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Abstract; Psychoactive substance is a new class of pollutants which has strong excitatory or inhibitory effect on
central nervous system after ingestion, and their occurrence in the water environment may cause potential harm to
aquatic organisms, aquatic ecosystems and even human health. In order to evaluate the pollution level and ecologi-
cal risk of psychoactive substances in Taihu Lake, the concentrations and spatial distribution of 13 typical psycho-
active substances in 19 rivers entering the lake were determined by ultra-high performance liquid chromatography-
mass spectrometry. Results showed that except for benzoyltartarine (BE) and norketamine (NK), the other 11 target
compounds were ubiquitously detected in the 19 rivers, with the concentrations ranging from below detection limit
to 432 ng-L™'. Ephedrine (EPH) has the highest detection frequency (100% ) and median concentration (11.0 ng-
L™"), followed by methamphetamine (METH), with the detection frequency of 58% and median concentration of
10 ng-L™'. Amphetamine (AMP) was not detected in the East Taihu Lake. Most drugs were detected in the rivers
flowing into Zhushan Bay and West Taihu Lake, while the high levels of heroin (HR) was mainly observed in
South Taihu Lake. Risks of the 13 psychoactive substances were assessed with the risk quotient (RQ) method, and
results showed that the RQ values of the target compounds in the river water were less than 0.10, indicating their

low ecological risks. However, their long-term and comprehensive risks to aquatic ecosystems deserved attention.

Keywords: psychoactive substances; Taihu Lake; ecological risks; rivers entering the lake; spatial distribution

P PR ) T — 2 B e gy, o ds e
| B 24 78 il SR 20 B8 1k 1 AR BT R & i 2540, vl ket
FH P 3 AN AT 4232 1 R AU, 25 A2 AR BB AR
f Al R e fa N o RS B T o £ A S
RN NS AN I R S VRN LN f ALY/ I A
kLS A 0 2R 28 R ORD 2% HET 2= (R4, 4
KBS AT AKEEET HETRTE KA T2 AR
E ST G L 2R BR PO BB A3 A Al 2B (A T ) o
AR = 1 5 K E A LKA 78 BEAT V5 7Kk Ak
PRVt A b DX 3 6 2 ) W) B HE A LR OK . 7ERK
LT SEMN Y LA H AR A o v B, B vk
JEE RS PSP T 2 B K R E AL T Bk 2 E
YK,

(2018 AEH AR MRS ) Fa 1, 2 A T 2.75
{¢)m R, AR I R s BT, R E
A B [ R0 P R 2 46 ] 5 02 A 7 SRS o TG PR )
J ARG Y b DX, bR K rh B A E A A
PR 560, 55 3 28 9 e (METH) 2K T4 1 (AMP) | $%
3k ALMDMA)  F MR (KET) | AT 45 R (COC) . 3 V0 il
(MET) ¥} #% Al (HR) F1RK 75 il (EPH) 5% | Bar-
telt-Hunt 55140 1 36 [ AT I 32 35 7K Ak 3
T HEK s %% 5 LT vt 3 METH (V6 i 38
350.0 ng-L™', Baker Fl Kasprzyk-Hordern!" 7£ % [#]
() — 2% 42 9 V5 K Ab BT H K BT, R T
AMP KET } EPH 45, #¢ B 7F JL> ng- L7 L+ ng

-L™' Z[A], Mendoza %5"7E P4 B 2F T 48 HL i) Hh 3 /K
HRG Y T B B Y EPH (30.6 ~ 1 020.0 ng-L™"),
van Nuijs 25" 7€ HL A Y Zenne o] K H: 57 3 H & 30
B R FE Y COC (60.0 ng- L™ )FI4E HI it F 1 (BE)
(222.0 ng-L ™Y (2018 4F i [{ 5 i B H 4R E ) 5
T EZA 2404 T3 AW A METH AL
17 56.1% . ATAFER, 3R ARG #h 1 P 4 5 fof ] R
N, FEid 2 s A MR AN BN T — 1%
ZW ARk i AR (R & METH) W &34, fx
IR FE 2 B, 8 [ % K METH 1 17 faf (UK T
R HE 5w SRR AT — 2 3 [ H S TR E
O E R, v P BRI LU R AE 3R
I AE R X K o KET G faf I T 0 [ 5 5 i X
R T ELAMHAE S, Lin 5" E St
1R - B 7 M DX b K R R I Y KET F v B i 3k
4200 ng-L™", Jiang 25 7E v [ 5 75 VG R EUT I 016
FK ARSI Y KET ¥ 7E nd. ~233 ng-L™' Z[f],
KWL T =AU A% RO 2P L2 =K
RIKIATA /K3 AL 2 338 km®, 37K 1.89 m,
BEESTL WA, ALWTC ), FE I TN, 75 3R B%, AR
WTRM W A %, BRI A S0 4
4 KIS MR R ), N F e Tl
KRG | JE T E A S 2P kA X, K
R R IX FE B A2 G KA TR Tolk Ak Fi Ak
T 15K ELAZHEA K, T R g, P B R TR
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WA AEZSEREE . A W FE40GE , A L 0 75 7K A B
TR AR R 5 A S R (H RS
TP A % M X K 075 Yl R DLARGE , A
FEVERE 19 S5 AT MBI FE X 42, {68 FFER i 380 M
3% T 5 1 (UPLC-MS/MS) 43 7 T 13 Ffks #il 17%
P 5 B AR A T R B TS Y AR R, SR
5 ATT RN e SR AR 5 R BT B BR 2450 BCRA: a5,
(A7 AE BAH S | IR0 XU A8 7 TP ARG o i
WA A A5 AU, T 2845 S P ARG e v 4 o e K
TS B K R VR IR BEAT Ry AN A 2 KU PEAR
PEOLRF2 K

1 ##l57% % (Materials and methods)
1.1 S5
EPH  AMP METH  H! K i il (MC) 3,4-3F. 1 —

3L ZE A i (MDA) . MDMA | 5 1 &0 i i (NK)
KET % H 5t F 758 (BE) .COC .MET .HR Fl 7] {3 [*
(COD)(ZLFEY ] 99% )(FEAL M T ANz 1 fr )5 H
FEIR N -1 8(METH-d, )] B Cerilliant 2\ 7] (Round
Rock, TX, EH), LR (514l [ 1 254 H 1k
SR BRA Al (L), S sl P EE  Z G A Fish-
er A H](Poole, JE[H), 27K (30% )5 H IR (FA)(99% )1t
M Sigma-Aldrich 7w, 52 5 F H 267K th Milli-Q
(Millipore, MA , 3¢ [E) R Ge il £, [FAHZ HUHE Oasis
MCX(60 mg,3 cc)lJ H Waters 2\ /] (Milford, MA | 3¢
), YRS LT A JE I (GE/F™ filters, 4% 47 mm, L2
045 pm)¥ H Whatman 2 7] (Meitesi , 92 [H)
1.2 FEACREE

SEEGRER T 2019 45 1 H FE R 3 G R
SRAE . E RURE Ak BT 2 KR AT ek A

®1 BHEEYRE LR

Table 1 Physicochemical properties of psychoactive substances
Hir9 45K 3 F= Gy CAS 5 oK
Target Structure Molecular formula ~ Molecular weight CAS number ¢
" 0
JIR B BH(EPH
(EPED CyH,;sNO 165 299-42-3 103
Ephedrine (EPH) HN
H.C CH,
. NH
A E(AMP 2
(AMP) CoH ;N 135 300-62-9 10.1
Amphetamine (AMP) CH,
IR (METH) i
Methamphetamine Q/Y “CH, CyoH;sN 149 4846-07-5 99
(METH) CH,
0
= V4 i (MC i\
(MC) N C,oH;;NO 163 5650-44-2 80
Mecaxone (MC)
— = ke 7 O NH,
340 H AR IR I (MDA)
( CyoH,;3NO, 179 4764-17-4 967
3 A-Methylenedioxyamphetamine (MDA) o)
N
$E 3 AL(MDMA o)
( ) < ™~ C, H,;NO, 193 42542-1-9 99
Ecstasy (MDMA) o
0
25 W U (NK)
C,H,,CINO 223 35211-10-0 NA

Norketamine (NK)
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Zik1
Hrt 45K o7 oy CAS & oK
Target Structure Molecular formula ~ Molecular weight CAS number ¢
Cl
A —
SEHE R (KET
_ ( ) NH C;H,,CINO 238 6740-88-1 75
Ketamine (KET) N
(6]
0
N
e X OH
B F T (BE)
‘ C,¢H,,NO, 289 519-09-5 10.1
Benzoylodonine (BE) [0) C
(6]
o oH
AR H(CoC) H,C-N 0
) : o C,;H,, NO, 303 50-36-2 8.61
Cocaine (COC)
(0]
\
o NS
VDI (MET
> Hi(MET) C, Hy,NO 309 76-99-3 8.94
Methadone (MET)
% H (HR
- Gy Hy; NOs 369 561-27-3 795
Heroin (HR)
A ¢ (CoD
(oD Cis Hy NO; 299 76-57-3 821

Codeine (COD)

T :NA FoR JToEs
Note: NA indicates no data.

PRI R E A 7 A B X 3 T A T O
AV B DA T8 DX RTRT 38 1) 35 S bR 45 (K 58 R 30 3t
IR, 2014) , LB 19 AN AHAH 1597 3 A4 T 11
BRI, 45 SRR s5 UK ARE 500 mL, & 42 1if ) Y
A Milli-Q 7K PE I HE T AR B B . RS,
HJE ST HE S22 T 4 CWK, S uBkEEMTE 48 h
AL BRSEEE
1.3 FEfA T
1.3.1 FEShRTALEE

B 500 mL MK FELS 0.45 um BY 5 2T 2 1k i

IUE  WEL BT pH £ 3, A 5 ng ) METH-d, ,
FKFELL 1 mL-min™" A3 1 Oasis MCX A HUH: (42
5 mL HEER 6 mL B 4li/K G- FinNE %, &85,
FH 6 mL #al/KHkEE MCX #2437k 50, 2H
6 mL 2 5% UK H B PR MG 5 WSO R I
210 mL BEOEHTE 40 CARB PR K 2
T, A 1 mL K/ CIERA R (VOK): CHE)=9:1)E
FORES , 22 022 pm JE SR UE , FR
1.3.2 FESIE

W AR (354 7 ACQUITY UPLC® BEH C18 (1.7
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pwm, 50 mm x 2.1 mm, Waters, MA, USA), #EF: 8N
5 L, A H 1%0 FA /K (A)FI A5 (B4 AL,
BEWIELEE M .0 ~0.5 min,98% A;0.5 ~4.5 min,50%
A;45 ~4.6 min,2% A;4.6 ~6.0 min,2% A;6.0 ~
62 min,98% A;62 ~7.5 min,98% A, WENAHTHE
#7045 mL-min™" , FEiE R 40 C,

H W€ Ml Xevo T-QS micro = H Y
T R BT %[ (Waters, MA, USA), & FH £ S W
il (multiple reaction monitoring, MRM)-5 Hi I 55 1F 25
FIRESINHE R, AAME BRI A5 SR, B
YN HLE R 0.5 KV, B U5 R 7 15 R 4351 o~ 150
CHI400 °C, HAPBIESEINR 2 s,

1.3.3  JriEIuES i 45 il

K WAL E a, VBRI 0.01 ~10.0 pug-
L™, R*>0.99, 4391 LL Milli-Q 7K | [ 3 7K F1 22 7k
S BE AT AR PSR SE 5 bR K- 20 ng- L™
(n=5), X%} N IR R 78.5% ~ 114.4% 76.0% ~
105.0% F1 73.8% ~ 103.6% , AH X} b 4 f 22 % T
10% , EIME R4, KNRLOD) AfEMELL 3:1, F i

FRLOQ)MIEME L 10: 1, HARY1E b E /K H i) LOD
7£02 ~08 ng-L™'[A] ,LOQ 7E 0.6 ~2.6 ng-L™'[f],

2 R 5178 (Results and discussion)
2.1 AT RS fo I A A T R

[k NK 1 BE #b, 11 Folg o T 14 578 0 i
W19 2 AT H A8 A TRRE B (ARG H |, ARG H v B
R AN 3 FioR, BR MC A9 K HY 25 A0 X5
(15.8% )Fb, AN #e35% 14 0 S5 () A o R AE 52.6%
(HR 71 COD) ~ 100.0% (EPH), H:t EPH {4 45
RIS H R 3 e, Y 0.5 ~43.2 ng-L™', EPH
SEIEE 2GR UL e R e R SRR 2R
WA SC, B 1A T EASNLbEIE T 5 Aokl
3% P 9 I (EPH , AMP . METH . MET £ KET) ) &
i, dbatii EPH B (n.d. ~50.8 ng-L™)* 5
KW EPH vk BEVE R KR — 3, SESMEA
WFFEAR G, R 8 26 K v EPHL 175 He ik 3 7K
TR TPHBE A D45 B (30.6 ~ 1 020.0 ng-L™)*) {HFY

N

e T 8 Calder f(nd. ~16.5 ng-L™)™

*2 BREMBEFRRENRIESH
Table 2 Analyte ions and mass spectrometry parameters

LR T R T
1554 B[] BB+ R E Quantitative ion Qualitative ion

H4 min fm-z"") N il I FHT il I FHT

Target Retention time Parent ion Cluster voltage N Am-z") N Am-z")

/min Am-z") Y% Collision voltage Violet ion Collision voltage Violet ion

% Am-z") N Am-z"")
EPH 13 166.0 35 20 1332 3 148
AMP 18 136.1 14 14 91.0 9 119.1
METH 20 150.1 22 16 91.0 10 119.1
MC 16 164.1 20 18 131.0 22 105.0
MDA 19 180.0 22 20 105.0 16 1354
MDMA 20 194.1 22 12 163.0 24 105.0
NK 22 224.0 28 24 125.0 50 892
KET 23 2320 16 24 125.0 16 179.0
BE 23 290.0 20 20 168.1 28 105.0
CcocC 27 304.1 6 18 182.1 28 82.1
MET 39 310.1 4 24 105.0 48 77.1
HR 26 370.0 34 48 165.1 26 268.1
COD 1.7 300.0 28 26 215.1 35 165.1
METH-d 19 158.1 16 22 93.1 12 1240

1 . METH-d 378 H R R -1 8.,
Note: METH-dy stands for methamphetamine-ds.
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PLINN O P15 %

METH K H RN 58% , 75 ek Ji /K SFEAE n.d.
~36.0 ng-L™' Z[], AIRFUE MR BE©95.9 ng-L7),
LE I Ad9A H METH (9% B2 7K F-(n.d. ~3.5 ng-L™")
o RS TR 4 4% 3 B0 (B ve)  BR YT FAAETT
FHYT)H METH RO (0.1 ~58.2)+18.6 ng-L™'P
T E VR AL B TR X 38k 0 36 4% 32 B3] 3 SR A i A
B METH FA H 390 % 55 35 92.0% , W FELE 0.1
~42.0 ng- L™ Z [8], 55 A0 5 3l AG 0 1 e B AR 2,
AT R0, TR E b K H METH 43 B /K 3%
W TVEPEF (n.d. ~5.0 ng-L™H"# ] $iE(n.d. ~
03 ng- L)%+ (<LOQ) &5 [ 5% | iX 51X LL [
FIE R METH i FH AR B KT B 0 50 AE A
EREE T A E A EHIX (n.d. ~917.0 ng-L™H)",

AMP IR 55 2% (84.2% ) AH X METH /&
{H FE K (nd. ~ 1.9 ng-L)iE kT METH, AMP
1Y FEERIE S METH (9 4C 8 7™ 9 F1I6 I 108 4 AR 0W
oAb 77 2 ()R 2™ A PRI R W], AMP 1E
METH FACE™ 9, 76 AR i AR5 30 4.0%
~7.0% [A]P ) fy U AR BT, 24 AMP 9V ¥ 5 METH
B Y BE L AE 0.04 ~ 0.1 B, AMP 19 3 323k I &
METH W54, FEAMFGEH AMP F1 METH )
FLAE>0.1, Ui B R AMP B AT BB 2R U5 14k

T Al R = 0, R AMP B
WP LA 5 b 5t R K — 2, (B R T S i
AHE) 36 257 (n.d. ~0.8 ng- L"), ik TH8 44T
(32.0 ng-L )ik th i g2 S5 ESMA SR AR L,
AMP ¥ BB AR T P BE F S5 L (309.0 ng-L7"),
T EAM(nd. ~0.7 ng-L™"), 53 E  Fi i 4%
A Y

KET & H R A X515 (94.7% ) , e B 7K AE n.d.
~43 ng-L™", KB A B b KET B9k EK
54 49 S FEWAM L, B (12.6 ng- L)
%, MZLM@E.1 ng-L7") 1876 @.0 ng- L )yFit i (3.8
ng- L YMHZEA K, HIH(<LOD)  S#1(0.2 ng-L ™),
PEi 0.4 ng-L™") I EE#I0.6 ng- L™ ) Z K (0.9
ng-L™)!MAFIIA E , Lo 6 0 b DX e A T A — 4%
(<LOD ~2.0 ng-L™" ), AT 9% [ — &y o
KET(21.3 ng- L™Kz R, BV BE F — kA F A ok
KT #EAK F1AR RT3 (<LOD) R P2
2.2 RS PRSP L AR o A AR

P P 2 AT, W I AR A2 L RS e 4 o
AR R ok B AR IR R B o, P R
A L5 g R T P T S s A DX, TN R N
LT IR, A TG Vs K HE R K, AR

x3 RBHIEEYRAKENR(LOD) EER(LOQ) B E 4 H 2= PR N Al H ik B
Table 3 Detection limits (LOD), quantitative limits (LOQ), recovery rates, detection rates and

concentrations of psychoactive substances in rivers

WP /(ng- L")

wEw YR /% KR/ % Concentrations/(ng-L™")
Target LOD/(ng-L™) LOQ/(ng-1™) Recovery rates/% Detection rates/% /N R il
Min Max Median
AMP 0.01 0.015 90.7 842 n.d. 19 14
METH 0.005 0.01 954 579 n.d. 36.0 10
MC 0.01 0.02 98.9 158 n.d. 03 02
MDA 0.02 0.025 101.5 842 n.d. 145 1.1
MDMA 0.005 0.01 97.8 789 n.d. 04 03
NK 0.01 0.02 859 - n.d. n.d. n.d.
KET 0.02 0.05 105.2 94.7 n.d. 43 13
BE 0.005 0.01 87.6 - n.d. n.d. n.d.
coc 0.01 0.05 90.0 842 n.d. 1.1 1.1
MET 0.025 0.02 884 94.7 n.d. 0.7 0.6
HR 0.01 0.02 85.5 52.6 n.d. 49 4.6
COD 0.02 0.05 98.9 52.6 n.d. 22 19
EPH 0.015 0.01 110.0 100.0 047 432 9.1

P on.d R AR

Note: n.d. indicates no detection.
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Fig. 2 Concentrations of 13 psychoactive substances

in inflowing rivers of Taihu Lake

PEY IS 075 KT 558 v 1A 0 3t 8 R B ) KR
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DX PN 8 IR 32 TAT YT B 30T ) A 0 A T K A B
Wit , H 5 7= A 0 A 3 15 7K — PB4 B ) 422 HE AR
PR AR 45418 3(a) MK 3(b), EPH il METH
IFE R13 RAF ARG A Ve B . AMP AR 76 Jip
AWCRFESIA R, b SCH R AW i A
) AMP JEAR IR T M0 4 AR 25 (R oK 3 22) iy 4l
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2.3 AEMIEPEY) BRI S B

K H SPSS FE A HT(PCA) , 43 HT A 5 9 35 b
FK OGRS R 2R R, 4T PCA DL3R
13 BRI RNR - 28 m7 , 270 e KOie e I, 4 B e
fEE>1 WA 5 A, a0 5 BT 220 245% |
19.0% 14.5% .10.4% 1 8.5% . F R/ Hrin & 4
fli7xn ,MDMA .COD ,AMP METH #l EPH % 3 i{ />
1A 07 g AU 58 v, 5 B 3k e 25 1) 5 N I 8 0 2%
FI FHA ¢, 1 HR KET Hl COC X} 3 5i 4y 2 6oy
AR i, AT B PR SR 3 3 o 245 49 ol P Al 2 B 1
JPRIEZG3915S b I8 370 33k %) R B A5 R1 R14 (R15 |
R16 Fl R19 X F 145 2 A8 A 7f7 ,R18 Fl R3 Xf
TR 1 AR AT (K 5), X RB, BE R TE KA
15K AL FR) A HE AT Bl A T el 2R K ok b
TEPEYI BT 2 A Bk UE AL T R R AR K
TP A9 Y R BE 5 (R4 RS R6 \R7 .R8 \R9 Fl R10)
HBXT 3 2 A e B BT 0 I R R AR R AN
PG R LS T 3k A A TS PR ) B 52 15 /K AR 3T K
SRR

b 3R K O BT P BT B A DG A AT A 4 i
7%, COC Fl METH . EPH #4715 %58 K il A e Pk
(=542%), —HHB)E T 24 K25, & W FHAE A
P2 2447, T MDMA Fll HR [R)FEt A 55 AH ¢
TE(56 4% ), i 1412 B TR AR 37 i il B 3 2 ik
MOE MY, COD H1 EPH U 77 76 FH %452 155 4 06
PE@E7.6% ), iR 1T 135 PR RN 56 8 PR B I 2 #0 1k 1% 24
(B 7 vl R R IRA RO I E R, BR T =B TE K
FG KRB AR SN  FE M Thid e B T ax szl
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119°50'0"E 120°0'0"E 120°10'0"E 120°20'0"E 120°30'0"E
@) %,
,1/5 s O)L‘f%' EL(Wuxi County)
= @12 11 (Taige Canal) R18 R z
e FANI o
2f FpEHE(Wujin Port) R19 12
@ HECH M) R17 )%W(Li Rive) R1 =
Meng,, Tiaoxi Bridge (Changzhou) —— e
w\)/,- 13 (Hengtang River) R16 HE W (Wangyu River) R2
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Fig. 3 Concentration levels of psychoactive substances in 19 inflowing rivers of Taihu Lake
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Table 4 Relevance of psychoactive drugs in rivers entering lakes
AMP METH MDA MDMA KET CcoC HR MET COD EPH
AMP 1
METH 0.058 1
MDA 0.182 -0.077 1
MDMA -0.243 -0444 0.162 1
KET -0.045 -0.155 0.056 0.020 1
CcoC -0.195 -0.542" 0.161 0.102 0.385 1
HR -0.089 0.246 -0.039 -0.564" 0.194 0.151 1
MET -0.192 -0.018 0.107 -0.094 0.023 0.092 0.237 1
COD -0.184 0234 -0.061 -0.003 -0268 -0.179 0344 0.193 1
EPH 0232 0237 —-0.046 0.052 -0.197 -0.551" -0.049 -0.128 0476" 1

2 TE 0.05 HRICWUE), FHEHE B2,

Note: *is a significant correlation at the 0.05 level.
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Table 5 Predicted no effect concentration (PNECs), measured maximal concentrations and
risk quotient (RQs) for psychoactive substances
H %) AR A /(mg L") PNEC/ PRI i Kk (ng - L") ROS Kot I
Target  Half effect concentration/(mg-L™") (mg-L7") Maximal concentrations/(ng-L™") Data sources
EPH 3.6 (KF) (Water flea) 3.6E-03 432 12E-02 R[37)
Reference [37]
AMP 22 (K#F) (Water flea) 22E-03 19 85E-04 HR[38]
Reference [38]
METH 20 (#2) (Algae) 2.0E-03 36.0 1.8E-02 ECOSAR
MC 40 (HH) (Algae) 40E-03 03 7.6E-05 ECOSAR
MDA 46 (#F) (Algae) 46E-03 145 32E-03 ECOSAR
KET 0.7 (#3) (Algae) 7.0E-04 43 6.0E-03 ECOSAR
coc 44 (#F) (Algae) 44E-03 1.1 2.6E-04 ECOSAR
MET 02 (#J) (Algae) 1.7E-04 0.7 4.1E-03 ECOSAR
MDMA 27 (#J) (Algae) 27E-03 04 14E-04 ECOSAR
HR 9.7 () (Algae) 9.70E-03 49 5.1E-04 ECOSAR
COD 184 (#25) (Algae) 1.84E-02 22 12E-04 ECOSAR
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