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Abstract:: Because Jlangsu is an important eéonomic/province off China, it is necgssary“to examine the pollution chalactenstlcs and
assesE they ecologlcal risk of -environmentally persistent pharmaceutlcal pollutants (EPPPs) in this region. In this study, surface water
samples were obtdined from grade 1-4 rivers aid lakés (w1th aitarea of 50 km* or more) in Jiangsu Province, and then analyzed to
determine, the pollution level of EPPPs. In total, 35 EPPPs were detected in the surface water of Jiangsu Province, with total
(oncentratlons in the samples ranging from 66. 74 to 2 189. 83 ng-L.~'. The 17 EPPPs with a detection rate of more than 25% are
discussed in this study. The total concentrations of 35 EPPPs were 72.48-1142.79 ng-L.™' | and the mean concentration was 345. 20
ng-L™". The total concentration of EPPPs was higher in the north and south than in the central part of Jiangsu. Yangzhou city had the
highest concentration of EPPPs in the whole province, and the main sources of this pollution were domestic sewage, shipping sewage
discharge, and drug use in fishery breeding. The total concentration of EPPPs decreased on both sides of the region, with the Beijing-
Hangzhou Canal and waste from the Yellow River forming the middle line. An ecological risk assessment of 17 EPPPs showed that
single target drugs posed a low risk to water ecology in Jiangsu Province. The combined risk quotient of 17 EPPPs in water of Jiangsu
Province was 0. 03-0. 52, indicating that EPPPs posed a low to moderate risk.

Key words; environmentally persistent pharmaceutical pollutants ( EPPPs) ; quadrupole/electrostatic field orbitrap high resolution mass

spectrometry ; surface water; pollution character; ecological risk assessment
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Table 1 Basic information of 45 EPPPs
HFR CAS 43 XTI 1eKoy B ¥ TET
Tl A - 21829-25-4 CyH g N, O 346. 34 2.20 347.123 6 333.1079; 138.055 1
KFERE R 41340-25-4 Cy;H, NO; 287.36 2.50 288.159 4 270.1489; 172. 1112
Je B 66085-59-4 Cy Hy4N, 04 418.45 3.05 419.1805 343.128 4; 301. 081 4
B[ % R 29122-68-7 C,Hy, N, 04 266. 34 0.16 267.003 0 185.0550; 154.9950
BT 75330-75-5 Cy4Hy 05 404. 55 4.26 405.264 0 285.1853; 199. 1489
ZE 22204-53-1 C,H,0, 230.26 3.18 231.1013 140.999 2; 77.037 3
T e I 4 446-86-6 CoH,N, 0,8 277.27 0.10 276. 0309 158.003 0; 134.0232
R 57-41-0 C;sH,N, 0, 252.27 2.47 253.097 2 225.1021; 182.096 3
WM 7R 331-39-5 CoHg0, 180. 16 1.15 181.049 4 181. 068 76; 163. 038 91
[ EiRIER:S 33419-42-0 CpoHy 045 588. 56 0. 60 587.1767 381.097 84; 113.023 09
HAEL 57 25812-30-0 C,sHy, 0,4 250. 34 4.77 251. 1642 123.0804; 83.0855
WIREE R 25122-46-7 Cpy HyoN, Og 466. 99 3.50 467. 1920 263.1420; 147.079 4
A ith s e 54350-48-0 Cp3Hy004 354. 50 8.43 356. 4 159.1; 131. 1
FhK T 125-33-7 C,,H,N,0, 218.26 0.91 219.112 8 162.091 3; 91.054 2
KR 69-72-7 C,Hg 0, 138.12 2.26 137.0233 137.0235; 93.033 4
i 1% 2% 22071-15-4 CigHy, 04 254.29 3.12 255.101 6 209.0959; 105,033 4
Xkt 148-82-3 C;;H,3CLN, 0, 305. 20 -0.52 306. 0 276.2 ;"'26j'1".f}.,. J P
FI L AR 36791-04-5 CgH,,N, O 244.21 -1.85 245.008 0 113.0458 7 L
AR 114-07-8 CyyHg; NO 3 . 733.90 3.06 734, 470 3 576.3847; 1;8‘f 1168
i 2 Y5 S 14028-44-5 C,H,CIN;O 313. 80 3.40 [ 4 314.0955) 297. 1_;-«"70.{,_1,*’ B,
NI 298-46-4 CsH N, 0 236.27 2.45) L 2371020 194,0065 .
TR 81103-11-9 Cy HgNO . TA7.96 3.16 748. 484 2 158. 117 5; 83,0497
SIS S 64-7545 CathsOIN0, | o/ 48090 -3.70 agLomg ¥ | 4451612, 410100y |
I | /' 53-86-1 CioHiCINO, /o " 357.79 4.2% f 58 0841 S 174,094 1; 138.9944 7
i R N R 66832-54-8 Cys Hy, CLES 0 /" ‘f . 485.00 2.850  4s4/72 250.9;232°9
MR " 593-33-5 Corlln@, s 8f ~ 4 384.52 3.20 § s 2373 325.2162; 267, 1743
i 2 I T 144=80-9 CyHNo 058 ) 214.24 -0.9614 215.048 5 156.0115 =
TIHEJEMI 22494-42-4 ChHFfo,0 | 250,20 4.44 251. 04 206. 1; 205.7
s 3 56-75- Tt C HpCLN,0f : 32813 1.14 323.019 6 274.998 8; 165. 066 1
WRbE 7 7045896-7 CyH g BN, 0, —_5319. 24 -1.03 320. 1410 276. 1518
LIS 6981-18-6 C,HN,0, ) 274.32 1.23 275.149 8 275.149 7; 123. 066 6
ik iz ) tﬁig’f?u%% 1220-83-3 C,H;;N, 0,8 280. 31 0.70 181.1 200.1; 159. 1
fif e Xt FH A2 BERE 651-06-9 C,,H,N,0,8 280. 31 0. 41 281.070 3 156.011 6; 126. 066 4
Tk e — P 468 122-11-2 C,,H,,N,0,S 310.33 1.63 311.0809 156. 076 7; 156.0113
U 52-86-8 C,, Hy3 CIFNO, 375.87 4.30 376. 1470 376.1469; 165.0709
FAR N 38194-50-2 CyH;FO,S 356. 41 3.42 357.096 0 233.0753
PESI SRR 2062-78-4 CysHyF, NSO 461. 50 6. 30 461.2 133. 1
KR 126-07-8 C,;H,,ClO, 352.77 2.18 351. 064 1 179.034 0; 161.023 3
KR E 85721-33-1 C;HFN;0;4 331.34 0.28 332.1410 288. 149 7; 245.106 5
A 13311-84-7 C, Hy; F5N, 04 276.21 3.35 275. 064 9 202.0121
TR TR AL 80474-14-2 CpsHy F5048 500. 60 2.78 501. 1917 313.159 3; 502. 194 4
it % FP 6 22 71-58-9 CyyH3, 0, 386. 53 4.09 387.2530 123.080 4; 327.2319
KA 64-86-8 Cy, Hys NOg 399. 44 1.03 400. 1750 358.1651; 401. 178 9
ek 81-81-2 C1oH,50, 308. 30 2.70 309. 112 1 251.0705; 163.039 1
itk etk e 144-83-2 C, H;;N;0,8 249.29 0.35 250. 064 5 184. 087 6; 156. 0117

J i % S O 2Ok L 5 B IR (ESD) L B
TR R 375°C , B F W% HL 3 500 VB3R
4.58 Lemin~' BN 7.97 Lemin ™' LIKN O,
S-lens RF 2} 50 ; 4B <E :7. 97 Lemin ', B %S A
A A R A AU 9 =R AR s v
i (data dependent scan) , 1F 2 T4 20 F B 2 FA8E X
Gy R 5 A B 43 R 70 000 1) — G0 A 4 4
FBRACHT 1 43 B2 R 17 500 B — 2148, FI 8

IR 100 ~ 1 500 m/z, —4 4345 A 3h3 5 =0 1. 0
x 10° B 11 ARHAE A 100 ms; BUREARHH) — 24
A S SR N 1.0 x 10°, Fe KBS 118 A ]
WA 100 ms, BEE % A 3.0 m/z, Al # 68 &
(NCE) 30, 40 H150 eV, Loop count ¥k 3, 5l
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Table 2 Sampling point information
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Fig. 2 Recovery test of 45 EPPPs
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3.22% ~31. 87 %, & J5 N [0 WAg 238 0 AH Xof s 7 At 22
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2.3 VLA HIEIK T EPPPs K H R

45 v HAR EPPPs 35 AER 55 I AT MKl
R A DR K H 28 100 9%, NMERR A H 26354
99. 17%, B2 1% I HKHE B2 1R 71 e 5 P-4 2R 4
14 98.33%, 97.50% F1 96. 67%, KW ixX JLFH 254
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Table 3 Positive and negative modes, limits of detection and limits of quantification for 45 EPPPs/pug-L ™!

o i E%*ig e _ E%*ig e . ﬁi%‘ﬁig
KB B KB B KB ke
T A 4 0.0668  0.2228 || Mt 0.0957 0.319 || FRmsnzEs 0.077 0.2567
KFERE R 0.1215  0.4052 || < WA RRES 0.2079 0.693 | FHKZi 0.1481  0.4939
JE BB 0.1119  0.3732 || FEfR P b Z2 R 0. 083 0.276 5 || WHERR 0.0785  0.106 4
(LSRN 0.0382  0.1275 || HMEmSE: 0.03 0.1002 || #KTIATFF 0.0445  0.1483
AT 0.0243  0.0812 || WA 0.168 8 0.562 8 || HALL5F 0.1129  0.3764
ZREE 0.2858  0.9528 || Bk 0.1599 0.5332 || Kigk 0.0952 0.3175
AR i 0.7526  2.5087 || FéMext P AR s 0 0. 009 0.0302 || fiR#&ZF 0.0974  0.3249
FAAKER 0.0135  0.0395 || JRIURMEMR: 0.2762 0.9209 || —FJemn 0.0549  0.1832
XKkt 0.0177  0.059 (AN 0.0266 0.0888 || ZIFHH 1.1005  1.5907
WA 0.0518  0.1726 || KEHER 0.133 0.4433 || EEHE 0.0442  0.1235
FIEL 5 Ak 0.0348 0.116 WHRYE 0.6879 1.902 3 || fiff e ] HH S e 0.5597 1.8654
B 505 0.0141  0.0472 || NEREE R 0.0173 0.057 9 || fitfrie — P 41 0.0528 0.1761
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. mmw%n@m%#muz;@ 25. 00%, Tiﬁé}# “WAHAZ, 1&)@%%@15’3”’5%/\% iJ:w?mJ(
bl anm. Y R, lwtzzzr“iﬂf&
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ng-L~ ,L_f %ﬁjﬁli&%‘%ﬂ(ﬁnnﬁﬁﬁfl‘jl_m%
e K ) 2 5 IRL TR FLN&‘@%&@
J7 X B ROK T EPPPs MT’ﬁfﬁn,,ﬁ\@ﬂ@ﬁﬁ?@E
ZFh 5.28 ~55’6 ng- L' ﬂ%éjﬁ 1.34.#20.3
ng-L~" R ﬁiﬁﬁxﬁﬁ'u?jtﬁiﬁﬁ T'ac—ijhjz‘fﬂ%"'ﬁ
2525 5 A AT B HZE BN ‘%ﬁlﬁh&'ﬂk¥ﬂ
EFATGD | 4
2.6 EEMKIEH | |

DI 24 it 4 3 R ( EurSpean Medicines Agency,
EMEA) 7£ A FH 24 5 B 58 KU PEAG S 00 g i
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Table 4  Toxicity data of 17 EPPPs

EPPPs ZAAY WA HHEEERE/mg- L AR PNEC/ng-L ! SRk
i 25 Hb S Lepomis macrochirus NOEC 34.63397 100 346 339.7 [56]
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