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Abstract: Wastewater-marking pharmaceuticals ( WWMPs) are emerging contaminants in urban
rivers. Nine WWMPs including azithromycin ( AZM ), sulfathiazole ( STZ), ibuprofen ( IBU),
diclofenac (DCF) , paracetamol ( PRC), atenolol ( ATL), clofibrate ( CLF), carbamazepine ( CBM)
and caffeine (CAF) were selected as the target compounds, and purification effects of artificial ecosystem
with different hydrophytes ( Cyperus alternifolius, Juncus effusus and Acorus calamus L. ) on water quality
of urban rivers were investigated by monitoring 4 conventional indicators in liquid phase and the changes
of WWMPs in liquid phase, sediment and plant tissue. There were no significant changes of 4

conventional indicators (COD, TP, TN and NH,” — N) in the artificial ecosystem without plant, while
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their concentrations in the artificial ecosystems with hydrophyte decreased by 49.5% , 52.1% , 57.8%

and 74. 2% , respectively. Compared with the non-plant system, ecosystems with hydrophyte had a
significant removal effect on WWMPs in liquid phase, especially for CBM, IBU, ATL and PRC, and the
removal efficiencies were greater than 33. 8% . The removal of ATL, AZM, CBM, IBU and PRC in

sediments by the ecosystem with Cyperus alternifolius and Acorus calamus L. was not remarkable. In plant

tissue, no matter above-water and underwater parts, good absorption effects of CAF, CBM and CLF were

obtained.

Artificial ecosystem with hydrophyte can effectively remove WWMPs and conventional

pollutants in urban rivers, and is an effective means for improving water quality of urban rivers.
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Fig. 1 Changes of conventional indicators in water phase
of different artificial ecosystems
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Tab.1 Change of nine WWMPs concentrations in water phase of different artificial ecosystems Yo
WWMPs| R% HERS e JEE
0d 0.5d 1d 2d 5d 10 d 15d
JoE®) | 100 70.3 £8.1 63.1+3.5 48.1 4.7 41.2 £8.3 36.2+3.3 32.2+3.7
ATL BEAE | 100 105.8 +6.4 56.9+3.9 46.1+4.2 36.0+5.4 27.4 +£3.8 19.6 £2.1
=% 100 87.2+4.3 91.1+£5.9 89.7+5.7 77.6 £2.6 48.7 £5.9 31.4£4.0
ST | 100 75.6 £5.3 71.3 1.5 58.6£6.5 39.2+2.4 41.2 1.8 22.2+£2.7
Jori® | 100 30.5+1.5 20.9 0.7 14.8 £1.3 20.4 £3.5 18.2£0.7 23.2+1.0
AZM BEAE | 100 52.1+1.2 37.1 1.5 31.0+2.7 29.9+£3.0 23.3+1.6 14.5£2.8
=% 100 43.9£4.0 48.8 £3.2 42.1+4.5 32.2+4.3 31.9+£2.5 17.9£3.9
KT0NEL | 100 48.6 2.1 30.6 £2.8 36.8 +3.5 44.1+£2.4 28.2+1.3 27.0+1.2
JotEY) | 100 74.5 +£3.6 59.5+2.9 32.6 £2.6 20.9 +5.2 18.6 +2.3 12.9 +0.8
CAF BEA¥ | 100 100.1£7.0 68.7£5.0 57.4 6.1 39.5+3.1 28.1+1.9 19.8 £4.3
B 100 82.3+3.7 76.0 4.6 59.3+£3.7 34.6+2.8 25.0£2.1 15.5+3.5
FTEE | 100 71.6 +4.6 71.5+3.2 65.0+4.0 29.5+1.2 32.2+1.8 11.9+1.0
JoHEY) | 100 97.1+4.3 94.0£5.4 90.6 £6.5 95.4+£9.4 93.6+7.9 85.2+5.4
CBM BAF | 100 102.0 +5.2 97.5+5.5 86.5 +6.7 89.1+4.1 68.7 +6.3 54.4+£6.0
=% 100 93.7+3.5 104.2 £7.2 88.9 +6.1 74.6 £3.1 73.0+4.8 66.2 +3.8
FTEE | 100 102.2 £5.3 96.9 £6.3 90.3 £4.2 82.8+5.5 62.8 +4.6 45.2 £5.7
JoHEY) | 100 116.6 £6.0 118.8 £8.4 109.2 £3.0 71.1£2.9 47.3£3.9 29.1+4.5
CLF BEA¥ | 100 100.6 £7.6 85.2+7.1 95.3+2.4 84.0+7.7 44.0+2.6 24.5 1.7
=% 100 99.2+£8.6 85.9+3.5 77.8 £5.9 70.0 +£5.8 37.3+6.9 30.8 £2.5
ETI0NE | 100 97.4 £3.8 95.9+£5.6 83.4+1.7 65.2£2.8 24.2+5.5 18.9£4.6
JokEYy | 100 90.6 +6.5 97.4 +4.2 75.3+2.1 60.4 +3.5 35.2+1.6 32.0+2.8
DCF BEA¥ | 100 104.5 +6.8 93.8+7.9 80.6 +4.2 51.2+4.0 37.5+4.8 29.9 +4.5
=% 100 95.2+5.3 85.6+6.7 85.0+7.4 70.5 £2.7 56.2+6.8 40.6 £6.1
ST | 100 106.0 £4.2 102.1 £5.8 96.4 £3.5 79.2£5.1 62.1+3.7 56.0+£6.7
Joi® | 100 116.9 £9.3 94.7 £6.6 35.7+2.0 16.9 £2.2 19.3+£2.4 51.7+2.0
IBU BAE | 100 100.3 £2.5 111.2 £8.0 76.0£3.2 70.3 4.6 46.6 £2.5 38.0+3.3
=% 100 110.0 £6.2 95.9+£7.0 85.7+8.2 80.8+2.3 57.0+5.5 46.9 £4.5
ETONELD | 100 82.5+3.9 84.3+8.6 70.1 4.1 49.0+£3.4 33.2+2.7 31.5+1.8
JotEY) | 100 82.4 +4.7 5.4+1.5 n. d. 3.8x1.1 10.6 +2.4 0.3+0.1
PRC BEA¥ | 100 79.6 £2.8 51.0 £4.7 29.2£3.5 14.3 2.1 n. d. n. d.
BT 100 62.9 +3.1 19.5+1.2 11.4+1.0 11.9+0.9 7.0+0.2 0.8+0.1
FTEE | 100 54.5 +4.5 29.1+4.0 14.2 £0.5 3.1+0.1 n. d. 1.2+0.3
JoHEY) | 100 109.4 £9.8 100.1 £9.1 87.4 +11 49.2 £4.3 31.4 +4.2 25.9+£5.0
STZ BAFL | 100 102.0+7.4 93.5+4.2 77.6 £5.5 63.8+2.0 24.7+3.6 29.2+2.2
=% 100 94.6 +3.8 101.5 £9.3 86.0+6.5 61.8 £4.7 41.9£5.1 32.1+£2.9
FTEE | 100 89.2+4.3 82.4+6.0 70.4 £4.3 36.9+1.6 23.5+1.4 19.8£2.0
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Tab.2 Concentration changes of nine WWMPs in sediment of different artificial ecosystems ng- g’
W
WIS | R 0.5d 1d 2.d 5d 10 d 15 d
ToHEY 187 11 425 +33 398 £39 495 +30 597 +48 643 +35
AT 159 +13 119 +25 293 +27 365 +12 428 £15 526 +27
ATL B 137 +9 186 +16 213 24 248 +8 307 £12 389 +£22
KT 209 £21 302 £18 419 £23 559 £10 613 £20 810 £19
ToAEY) 816 +42 123292 151577 1196 =81 1318 +60 1106 +78
AZM BAxe 589 +58 802 +£45 913 +37 1628 +106 1487 £112 912 +£39
B 1 052 +76 1275 +84 1 090 =36 1 008 +94 952 +35 858 +57
LT E 1244 +48 1270 +94 1 001 £70 788 +28 678 +37 1 064 +38
Bk 1892 +125 1 847 +86 1954 +102 1781 +49 1 655 83 1 471 £156
CAF AT 1362 +70 1 780 +69 1571 £139 1 048 +£35 921 +77 777 +45
i 1962 +137 1 690 £47 1369 £75 1302 +117 1266 +43 1130 £87
LT E 1 166 +59 1332 +130 1578 +91 1325 +55 1 580 +94 1 348 +95
ToAEY) 747 £34 319 £47 521 +£101 608 +75 803 £50 481 +32
BEArEr 174 £33 392 £61 206 £20 476 +62 218 £36 314 57
CBM BT 349 +46 403 £72 291 +45 380 +49 302 +27 574 +73
LT E 575 22 329 45 601 +40 297 £52 476 +45 218 £29
TorE Y 396 +45 496 +58 475 £29 676 +73 542 +38 643 £51
AT 214 +36 297 +15 574 £41 506 +25 474 £49 356 +18
CLF =¥ 354 +27 459 +£56 792 +44 694 +27 678 +18 598 +72
LT E 286 +24 477 £55 808 +102 716 £61 810 +63 813 +43
TorEY) 210 £16 395 £22 428 +56 470 £71 698 +74 894 + 67
DCF AT 152 £20 201 +43 218 +18 211 +18 336 +14 634 +54
=% 290 =44 337 £20 402 +34 340 £56 590 +35 798 +32
LT E 188 £ 12 218 +58 336 +14 455 £37 490 +19 449 +33
ToAEY) 394 +36 375 +65 448 +60 362 +20 445 £34 774 +56
IBU AT 179 +15 268 +29 462 +38 370 £52 480 +£31 508 +35
B 194 +23 380 £62 513 +38 568 +84 837 +£72 876 £79
LT H 371 +42 479 £75 352 +21 610 +35 859 =50 1142 +125

TorEY) 12 £1 351 45 £5 53 £3 79 £6 129 +9

PRC A n. d. 7+1 39 +4 85 +4 31 +1 63 +4

B 56 +3 78 +2 59 +3 45 £4 17 £2 27 +2

KT 36 +£3 48 £2 32 x1 95 £6 109 +7 90 +5
ToAEY) 240 +29 4 803 +37 668 +49 509 +46 759 +13 628 +34
BAxe 339 +34 397 £49 278 +32 313 £15 426 +55 317 £42
St B 329 +25 485 £22 672 +37 591 +£35 611 +42 523 +31
LT E 218 +9 357 £20 461 +27 385 +19 457 £21 712 +50
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Fig.2  Change of nine WWMPs contents in plant tissue of aritifical ecosystems
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