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Guangdong University of Techno ogy, Guangzhou 510006, Chma 2. Jieydng Bran(h of Chemistry and Chemical Engineering Guangdong Laboratory ( Rongjiang Laboratory ) ,

Jieyang 515:200, China; 3. Guangdong Provincial Key Laboratory of Monitoring and Safety of Psychoactive Substances, Guangdong Drug Experimental Technology Center,
Guangzhou 510232, China; 4. Guangdong Provincial Key Laboratory of Marine Resources and Coastal Engineering, School of Marine Science, Sun Yat-sen University, Zhuhai
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Abstract; Pharmaceutically active compounds(PhACs) have become a class of new pollutants in the environment after extensive production and use of PhACs in China. To
investigate the pollution characteristics of PhACs in Guangdong Province, raw sewage was collected from 186 sewage treatment plants in 21 cities, including 178 townships and
administrative districts in Guangdong Province. The pollution levels of ten typical PhACs in influent water of sewage treatment plants were analyzed using automatic solid phase
extraction and high performance liquid chromatography-triple quadrupole mass spectrometry. The spatial distribution characteristics of PhACs in Guangdong Province were fully
revealed, and the potential ecological risks of PhACs were evaluated. The results showed that PhACs were detected in all wastewater plants, and the mass concentration of
PhACs ranged from 21. 00 to 9 558.25 ng+L™". Metoprolo, acetaminophen, bezafibrate, and caffeine were the main pollutants. In terms of spatial distribution, the average

mass concentration of Z PhACs in various regions of Guangdong Province was in the following order; Pearl River Delta > North Guangdong > East Guangdong =~ West

Guangdong. When the mass concentration of Z PhACs was over 2 500 ng-L ™" in the influent water of sewage treatment plants, the concentration of PhACs in effluent was

estimated according to the sewage disposal technology. The ecological risk of PhACs was carried out based on the effluent. The results revealed that the ecological risk of
PhACs was low in Guangdong Province, and the risk of bezafibrate was moderate in the cities of Shaoguan, Jiangmen, and Shenzhen. The highest ecological risk of

Z PhACs was located in Shaoguan.

Key words: sewage treatment plant; influent water; pharmaceutical active compounds(PhACs) ; spatial distribution characteristics; ecological risk assessment
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PhACs B AR ™= W HEA H AR IRES i XK A B
BN R e 4 v Ul 2 R IR E R B AT
GRS IR W N5 K A P T K M R /K A PhACss
(TS YRR | X P58 v 19 24 i 57 T XU T4k 4
M RS HE 45 0L i e [ E RTXT PhACs A9 I 9
FEBTAER AP N F i hiE Z AN
25975 YRR A A AR FNAF ST 308 He Rl = 101
AR T T RA 21 /\ﬂﬁﬁﬁi}_%iﬁfcl:fiﬂ
186 157K IR AR T5 K, 20 B 1 15 /K Ab 38 kK
RS 10 FPHLI G PhACs B Y5 JL4SAE , I 5 B 1 4b
157K)” " PhACs Y75 % 7J<¥1_ TXF G [) SR AL
BS B AEL ( RQ) I XV K AT T A KBS DAY, LA R
K E V5 KA HE T PhACs E’J(’i LB AR | O
SRR G 5 AU 245 ) A A AR AR R A S R B e

RS, W B _EERTRL T 2 F]. PhACs BRifEdh & (5]
R FG R B 40 2K T 98% , PhACs i i i % [9]
ORI RPI RIS | PSSR 5 | T A
X4 Jo e R VR L 1.
1.2 FEACRE

ARFFERE T T HAE 186 M5 /K] WG TS
IKCREESEE TA N 21 Ak, 178 4 £ AT
X KR TG K T HE AT BRI T AR ARG i
PEYI W IN 5 2 A E R S % V5K A B
i REER R AR TG KT HEK Y 24 h & A K AR 600
ml, B 5B G KRR R B i i B LR E, T - 20C
UKFE URAE AT, 17 S 36 43 AT, A Al R S B 1] 24 2020
11 H 11 ~15 H, BTG K] ELERFES d,—3t
AT 630 M T5KEE . SRFE AL E WA 1 FiR.

FEA. N
257300 ¢
1 #REFRZX
L1 {5 il o
SR FH TR0 280 W 0 33 - = DO R S5 3 Ik A
(QTRAPSS00, K, AB SCIEX) | % i it 4= f4 ks 2307
*HﬁEMX( Fotecior Plus, 1, % RS AL IR 1 }E" -
j) N /\J: 7]}#{4{%’&( ( JMSO Plu-s" EF‘"@’ ‘[ﬁ/?\ tl i 210000 b ’@Jt
WERLE T B N AV Oakis L, 6 W 0 mm =8k
L :_500 e S El » Waters ) | ’ﬁ‘ éfﬁbjﬁ-f)(,.-'( Mﬂli'Q 10930°  111°00° 11230 114°00° 115530 117°00' E
Advgptage %l%] Milli Pore) A _-- ’ E1 SHRESERE
zlgﬁﬂ;%:'fﬁm BtJ ’f*t IJ l:I:] Z,Eg’%%ﬁiﬁ] EFLE;’:: > Fig. 1 Schematic distribution of sampling sites
1 PhACs frfEmR B EETYNME, PRXER, HE . 5 FX. B FREMKE
Table 1 ~ Category, Chinese and English name, abbreviation name, molecular formula,
molecular weight, and source of PhACs and surrogate standards
IS A YA 45 I3 Fa AHXS43F ot P37
H2 ZARFEHTH Bt lansoprazole LPZ Ci¢H,F;N;0,8 369. 36 IR R 52N F]
BB IR sotalol STL C1HyyN,048 272.36 At s v o 52 0 )
B ZIRFETTH FALIE IR metoprolo MEP C5HysNO; 267. 36 TR Y E)
[SIE=3497 atenolol ATL C14Hp, N0, 361. 82 At s v 2 o 52 8 )
W48 e A X 2 P acetaminophen ATP CgHyNO, 151. 16 B IUERR S A
) RWEEHLMK  popylantipyrine  APY CraHigN,0 230.30 AR A
RG] FRAhTT mevastatin MVS Cy;H3, 05 390. 51 AL a5 A A
HALILER bezafibrate BEZ CyoHy, CINO, 361. 82 RIUERRAF
HE PhACS WL P L e disopyramide DPM Cy HyyN;0 339.47 KHERT IR IE 2 7]
- LS caffeine CAF CeHgN, 0, 194. 19 LS5 4
AN &SN il R 13 caffeine-"C, CAF-Bc;  CPCyHN,O, 197.15 & [H Sigma-Aldrich 23]

1.3 FEAhTTAL I

FEABAE I K FEFE = I8 T R, 4250, (51 0. 45
pm 7K Z E B UE . 8IS K AR B 80 mlL, R
M4 Bl A 28 IBOSGHE AT 28 IO 45 . [ A 2% B
FHHLB /ME, FE R, LAE . Wk
W, BAAGRAEN R . 450 10 mL U EEAT 10 mL #E4fiK

XF HLB /MEHATIGAL K B A KFELL 4 mL - min ™
T A /N, K AR HARY) PhACs B f T
HLB /IMEFR. SR JE H 5 mL 68 20 K Ik e W B A, 8 2
Hrp R ESR T, 525 T4 5 min 5, 8 mL H
@?QWU\H/J\HEPE’J HEs Yt , AR Ve T 15

B . R A 2 W AT A (40°C, 1500
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remin ', 0 Pa) WERE SR 4R 208 T, R 4K e %%
Z 1 mL. FRZ0.22 pm A HUFTE RS 8 5 74 R 2
2 mL AZ IR, T - 20°C UKAE IR AT, 515 B AL
S3HT.
1.4 @RS A1

FE it R 8 SO €815 - — i DO AT B i Bk
I (LC-MS/MS) #4773 Br. 8385 5% 4. ik A
Agilent ZORBAX Eclipse Plus C18(50 mm x3. 0 mm,
1.8 wm) , A £ & ¥ 4 ( Eclipse Plus C18,3.0 x 5

mm, 1.8 wm); FEiE 40°C , YERERFL 5 wL, ik R
0.3 mL-min™"; 7zl A 55 mmol-L™' ZFR%% +
0. 1% W R IM/KE T, s A B &l HEE.

Ji 5 R 25 B TR (ESI) , IE B FF
B, 22 O A B, 25 R (GSL) RN
241.32 kPa, & F IR E 2 300°C, B F AL HL RN
3000 V, 55U B 250°C, B SR 241,32
kPa; filf 8 HH B I WA S HAs PhACs B BEE]
T T T HREEES] T % 2.

&2 10 7 PhACs MEE T, FH T, flifEgE, DX, BERERZE (RSD) . EMERNIR (LOD) fiEERNER (LOQ)
Table 2 Precursor ion, sub-ion ions, collision energy, recovery, relative standard deviation( RSD) ,

limit of detection( LOD) , and limit of quantification( LOQ) of ten PhACs

PhACs BEEF FEFY (V) R/ % RSD/% LOD/ng-L~" LOQ/ng-L~"
LPZ 370. 1 251.9(17), 119.1(21) 75.3 7.7 0.0125 0.050
STL 272.7 255.0(17) , 213.0(26) 74.9 2.0 0.0250 0.175
MEP 268.6 159.2(28) , 132.9(36) 76.9 15.3 0.0125 0,425
ATL 267.6 145.1(36) , 74(30) 107.0 1.6 0.0125 /7 025 [F
ATP 152.0 93.0(30), 64.8(39) 123. 6 2.1 " 0.0375 "6;-1“88 1
APY 231.0 189. 1(53), 76.9(63)s 102. 6 8.6~ 0.0125 10.050
MVS 392.0 274.0(23) , 188.0(27) 80. 1 f8a | ) 00250 S oss
BEZ 360. 2 231.0(19) , 130. 0(28) 98.6 f9.9 | 0.5000 250, @
DPM 340.6 239.2(25), 195.0 (42) _ 86.5 L1537 0.003 8 0. 010
CAF #1950 138.0(27) 10,0 (é%.)"' = 116.6 ey v Yo.0250 0.125
CAFFC, e 198.1 140. 1(27), 112.0632)F" 1157 V0.3 w ghoss 0. 250
) sty i | J Py ‘a \ 2 iy
1.5~ Jﬁﬁ?ﬁ%ﬂ'ﬁ{%ﬁ v Ir | v %%%ﬁ%ﬁ(ﬁ}}\jﬁ%”ﬁ@ﬁEN‘E%%E’JE?&%‘@

AEARREFICA. CAB-"C, 1 1ol s i 3/
ST FEAT W B VRN B 0. 125 pg-LobelE

10 Fft PHACs BT A br VA 00 H B B, 20 1145 5]
B BEH 0.01.0.05. 0.1.0.5.1.5. 10,20,
50, 100 F1250 pg-L~" IR G PRI W, 1 H LC-
MS/MS HEATI A I 22 il bn o il 6, r A5 HARfb &
PR IalA R E (R ) ¥ KT 0. 99. 1] 80 mL #B4lizK
FRERG A 10 Bl PhACs b e TR A 7 WA A% 1]
WS B AR U B K 0. 125 pg-L7', % 3 AT
FE. T M ENER A 74, 9% ~ 123, 6% , AH R i i
Z(RSD) KN 1.4% ~15.3% (% 2). LAY FE S
ME R 3 4% (S/N =3) A1 10 1% (S/N =10) B9 i
e B AE A AR 09 2 PR DU BR (limit of detection
LOD) Fllxg & K I FR ( limit of quantification, LOQ ).
FREAE b 1) e 4 A5 45, TH 580 s B bR 43 BT W i Oy ik
LOD Fl LOQ 434l 4 0.003 8 ~0.5000 ng-L~"' Fll
0.010 ~1.250 ng-L™'(#£2). T W LC-MS/MS
A R M, B 50 SRR i 2 T4 A — A b AR
sV Ay JO o A R
1.6 ABKEIEN

K FH XS R (B (risk quotients, RQ) , WA 4% X
5K PhACs Ve A A KURE. RQ IR 23 T3¢

SO KT BEATIEAl . RQAE 215 Yo ) 52 Bk i v
J# ( measured environmental concentration, MEC ) 5 il
W g % m W E ( predicted  environmental
concentration, PNEC) B9 FAE, H T35 AL (1) #0
3 (2) 1. KI5 YL W) 1) o E RN R I G S e
{ELILER 3. IR [RITSE b 24 W 2 B R dle AN [R] , AR 3
AR CR ST 8 iU 0 ] — o 245 40 i P D) 5 v e
AN EEPEZE S X Tk 2 S R AR 1 25 ), R
FH 2 FE AR 2B R A () TSR ( ECOSAR ) i & H:
T

-~

MEC

Q= pNEC (1)
PNEC = LCy, or (E(j;l(;) or NOEC (2)

P MEC Ak AR S H B pg- L™ PNEC 2H
T TG 250 07 Mk BE gL'y LCy, 2K BUAE U B
peg L™ ECs RO M  pg- L™ NOEC HJG
BB, wg- L5 or AR AW A Y
BB M T 5 AF PP B AR
YRR K HESRHE A e .

kg bl E A 2 A0S e SRR AL 2 A G
W IR A KURG: T RE S (Al O A S IR B i
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ML PG PP R  FoR AR S PhACs INZEA A4S
KB RQ, Skeemm W (3).

AH L RQ, MEES @ T HARME AWML S
WS ; MEC, keSS @ TR k&% j sl (ZEE,

", MEC, pg-L™'; PNEC, jﬂt%%J fihg 900 JIC 280 e
RQ = 2 Nk (3) !
i=1 ' g L.
&3 PhACs MIF R PNEC (&
Table 3 Toxicity data and PNEC values of PhACs
— —

Himsas e it whees TEOUEE e et ik
LPZ —b a2 Chv? 47 10 4.700 [12]
STL Daphnia similis Tk ECs, 325200 1000 325.200 (6]
MEP — e ECs, 7900 1000 7.900 [15]
ATL Daphnia magna &k NOEC 1480 10 148 [16]
ATP — F%k ECs, 9200 1000 9.200 [15]
APY — (BN LCs 706 1000 0. 706 [12]
MVS — Pk ECso 1190 1000 1. 190 [12]
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