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Potential Risk and Distribution Characteristics of PPCPs in Surface Water and

Sediment from Rivers and Lakes in Beijing, China

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

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

Abstract: Thirty-four water samples and twenty-three sediment samples from the urban rivers, ten water samples and five sediment
samples from urban lakes were collected in Beijing. Ten PPCPs ( acetaminophen, lincomycin, caffeine, trimethoprim, azithromycin,
sulfamethoxazole, diltiazem, tylosin, carbamazepine, fluoxetine) were extracted from water samples by solid-phase extraction ( SPE)
and from sediment samples by ultrasonic extraction, and then analyzed by high-performance liquid chromatography coupled with tandem
mass spectrometry ( HPLC-MS/MS). The ranges of geometric mean values were 0-655 ng+L ™" and 0-252 ng:L™" in water samples
from urban rivers and lakes,respectively. The range of detection ratio was 0-100% for 10 PPCPs in river water samples, caffeine was
the dominant pollutant in water samples and the detection ratio was 100% , whereas sulfamethoxazole, diltiazem and tylosin were not
detected in river samples. The range of detection ratio was 0-100% for 10 PPCPs in lake water samples. The detection ratios of
acetaminophen, lincomycin, caffeine and azithromycin were 100% , whereas sulfamethoxazole, diltiazem, tylosin, carbamazepine were
not detected in lake water samples. The ranges of geometric mean values were N. D. -1 709 ng+g~'and N. D. -35.9 ng-g~'in sediment
samples from urban rivers and lakes, respectively. The ranges of detection ratio were 4% -96% and 0-100% for 10 PPCPs in river and
lake sediment samples, respectively. The detection ratio of trimethoprim was 96% and that of tylosin was 4% in river sediment, the
detection ratio of diltiazem was 100% and caffeine, tylosin, carbamazepine were not detected. The concentrations of PPCPs in water
and sediment samples from Yongyin River, Liangshui River, Tonghui River, Bahe River were higher than those in other rivers. The
concentrations of PPCPs in water and sediment samples from Yongding River, Kunyu River were lower than those in other rivers.
Further risk assessment results showed that the overall risk was not high in water of rivers and lakes and the RQ values were below 0. 1,
which showed low risk to microorganisms. But the condition was not the same in sediment from rivers and lakes. The RQ values of

acetaminophen were between 0. 1 and 1 in sediments from Yongyin River, Tonghui River, Bahe River. The RQ values of lincomycin
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were between 0.1 and 1 in sediments from Yongyin River, Wenyu River, Tonghui River, Hucheng River, Bahe River, Liangshui

River, Houhai Lake. The RQ values of trimethoprim were between 0. 1 and 1 in sediments from Yongyin River, Qinghe River, Wenyu

River, Tonghui River Hucheng River, Bahe River, Liangma River, Liangshui River and Houhai Lake. The RQ values of azithromycin

were between 0.1 and 1 in sediments from Liangma River, Liangshui River, which all showed medium risk to microorganisms in

sediments. The RQ values of azithromycin exceeded 1 from Yongyin River, Qinghe River, Wenyu River, Tonghui River, Bahe River

and Houhai Lake, which showed high risk to microorganisms in sediments.

Key words : Beijing; river ; PPCPs; distribution characteristics; potential risk
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Fig. 1 Sampling sites for surface water and sediments in rivers and lakes in Beijing
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o m/z ' . .
waEY CAS 5 lek, " HET E ZUREE/V T RE =/ eV
K 2 A I 103-90-2 0.46 152 1o %0 15
65 90 35
LRSS 154-21-2 0.56 407 359.1 10 15
126 110 25
o b 58-08-2 ~0.07 195 138 1o 15
110 110 25
HE RN 738-70-5 0.91 291 261 1o 25
230 110 25
IEES S 83905-01-5 4.02 749.5 912 130 30
158 130 35
Tt e P s 723-46-6 0.89 254 156 10 15
92 110 25
HR 5 42399-41-7 2.79 415 178 130 25
150 130 25
E RN 1401-69-0 1.63 916.3 2 1o 35
174 110 35
DETiRE 289-46-4 2.45 237 194 10 15
179 110 35
FRPETT 54910-89-3 3.96 310 148 110 5
1) f# B EPI Suite # 4 ( USEPA ) 4%
F 2 10 # PPCPs 1L & 40 nFx B W 2
Table 2 Recovery test of 10 PPCPs
ey RIMURE OKPE) 100 ng-1™" (n =5) Btk (VL) 50. 0 ng-g ™' (n =5)
; I fE/ng- L= ARXT R 2 % =,/ % /g g AEXAR N 22/ % mls=/ %
X Tk e 85.2 0.953 85.2 40.3 0.563 79.5
FICIE -3 145 1.98 145 80.9 1.58 160
UILIES 94.7 0.784 94.7 42.8 0.354 92.7
H R 107 1. 66 107 58.7 1.02 117
b E R 142 2.65 142 74.3 1.86 149
itk Jre FY s 95.6 1.36 95.6 48.4 0. 881 96. 3
Hi /R B 94. 4 1.45 94.4 44.1 0. 764 92.2
BIRW R 82.7 1.86 82.7 38.4 1.98 71.1
REPGF 93.5 0. 762 93.5 47.8 0.352 94.2
FPEIT 94.9 1.54 94.9 45.7 1.24 91.3
™. D. ~165.8 ng-L™" HKHF N0 ~100%. 1E455%
2 #R5iR §
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Table 3 Concentrations of 10 PPCPs in surface water of rivers and lakes from Beijing/ ng-1 ™"

e _ M (n =34) _ 1A (n =10)
WL e JUMIE Kb/ % WL CREES JURE KR %

X 2Tk S N. D. ~200 4.5 2.32 71 2.97 ~38.77 13.7 15.04 100
AR N. D. ~10.8 2.17 1. 65 71 1.53 ~2.65 2.23 2.21 100
P 1.75 ~655 176. 6 98 100 41.8 ~252 181.8 165. 8 100
Sk N . D. ~60.3 2 2.1 74 N. D. ~6.47 1.3 1.43 60
&R N. D. ~13.8 7.03 5.3 77 7.2 ~8.71 7.73 7.95 100
it i FF e N. D. N. D. N. D. N. D. N. D. N. D.

Hb IR N. D. N. D. N. D. N. D. N. D. N. D.

REHE N. D. N. D. N. D. N. D. N. D. N. D.

RETEF N. D. ~49.0 1.06 1.06 68 N. D. N. D. N. D.

FRPETT N. D. ~1.34 2.46 1.24 71 N. D. ~1.34 1.27 1.12 80

)N.D. Rkt T

2.2 PPCPs 7EJLBUIR X ARG P v (1) 53 A1
PPCPs #EJU 53 X O v 1) B £ DL 3% 4, W] 3
DU 10 ' PPCPs 1) 8 & it 19 JLAW ¥ (E S B
1.3x107° ~8.10 ng-g ", HAKTHH N 4% ~96%. i
AU 10 F PPCPs 195 f & 1 J L Y (B R
N. D. ~2.07 ng-g™"', HAHR N0 ~100% . 1E55%
TIURI T 28 ARTE R L WA PR S5 75 S A H
FART 50% , 53 0K 4% | 26% F1 44% , H 43 7 Fil

PPCPs AR L REH N 57% ~96% . S IX 32
ORI 2R AR TR 25 | WA R AT S5 PSSR ARkt 98
PETT A 2Rk 209% , Ho4x 6 Bl PPCPs £ H %640
oM 60% ~ 100% . TE 45 2% 0] It A DX i 7 DT AR
Hh BTE B 2 AAG LD  aE  LAAT SAE B , o R
8.10 ng-g ' 12.07 ng-g ™", HHAG R E =, 75k
87% H180% . JMAKCIN , 3k DX 0T 9 -5 30k DX T8 911 22 2 00
I PPCPs S22 A K.

x4 LEERARSHBERERRYF 10 # PPCPs FEE/ng g™
Table 4  Concentrations of 10 PPCPs in sediments of rivers and lakes from Beijing/ng+g ™!

e ‘iﬂ?fﬁ@:%) A ?ﬁﬂ?ﬁ(n:S) A
e T E JUfI3ME Kot/ % iy T JUfHIE KR/ %

X Tk e N. D. ~2.03 0. 306 0.19 87 N. D. ~1.22 0.414 0.05 60
AR N. D. ~47.8 1.95 0.72 83 N. D. ~14.6 2.36 0.184 60
e N. D. ~1.74 N. D. 3.6 x1073 26 N. D. N. D. N. D. 0
&R N. D. ~5.02 0.794 0.74 96 N. D. ~5.92 1.22 0.39 80
b E R N. D. ~1709 12. 4 8.10 87 N. D. ~35.9 10 2.07 80

i i T e N. D. ~0.35 0.043 5 0.016 61 N. D. ~0.407 0.1 0.023 60

Hb IR B AL N. D. ~2.73 0. 406 0.24 87 0.559 ~2.09 0. 637 0.8 100
BIRW R N. D. ~0.431 N. D. 1.3x10°? 4 N. D. N. D. N. D. 0
REPGF N. D. ~1.12 N.D.  9.1x10"3 44 N. D. N. D. N. D. 0
FPETT N. D. ~8.62 0. 899 0. 082 57 N. D. ~6.12 N.D.  57x1073 20
2.3 JERURK AT KA K AR R PPCPs B0 R AR SHESREM T A 254 ™ 1 5 2 PPCPs

L

PPCPs (75 [8] 70 Af 5 N3 8l . & HORFE FK
FPEIRFE AN, S R U T R 52 N K 5 R R A A
FRFEAV FRE R, X S IE R DS . MR | MR AR
FIR S PSR N T2, 48 R B 2O & ol
2y, Blar s s | AT RE R | AU I TR g Y e

AWK TR, {22 2L PPCPs 34 J& 1T LA i
W B 25 A JEUTTE S5 7 SN KRR 2 TR
':F'“ﬂ-

WP PR 7 b S 3 X 9] 37 B VA 2 J2 A AR B
B R R A, X 10 Bl PPCPs H B4 # 5 Gy
1,10 25003 K 3 1A R e B S s dn s 2 B
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Fig. 2 Concentrations of caffeine in surface water

of rivers and lakes from Beijing
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Fig. 3 Concentrations of 9 PPCPs in surface water of rivers and lakes from Beijing
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SRR 55K i Al a3 DX T 3 A A R
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Fig. 5 Concentrations of 9 PPCPs in surface sediments of rivers and lakes from Beijing

2.5 PPCPs 7Edb 5t X /K K IUR ) v i 43 B 15 1
15 YA K ST T ) oy Tl 52 Z R L R 5
M, W R . pH . KAl B s Ry 1K, 4
W 1gK, JERE TS G W 7E K ST R h A B 4y
FEMHE R, ACRIRX W WK A 58 PPCPs
Ry B BRIl R A1, HoAth 9 Fh PPCPs 25 F 2 M 1T
Ry oK. o R b s 3 X 3t A e
FEJR KA e B o e, A SR A i, Ak AR R
PG YLy X v RS T OMMEE Y 1K, ( - 0. 07) %%
N EA R SR BT AR I 3 S K A e
(R B e ey, I ZE DORR Y rh ) s AR, M R B L
IR AR A 28 A b 3 DX T 3 R 9 2 2 Ak A e 2
F K, 3% 2 B PPCPs 1 1gK,, 735109 2. 79 F11. 63,
A —E W, i LA ECAE K A rp i G H v 2
G ARG, ) A a5 R A DU v 0 e e
HolgK, R 4. 02, ELA RS B8 AP, T LA AE DU
Py i A R T A b XT3 AT T e 2K

PR A SR, X LB R | bk B R R

S SR (R A DU A B n A T
AEJEIX 3 ' PPCPs it IR B 255 HEPiiESE =X
MOKAIERS Z UL . R TS MR P 7T Y
1K, 7050 2. 45 F13. 96, HLA B A9 14 K M, (H 2
CAE AT DT A A 2R 2K AR il A R i AT
fE S H TN S K AP Bl 25 SR R 1 AR
TR S P R P T T FRRRE B R Z K AR .
2.6 dUERURIX K B UTRIH PPCPs AL AT L
kT B A b g B b s bR X 2 AR AR B AR
PPCPs AL A DL, X AS BiF 55 118 &5 SR 5 H Al 1) R A
FEMACHRIE A TR L (2 5) , 45 R R, D\ PPCPs
HIECEE , ABFERI H PPCPs A% A1 Fe LAFE
ZWFFAL T h & KF 4N, 78 56 E B f 2
A VIR | SRR IR S 2555 3 25 15 F
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FIERFITT G DUBR R | RIS Je — s S e 2545 3
25 FhPiA FAR Y R A ZEGNTT A W TR
T s | Ak s 2R i G S mE 2 A 4 25 17 Fb
PR HHIRE T PPCPs KEBM4RK A T
N SR AR5 E )1 A 4 Ao Rk
BB A R AR LU BR Y, i HL O 32
RVEEE POl 7755 s ARBFSE I T 10 B PPCPs,
HAP o RIFNERIPUE R | B IAE R RS %
Al BB IR 25 K AR BESE 25, O HaxX 10 AP
PPCPs TEJb 538 DX i A A 28 2 A AR s i fR A vh
KAy, Horpyg KA B ok HEk . AZRER

“EHZGHERC . & BOW FRIE K = 5 586 b 5 3 X ]
TSR 22 KR K TR T B PPCPs #fAT BR
(DT , % 2 B L 53 XK FREE T i) PPCPs 252 2
g A5 g If L RIE I Z5 . e R P E R, &
b, B O K = 25 58 M R T B LU B, B A
VIR 7= 5 B b BT R A A R K R 24 MK 3R B
PPCPs (38 e AR s 76 AR E 5K, N2 H 25 HEUZ:
MBS PPCPs (1 32 By Je > v [ 2 A 7=
B R RE P JGRAET K AKEEH
25 HERC . B PO AR FEEE M K HE AR X A 5
XK FE Y PPCPs 75 Y28 REAT LK A BTk,

*5 HREMMXKETRY S PPCPs IRHE, MERTERE

Table 5 Number, classes and main origin of PPCPs in Taihu Lake and other water bodies around the world

WL DX 3 PPCPs % PPCPs Ffi2f FEAE SCHK
RHE L, 56 15 PUPREZE K NBREDUAER YNNI [20]
BE I R, e[ 5 RERAERE | BRI A R M AW A [21]
BRI =S, P 9 PUFRERZE | BBEPUAER NNl 7] [26]
2k, hE 4 B-MBEHETER N ) [27]
PUBEIL, i ] 6 PUFRE | BRI R ) [23]
A, 15 RIFNEESE | WS | VAT | UBRRAEDAR | FARIE YNNI [28]
KW, 9 RINAERZSE BT R | PSR TUMARZE LN IE AL 3 [29]
LTI, Hh 10 REFERE  BMRPTAE R | PARSATH]  JUMARZE P4 FE AL 3 AHFFR

2.7 AUEUIRIX R IZIKAR KUY T PPCPs FETERY
TETE AR

FF I AL 5 2 AR DT R PPCPs X7k
AR RGNS, SR AR R H (RQ) WA PPCPs
R K A RS R G I AR 0
g w/{1

RQ,.. = MEC/PNEC,,, (1)
ROQ.ctimenn = MEC/PNEC ;00 (2)
PNEC,,., = LC,/AF 5{ EC,,/AF (3)
PNEC_, ., = PNEC,_. xK, (4)
K, =K, xF, (5)

Igk, = 0.623 1gK, +0.873 (6)

X, MEC Jy 35 58 S 0 vk &2, B 47 4 ng-L7';
PNEC,,., 7K A4 v B0 T 85007 % B 2 7E B 1490
HUN AR BB v A Wy el A 25 2R G A A RSN,
MR 2 YR L, SR ng- L1 5 LC,, A 2B EAE U
JE  ECs, R RV, 3R R ng-L™", LCy,
EC, 3t STk U, SAF AR 2 ME I, U/ ME
AF NPEM A, BURR B Water Framework Directive
AHREFEME (1 .000) 5 PNEC, ., 8 DB TP 35000 C 250
N, B A g kg T K O TR -IK 4 i FR B

K, AN E YW E R AL Lkg ™ s F N A
PUBRAEDLRR Y T s REL(F,, =0.03 g-g™') 5K,
KK/ EBESY L BB, B A Lekg ™. 24 0.01 <RQ
<0. 1 RS ;0. 10 <RQ < 1. 00 K XU ; RQ =
1. 00 Ay KUK

AHIR ARG B A R, A B A 5T B AR
A0 A T JE A5 W AR s DR R (B A
2, A5 2 bR DX 0T 3 S A I 222 K ST 10
il PPCPs M XU I, 45 R L3 6 . 7. AILIE I,
63 DX RT3t B WA 2 K AR Y 10 F PPCPs 1Y
RQ HIME T 0. 1, Xyl i 7K A A= 25 3R 8 HLA IR XL
B, 3 DX 3 A A T AR A v X 2 T R 1 Kk
SEGIKUE | 38 EEIAT R 00T JECAT A A5 R BT HAT v A XL
W s ARAT 8 R XK E 51K S | AT | 38 2T | 49
) AT K IAT R S VIS ATG A A R B LA AR K
Bz 5 FHAECR BE XS R 1K B8 L VAT AR, A
T IR AT SR E | K] S R A
IS A A5 XU 5 BT a7 B 28 % 5 5 ) B it /K 3]
JEAPI A AP BE BT v A5 KU, W A e TR B | TR
JEARTTT | 3 2T I R R A SR A
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Table 6 Values of PNEC ., and RQ of PPCPs in surface water from rivers and lakes of Beijing
ot PNEC,,.0r \ ‘ ‘ RO yuer A
/ ng-L! TG IKE G IR [EE) WK H LA T ]
Xof & Bk L 1y 9.2 x103 2.5x107*  5.0x107%  2.5x107* 0 3.6x107*  2.7x107* 3.3x1074
VINTE S 3.5 x10* 3.6x107°  3.2x10°° 3.6x10°7 0 8.2x107°  6.5x107° L.1x1074
WA 8.7 x10* 4.9%x107*  3.5x1073  4.9x10™* 3.0x107% 54x107* 2.1x107° 3.9x1073
H R 2.6 x103 3.8x107*  7.8x10"*  3.8x10"* 8.2x107°* 1.5x1073  9.9x107°* 1.9x1073
P57 5 2 1.5 x10% 1.9x1072  4.8x1072 1.9x1072  4.8x1072  6.3x1072  2.5x107? 5.7x1072
i i FF e 2.0 x10* 0 0 0 0 0 0 0
Hb IR 6.0x103 0 0 0 0 0 0 0
BIRW R 3.4 x10? 0 0 0 0 0 0 0
RETEF 3.5 x10* 1.3x1073 1.2x1073 1.3x1073 L.1x1073 1.3x107*  4.8x1073 8.8 x107°
FPETT 3.8 x10° 2.7x10°* 3.3x1074 2.7x10°* 0 3.4x10°* 2.5x107* 3.4x10°4
LaEY PNEC e - RQ\“?“" — —
/ ng-L! iR Rt) EIN) 5 Ty [ JE Hi I
X & H 9.2 x10% 1.8x10°* 3.3x1073 1.3x1073 3.9x1073 9.4x10°* 1.8x1073
VNTE S 3.5 x10* 5.5%x1073 3.0x1073 7.4 %1073 7.0 %1073 6.1x1073 5.9%x1073
WA 8.7 x10* 2.3x1073  4.9x1073  83x107* 2.6x1073 .4x1073  2.7x1073
HA R IE 2.6 x103 5.8x107*  4.9x107*  2.0x1073 1.L1x1073  3.8x10™* 50x107*
b ZF R 1.5x102 4.7x1072  4.7x10"2  4.9x10"2  56x1072  52x1072  4.9x1072
itk i Y e 2.0 x10* 0 0 0 0 0 0
Hb R B 6.0 x10° 0 0 0 0 0 0
E N 3.4 x102 0 0 0 0 0 0
REEF 3.5 x10* 8.0x107°  4.1x10°® 7.6x10°° 2.0x10"® 2.0x10°® 2.0x10°°
FPETT 3.8 x10° 2.8x10°* 3.3x1074 3.4x107* 2.7x1074 3.4x107* 2.4x107*
x£7 EFEHEKERETRIH PPCPs B PNEC,,gimen B XU B E
Table 7 Values of PNEC__ ;e and RQ of PPCPs in surface sediments from rivers and lakes of Beijing
o PNEC.. giment ‘ \ ‘ RO cdiment _
/g-kg! K SE 1] IKEFIKEE i) TR A STl bR Rt)
XF T 22 LT 4.00 5.7x1072 0.135 6.6 x1072 7.8 %1072 0.110 3.8x1073
AT R R 17.3 0 0. 109 8.3 %1072 0.116 0.243 0.122
Wi 17.5 0 6.3x1073 4.7 %1076 6.6 x10 6 L4 %1073 7.0%x10°¢
e g1 2.15 2.4x1072 0. 544 0. 704 0. 450 0.673 0.310
B & B 2% 10. 8 1.0x1073 3.12 18.8 1.89 5.73 6.6x1073
ik i H e 16.2 2.0x107* 6.0x1073 1.0x10 73 3.5%x107°* .2x10°° 7.4x107*
Hb IR B AL 73.8 8.4 %103 9.1x1073 1.3x1072 5.1x1073 L 1x1072 2.2x10°%
E 0. 796 0 0 0 4.2%x1073 0 0
+ Vg5 257 0 7.2 %1073 2.7x107* 2.0x1073 5x1073 3.2x107°
FIETT 249 0 2.4x107* 1.4 %1072 1.2x107? L4 %1077 0
EY PRECctmn - - R Quimen e — e
/g-kg! BT} 5 ] BRI g J 1 i
XF T B2 S Ty 4.00 0. 153 3.0x1073 7.6 x10 72 6.1x1073 .7x1073 5.1x1073
AT R R 17.3 0.337 1.6 x10 72 0. 885 0 0.344 0
Wi R 17.5 1.9x1073 9.2x10°7 5.1x107° 0 L0x107° 0
e 31 2.15 0.922 0.251 0. 467 0 0.927 1.5x1072
BT 25 8 2 10. 8 4.49 0. 468 0.706 1.0x102 1.36 0
it iz F s 16.2 8.1x1073 9.5x1073 2.7x1073 7.6x10°* .1x1073 0
Hb R B 73.8 1.3 %1072 3.8x1073 4.5%1073 3.7x10°* .2x107? 3.3x10°4
E 0. 796 0 0 0 0 0 0
+ VG- 257 0 0 9.4 x10°* 0 0 0
FPETT 249 2.8x10°* 1.8 x10°* 0 0 .3x107° 0




5 TRIMAE . JL Rt IX KA T PPCPs (1443 A R AE B v 1 AU

1861

3 HZig

(1) AEHT XT3 B 1IH 2 JZ KA T PPCPs 1)
WeREEJE 43 4 N. D. ~655 ng-L~"FIN. D. ~252
ng-L~" WU T PPCPs &5 REVE B2 918 N. D. ~
1709 ng-g™" MIN. D. ~35.9 ng-g~". HrulmER7E
KA BE A A, S K AR TR 10 i PPCPs
AIDEHES YL, Bl o 5 R TR TP 0 35 i S th o
B, TR 10 A PPCPs I35 444,

(2) AGETIKSE | BRI | i By S ] 3R 2
IKAR BT rh PPCPs (19 3 s 85, X A el T
WA N A JF BA TSR KA,
PPCPs FFZ A BT HE A X LA . PPCPs 3 i
MRS . 2% B S TUTE 25 7 2K AT B 2= T
rh 38 X L AR R Z DL Y PPCPs 1 5 &
B

(3)iz F RQ #EAYXT 10 Fft PPCPs 7Eb 535 X ]
i ST 2 K AR K URRM rh R B B R K A A 25 2R
ST RS HEA TP, & AL 5 39 DX TR A i
JZ/K PR 10 F PPCPs ) RQ {HISMETF 0. 1, %
TR A AR S ERSE BAT (RS, 30 73T 3t K 1A DT AR
Yrrfxs R SE . ARAT R R | H AR WE AR Ay
B O JERAT K A A2 ) BAT TP 28 KUK 5 Bl 7 2R 0 K
TEGIKIE VT AR | 8 A 3 R T
WA A PR ELA T XU
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