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Spatial, Temporal Distribution Characteristics and Potential Risk of PPCPs in

Surface Sediments from Taihu Lake

ZHANG Pan-wei, ZHOU Huai-dong, ZHAO Gao-feng” , LI Kun, LIU Qiao-na, REN Min, ZHAO Dan-dan, LI
Dong-jiao

(China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: Fourteen sediment samples from 15 river estuaries and six sediments from 6 drinking water resource were collected from
Taihu Lake. Nine pharmaceutical and personal care products( PPCPs) in the sediments samples were measured by using the HPLC-
MS/MS technique. The ranges of geometric mean values were 1. 60-129 ng-g ™" and 1. 36-22. 0 ng-g ™', respectively. Caffeine was the
dominant pollutant in fourteen sediments near the river estuary, the content of which covered 52% of amounts of 9 PPCPs.
Lincomycin, trimethoprime, azithromycin, sulfamethoxazole and tylosin were the dominant pollutants in six sediments near the drinking
water resource, the contents of which covered 79% of amounts 9 PPCPs. From the point of spatial distribution, the results of PPCPs in
Zhushan bay and East of Yixing in the northwest and west of Taihu Lake showed higher concentration than those in other sample sites.
From the composition, the origin of PPCPs was different. Municipal sewage, stock farming and aquaculture were the main sources of
PPCPs in Taihu Lake. Pharmaceuticals of human use showed the dominant pollution in fourteen sediments near the river estuary and
drugs of veterinary use showed the dominant pollution in six sediments near the water resource. The concentrations of PPCPs in fourteen
sediments of river mouth showed high level. It suggested that PPCPs pollutants were discharged to Taihu Lake continuously. Further
risk assessment results showed that the overall risk was not high except for some PPCPs compounds. The RQ exceeded 1 for
acetaminophen, azithromycin and sulfamethoxazole in the surface sediments of 15 river estuaries and 6 water resources, which showed
high risk. The RQ was between 0. 01 to 0. 1 for carbazepine in the surface sediments of 15 river estuaries and 6 water resources, which
showed medium risk. The RQ was below 0. 01 for caffeine, lincomycin, trimethoprim, diltiazem and tylosin in the sediments of 15 river
estuaries and 6 water resources, which showed low risk.

Key words: Taihu Lake; sediment; PPCPs; spatial and temporal distribution characteristics; potential risk
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1 #RE5FE

1.1 MRS

TR, 2. 2RO, AW
e N HE YL (J. T. Baker, Phillipsburg, USA ) ; H!
iR ({6 4, DIKMA); Na,EDTA (43#r4l); hig
(6 mol-L~", /3 #ral); S K Nl 4K (&
MilliQ ZGe2lifk, A 18.3 MQ-cm).

RO €6 15 — T DUAR AT BT 1S 36 FH A Agilent
1290/6460 HPLC-MS/MS ( Jet stream J& ), it A
ZORBAX Eclipse Plus C18 & #H#E (100 mm x 2. 1
mm,3.5 nm). SPE [&AHZ£ B & ( Supelco) , Waters
Oasis HLB [& 1 £ B, SAX BH & 7 58 e #
( DIKMA ) , Ji€ % ¥ 4 1 ( Heidolph , Germany ) , % "X
Y ( Organomation N-EVAP-12,USA).

1.2 RS CRES A

FEAREET 2015 4 4 H,RET 20 AU
FES FERWRI 15 AN AR 1 20 55 R TR
FESH(RI ~R15) ,H ' R4 5 R5, R6 5 R7 RFEA
FHFE G, 3 K FLTR B i — A RE A, AR I BT A
JETRAE — D TURPIAE i (HX) 5 6 DK b 53 %)
KAEVURIIRER (Y1 ~Y6) , i F R IR &3 R A5 K %
JZ0 ~5 em WTTERYY, FE SRR 5 B A vk iy £/
TAE S Mz [ S5 = HEA T A DU S AE T d
o3 Hr e Ee.

DU iz 3% 0] S0 55 38 28 3 ¥ VR TR b B
11200 Hif. WERFRELS ¢ Zah v ik T 14k 07 )5 14
DU R f 3] 50 mlL 38 00 = M be b, IR ImA
100 ng Atrazine d5 YEFIFR, IIA 30 mL HfiE,30°C
AR PR P AL 20 min, 85 A BUS K IE R RS
F 50 mL AYES.LAF T, ZE5 000 remin ™ E DAL E
5 min, SRIEHE_EIEHREE RS 5 100 mL RS
FEE RS BEWIR, G B, a0
BRI _FTE WA TR R 40 I VR 48 & 10 mL 247,
HAH 2= 500 mL # 4l K d. K BB 1 38 B b
(SAX, 3 mL, 200 mg, DIKMA ) #1 HLB ( Waters
Oasis ) FICH A, SAX A 3= B L BRUT A AL 5 b i
JEFEIR R T, 36 HLB /NVEE IR B A 22 1 42 5 17 fi
LW B R PR Y. P2 10 mLemin ',
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i B HSE U I 5 mL ARG UEE S AL dRLih
B25 30 min, 2S5 10 mL H BT i 42 /v 1A 7 0k
i, SR MR 9, -5 R M RAE 40°C 7K 3 v 22 R
MEJT T, P BEHERf E 25 2 1 mL, RFI.

1 KBRBYRECLETE

Fig. 1  Sampling sites for sediments in regions of Taihu Lake

1.3 ot

Agilent 1290/6460 HPLC-MS/MS &5 % i AH (5
T - = DU BTS2 7, S s 4l N, R
10 wL. B4RAS T M4 000 V, THEESRE 573 5
AR 300°CHT 11 Lemin =", 5 1L28 1K 10 45 psi, B
TR R W55 2 F U (ESL + ), £ J2 by W
(MRM) #5053 41. 9 ik & 40 0 i 2% L3R 1,
Atrazine d5 fE A IR MR, g & & T8 m/z
179.0. m/z 137.0 Fl m/z 101.0. F B (A).
0. 1% WIR: Wl WshAl(B) . L. BEEEVE T
. 8% BAREE 6 min, JiEE# N 0.2 mLemin ", 7 10
min N 8% B ¥4 Jin & 30% B, i @ M 0.3
mL-min "' #0150 0. 35 mL-min ™", F/57E 14 min
i 30% B EHNZ 100% B.
1.4 JFrimfriE 5l

PEIB AR AR eV, EARRAR VR . A
KK KBTI IR, R AT, & 10
ASFE BN — AR 2 AR T 2 1, s 5
P (BUIEZS AT Y5 7 vl AT 525 ) . PPCPs i i
PRl i 2 ik B 6045 5.0, 100, 20.0, 50.0,
100.0, 200.0 pg-L™"; LMEMKERE 7 >0.99. F#f
b B AG T BR (LOD) P 3 f5 {5 e 1 (S/N) Sk it
B ARG PR DR Sk 2 R,

B % 37 %
*£1 97 PPCPs HIRIL &4
Table 1 ~ Mass spectrometry conditions of 9 PPCPs
m/z 7 Ay 7 2|
EY W LR E/V  fliTERE R/ eV
110.0 0 15
Xt T Bk 152 0
65.0 90 35
AT 2 w07 391 110 15
126.0 110 25
A 195 138.0 110 15
110.0 110 25
e 9 261.0 110 25
230.0 110 25
Wa[EF R 2 749.5 012 130 30
158.0 130 35
it fig Y 3G s 254 156.0 10 15
92.0 110 25
R 15 178.0 130 25
150.0 130 25
2. 11
RREE 9163 1720 0 35
174.0 110 35
194.0 110 15
R 237
179.0 110 35
&2 97 PPCPs L& imirE ¥ =
Table 2 Recovery test of 9 PPCPs
ey VRN 50 ng-g ' (n=5)

i THff/ngg ' HOERERZ /% R/ %
Xt 2 P 40. 30 0.56 79. 50
VNDE S 80. 94 1.58 160. 24
U I[E(5] 42.78 0.35 92. 66
F &R E 58.65 1.02 117.32
W& R 2 74. 34 1. 86 148. 69
it g Y A s 48.36 0. 88 96. 34
Hb IR B AL 44. 11 0.76 92.22
ZIRWE 38.38 1.98 71. 12
PG 47.83 0.35 94. 20

L5 St

HERE S 43 R AT A ORI KU b 3 96 28 - Sl 1
T8 hT; FEdh I PPCPs B9 ¥R B AR T LOD A
1/2L0D #ATGEITE; 45 KEd T PPCPs f#e 3 AR
PEFERY) Atrazine dS [ EICRIITRIE. SGeitorbr
BAEH Excel (2007) , JUATXIME | 45 HH 3046 b5 HH R 4
& PPCPs 1EDURM B 73 A L.

2 #HRE5itig
2.1 PPCPs 76 K IMIUURRY 6 o A
PPCPs 75 A TR v il ok B DL 36 3, 76 4% 1T

PAETT,9 Fft PPCPs F i ¥ B (9 TLAT S48 P
1.60 ~129 ng-g ™", HoAG %0 36% ~100%. 6 4>
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KU L 9 Fh PPCPs 1) #k FEYE B 1.36 ~ 22.0
ng-g” AT HH 50% ~100% . T AJE H UL
Wy 28 S B 2 R4 B 2 A R 43 51 36% Al
1% ,HAth 7 B PPCPs ¥ R R 100% . 7K 5
DRI AR SRR R | BT a7 85 R | MR B s R Ag i
W e 9 A R il 50% | 50% . 67% Fi
83% , 4% 5 Bl PPCPs A H Z#8 R 100% . 15 4~
T A LR 9 R PPCPs, Wi ) ) 5 1
Sk LTI e, 09 129 ng-g ™', HLHAG R
N 100% ,Z8 R R 0 A %, 9 1.60 ng-g ™',
HAGH R K 36%. 6 DKIEMTTR Y ik 9 Fh
PPCPs , Wil ME A A9 JLAT ¥4 {4 5 5, M 22. 0 ng-g ™',
HHAS N 100% 5 Hi R B 5 LA (8 Fe %,
H91.36 ng-g ', HIEA K 67% 5 SRR, 6

A KPR TR ) K () PPCPs 5 BIK T 15 AN
WA D UTR )

WA PR — ol UL A R 2 ay 24, X6 R A 2
LA et A VR T, o mE PR A 5 2 24 T I AR
LA 9 F PPCPs L4 52% 5 FRAT 85 2 F ]
AR RE T RPN P R, i B O g A%
WA R AR IEE T isbimw R ,5 fidid xR
() F e 24 TR AR UL 9 B PPCPs B aE (1Y)
38% ; I VLF i, KW A BT b A
PR SRAARKRNILE. 6 /K IRHTTR
AT EE R HECE R, PARER R R A
FIRWERE S MPTAERN S /LA 4 9 Fh PPCPs G5
H79% 0T LA KU b DT A R
PPCPs 1Y £ 25 YL 4).

£3 KX#ABRWH PPCPs HEE /ng-g!

Table 3 Concentration of PPCPs in sediments of Taihu Lake/ng-g~

1

e AR (n=14)

KPR (n =6)

B EE R LREES JUfr ¥4 K 12/ % eS| LAEES JUfrT M K 2%/ %

Xof & Bk L 1y 4.78 ~21.1 10.8 10.3 100 6.62 ~13.3 10.1 9.52 100
AR 5.22 ~47.7 11.8 12.9 100 6.29 ~14.8 9.27 8.54 100
W HE 25.4 ~482 127 129 100 14.6 ~30.6 23.1 22.0 100
FAERBE 3.16 ~79.4 11.4 13.6 100 1.12 ~103 3.84 4.55 100
Ba[EF B 2 N.D. ~159 62.3 27.5 71 N.D. ~155 54.8 14.2 50
itk Jre P ST s 18.2 ~47.4 32.8 29.6 100 N.D. ~33.9 33.0 16.9 83
Hb IR B AL 2.32~55.3 8.80 8.02 100 N.D. ~12.3 5.21 1.36 67
ZIRWE N.D. ~55.5 N.D. 1.60 36 N.D. ~58.4 23.3 5.80 50
RETEF 3.19 ~31.85 10.68 10. 86 100 1.00 ~6.21 2.48 2.46 100
1)N.D. RAGH

2.2 PPCPs 7E KRRy v i 23 ] S0 A7 47 150

PPCPs [1)75 [B) 734 52 NJ&i 81, & 43R i Fl K
FEFEFE RSN | S AR5 T B 2 AN S IR B R
BV SR, X C PRy . D | bR LR
Hpu AR N2, 2 SR R 2 B Bl
2 BB AR R MRAT AR | 40 I R e Y S S
NFshEreem 25 2 . £ PPCPs fb &
YK AR | (B2 PPCPs 30 & ] LLiE i W Fff . 2%
A TS MYOKMATE R EUTEW

15 AMRA G AT h 9 Fi PPCPs /Y5 &
W 2 Fizs, e A 9 F PPCPs HY i A 3475 Y
Y,25.5 9 B PPCPs i 1) 52% . WIHEDR & —Fh g
UL Fp AR AT 24, X6 KM Rz J2 LA e e A
WAEMIME A5 15 58 ) BonT AR ALARORE AR 2%
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Fig. 2 Concentrations of PPCPs in fifteen sediments from river estuary
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Table 4 Number, classes and main origin of PPCPs in Taihu Lake and other water bodies around the world
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