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TEE . VPPN I DK AR T 2 5 A AP EILEL (PPCPs ) (975 YK | 23 [B) S0 A1 R AE B A= 25 XU , R0 e 55 6 33 - B G ol it
W52 T 3% Thi K A 22 /N RAEE S 32 Fft PPCPs. 4530 3R W] 3% Th i1 3R 2 /K (R v 246 11 T 23 Ff PPCPs, A3 B35 [ 892 ~
1536 ng- L', HoH ik B8 5 i A T U0 B2 (256 ~ 707 ng- L"), iR R A% 25 (85 ~ 438 ng-L™') | &FE% (101 ~290 ng-L™")
KEEEHE (1.9 ~ 112 ng-L7") . AFEERFE 5K PPCPs YR B A — 8 1Y 23 [ 22 57, S L1 7R A6 3 0 X285 s, VG il s i IX 3 A1 )
HF. Bt A DAL PPCPs YR BER T U L ] HH T D AR MR BE AR, X 13 Rl 25428 PPCPs AR S KB IPM 45 R R I mUb 2
RQs 4 0.26 ~0. 72, %F F9& ik A AR 2 R G R BN R RS | 75 AL 2 FFAE B2 KR 5 RQs > 0. 01, FHU MRS, HAv A1k
G RQs <0. 01 ARRIUHERIABERE. KR HE BT PPCPs (IR G B2 XU B YE L 0. 29 ~0. 75 3k & , 3%
38 PPCPs Xt Tk A Ay I v XUBS:. X 6 Al PPCPs (9 A A fit e XU 25 SR R BT, RQs 31/ T 1, 3R W1 5% Sl PPCPs X A {4
{8 TC EL AU

KRR 2500 A AP B (PPCPs ) 5 B8 S0 5 MbeoK; A S XU P4l flt e XUBS: BPA 5 15 e

FESES: XI131.2; X52; X820.4 XEKFRIZE. A XEHS . 0250-3301(2017)01-0162-08 DOI: 10. 13227/j. hjkx. 201606184

Pollution Level, Distribution Characteristics and Risk Assessment of 32 PPCPs

in Surface Water of Luomahu Lake
ZHANG Qin, ZHANG Sheng-hu, WANG Zhen, GUO Min, LIU Ji-ning", SHI Li-li, GU Wen

(Key Laboratory of Pesticide Environmental Assessment and Pollution Control of National Environmental Protection, Nanjing Institute of
Environmental Sciences, Ministry of Environmental Protection, Nanjing 210042 , China)

Abstract: A total of 22 water samples collected from Luomahu Lake were determined using high performance liquid chromatography
tandem mass spectrometry ( HPLC-MS/MS) to evaluate the pollution level, spatial distribution and ecological risk of 32 PPCPs. 23
PPCPs were detected in surface water of Luomahu Lake and the total concentrations of 22 samples were 892- 1536 ng-L™'. The
concentration of norfloxacin (256-707 ng-L™") was the highest among the detected PPCPs, followed by ketoprofen (85-438 ng-L™"),
acesulfame (101-290 ng+L™") and naproxen (1.9-112 ng-L.~"). Spatial differences were found in concentrations of PPCPs in various
sampling sites. Concentrations of PPCPs in northeast of Luomahu Lake were higher than those of southwest. Concentration of PPCPs in
Fangtinghe River was high and that of Zhangshanzha River was relatively low. The risk assessment of 13 pharmaceutical PPCPs showed
that risk quotients( RQs) of norfloxacin were 0.26-0. 72, posing medial risk to aquatic ecosystem. Gemifibrozil posed low ecological
risks with RQs >0. 01 in most sampling sites. RQs of other 11 PPCPs were less than 0. 01, posing no ecological risks. The combined
risk quotients of 12 PPCPs in water of Luomahu Lake were 0.29-0. 75, indicating that those compounds posed an medial risk to aquatic
ecosystem. Human health risk assessment showed that the RQs were less than one for 6 selected PPCPs, indicating that these
compounds did not appear to pose an appreciable risk to human health by potential environmental exposure from drinking water.

Key words : pharmaceuticals and personal care products( PPCPs) ; Luomahu Lake; surface water; ecological risk assessment; human

health risk assessment; pollution
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B B BB PR R TR LAY T RE X A fe R =
ARSI 0 3R E R PPCPs AR 77 5 4l R
X PPCPs 4 5 7 Y1 355 v 19 40 A B 35 Y I g il A 2L
AT EEMNE L. BT PPCPs 15 44K (1 i
SR AR IR TS KA B0 kA RIS
Yol i BB T AF A M ARG, TR
A T ERYLT M) B e b P E ik R 2 2505
Yo AR ARETE LA ne L7 BT K AR AR
T8 ik &R, M E U B AE 1.20 ~ 130.00
gL TR AR E AR R R T
28 filt PPCPs' ™!, FeBAHT AL 3 245 Wy e K 3R 85 v 1 3%
i AELE.

3% T TV AR A GRS, RV IR R 2
— R E R KA LR B K 2 —. AR S
o A5 R L - R BE = D R AT R ( HPLC-MS/
MS) % F-5% Lhii 4 32 Fh PPCPs 847 752 , % H:

OPARRAIE SRS ST 1 o0 b, ASBRSEXE T T il
FRIEHZ K i PPCPs f A ¢ AE DL B A 25 XU B
AEEE S, LI [ SR 1] PPCPs A 1 4R 1
LEIBES S

1 #RE5FE

L1 S5

HPLC-MS/MS ( LC: Agilent Technologies 1290
Infinity ; MS/MS:AB SCIEX QTRAP 4500, 3 [H); {4
%4 (Poroshell 120 EC-C18 2.7 pum 2.1 x 75 mm
Column, Agilent Technologies ) ; g Z{ﬁ(( BUCHI,
Bt B RAE(MS105DU, Fis 1) ;. AW (ANPEL,
LIE) s EAHATCR B (Waters, 2 [F ) ; HLB [#AH %%
BUAE (5 mg, 6¢cc, Waters, 35 [F); H li5 ({4 i 4
MERCK, %) 32 F PPCPs Frifidt 4 A & R g
B, 4585 >99. 0% , BARRIYI R PRILE 1.

&1 32 7 PPCPs BRI E &4

Table 1 ~ MS parameters of 32 PPCPs
Y CAS % BB T TET ERERE(DP)  ADHE(EP)  Ri#AER (CE) MO HEJE(CXP)
AR TS 114-07-8 734.5 576.5; 522.5 72 10 27; 31 10
ARE 56-75-7 322.8 152.0 -56 -10 -21 -10
E{TRl 2 15687-27-1 204.7 159. 0 -46 -10 -9 -10
i 3% 2% 22071-15-4 252.9 209.0; 196.9 -28 -10 -12; -11 -10
g 22204-53-1 229.0 184.9; 170.2 -40 -10 -10; =17 -7
KGR 69-72-7 136. 8 93.0 -68 -10 -24 -10
AHRVE 82419-36-1 362.2 318.1; 261. 1 35 10 25; 36 10
B[ % R 29122-68-7 267. 1 190.1; 145.1 31 10 29; 42 10
HRIDE 70458-96-7 318.5 256. 4 36 10 32 6
TR 298-46-4 237.2 194.2 76 10 25
hIE R 81103-11-9 748.5 590. 6; 558.4 74 10 26; 28 17; 28
BUABR 80214-83-1 837.6 679. 6 75 10 25 8.7
W E 738-70-5 291. 1 229.9; 123.1 62 10 35; 31 125 11
b ZF R 83905-01-5 749. 6 591.6 134 10 39 21
|1 3% 53-86-1 355.8 311.7; 296.7 -29 -10 -10; -23 -8;-6
KR E 98079-51-7 352.2 334.2; 265.2 116 10 24; 34 10; 10
E[RZREAS 31879-05-7 241.0 197.0 -46 -10 -12 -9
EEE S 25812-30-0 249. 1 120. 8 —-42 -10 —24 -5
ZALILEE 41859-67-0 360. 0 274.0; 153.9 -74 -10 -23; -42 -10
R E 1392-21-8 772.4  558.4,215.1,174.4 150 10 37 7
BAReH 73231-34-2 355.9 336.2; 184.6 -68 -10 —14;-22 -7; -6
Bakib A 93106-60-6 360. 2 316.2,244.7 40 8 27,35 12
it i — F s e 122-11-2 310.7 244.9,156 90 10 27 7
i P s 144-80-9 215.0 197.0,156.0 127,59 10 9,16 7
i i HH s e 57-68-1 279.0 186,124. 10 70 10 21,28
itk e ik b 144-83-2 250. 1 156.0; 108.2 70 10 19; 34 7.4;3.4
it Jre PP s 723-46-6 252. 1 155.9; 92.0 -59 -10 -16; -36 -10
BIE 33665-90-6 161.7 81.9 -39 -10 -21 -9.8
44 i 21145-77-7 259.2 175.2 77 10 20 12
AR 101-20-2 312.9 160.0; 125.8 -48 -10 -17; =29 -7
Bap 347 L 22839-47-0 292.9 199. 8; 260. 9 -65 -10 -18; -13 -6;-6
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1.2 BEACREE

0% LA AL YT 548 LR, b5 1a 1 . AN T,
ILEE 9 AN S B 5T ANMTEORN . I X IR HE SR (1R
) FFHE e B TRRENR 1 (i), B K 27 km,
PUET B (Ed k) , Rl H
(BT P58 13 km, S AR 375 km®. i FRA
BEAEALE: 34°00" ~ 34014'}527< 118°06' ~118°16’,
DL F B 5w . Ui . W VLT 38 iR
SBFIX. AW T 2016 4E4 H 6 ~7 HXFT5% Dyl 3
JEAKHEAT T ORAE, FRE 22 AN REE AT (14 AN ARRE
RL,6 AR AT L 2 AR AR AT RAR S
oA Al 1, R JZIKCRAE SR IRy 100 ~
150 cm.

>z

FE {5

® REEAAK
] %o s

E1 EREHRERSHERE

Fig. 1 Location of sampling sites in Luomahu Lake

1.3 FEAETAbEE

JT ROKAETSE I ERFR IR pH 2 ~4 247, FEK
FEiL 0. 45 wm FLARBEESEF SRS | VA R B 500 mLL
i F5 A /KRR 55 F R BE TS ALY Oasis HLB /ME

AT EIFHAEE, FAEEEZY R S mL-min ™' LFE)S,

FH 10 mL BY#4EKK%E HLB /ME: | FF7E R &1 T
EZS 30 min fH A4, FH 10. 0 mL I EEPEAR , V6
A AR R T, R F P EEE A S 1 mL, 18 ek
% 1 min, J§ HPLC-MS/MS 4347
1.4 FEFIE

JoT R A A5 SR FH LM 25 B TR (ESD) | TR g
%*%ﬁ%ﬂﬂi%ﬁﬁ%ﬁ 22 O S - W I

Br B #r¥). HPLC 2% {4 A1 . 30°C; Ui @ 0.3
S WA IE B TR O (A) A
0.1% W/ KAL) (B) , s R H 2
F10.2% FK/ K (B ) |, 6 5 9 0 45 14 0 36 2

B B 25Nk 1 R,
R2 327 PPCPs WIES B FHEX TR BB &4
Table 2 Gradient elution condition of 32 PPCPs

mL+min

in positive and negative ion modes

it i) EEF st ] T

/min A/ % B/% /min A% B/%
0 90 10 0 99 1
2 90 10 2 99 1
3 70 30 3 70 30
5 70 30 6 60 40
10 65 35 9 60 40
12 60 40 15 40 60
15 50 50 19 20 80
18 40 60 24 20 80
22 30 70 28 1 99
24 20 80 33 1 99
26 90 10 33.1 99 1
28 90 10 35 99 1

1.5 s fIEREES (QA/QC)

S AR R [RD R S G RN 2S 1 S B PR IE.
FEARE BERL AP0 25 FUOKEE 3 in PPCPs AR kR
VTR, 422 BRI J5 3 X B A i A BRI ES S3 BT
K AMREBE T E BT, KEEH PPCPs [N Ny
85.6% ~106% , FAXT AR UEZEN 5.9% ~9.8% , 4%
Hir b AR Rk 0.5 ~8.6 ng-L~".

25 [ S0 1 B R R E BORFE | R I
AT S B B & iis e A= A
FIFEFZS . SREERE B 500 mL 5 4l 7K & T a3k
BORFER D 48 BRI, R R 5% T B A
Be RFEG R 5 S PRk AR — TR iE 26 B =, I
& H 1 HAR PPCPs E’J%U“ ZHE A H. S
Y5 28 A3 HTHT , P A — R i A Ak I Hed H AR
PPCPs [k i, VE;@&F H. SEBRAE D), 5
HEBRIZFRAKEERT 1 AFEF 25 A, 56 1 LU
ali 7K A B B AR AL & DA W T2 L RR 5 4% PPCPs
FERTAL BT R p (9 [EDSOR A L. b, B KRR
LWy, EAT AT OBURE I 2 , LA AR IE S 56 00 2 119 K
k.

1.6 XSTEM s
1.6.1 ASKE I

R 35 WKCBE 56 T 3R 858 XU B4 (0 B R $58 5, R
IXUBS: (B 925 (risk quotient, RQ ) WAk 5% Th i 7K #1455
(R XU S5 2. IXUR (B RQ MYTHE AN,
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B sz BRI % W B ( measured  environmental
concentration, MEC ) 1 JC % I ¥ J& ( predicted no
effect concentration, PNEC) Z A/ HAE, W2 (1).
RQ = MEC/PNEC (1)
PNEC. {EL 5 H S50 FIr A (9 2 M A v B 1R 4
BE (1C,. ECy. NOEC %) B Lk iF ff B T
(assessment factors, AF) 15 2| & M 24 v 38
ECTOX #3145, AF HYIUEEFI7E 10 ~ 1 000. 4]
it RQ fHI KN, 43R 3 A FREE KUK 554, B RQ {H
E0.01 ~0. 1 [AARIFE AR, 72 0. 1 ~ 1.0 [8]
SFRREE U, KT 1 O m B R KRB P
PPCPs AN JE M —FF1El) A EFTE R W], K3 s 2
it PPCPs Hh A7 I, B 58 fe 35 /E 25 B A7 1o fn
g RIAR SR T Quinn A5 G A R oA B
AL [ 2 (2) ] 7H5 PPCPs (9 Bk & 55 1k XU
(RQ...) , HHT RQ, W& i 4~ PPCP Y RQ.
RQ.. = 2 RO, (2)
1.6.2  APAAERR KU T A
KPS IK AT AR 2R A A BRE XU TP ik T
IRV ARG 1 512, I ] Hsf 2% B X6 AN ] 4 i B AT 1 KL
K, 2 KU R 1, AR A KU Bk 3
BIEWAK(3) K (4).
RQs = ¢/DWEL (3)

ADI x BW x HQ (4)
DWI x AB x FOE

K1, e, J& PPCPs MK W (ug- L") ; DWEL J&
YK G (pg- L") 5 ADIJ& H 3] 3245 A
(g (kged) ' T; BW AR (kg) 5 HQ JEf i
RS, 1 3158 DWI 24 HAROK & (L-d ') ; AB
EEmW R, #7118, FOE & 2 2 51 % (350
d-a™") ,$£0.96 5. BW Fl DWI A &5 % H
5 FEEFMAE (EPA) HEAE .

2 HFREITE

2.1 KR 32 i PPCPs (75 4K

I8 LK A 32 B PPCPs JE46 Y 23 Fh, fudE
10 FipiAE RIS 5 I R IR 2528, DL R LA 25 2)
Yra s 2 e SR A AR R B A R, =
AR EAE A FES TP AR . & REE
J5 M PPCPs W B [0 892 ~ 1536 ng-L ™" SE3MH
91 148 ng-L™' (WK 2).

RAMEAEYIRE RS M ERDE, &
PPCPs ¥ & i 20.3% ~ 51.4% , H vk 2 Bl & 5%
(8.43% ~34.8% ) . TFE(7.29% ~23.9%) . %%

DWEL =

W (6.07% ~10.1% ). 4 Fib & W& 13k 5 a8
PPCPs [ 59. 1% ~79. 1% . £%RAE 5 S AN AR
(1) 53 A A

17 BT AE R SR B Tl 378 ~ 831
ng- L7 HWWARR whisE VaBsxR, HWEF
W BATAT R R R P M RN R R
MERELE P A RAE AT e R b B
THEH 256 ~707 ng-L~'. #4eig a2 il T 3T
T T B Tk 2 R 2 s D B 43 R nd ~ 13
ng-L7'Ff1 117 ~251 ng- L' MR TAMIE. AERLE
FPAE S BE R 2,95 ng- L' AR T4 4k 1
SELUHRSEIY 11 ~ 266 ng-L™'. &£V B IEIA %
FES AR WSRO 28.4 ~2.5 ng-L7".

6 PRI 9% LI 2R 25 W 1 Bk BEYE R 264 ~ 676
ng-L™" SFHIME K 387 ng-L~'. 6 FREZGYITE A K kL
SR VR B i v T DR R 5, VAR R L 85
~438 ng-L_l. Eﬁﬁ%%{%%&%gi,¥ﬂwﬁf§“
43904 98 ng+L.”' }2 90 ng-L~".

4 BRI S 25 Wy e ARG, Hoh i B SR
YA 29 ~45 ng- L™, RV 78 T R FE S Y
ARG H BAT 5 % R R R L DT R v B A ARG, A HE L
ng- L7 AYKSF. PR R T EH VKB A B
AR A, Hh oRFL R E KA nd ~ 6
ng- L~ 5ABFFEAL T AL B K, R I P P e
H}9 ~190 ng-L~", @@ FAMFGE. FHIEA Madrid 3]
YR T A B AL D AR B O 234 ~ 2315
ng- L' I8 TAMESY , X 85N 1Y 259 ff
A K.

PP B A IR 22 S vk RS =, A 101 ~
290 ng-L~". LFEESE—FR AN T A BRI, T8
R FAETS /K A BRIt AN BB 58 42 B, TR 5 15
IRABFRT 1 K AR kAR [ N AMR 2058
EILRI LRI o B H A TR
FI, Fbtn Scheurer 252 %ol 4[] Y] i 8 4 & IH 42 9% 45
e BE R Ik 2 pe- L1, SR SRR A 10 £, Bt
WIS WAAG ) T e W R 2.8 pg- L' F
B R T T IR HE N 1.6 ~ 7.6
pee L7 BE S T AR K

AR PR ISP, )z
TURBHI AL Atk it L VERER A, DR Rl AR TS TS K
FHE BT A . 5 SR i 28] 1) = G B e
$92.56 ~4.26 ng- L' W5 T TR AR RIE R
FAZKALIE 1L AR 32 K X K P8 7K (0.6 ~ 1.7 ng-L7").
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Table 3 Most sensitive species toxicity data of 13 pharmaceutical PPCPs
PPCPs SRR WA BB/ gL AR PNEC/ng-L ™! SCHk
Wb R Anabaena variabilis 6d-NOEC 9.8 10 980 [34]
HAHER Tetraselmis suecic 4d-NOEC 10 000 50 200 000 [35]
AR Pseudokirchneriella subcapitata 3d-EC50 1 440 1000 1440 [35]
KR E Pimephales promelas Fathead Minnow  7d-NOEC 10 000 50 200 000 [36]
FARRH Tetraselmis suecica Prasinophyte 4d-NOEC 2500 50 50 000 [37]
Banih A Pseudokirchneriella subcapitata 3d-EC50 3100 1 000 3100 [38]
i i HHY 5 s Pseudokirchneriella subcapitata 3d-EC50 1530 1 000 1530 [39]
PiTR AN Pseudokirchneriella subcapitata 3d-NOEC 10 10 1000 [40]
ZEE Ankistrodesmus falcatus 2d-1.C50 40 000 1000 40 000 [41]
KGR Daphnia longispina 21d-NOEC 1 800 50 36 000 [42]
n| e 36 37 Danio rerio 16d-NOEC 100 10 10 000 [43]
HAEL 57 Oryzias latipes 21d-NOEC 43.7 10 4370 [44]
ZHALILRE Anabaena sp. 1d-EC50 7620 1000 7620 [45]
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Fig. 3 Ecological risk RQs of 13 pharmaceutical PPCPs
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Table 4 Human health risk RQs of 6 typical PPCPs

AR B BW/kg DWI/L-d ™! 2 it fie PP R s R A KiTRE2AS M| 38 3 B[R 8% IR
ADI / / 4646 130147 5504601 110040 93[48] 2. 740
0~34H 5.6 1.15 0.140 1 0.002 4 0.553 1 0.003 0 0.0103 0.001 1
3~61H 7.2 1. 14 0.108 0 0.0019 0.4265 0.002 3 0.007 9 0.000 8
6 ~12 41 9.4 1.18 0.0856 0.0015 0.338 1 0.001 8 0. 006 3 0.0007
1~2% 12 0.85 0.048 3 0.000 8 0.1908 0.0010 0.003 6 0. 000 4
23 % 13.8 0.83 0.0410 0.000 7 0.1620 0. 0009 0.003 0 0.000 3
3~6% 19 1.16 0.0416 0.000 7 0.164 4 0.0009 0.003 1 0.000 3
6~11% 36 1.55 0.029 4 0.000 5 0.1160 0. 000 6 0.002 2 0.000 2
11~16 % 56 1.90 0.023 1 0. 000 4 0.091 4 0.0005 0.001 7 0.000 2
16 ~18 % 57 1.77 0.0212 0. 000 4 0.0836 0.0005 0.001 6 0.0002
MA(>18 %) 60 2.04 0.0232 0. 000 4 0.091 6 0.0005 0.001 7 0.000 2
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