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Occurrence and Ecological Risk of Eight Typical PhACs in Surface Water _and

Its Impact on Daphnia magna [} K o
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XU Xin-lei, LIU Jian-chao” , LU Guang- hua - ~) 4 ey
(Key Laboratory for Jntegrated Reguldtlon and Resources Development on Shallow Lakes Ministry of Educationy C(-).ll_ege'“ of

Environment, Hohai Uniyersity , Nanjing 210098, Chiua}y [

Abstract The 6c Lurrence and risk assessment’ of elgh{ typ‘tLdl pharmaceutical active compounds (JPhACs) in a receiving watex- body of
wastéwater treatment plant effluent were mvesttgated Thes results showed that the fotalyconcentrations 'of eight PhACs in, summer &
winter| ranged from 27 6 to 226.4 ng-L7' and/ 56.6 to 368 8 ng L7, re%peotlve | The cohcentration of caffeine (16.2- 1%5 8
ngsl") was highest, followed by rox1thromy&1n (3. 3-8942 ng-L~ ') and ibuprofen. (3 6 -59.2 ng+L7"). The total ewlogltal'ulrlsks
(mlxlt,ure risk quotienis, MRQ) of eight PhACs fto green ‘algae daphnia, and fish Wwere 1. 51 0.08, and 5. 68 in summer and 8. 34,
0.22) and 6,45 i in winter  respectively. The (ontrlbutmn rates” of_kétoconazole erythromycin, and 1bupr0fen exceeded 49%, 85%, and
92% /for MRQ in green algae, daphnia, and fish, respect-lvely In terms of sensitive species, green algae and fish are the most
sensitive 40 PhACs in winter and summer, respectively. The results of 21 d chronic toxicity showed that mixed PhACs effect normal
developrftent and reproduction of Daphnia magna, resulting in an increase in reproductive capacity and swimming activity, and a
reduction in heart rate and thoracic limb activity.

Key words : pharmaceutical active compounds ( PhACs) ; Daphnia magna; reproduction; growth; ecological toxicology
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# PhACs 58 1R B () 38 in KA 3R A AE T R B i 1
FF(CFI S FRU TR 44. 5 mg- L~ B RAERFE T 535
£ 100% ) , R KB Wi /DN, 1RG50 B 8] 32 7 AE
KB RARIKAE T PhACs B A2, e 4 55 B AL
REWFSE i /D FE NS PhACs FRESIRE A 3L Rl | I
it —20 i H A2 A5 e A A RS A 5R .

KALENE Ry — P A 9, B AR 0 R
W BRI 2T S RS R S EE
SRR bR SO0 KAENE S TR iEsh ), L
fEHRE 515 K atE— 20 5 i K AR v ) A 7 3 R
THPE I FRESI . A SC AR HUT5 7K ) BKZ 447K
ARG IR, 2 BT K AR 8 Al A PhACs THAE 21
AR, ENLLEE R (ETM) | P 20 % 3= (ROX) | A ¥ 2%
(IPF) (i B W ( KTC) | & i #k ( SER) | BT & 3% /K
(ATL) G UUER (CA) FamniE R ( CFI) 5 454 PhACs
IBEMRAFRDL , PR K A b LAY PhACs 1194 28 RU:
e R AR 1) 12 1 B B AR

1 #R57EE

1.1 A5

Deve]opment Cq Ltd (Shanghai, Chma) g,ﬂ;g'f)gjj(:f
98 %;| KTC | SER Jﬂf] fé| T Dr. Ehrenstorfer/ (Augsbutg

Germany) , ﬁéﬁﬁf“jﬂﬁ 98%; H I ( eﬂjﬁﬁ%‘) M] E T

ﬁlﬂ'Merck AN Eﬁ@?ﬁ?/%’ AIBCH 1 mg- LS E’ﬂﬁé%“'

WCET —20°€ VKA 45 F. B 4K i MF-A10 #2457k
m(%@ Mlllpore N
1.2 Seserys
1.2.1 FEACREE

AR SCHEHR T R BT 5 K R AK 32 AN KR R B
FERGE  AETSKT KSR F R 1, 2 A3 km 4
BAE — N RAEWT I, E 2018 4E 7 H (E %) fil 12
F (%28 347 T PIUCRFE. FI K BTR A 48 A6 /K 1H
To 5 m bR 1 LKFERARE GBI b, A

T fE FHEE (5%0) LA 240 B8 i AR K, BT AT S A R

i 3 3. AR IR SR A & A Tk
FRRE it B A A TP DRAF T B [ S B
1.2.2 JKAEEAYHAL PR

JKAEFH 0. 45 pm B3 38 27 4k Y8 B E 173 8.
5mL HEE, 5 mL Bai/KF 5 mL — 5 H ke iffb
Waters HLB [EAHZEHUAE. DA 3 ~5 mL-min ™" i 7 E
Xt i U8 5 A K BEREAT & . o e KRR R RE T 10
mL BB AR TIRGE , I AT SR R 43 51
FH3 mL B 3 mL A S H iR A (AR I
=1:1) 13 mL &K: CHEIRAWR (B =4.5%:

/EFI ROX« IPF ATL . CA A1 ETM/ m’j 1 33 T»C'I-ﬂ

.r'

95. 5% ) I WVENL, DER A 2= T, P e R 2
1 mL JEEFE 1.5 mL AR P 7.
1.3 AR 5 o o o]
1.3.1  {UEAG

FIFH Waters Xevo TQ = T PUL AT BT 1543 ( HL g

FETIE) X 8 Fl PhACs #E4T T & M 2 B4 #r, i

# ACQUITY BEH C18 a4, (2. 1 mm x 100 mm,
1.7 pm, E[E Waters A F]) s HEE 40°C . iz B
JE 0% T 2 b H AR 25 4 AT R B, OF B 7 A 5K
(ESI+) Wi ARAL 4G A[7K: HEE (RT3 % 98 % -
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BT (ESL - ) Jsh Al AL K: I EEIR AW (1
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(100% Z &), HEFEARFLH S5 pL, W R 0.4
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min ZEFEEI0%, 0.3 ~ 1.0 min [£%]40%, 1.0~5.0
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S A BB 0 ~0, 25 min HEFFLEO0%, 073 ~
4.0 min FEF| 10% 4, 0 5.0 min QE?HTI: lQ.% ‘5.0
~6.0 min W(Eﬁl 90% A

JFei 451 EAMETHIE 3.0 kV mﬂimﬁwﬁj_
0.15 Lemin ", B85 U5 URLEE: 150°C ; %E?Lfiﬂkmy_m-

250 Loh EM%IJ%M“ S00C ; 3L T 3 ik
900 L-h ¥y A& B i Wl I (MRM) X Hibs
4&%%1&??‘%?: LRI fit. ATL ETM , CFI,KTC fROX
A SER D IE BB AG I 1 CA Fi IPF FHE+
R il
1.3.2 iS5

FEA LI BRI AT AR I T A AR
B E — AR A L — B AR R — AN 3R F N
B, CRAEAE S i A BB AR RS . R s ey 4y
FAAMRIZEATR AR f 2 b 7 A AS R v B2 B0 4R
AP W W AT . 8 i PhACs 1 A5 U FEjﬂ
0.04 ~0.16 pg L™, R A 0.13 ~1.00 gL~
EH&K?@ 71. 2% ~92. 6% , FX bR i 22 1% T 20%.

A2 AR S (R AR s BARE A .
1.4 RIEEFHELE
1.4.1 ZiAEY

KIUE ( Daphnia magna) M ERR2=BE R IK
A=A YIRS TR AL SCR T AR, KA AE L0 ==
14 d, YIfbA B R8RS 24 h B9 4EvoK IR E . (21
+1)°C ;GG EW 16 h: 8 h; YEIEIRJE . 1000 Ix.
R B} W Al o A M ( Scenedesmus obliquus) .
1.4.2 SLEHk

KA 21 d MM FE B MR SC 50 2 I OECD 7
TEREATIY L AR ST U0 I T K O R 4 v R R 4

mL+min "~
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(0. 1% W EE) AR BEAL R 100 5B WAL,  FRRLIEERA T OERE Y 16 h: 8 h, R A (21
PhACs SC00 F FR 4 W58 1, L2 Mk 3 55 30 Tk 4 +1)°C. REVRZRGE W 21 d, 5256 1 /6] 4568 2 d
W RZEMCT 15% . FEHLERE— 2 6 ~24 h KAL) IR BERIERITIE Vb bR, R B 45 FH 8 e i)
A A 50 mL ZEEWA 100 mL Fedfr, B0~ A (90 000 cells- L") MEFR R AURE. &R 24 h WL
SIS AR E 20 FAT. T A R SCE BN B T BC SR KB AT DL IR L. 21 d R EE S
BHF LIRS AR K 43 (8 & R FE R T4 5 T R (AR ) 02 i sk 4
ASNFLLAH R RIBIGE A KT5 R R R & T R S FR bn I

*1 BARBADS T PhACs IKEIZE /ng-L~!

Table 1 Concentrations of eight PhACs in mixture exposure groups/ng-L !
wEY CFI SER ETM ROX IPF CA KTZ ATL
PR 2 (EC-PhACs) 0.18 0.005 0.12 0.12 0.06 0.01 0.03 0.01
100 5 3R55 46 BE 26 ( 100EC-PhACs) 18 0.5 12 22 6 1 3 1
1.4.3 JEmH W, P <0.05 RonBA WEEZES

O Ji Wk B0 oFF B B 21 d S AT A (LA e s
15 SR FE A RS T ) o 2 SRR
?ﬁfﬁ%—l\‘ LA ,}EH@%%TI‘%(QJKLTI‘ L‘Kﬂlﬂ’jﬂi@kzﬂ 2.1 PhACs Tfﬂdzii':'jﬂ’jmﬁﬁ# 1iE o

(P +min ") HArte ztﬁﬁﬁchjz%uiﬁﬁﬁfmlihﬁ@w /N
PR 7 ST U DI R e A BLILZ 2, 8 Fh PhACS 3Bk i $1z|iﬂﬁiij(i§[“@l§]
Bk 20 B ROF17, ﬁ'%ﬁxﬂ“éﬁ?ﬂf(@%% 1E1.0 ~75/9 ngL- sza] ﬁl{i%f“/gﬁflﬁfﬂ 6~

DRSS 368. 8 ng+ 1" Jil. hi%é@(ETM il ROXT 1 %
Ui hki&ﬁi/&%m nn/\mw&u@-“ H(IPF) RIS (CA) BB 2E (ATL) | mfﬂﬁli

T EHA K @,\Rﬁ'@k%ﬁ“zﬂﬁ %ﬁﬂ/ﬁ\ﬁ@iﬁ”ﬁw % (SER) mﬁlgi(hcﬁu H 2 (CRD) 25

i, ﬁmwﬁ@/\ tracker wr{m%af?zm b Y B 3 FEZ 9 0097 40.8 . 3.3 ~ 8982 316 -

U By 59.2.,0.2 ~8.0 ,ND ~8.6 ND ~5.8, 0.3 ~ 3144 fil
U's, KRS i [ F /) 16.2~125.8 ng-L7". 8 fill PhACs *F, ETM, ROX,
131 D DR D YO CFLAI PR R ARG s, 43 IR E T 40,8,

A RQ ) RIEF SR E AT g 2. 125.8 159, 2 ng-L~" ETM 1 ROX #HJ5 T
AN A BEX TR S TR VT gppymedtehist 2 5502 KB 5 2K TL5 ki
PRAN. RQ JE TS5 5 b i WL (MEC) RUBUIE gy pogy 145 i P B R 50 72 T2 PS50 4,
SR (PNEC) B AR, RQ FYTTRE A =0IL (1) 133 R A R & & KPR IA T, Liu 25 %5
M(2). RIS TS RADEASEIRIAEAEN), AT 505 4y Rk @k ol PhACs Kol ETM
ILFIFETEIE U A 15 B A (MRQ) , A FIROX F e JE G 4 0.7 ~ 85.3 ng-L ™' F10.3 ~

X3 66.5 ng-L~" , A SCHIIE 4 b J . CFT Sy —
RQ = MEC/PNEC (D) s i 24 AR R R, P T2 1 987K
PNEC = LCs) B ECs/AF (2) kb B TE K R KRR T R

MRQypepyge = > MEC/PNEC (3) W AHESE T CRI fF ¥ 9 B Y5 B R 16,2 ~
Ao EC,, R EGE NV E  LC,, R B | AF 1 125.8 ng-L~' KT EE 11 7 457K CFI 9
5P T RQ FO4F 285 UE.0.01 SRQ < 0.1 MK WRAFKF(2. 42 ~686 ng-L ") "1 TPF JE—FaE {5 {4

B;0. 1<RQ <1 HPAERUEL; RQ=1 1y U PR 2] BERT LU T WIB 2 55 R 3R 97, W ml LU
1.5.2  FdiEsotr TR R 0 & B Y TR S TPF AR

JTA B AR AT IR 7 25 e 58, IF LA I9MA + AR, R E [ SRR R — Bz K. IPF
PRAENR 22 B TE KR, R One-Way ANOVA J525  TEAHHFE T AR L MR BE VS 23, 6 ~59.2 ng- L™, &
M AT RN G T 2440, FF Dunnet’s ¢« K Ff [ 35 K &b B A K A7 K SF (ND ~ 0.31
B AT B A AT, IR S SRR TR ng- L) PRI SE b & BB 5 K kb BE T2 %
Origin B HEAT Ab 38 ) HAB KR 4> Mr 76 SPSS b5 IPF AERRHLE 77% ~99% 2 ] 212 |
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F2 8 PhACs ZER 55 K 3g 7k 8 A R EL A iR R O 7E ) /ng - L !
Table 2 Occurrence of eight PhACs in the receiving water of the study area and other watershed/ng+L ™!
it — AT — Sehkh ik
ETM 6.3(0.9~15.2) 28.7(18.2 ~40.8) B LI ZRK 13.0(0.7 ~85.3) [10]
ROX 27.3(3.3 ~48.6) 52.6(8.4 ~89.2) AR IK 19.5(0.3 ~66.5) [10]
IPF 26.0(3.6 ~56.1) 37.7(5.6 ~59.2) 3 [ e 7K 0.07(ND ~0.31) [20]
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Table 3 Chronic toxicity data of eight PhACs for algae, daphnia, and fish

ECs B LCs)/mg-L~!

PNEC/ng-1,~"!

fead) e TR e e o ik ik
ETM 0.02 0.22 100 20 220 1 000 000 [27,28]
ROX 4.12 138.12 50.29 4120 138 120 50290 [29]
IPF 35 20 0.001 350 000 200 000 10 [30~32]
KTC 0. 0005 0.25 0. 006 5 2 500 60 [33]
CA 89 40 86 89 000 400 000 86 000 [20,34]
ATL 10 1.48 >10 100 000 14 800 > 100 000 [33]
CFI 150 40 50 1 500 000 400 000 500 000 [35,36]
SER 13. 086 0.032 0.1 13 086 320 1 000 [37 ~39]
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Table 4  Influence of mixed PhACs on reproductive and development index of Daphnia magna
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