MXT WWTPs
HEKH g COC B E £, I RAH WWTPs i# 7K COC ¥ J& i il o 209—823 ng L', B K FIK 24
WWTPs 7K COC ¢ & {5 BBl 75 (421+83.3) ng- L™ Z ], FHHEF ALEB 42 4~ WWTPs i#E/K COC ¥ i il
fE 4—4700 ng-L™", HiH /i finis WWTPs #7K COC Mk JETEEI7E(218.4+£58.4) ng- L' Z[A]. XF FL ] %, gk,
BRA . VAR 45 E K WWTPs 7K COC 114 A7 17 190 26 278 353k b =1 7 P el 12 4 WWTPs.
2.2 RS HHIE TR A T RE

R4 WBE #5775 12 4~ WWTPs fiiR 55 DX 380K #1614 49 I3 i i #E =, Hirf, KET. MOR, METH,
MDMA HYTH BT 235 h 682.4. 167.8. 44.6, 11.3 mg-d'-1000inh", fif MC. COC ¥ [X & gl &6 5], 11
FAFH 0 mg-d - 1000inh ™" (7 #E & . i L AT 0 KET, MOR 28K #i 16 M4 B re ) 7 12 1> WWTPs iR 55
DX 35k 4 0 P8 ol . X — S5 1S S A [ B A S A0 SR IV EE R AR 9 (2019 AR TH FUEE SR ) — B
221 g

5 €2019 AEH FL3 i 4 MHRE, 2017 4543k 48 4K 87 i MOR, [A] LU3G K 33%. ELU I b I i,
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25 90% 1) MOR 16 AR IE#E % 46 A Z2 A A . i HETHE B 09 MOR BRA H (5 S50 2% £ 10%7. 4
UFFEEE MOR /28 DTR 8, 15 12 4~ WWTPs R4 X389 MOR F-HiHFERA 167.8 mg-d'-1000inh ',
H 15 WWTP JIie55 X BlAE RAE I (8] 4 °F-3 MOR JH#E 134 400.9 mg-d™'-1000inh ™, 9 5 WWTP filR55 [X 5
SF-¥5 MOR 8 #€ £ 14 218.2 mg-d"-1000inh™". f1 3 6 A %1, J7 PH K17 12 4> WWTPs 9 i 55 X 8, MOR
TH AR S IK T 92 [ PG 35 60N 41 XY 1 #E 2 (2380—2610 mg-d'-1000inh ™) . 53X 5 B4 16 7 5 A1
AU AR ) I 2 i 1 () 1 B AS — 3

Fz 6 EHPSN WWTPs BR 55 X 38okS i 16 14 5 T #E 1 (mg-d - 1000inh™)

Table 6 Consumption of psychoactive substances in the service area of the domestic and foreign WWTPs

MOR METH KET MDMA  MC coc i{i

AHI5E 167.8 44.6 682.4 113 — — 2019

Ll ofe P Y 5 R — 481+88 357464 748+282 — 14+6 2011
Hefwea — 13.3—29.8 — 80.1—392 —  8733—14643 2017

I FE PG5 B 2380—2610 1240—3090 — 1.72—59  — 434—1970 2017
MARZER, PUAE — 181.9—1184.8 — 22616 —  100.6—589.6 2017
- HH Bk g1 — 2 — 87 — 14 2017
S L A A ) — — — 5.1 — 235 2009

222 VKEE

Pt 2019 47 B 5 45 ) A, 57 7 W AR B AR RE R B B B K R i METH T 37,
2007 4E 2 2017 4, g WALZE3R T 82 Ml METH®. JCie (i F Al Fh il A 7 =X, METH 76 AR 9 A9 AR 5147
RPN, 204 (42%+17%) METH LRI 58 1o JR iCHE H AR ZR2S. RS METH #: s e, BT AR ik
WFFEEE METH 1E>8 DTR P74, 11501 12 > WWTPs IR 55 X IAE KA 8] () METH -2 #E ik
44.6 mg-d'-1000inh™". Fi 4k METH 7] R85 T 254 &) >k 75 =2 i AQ. (B2, 76 b [ w3 == X} METH
() G ] 5T R A 0.03 mg-d™'-1000inh™ 2247, 5 METH 4 IE 123 428 14 #E B AH HL AT DL 206 AR 1H2Y. 36 6
AL JVERTT 12 4 WWTPs RSG5 IXSSAE R AERATE] 1Y METH S #E5 = T E WWTPs fIlR55 X 38# METH
M #E 1 (13.3—29.8 mg-d™"-1000inh™") . {H Ik T 35 & P4 & 3 & N P9 4> 41 X METH i H & (1240 —
3090 mg-d'-1000inh ™) HARPHEHFES; WWTPs IR55 X3k METH i FH 5 ((481+88) mg-d '-1000inh ™),
T RSB IS WWTPs 55 X8 METH #EHHE(181.9—1184.8 mg-d'-1000inh ™). X FKIASE | 7
AR ok P9 745 [ 5K 1Y METH 3 FHS &0 e b BT PE R T A 12 1> WWTPs Al 55 DX iy i FH R 0™ 5.
223 #ELH

MDMA 5 FR$E 3k AL. 95 (2019 4FHE 58 i i 45 VHRIEFK, 2017 4F, JEU 180 J7 Affi Ff MDMA , ifij 5%
YA 350 J7 . LM 1149 T3 . BRYIAE 406 J7 . KA 44 J7, 8k E 3k 2129 J7%. MDMA 2 A KA
W, HE B IR TN (MDA) . MDMA., H &5 Bk R (HMMA) 809, I MDMA P i fa e,
A5y WSk, B LAARIR I8 16 B MDMA 1) DTR #4738, TR PE T 12 > WWTPs il 55 X3 7E R
FERAIA] Y MDMA 1475 #E 515 11.3 mg-d '-1000inh ', t1 3 6 AT, PG 12 4 WWTPs AR 55 X 16 %
FEWIEIAY) MDMA J#ER R T 70 2 ol 58 A WWTPs IR S5 X4 MDMA J4#E+# (5.1 mg-d'-1000inh ™).
B T35 PG B BB SN A IX (1.7—59 mg-d ™ 1000inh™) . Eh3 PHAIF 75 B3 (7484282 )mg-d™'-1000inh™)
) MDMA 7% 4, i T2 7 (80.1—392 mg-d '+ 1000inh™" ) ) MDMA I . ix R SE E . Dok 74 7 A
e [ 45 B X 1) MDMA il S O L b T P 5 A 12 4~ WWTPs il 45 X 35 MDMA ()3 1% 100 ™ 2.
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MC 1B FRit . K BB 5 MC J5 7€ 48 h N HEE 9 PRV & A 26%4-F% i -3-F 403k B R V5 i
(HMMC) 1 3% RERAL A4 MCP, (2, Tk SR 52 2 3 1 K R, 10 L 2590 AN i i e A 45 25
(Y, BRI ZCE s Te i HE W 2 A28 SR, B SRR T2 HE M 98 5. MC R BEAR DTR 2 F2EHEH Y
R = HMMC. {HJ2, X AL A PR 2 T8 1. AR IF 58 2 B MC 16 DTR #E473 15, B R BB AE
WWTPs JE7K H A 4G 2] MC #777E, BrAA WBE 33 H 0 mg-d - 1000inh™" # MC JHFE &
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22.5 AN

KET J&—FAs 32 E BrAs il (532 v E 6 P, 4 €2019 AF A3 SR ViR FR, KET (it L
AR AR A B L) T B 1Y 87%. 7E 2013—2017 4FH[H], WY ( 3222 AR WA AR B I ) KET 453K & 5 423K
2 AR 1Y 96%. 1t R b HIAE T AR BRI SRR IRF S ), HAEAR IR BTt #k o K #. KET 28 ARSI S
ALARIHHE T NK KET FBA 2 A AU IR S5 R 0 AR BIFFE BE B NK /B4 DTR #4735, 718 12
A~ WWTPs JIj55 X3 RAERA ] KET “F37HFER S 682.4 mg-d'-1000inh™". X H3% 6 RAIAI 5T Eok bl
TS WWTPs IR 45 X381 KET g ((357£64) mg-d™'-1000inh ™), H.ESN KET O AIAR AR E 5
A UL, KET 76 70 798 5 7 i A b 0k 9 7 45 B 5™ 8, X5 KET 9 [ Pl B 207
22.6 A[FRH

COC B S&—Ff Jsy s BRI, o2 —FpAEvE Y 0. 45 (2019 A5t L8 S fi i DR EFK, 2013—2017 4F
WIE 294 143 A E R4 4848 COC, & T 1983—1987 4EMAIA] 19 99 M E . MK CcOC J&, 5L
COC J5J¥ . BE 18 bt JR G HE H B AR AT ST R B BE /E 4 DTR #E471155, AR g WWTPs 7K
H R AN 2 BE AOAFEAE, Ir LA WBE 8. 0 mg-d '-1000inh ™' i) COC JH#E .

3 4518 (Conclusion)

(1)MOR., METH. KET 2 E " PEHE T 12 4> WWTPs #E 7K FIIR 45 X I8 72 FE 78 R0 A8 #i i
PEY . A INEE R, H ok P A 36 [ 45 [ ¢ WWTPs ) MOR., COC WA L) Pa e 12 4>
WWTPs 8. (i) YT 12 4> WWTPs IR 45 X8k KET #9708 PR I e S PEE 8 445 [ 5 ™ o (H S5
MR EZK ) MOR, METH, COC #l MDMA [l FE &0 HL ) P LT 12 4~ WWTPs R 55 X 48™ ..

(2) BRSSP B 7E T V35T 12 4> WWTPs #E7K 1 B ng L™ B9 7K, {H PR Sy it 4 4 o
W R RS A B B A W T, FRAT N 4R S G T X ey 41K A I

(3) %5 WWTPs 7K Hfos #6449 S0 16 % B 0647 40 BT, A1k 3430k S g I 7 AR DX I AT #E 3, R B
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