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Abstract: In thls study, 50%surface water and sediment samples were (ollected from 25 sampling points in Qingpu District (including Taipu River basin, Jinze Reservoir, and
Qingxi country park) in the Yangize River Delta integration demonstration area, and 22 pharmaceuticals and personal care products (PPCPs) in the samples were analyzed
using high-performance liquid chromatography tandem mass spectrometry ( HPLC/MS-MS). The distribution characteristics, sources, and influencing factors of targeted PPCPs
in the study area were studied in detail. The ecological and health risks of the target PPCPs were evaluated using the quotients method. The results showed that a total of 19
PPCPs were detected in the surface water and sediment samples from 25 sampling points in Qingpu District, with total concentrations ranging from 0. 06 to 178. 67 ng L™ and
0.07 to 37.68 ng-g ™", respectively. The average value of sulfachloropyridazine (SCP) in the surface water was the highest with a concentration of 129. 54 ng+L. ™", whereas
the average value of sulfamethoxazole (SMX) in the sediment was the highest with a concentration of 70.62 ng-g~". The spatial distribution of the total amount of PPCPs
showed a trend of Qingxi country park > Jinze Reservoir > Taipu River basin. Principal component analysis showed that the main sources of pollution were animal antibiotics
used in aquaculture and the discharge of domestic sewage. There was a significant correlation between Ig K and lg K (P <0.05) , indicating that the organic carbon plays an
important role in the distribution of the target PPCPs in water and sediments. The ecological risk assessment results revealed that the fungicides (TCC and TCS) in the surface
waters showed a moderate risk to aquatic organisms of different trophic levels. The Qingxi country park and Jinze Reservoir were the regions with the highest ecological risks of
PPCPs in surface water and sediment. The health risk entropy (HQ) of people of all age groups exposed through drinking was less than 1; however, with the continuous
emission and accumulation of PPCPs, the pollution control of PPCPs in the environment still requires further attention.

Key words: Yangtze River Delta; pharmaceuticals and personal care products (PPCPs) ; distribution characteristics; source analysis; risk assessment
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Table 1  Physical and chemical properties and mass spectrometric parameters of target compounds
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95% B; 7.51 ~9.00 min, 95% B. JFiili &c1f . K
M55 BT, IE BB (ESI + ), 2 I Al
J2(MRM) , BN HUE 4 KV, B2 40T EE 400°C |, Gl
(N, W 10 Lomin ™' FIESHOLE 1.
L4 JFEffins pa i

PL10 AR S — AR, SRR S oA 2
FIRERNZS EUINARAE , BT A B S R B AT 154
TR (SMX-d, FIIH PR R ) LA 45 il 2 i ik 2 3 A v
[R5 2%, SMX-d, 136 PN R (1) 1 e % 73, 12% ~

126. 15% K igs 22  ppces s
g 83.78% £°116,50% Al 72. 68% ~ 136.22% . 37 i
25 FURSE 88 % 251 o H AR PPCPs & IR T4 )
B SR MR X R A T 5 B AT, 322 WRIEAK
FSURUIRE o eb H RIS YL G R
F2 KBMRAYIEERK DR (LOD)
Table 2 Results of limits of detection (LOD) of water

phase and sediment phase samples

WiH LOD
1 #K/ng- L1 V) /ng-g !

SMX 0. 009 0.024
SCP 0. 006 0.015
SD 0. 008 0.012
SMR 0. 005 0.017
SMZ 0. 006 0. 024
SDM 0. 004 0.013
SMT 0. 003 0. 004
DC 0. 005 0. 009
oTC 0. 007 0.019
OFX 0. 009 0.017
EFX 0. 028 0.108
ETM-H, 0 0.019 0. 047
TYL 0. 021 0. 064
PEN 0.016 0. 056
AMOX 0. 025 0.043
IBF 0.019 0. 020
NPX 0. 006 0.010
KPF 0. 004 0. 008
DFC 0. 008 0.013
TCS 0. 021 0. 030
TCC 0.013 0. 026
CA 0. 002 0. 009
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1.5.1 ASKE TN ik
i 1 KU T (RQ) WEAR T PPCPs 78 /KB 3158 h
IS RS, 73R 3 2 AR (0. 01 < RQ <0. 1) |
FXURE (0.1 <RQ < 1) A XU (RQ > 1), AL
LU
RQ = MEC/PNEC
A, MEC R PR45 S0 B ng - L7 5
TCRLV A ng- 17"
XTI R4 A 25 RS BEA B AR LA 5
Y i LB K 5 e ), AR Ak
Az A W A5k S o LR A A A KU T, LB
ARG Yy B 0 A ST
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H %EP(? e &, ng-g 'y K, N HLBR 420 it R
B £ TR Mﬁmﬁﬁﬁiﬁz. “
1.5.2 RS T 5
LT PPCPs 1 H 3 #2158 A E(ADD) |, #1555
FEIX IR H b7 PPCPs il 1
%m%w@ﬁwﬁﬁ@fmr Q@kﬁ{
“HQ = MEC/DWEL ¢ "
DWEL = AD]. x BW/(DWI x AB, & FOE,
AT HQ IR {E, HQ > 1 %‘z?ﬁﬁﬂ[&, DWEL |

PNEC 4 i)

—

/ﬁ’}ﬁﬁ(éi{ﬁ(ugL ) ADIIEE[fELqij%/\,E &

[ g Ckgrd) ™' ;5 meﬂ?ﬂjﬁii(kg) DWIERET
PR (Led ') 5 AB 2 5 iR 45 1 44,
FOE 2 # @A (350 d-a™") ,#% 0. 96 15 K4E#
BYAREBE AT | H SRk EM B AR PPCPs H 214

FEARULE 3 FIk 4.
®3 SEMBABEHEE, AHkkEY
Table 3 Average body weight and average daily water

consumption of selected age groups

AR B BW/kg DWI/L-d"!
0~31H 5.6 1.15
3~61H 7.2 1. 14
6~124H 9.4 1.18

1~2% 12 0. 85

2~34% 13.8 0. 83

3~6% 19 1.16
6~11% 36 1.55
11~16 % 56 1.90
16 ~18 % 57 1.77

>18 % 60 2.04

1) H PRI (DWI) o 56 FE R E (EPA ) 472 I
2 #ZR5itie

2.1 PPCPs &&= M%s [0 R
WFFE X 3, 25 R A S R Z K UL Y 84

FHOK i % R A (e e

#4 BIRPPCPs HRENE
Table 4  Acceptable daily intakes ( ADI) of target PPCPs

teE 7] ADI/pg- (kged) ! Sk
SMZ 9.50 [18]
SMX 3.80 [18]
NPX 570. 00 [19]
DFC 96. 00 [20]
SDM 10. 00 [21]
TCC 0.03 [22]
SMT 5.00 [23]
TCS 0.19 [24]
CA 10. 00 [24]
ETM-H, 0 40. 00 [24]
scp 50. 00 [25]
0TC 30. 00 [25]
DC 3.00 [26]
OFX 150. 00 [27]

EFX 6.20 [26]

Ity H bR PPCPs BIFFAE (£ 5) 3% % BPPGPs 2K
”’J‘uuﬂﬁﬁl:injar“{z@ﬁﬁﬁfﬂf‘*%%ﬂ,ﬂ}_%
DAFTAE sk B, AR, Tﬂdaé‘%nm
PR s AR HiB-Ls Lmlﬁﬂ?ﬁﬂ% Py
JFEER 1 B-Ls ﬁ%%ﬁzmﬁw 23] Tﬂf‘qﬂTE@i&
U E R o
%F*1¢p@m&ug)ﬂﬁﬁm8f
ng-L~", F A TCs 1 T 4 7 (98, 00%),/\@:1‘%
QNs(76. 67% ) /ICs 1 T4 106 Bl ELACT 6 T )
TR T N Bl W 5 0% LA i 35 5l 1 &
R 2013 AR E T B 2 A AR R RN
iﬁﬁfr”%ujg 24.8 J7 t F116.2 H t, Hih SAs,
TCs, QNs, MLs, B-Ls il HAhbi A= 2 50 51 o5 i F
5%, 7%, 17%., 26%., 21% 1 24% ') {HTF
ISR, TCs ARSI AT 58 w8 T 1 B AR, T R & i
FHAE KA A BT A . AR R T p
(QNs) f A%, iX 5 Liu %5 X [V 37K 7 PPCPs

AT ST 45 R — 20, WK 5 W AR VLAY NFX (7
~12.9 ng-L7'") 5 OFX (45.7 ~51.6 ng-L™")
5[36].

AR PPCPs T 7 (&1 2) , p(SCP) Y8 & &
(129.54 ng-L7", K i Ry 92.00% ), H K &
p(TYL) (111.69 ng-L™" K%K 72.00% ) , i &
P RH A E XS Cao 251 BIFIE 45 3 — 3,
TR E WK IR S, Y Se i, 2018 AF AN
2019 AEF I XK ™ S &40 0 1,69 7 ¢ AT 1. 25
J7 v X R 25 iR R R SR h PPCPs V5 44 iy 8122
TG YR 2 —, He 88 76 vh B BR VL = M1 WK 7= 75 41
DX (14 e R ity v (R RE A ARG 21 SAs AT QNs AOAFTE.

LKAEA B, DUBIRE 5 i o S b TR, 3%
BIAEA R s TR v, 32 58 B T4 DR
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H PPCPs f B 2538 s A 27
DU FE S T, o (B AR PPCPs Biig) 4 (H K

4.18 ng-g™' 21 82.36% & H/NT 1 ng-g™', 5HA
Hu X AR LY, A58 X BRGTRA) Hh PPCPs 15 L 7K P35

%, BN B = A 0 XY (34E K 38.96 ng-g™")
FIRI " (FEF 1. 60 ~ 129 ng-g™'). X AT AESE 5 0
FXIDURYIh TOC & AR (A5 TR YA L

AN 1. 179% , HAWEF 5 DX IR0 4 5080 4R 2
WIHLIX ) g 3. 3% ~ 6. 7% FVRE 5 2% e i R Sy
3.5% ) LA KK RTTRI R B R 22 A 6. — 7T
TOC {EAAK, YL LTS Y o W% B e 4 /0 Hi i
T, A AL BH B 7 S AT DA i S S P R A
PEIEPAELAE A, 2F 1A T IR b B 55— 75
T, M ZRAK BT UKL % PPCPs E’J%BﬁmﬁT
PPCPs 7€ /K F LR 9 v 1) 43 A 45— 5 11 5% ﬂ[’M’E
Y.

AR PPCPs ZEULAY b 5 b 32 2ED) SAs
HE (61.99% ), LU FE NSAIDs (15.37% )% H:
SMX |, TCC FI CA 647 2 34 Hy 100% ,(‘ﬁi’ﬂﬁ
5504 70. 62 4,46 F10.59 ng-g

T Eﬁ%ﬁ*ﬁé o i'%ﬁk%uyﬁ,”
PPCPs axi ZZHIEI 2R, RIEK MUY P.PCPs

E‘m{ﬁﬁj‘%uu% JT(CRZ ) (ND ~ 2053 39
ng- L : ﬂj{ﬁﬁ 124.05 ng-L~") Fil Ql(ﬂﬁmﬂﬂ%ﬂ

A ﬁ-“qj o

-4 ) (ND ~ 688.59 ng-g™', ¥ {H Ky 34.70
ng-g ') )7 RAEESAL TR AT MR, b TYL &
Tt (BB AT E RO K= F2 5 H ) 5 Q1
KA A T AR RN R IR, DL SMX
DFC 1 TCC A 3, DL X S8 RAEA 25 #RAE N N1 3
) R X ORIK P2 FR B X

MR RAE XSO, 2K FUTRR ) IR 5E
T PURREF A e PPCPs & 1 1 2 = T HA PN L IX
L SAs(SCP, SMZ il SMX Jy F) , X FE 2 N
U BT 2 el V5 Ay i it s et A 9 T AT 9, N 1H %%
FERE R . NI S B RUK = A X 35 2.

X F AL AWK UG, SMX Al CA 7E T3 £ )2
IFIGTRR IR s A 23258 51 909% LA | Hid SMX
(ND ~57.76 ng-L~" ,¥J{H 5.91 ng-L~") A1 CA(ND
~5.62 ng-L.” ! iﬁﬁl 10 ng-L.~ )Tﬂﬂﬁﬁl?htﬂi
Pk o0% L b &) ¥

SVA L PRI Har PPCPs i %*ﬁﬁﬁ?ﬁ*
ﬁjﬁﬁﬁﬂﬂidﬂﬂlﬁfﬂv,ﬂtl:m?f%mﬁ@?(%%
6) . WL AK P frg A I 2 ) ST AR R SMX S
LR B LY N R R YT ok B L A
ND ~55. 2'ng" L5 Hl 42 2 #765 ng-L"' %Lz&;’?ﬁ%'
HIH, ASBIESE p(SMX)ﬁLTiﬁLﬁ?J@F(ND 57. 76
ng-L7") | ’?%H“ﬂ(%ﬁﬁﬂm, 1.7 ~36 ng-I::‘_. )
ik [ ZE L 49 (27 ~ 93 g LN AL

e i%)i**llm,%”%ﬂhﬁ’l PPCPs & Ef& H %"

7

— Table 5 Conceritrations dnd deteoh'tm ﬁequenues of PPCPs in water and sediment
HH 4 PP(.:PS : FZK/ng- L1 : A VL) /ng-g ™! A
f 11 FI{E E KRR % {1 I {E e L e
SD ND ND
SMR ND ND ~0.98 0. 04 ND 4.00
SMZ ND ~584. 38 78.35 29.28 92.00 ND ~3.18 0.35 ND 40. 00
fitf e S SMX ND ~57.76 5.91 3.82 96. 00 1.27 ~688.59 70. 62 17. 46 100. 00
SDM ND ~0.25 0.04 0.03 80. 00 ND ~0. 13 0.01 ND 32.00
SMT ND ~0. 66 0.06 0 24.00 ND
SCp ND ~603. 98 129. 54 23.90 92.00 ND ~19. 43 1.05 0.20 72.00
W DC 1. 422 ~250.37 19.28 4.82 100. 00 ND ~2.42 0.34 ND 28. 00
OTC ND ~89. 34 26.51 18. 68 96. 00 ND ~22.76 1.55 ND 24. 00
W OFX ND ~8.20 1.48 0 40. 00 ND
EFX ND ~41.07 5.25 0 92.00 ND
FeER K ETM-H, 0 ND ~120. 13 14.02 5.95 72.00 ND ~0.96 0.18 0.09 80. 00
TYL ND ~2053. 39 111.69 7.51 72.0 ND ~7.12 0.32 ND 16. 00
B Lk PEN ND ND
AMOX ND ND
KPF ND ~53.31 12.15 9.61 88.00 ND ~33.50 8.65 6.45 96. 00
85 P 6 25 IBF ND ND ~1.76 0.07 0.00 4.00
NPX ND ~0. 82 0.13 0.00 28.00 ND ~0. 61 0.05 0 16. 00
DFC ND ~22.78 6.16 3. 66 72.00 ND ~22. 11 3.41 0.73 72.00
S TCC ND ~3.92 0.79 0.51 56. 00 0.11 ~13.89 4.16 2.71 100. 00
TCS ND ~34. 80 1.87 0.00 16. 00 ND ~4. 69 0.49 0.00 12.00
ik i 24 CA ND ~5. 62 1. 10 0.32 96. 00 0. 06 ~6. 81 0.59 0.21 100. 00
Z PPCPs 0.06 ~178. 67 18.83 4.91 55.00 0.07 ~37. 68 4.18 1.27 36.00

1) “ND” FRAM i, T F
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Table 6  Existence level of target PPCPs in other regions of the Yangtze River Delta or other regions of China
LIEK DR
PPCPs FAEA S (FU . FAEH S I (HL —
B Tf—ﬁﬁ)ﬁ /ng'(L_l : ik X Tf—ﬁﬁ)ﬁ /ng-(g_] ) Sk
& M 2012-11 8.3 [47] K 2012-01 28.6 [48]
Kirn 2009-11 4.2 ~765 [43] Kbl 2010-05  16.1(ND ~49.3)  [49]
SMX HHHTL 2012-07 259.6 [12]
BRIT. = A 2014-10 0.7 [1] BRIL =409 2014-10 0 [1]
K=A 2012-04 ~2012-05  12.15(2.93 ~25.91)  [50]
SMZ g 2019-05 10.60(0.65 ~21.77)  [51] HUHIE/AK™FFKX 2016-10 15.06(12.98 ~21.37) [52]
OFX BRIT. = £ 2014-10 5.5 [1] BRIT =AM 2014-10 0.4 [1]
i 2019-05 13.21(0.50 ~177.00)  [51] Ko 2012-01 (1.22 ~48.1) [48]
EFX i 2019-05 6.24(1.00 ~10.94)  [51]
DC i 2019-05 6.34(0.09 ~56.00)  [51] KL 2012-01 (0 ~14.6) [48]
OTC  ERIL=sAM 2014-10 0 (1] RIT. = FM 2014-10 1.1 [1]
oTC i 6.48(0.17 ~48.17)  [51] Kirn 2012-01 (0.53 ~14) [48]
0TC N 2010-05  52.8(ND ~196. 17)="{49]
BRI =M 2014-10 0 [1] ERYL=Ff  ~2014-10 0704 y NEl
ETM-H,0 i 2019-05 1.43(0.10~5.32)  [51] K ' 2012-01 (0. 653 ~ 174‘5’ {T48]
A K=t | 2010-05  27.7(ND~120:3) [49]
TYL i 2019-05 002 [51] pM ‘201||5-04 5. SO(ND ~38. /)’/ ‘[‘39 .‘
NPX M 2012-11 0.6 [47] I
BIT =AY 2014-10 || “.-‘0 [1] I}k‘ﬁizﬁqﬂ-l;b-"" 12014-10
tezﬁ;gx" 12012-04 ~2012- 05 w31 86(!4 08~125 71)  [50] f # d . 4 V N ,~'F*, .
S B | 2016-04 | [53] 'FR Y J f# -
1BF | koM 2014-10 | ¥ A (1] b‘kafﬁlml  2014-10 0.002" ~—— [48 )
ek | Bki%‘&ﬁa‘i}[{r 2014-10 © ' 0. 06 S~ (1] %%ftqfﬁ{}gl %@NM—IO 11 ,[43:]
| | BE I L 2016-04 A (8534@ ) [ &\ =
FTCS 4 BRVL A, 20i4-10 W [Tl L 11 Bkl 2014-10 0.02 17
{ T6C Y BRI f s 201410 i J | (')H #«’"‘,.» (1] B =M 2014-10 1.4 [1]
# i %}Q(&)} 2 2016-04 L (643 (53] [52]
1) a5 A 5 B -
S0 (a) Ferk Eaca (b) VLB
=i wof O
- _|DFC
=h i
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Fig. 2 Concentration distribution of PPCPs in water and sediment at each sampling point
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PPCPs 1Y 4> it R %0 K, 155 /8 50 %% 0 (X
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AT, Horp  TCC By 1K, 05 B % 7 (4. 84 ~ 6. 50
L-kg ™', ¥l J9 5.61 L-kg™'), X FH TCC H {5 )
T REITORY b XA F TCC HA 8 s B K
P (1gK,, } 4.90) , 5525 5 B LR B W ). e dh,
ANTRRAE S AU R AP S PPCPs 22 (8] /Y K, {HAS fb %
KX TR S AT Z 40 ToC, pH, TN #l
TP % LA K PPCPs [ 5 iy B AL M R a1 4%
| FEER 3T R E(K,, ) o V6 M A 25 B
(pK,) Z £ 5200 PPCPs 782 2 /K AL 22 18] 1)

5
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lgK, Z Bl B AR EH[(P<0.05), K 3
(¢) ], XEATURYA VLN B AR PPCPs 15K FIUL
WA b o B R B EAE . A sl 3 (d) Fow, 1gK,,
51K, Z M AFEIELERXRR (P <0.05, R =
0.569) , 1X & W i /K P B8 98 52 i 7K A e L4 Hh
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Fig. 3  Distribution characteristics of typical PPCPs in the study area
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Fig. 4 PCA of PPCPs in the study area and results of correlation with water qua_hty parameters
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