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the relationships between watershed characteristics and water quality is of great significance for watershed management.
Pharmaceuticals are of increasing concern for their ubiquitous detection and potential threat to aquatic environment.
However, little is known about the relationships between watershed characteristics and pharmaceutical pollution in the
aquatic environment. To study the relationships between watershed characteristics and pharmaceutical pollution in the
aquatic environment, we investigated the occurrence of 29 pharmaceuticals and their quantifying relationships with
watershed characteristics in Xiangshan Bay, Eastern China. Pharmaceuticals were extracted by using solid-phase extraction
(SPE) and analyzed by ultra-high performance liquid chromatography tandem mass spectrometry ( UHPLC-MS/MS). The
redundancy analysis and regression modeling were used to explore the correlation between watershed characteristics and
pharmaceutical concentrations. The results showed that 22 target pharmaceuticals were detected in the surface water
samples, with the detected concentrations ranged from not detected ( n.d.) to 220.20 ng/L. Lincomycin ( 100% of
samples) , macrolides (100% of samples) , antiepileptic drugs (100% of samples), beta-blockers (95% of samples) ,
antidepressant drugs (77% of samples) were the predominant compounds with concentration of 2.36—29.1 ng/L, n.d. —
35.8 ng/L, n.d. —37.5 ng/L, n.d.—15.0 ng/L, and n.d.—3.49 ng/L, respectively. Redundancy analysis revealed that
the concentrations of pharmaceuticals in the watersheds were positively correlated to topographical features of watersheds.
Correlation analysis also showed that the total pharmaceutical concentrations had a significantly negative correlation with
mean slope (MS) (P<0.01), and beta-blockers had a significantly negative correlation with slope of area elevation curve
(SAEC) (P<0.01). The landscape pattern is also a crucial factor for determining pharmaceutical pollution in the aquatic
environment. We have also found that the total pharmaceutical concentrations were negatively correlated with contagion
(CONTAG) (P<0.05) and positively correlated with Shannon’s evenness index ( SHEI) (P<0.05). Furthermore, the
area-weighted mean shape index of urban land ( ISSHAPE-AM) and the largest patch index of forest ( fLPI) had
significantly negative correlation with total pharmaceutical concentrations ( P<0.05). Overall, the watershed characteristics
had significant influences on the pharmaceutical pollution. According to pharmaceutical pollution in the watersheds, the
study of the watershed characteristics’ correlation to water pollution will help better understanding the influences of the
surrounding characteristics on the water quality of surface water at watershed scale. These findings can provide scientific
support for improving the water pollution control in surface water at watershed scale from the perspective of sustainable

landscape management.
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Fig.1 Location of the study area and water sampling sites in Xiangshan Bay
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Table 1 Topographic characteristics and landscape characteristics

1845 Indicator H47R Description
ST bR T (BL) ARSI 28 43 K £ R R
Topographic characteristics JEAB T (FL) it T AR A B T B L
it (Re) TSR Y R 1 AR S A B
[ (Re) TR 5 A Ay O K B 18 Y T R L
FHYEE(MS) T A VDT T 5 7K P T 1) S £
S i (PC) FAE LI AU SIUR HURFAE
HIT I #E(SC) FAT LI B M AT
W 4R 48 (D) K ZR BT AL S A A2 e e R
TR R R A3 (SAEC) EFRIZE 0.2 A1 0.8 AbBy £ 1l
SO SRR AL BESANECS H R HLAH (PD) ARFEHE— T (R T AL
Landscape characteristics N EFE (ED) SO BB e A R
BEHOE- 35K/ (AREA-MN/MPS) B BEHETY 1Y SOE AR R DL R B B A
T ANACE BRI T (SHAPE-AM/AWMSI) RSP AR B 52 e B
e R BEHSR I B EE (LPT) S W 34T B S Y
WA 535148 B (1) BABEH R[] ) A B 5 8 IR G
RAEFEIRE(AD R — T A B SR A
LEFEHE R CONTAG) TR SO LS O AR
Shannon 4% B 15 4 ( SHET) J2 Wl S5 UL AT B 2 ) JEE AR 3

BL: i3 K basin length; Ff; JEZ5 K T Form factor; Re; /i [t ratio of elongation ; Re; [#FE ratio of circularity ; MS ; 343 & mean slope; PC ; -
Tfi 1% plan curvature ; SC; &1/ 1% slope curvature ; D ; ] I 4ME4E ST river network fractal dimension ; SAEC ; THI AR 25 F2 128 451 % slope of area elevation
curve ; PD ; BESAN B 5 LAY LU (E patch density ; ED ; 1 515 B edge density ; AREA-MN/MPS ; BEERSE2 K /)N mean patch size ; SHAPE-AM/AWMSI ;
T FINACE B IE AR B F area-weighted mean shape index; LP1: 35 X BE Bt 5t 08 1 A L largest patch index; 1. #4fi 55 331 4§ %{ interspersion and
juxtaposition index ; Al; JEHE 54T aggregation index; CONTAG ; & 4 [ #5 4K contagion index ; SHEI ; Shannon #42] 8% Shannon’s evenness index
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Table 2 Watershed characteristics in Xiangshan Bay

T 73 TR R
\ . , Kit HE PHEMEC)  PEBE WmEEE B Lk
ik GOk BAHT 1‘13‘ g VYR () iR v ¢ ‘ 1213 HETIES
) . Ratio of Ratio of Mean Plan Slope River network Slope of
Watersheds Basin length Form factor . . . .
elongation circularity slope curvature curvature fractal area elevation

dimension curve

1 5.11 0.71 0.95 0.53 13.54 -0.00032 -0.00245 -0.99545 0.86

2 5.57 0.83 1.03 0.55 12.25 -0.00145 -0.00115 -1.00668 0.71

3 9.85 0.44 0.75 0.51 11.98 -0.00195 -0.00221 -1.00233 0.65

4 22.62 0.42 0.73 0.36 11.96 0.00038 0.00003 -1.00027 0.76

5 10.71 0.43 0.74 0.42 11.26 0.00097 0.00036 -0.99151 0.37

6 13.02 0.56 0.85 0.23 11.08 0.00082 0.00025 -1.00058 0.46

7 5.59 0.63 0.90 0.46 6.44 0.00052 0.00099 -0.99959 0.43

8 7.21 0.75 0.97 0.46 11.68 -0.00199 -0.00239 -1.00589 0.48

10 13.85 0.49 0.79 0.43 6.74 0.00112 0.00065 ~1.00063 0.32

11 10.76 0.26 0.58 0.33 15.40 0.00022 0.00186 -1.00044 0.49
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T BB
o N e fi 1t i3 VI (o) PR il 2 Z (25 HETIES
T WK E /km  BART . . . -
: . Ratio of Ratio of Mean Plan Slope River network Slope of
Watersheds Basin length Form factor X K K .
elongation circularity slope curvature curvature fractal area elevation

dimension curve
12 10.92 0.54 0.83 0.48 16.31 -0.00229 -0.00256 ~1.00466 0.66
13 11.89 0.34 0.66 0.44 16.20 -0.00289 -0.00253 -1.00312 0.64
14 8.41 0.36 0.68 0.50 12.90 -0.00058 -0.00096 -1.00202 0.59
15 14.28 0.29 0.61 0.31 15.12 -0.00305 -0.00301 -1.01163 0.68
16 5.09 0.91 1.08 0.45 12.22 0.00207 0.00372 -1.00018 0.41
17 7.06 0.43 0.74 0.55 16.40 -0.00292 -0.00418 -0.99579 0.72
18 5.41 0.75 0.97 0.44 13.12 -0.00285 -0.00223 -1.00344 0.50
19 6.64 0.59 0.86 0.46 9.63 0.00466 0.00407 -0.99070 0.51
20 7.02 0.57 0.85 0.46 6.53 0.00061 -0.00039 -0.99151 0.21
21 6.34 0.64 0.90 0.56 10.67 -0.00005 -0.00015 -0.99684 0.47
22 6.85 0.47 0.77 0.59 9.74 -0.00036 0.00145 -0.99286 0.54

Ik 1—22 HZ 0 22 MRS

KRR B, pH H 5.69—9.23 s B IF [EA S 2—55 mg/L, £hJE M 0.06—26 %o, LF T AR N 1—
16 mg/L, ilFRER AN 0.15—5.3 mg/L, BE N 0.480—5.95 mg/L, BN 0.070—0.39 mg/L, 7 i 1k S
0.030—0.23 mg/ L, /KT 75 YeFahnat 22 B G2 L 8 i sk B v bt | A7 e K IR /U S AR B 4
2.2 Yo Sk EAKE

SERLRH GOl KRG 22 R 259, 4 1A LIM TMP . CFC \EFC SAR .SMX ,CAP [ERY-H,0 . CLA
COT .ATL .PXA .GBP AMS LTG MPL VFX .PPL DTZ CBZ DHC . AMT( & 2) ., Hrh #Ral 55 Z ik % LIM,
PR KA N BRZEHTA 2 ERY-H,0 Fil CLA (WK H R ER8H 100% , =Pl ZEdi4: R EFC .CFC Fl SAR K
RIS 86% 72% M 50% , eyt R SMX MBS B4 2 CAP B9 50508 77% /1 59% , P
FHUIIN 25 %) GBP Fl CBZ HK I 100%,, =Fh B SZAKBHATF ATL MPL F1 PPL 45 tH 2853124 100%
95%F1 100% , —FPHLINARZGH AMS \VFX HI AMT 9465 H 250514 100% . 100% 1 77% , <A HE 22590
K R AR AL LTG ARG R A 59% , HoAs T AP 25 Wi #G: R 4R 100%

H ARG PpA VR E R n.d.—220.20 ng/L( &1 2) . Horb HiAE RIS WM IR 2 R 2R I g 2 Ak ]
R, HA MW E 50 n.d.—16.5 ng/L .n.d.—35.8 ng/L F12.36—29.1 ng/L; HAH0 A= Z A 2 gt e
FEHE /N n.d.—5.80 ng/L Al n.d.—21.2 ng/L, AEPiAEZR2GY) E LS B ZURBHLH  BUIN 245 F1
FIARZG , HoAs e BE 4500 n.d.—15.0 ng/L .n.d.—37.5 ng/L Ml n.d.—3.49 ng/L. % 113 dbk il 5 £ [ F
PIWREE K 8.17 ng/L, & T 35 16 25 BOAR ) (4.28 ng/L) ™ FIAAAEIT (4.80 ng/L) P B AR T K VT 3
(13.3 ng/L) PV PRATER R LAA: WA o 5, MK TT 55 28 (W 3 asd w8 I, A 0 o A ol A 22 B A 3 2
AT B RAKAT R A VAR Xt AP A RIS, IR Th P67, o A5 M L A= 1 o g R i A
S AR T R AR A T VR EE (3.4 ng/L) R FARIN L (0.08 ng/L) B AN JE TR vk
BE(1.1 ng/L) ™) (BIEAK T PHHE A (412 BT (121.3 ng/L) 0 1 PG B J& SR ] o 46 o1 7

G 1L KSR e A (K 77 3R 5 B A% 9 LA R i) 2457 ) HE R0 5 7K T R L 24 W v Y i SR DR EDY
W TS | VUPR R IR T A R AR/ SR Hr R VR BB Rt Y, S P ) i el ik i 24 75
Yoo SAN ARG LTS 2 T SRt WV RS YR 20 G s A A T 259 mT ek 1R A
T V5K AT K, TETGREIRA A T, RIS KRB A AR 222515 Y IR 58 S5 Y M4
2.3 WIEAS RIS R FR bR 25 () 5
2.3.1 Y5 REHSR S FE AR A OE R

TSRS FE bR S oK BT 3E — B ARG O R o S5 R IR | it Bl 50 45 44 8 B A1 A3 BE T 1)
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Fig.2 Concentrations of 22 pharmaceuticals in Xiangshan Bay
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Fig.3 Redundancy analysis of pharmaceuticals, watershed characteristics and water quality parameters ( P<0.05)
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LTG : H7 5 =% lamotrigine; MPL: 3L /K metoprolol; VEX : D, L-3CHI#: ¥ venlafaxine ; PPL; R 1% 255 /K rac propranolol hydrochloride ; DTZ ;
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Fig.4 Relationships between pharmaceuticals and mean slope, slope of area elevation curve
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Table 3 Correlation coefficients between pharmaceuticals and landscape characteristics

Eao Ul YD

Landscape characteristics Total QNs MLs OAs BB AEDs ODs
PD 0.25 0.04 -0.03 0.03 0.06 0.28 0.40"
ED 0.33 0.12 0.07 0.18 0.05 0.36" 0.34
AREA-MN -0.25 -0.04 0.03 -0.03 -0.06 -0.28 -0.40"
SHAPE-AM -0.08 -0.08 -0.05 0.06 -0.22 -0.09 -0.16
CONTAG -0.43" -0.11 -0.16 -0.3 -0.1 -0.46" -0.38"
I -0.19 -0.40" -0.32 -0.02 -0.02 -0.12 -0.08
SHEI 0.42~ 0.13 0.24 .0.29 0.12 0.44* 0.33
Al -0.33 -0.11 -0.06 -0.19 -0.04 -0.36 -0.33
IsPD 0.24 -0.16 0.02 0.14 -0.11 0.27 0.16
IsLPI 0.24 0.22 0.38" 0.14 0.19 0.15 0.27
IsSAREA-MN 0.08 0.26 0.28 0.04 0.16 0.03 0.12
IsSHAPE-AM -0.58"" -0.33 -0.79"* -0.24 -0.50"" -0.58"" -0.50""
IsAlL 0.14 0.24 0.36" 0.04 0.23 0.12 0.15
fPD 0.28 0.08 0.14 0.02 0.21 0.38" 0.27
fLPI -0.43" -0.06 -0.12 -0.21 -0.11 -0.42"° -0.46"
fAREA-MN -0.28 -0.11 -0.17 -0.06 -0.17 -0.38" -0.26
fSHAPE-MN 0.31 0.01 -0.13 0.42* -0.17 0.07 0.18
fAl -0.27 -0.12 0.05 -0.13 -0.08 -0.31 -0.27

Total ; S Z5#) total pharmaceuticals; QNs ; M7 EZE4i 42 K quinolones ; MLs ; KIF B2 142 R macrolides; OAs ; HiAth 2 H1 42 F other antibiotics;
BB:B SZWRFH A 7] beta—blockers ; AEDs : HUIiSH 254 antiepileptic drugs; ODs: H& 2254 other drugs; IsPD ; 8 FH $th BE B~ %505 10 ALY LU 1H. the
patch density of urban land ; IsLP1 ; 3542 ] 1 £ BB S WL I A I the largest patch index of urban land ; SAREA-MN ;3842 FH M BXEBR - 25 /)N the mean
patch size of urban land ; IsSSHAPE—AM ; 38 Fi s 1 BUIASCF- 2 FE IR Rl F the area—weighted mean shape index of urban land ; IsAlL; 068 M S S ) 38
# the aggregation index of urban land ; fPD . MR BEH 57 5 15 FLAY F 1 the patch density of forest; fLP1: AkHb B A Bt He 5200 i FH L the largest patch
index of forest;FAREA-MN ; SR HEH -2 /)N the mean patch size of forest; ISHAPE—AM ; b T FUNNFF- SR I T the area—weighted mean shape
index of forest; fAL; MkH1 I 4 EFE %L the aggregation index of forest; * ; P<0.05, * * :P<0.01

FESEHIACE b 30 FH I AUMACTE AR R - (IsSSHAPE-AM) 5259 B0k B  RIABR B HIAER B %
PRBELT R O 24 1 A H A S 25 ) 835 SR OC 5 S R BEHR S WL TaT AR LU AR 4 (IsLPT) 5 R R N BRSSP A: IR 3%
IEASE (R 3) o IsSHAPE-AM JE: 3R AESHBE T iy R DN A JEE 15 5 WUAR Sy 2 2R PE 4R AR . IsSHAPE-AM UK, 38
P ARAAS KL , 2 B\ SR B03 sl DU Ab 731, 175 G 70 HGHE R PRI B i 1 B, T 52 R W], IsSHAPE-AM
SR iR L2 SO OGS AR, b TS BT Ml LA A 0 38 8 e AR B e F) R i, LT M A 87 5K 2 S B
FEE KBS Y KR TR O R O 2, R S T KA SR RSO 2 R i U S PR
AL A, AR B B 48 K5 25 W 1 O R TR) B ) 3t T AAH S # . Ml T AR B 2R R I
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Fig.5 Relationships between pharmaceuticals and landscape characteristics
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