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Research progress of aquatic PPCPs detection technology and risk assessment
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Abstract: The detection technology of aquatic pharmaceuticals and personal care products ( PPCPs) were

summarized. The principles, advantages and disadvantages of the sample pretreatment method and instrument

analysis technology were analyzed and compared. The risk assessment systems of aquatic PPCPs were introduced

and the methods of human health risks and ecological risk assessment were summarized. The risk level of different

PPCPs was reviewed. It is pointed out that multi-technique combination, precise quantitative detection technology

and comprehensive risk assessment method are the key points of PPCPs research in the future.

Keywords: pharmaceuticals and personal care products ( PPCPs); sample pretreatment; instrument analysis

technology ; human health risk; ecological risk

259 Mo~ NP B 5L ( pharmaceuticals  and
personal care products, PPCPs) "3z i FH FE 2. T.
Al FR O ARl KR FRIE AR . i T PPCPs
K LA ST 15 K b B 3 A T 24 A )
JEILAEK PPCPs CLZEVIIINA Y i K
HEEK T IR K bl g A R
JERZTE ng/L & pg/L, {H X 864 5 1< A 7T B
XA RG AR E N, RS A i bk

FHFRPE T SRR Bk B 21 i) BRE % 0 U fify — W TR
IR I 3 P, S W SR A HE R s B A A IE R T
T BB RI, hRD BLA  H ed
e - U R BN R U E 7 Ve o Vi1 R ZF 4
BHHRAEWIH S AR R B2 . Arpin-
Pont 4511 % ILAE IR 7 P % BE 19 PPCPs 23 X6 g 7 4
Py AR B A — S T , SR T A 2R ) R AR
NZEHERRE ™ HE 52

e G T < DU BCAR I BT 2 SRR (2015 XYAOL ) 5 [E 52 F AR 242 43 (51608167 ) 5§ i 45 B B SGH H (162102310057 )
FEHE RIS R R (1992—) 55 BL SR AL W50 05 1) S K BRI AR S K 75 el o E-mail : yaojj0412@ 163. com

WAFVER RGAE, PR, W H A 3, E-mail : ghlu@ hhu. edu. cn
<76 -



F T PPCPs T J8 A PREE 450 A I 58 #4321
AR A KRR AN S SCHRARE , FE A JE LR AR K (A
fERHBZ PPCPs 1 & 4 23 A XU P B 32 S T
ARSC KA R AL B 7 2% RS S0 B BRI 7 T S 25
J3HT T PPCPs 72 A I 45 AR 1) K B , 7 LAt L 1)
IR T KRG v PPCPs 9 { B X IS 7128 285 KUBS: 1 1
771 LA RS BT 50 26 B, B3 I X AR U T 5 )
FRAE B AR B8 K JE 7 T T A PR

1 JKIREZH PPCPs il A

H1 T PPCPs 75 R AR K M v i) 5 ek Je w5 ARAIG, 3
A3 HHAAR TR B H KR JE A7 A . PR,
IKFRIZEHRE it v PPCPs (1% 43 17 A6 0 5 A 38 86 e A
IPOBLIE R N VeSS = s NI 1573 20 A (B U
IKFERTAL PR | RISV 45 & BE DI AR B 4 ), ¢
ARCAGIN B, I8 Ty 12k 1) RABCRE , T v 288 R A 3
P AT I EFAIE T PPCPs #6025 S (G
L1 HmariEri*

I PPCPs #F i Hif Ab B 5 A WO A% 0%
(liquid-liquid extraction, LLE ) | 43 ¥ ¥ Y& 18 %5 B
(dispersive liquid-liquid microextraction, DLLME) |
FHZEHL ( solid-phase extraction, SPE) | [ #H 18 2E B i
(solid-phase microextraction, SPME) %%, 38 1 H4%5
H i PPCPs fij b B % I 75 i 9 J5t B K HC A ik
RO TR SPME S AR RESIL AL, F
A SEPAELRIR T i85 Tk 2 Ve R R
PE M P, Ca) 12 T /K SR b A i 1Y

wHAE.
L2 S/ HEAR

ATAF R e Rt A 22 /) PPCPs gt 3 #r
HARA Z 48 S A B3 % (two-dimensional gas
chromatography, GC x GC) . & % J& #H 2,11 7% (high
performance liquid chromatography, HPLC) ) .S AH &,
B3 B (gas
spectrometry , GC-MS ) | = R0 AH €415 5T 5 6 HH (high
performance
spectrometry , HPLC-MS/MS) 4, & 2 45 T /K M43
Hi PPCPs 1) FAAS RS 20 3 AR S B A Bl ol 12
H HIA T 7K 385 i PPCPs AR 73 A1 7 1A R 2 2
TESARE S (GC) Hl s ROR AR (.38 (HPLC) e fili
SCHERNAE TR Y , 8 i Ak (% B A A
BEJTURAONT S5 AR e A B RE ) RN R BB

ToF o T AL B 1) e (B OR R R /N SR AL
A SR T5 1) 2 o s A i AR 0 U ) PR A
MR RS T R, 3 2% T BT
32 B G B K PRI rp iR PPCPs f9 A6 0 43 AR
BT 20 Loy kB AG I AR Y
PR & e S BT 58 N 51 B4 73 iy PPCPs 7E 7K 3R
HH AR IR AT XU Bt T AR S HF o

2 JKEIREZH PPCPs By XUBE T4

PPCPs XU BFH H 2 T A e B IXURS: A1 A= 285 L
W6 PR P e v Bk /D 2 TA R AR o, S R ATF 28 N B 2R B
TRV AR DT S o, 7] BE 2 S BOXBS PEA 25 SR AN

chromatography ~with mass

liquid  chromatography — with  mass

F1 kIRER PPCPs BIANIEE AA N RIBER MR e S

i JrE

TEW RS oA 5 HAS AR R 1 (R

FRAEUB ; 75 2200 #6 K B

WOREE MR ) B IOV R UL eV ) s Rk A s F L A B L Y R B S
o R [ T 25043 B s 4 T CAiEIE s
SYBORR HE TSN W0 18 BE B INMARRL A BLI A R B O AT MLV R BN RS, 32 pH BSR4 HLI
BRI (SRR 220 T G 4 e SR B R A SR 5 0 SRR MR (R SR A B
e PP TRV OO (A S R, OTACRARIE 15 £ NS 2 AR R
B SRR R O A S AL B R R A JNEE AR
B ERRYIERE LT S AP 0 R 2 W RO TE R S5 RRE SREL R JHT ERE S — (R R RO, A e B 0 5 Sk
BHC PR et s A FAT BLIACRD A A EIRTE AL A
%2 JKIREETH PPCPs f9% LR AR ARBEER K ES
Ik 3 e e
\ \ FIFTESS 4 11 2 00 R 7 4 11 4L N .
— Y ey ’ S S =W R f= sy =N
O i R R e RO SR R i BACTERS A
g SRR AR R A AR, B S B RE R b T .
R AL 1T 52 A2 ) 3 A R e L
oy VORGSR AR TR AE AT E R SR AR E
I N g s VERE I3 R AR | A B KT AL BB
BB T S5 A T HPLC IR AC MR S WA B RE D B R R 8 R N ., -
) VS R R AR B R AR AFRAF- AR

e 77 .



&3 KIREHRHE PPCPs N7 R AT &4

TRFEA TR 224 LORIIES N [T 2R/ %o KR/ ( ng « L7")
FEI 2% M B K Ab B AR B AR C O 1 SPME-HPLC 77.9 ~ 108 0.43 ~570
2 E T E5 K SEPETT TF-SPME-LC-ESI-MS/MS 71 ~87.5 (0.009 ~0.03) x10°
2 2 ALK K WEASSTR SPE-UHPLC-MS/MS 95.8 ~116. 8 0.17 ~0.52
EK g% TAALLME 80 ~ 104 (0.1~0.3) x10°
&K 3 R P R TN i DLLME-SFO-HPLC 63 ~ 120 50 ~ 500
JRIK WSR2 A &R SPE-UHPLC-MS 81.5~116 0.3~1.0
ESINE %S SR LML SPME-HPLC 50.6 ~79.7 (5~39) x10*

S o FH 36 [ [ Bh 2 B N 3 [E AR 4t 1)
RS PPN DU A3 F BTG S S i A B Ak iy %
ZVEM B VAL AR ZEAE AR S S KU
Wi EEIEw, O P E A HAREZ A E R
K. HRTKERE T PPCPs By KUK B 32 5
T XN Tk

JKIREE H PPCPs 11 XU PEAf 7T 43 R N A B
RSP FA 25 RS A o A At SR JRURS: 7471 74 il
A5 PR N AR B XU T 2 285 KRS T A A T A
RGBS i A A
2.1 ARG

1986 4F- % ] [5] 52 P14 B AR I JRUBSE 7411 114 10 A
TR AT CEOER AR A 8 R ) R XUBS: A 4
)T BE Y B A B JRURS: VAR 5 7 ) € 5 58 XU
WHETE) , 1988 47 MAAT T (U Lo A 4 1 BB XU PE A
FE 78 ) 5 — FR G T A FE KU BEAR 1) 2 A S
4 2006 43 [F M7 () GB 5749—2006 ¢ A 1% 1k
IR BAERRUEY | 38 2 45 T K B B A% B o R S 1 T
Aty N AR B XU

ULAER X PPCPs () N A4 feke J IXURS: B 9 A 1
—EHERE . TR B 5 PR B A KU i 12
FEPEVEM T 2R 27K 44 32 Flt PPCPs Xif 2241 JL %]
BNAS RV AF 4 B A A 2 XU, e IR R I S 3
B AT W335 K XU AR PR B 3. Chen 257°% R4 T 4%
TG 7K b PPCPs (1) 3 U PPAR , & BILAT 1 o5 S e
SeA =) BRI K AR X6 A fede B L
AWAESEE , 2B 0T PR AL 5 K A R AR
BAREAE B, 22 0L K i 8 ] 2 4 8 K P 1 9 7K R e
1R, BT BN 53. 73 g/ L, W IRg A ) K HCARC 357 40
Xof N S50 fiE RS & g RE A0 1 A7 16 VB HE ) v
JRUKE o Archer 5% 3 3o 3 T B S50 A 1 1918 P 7
PERE W % BGOSR | s a2 AR 4 1k
JR 7 BB RAER /=Y AR N 22 G NN B /82 . WA
ELo Prosser Z£P 338 T FH PPCPs 2575 Y I 7K JiE %
ONENEEN LY DO DNENGiSE 3 A IR LN ENEREE: PN Y]
THE S 852 (0 H AR VT g, LU e B
TERLPI LU ) PPCPs J2 75 X6k A4 falt i #1135
8 L I = G0 A R e — PP MR E o A A B LA h
.78 -

A5 IXBR . Harrison 25 RIS s B AR K302 &
PPCPs (2 (IR & , TE AR 724 TR 25 551

H i K Z 51 PPCPs A A gt 52 AU A0 AfF 58
AR P R A A SR R A A T A i B XU, X
T 2 R 5 4K 10 1) S B ATF 9 4 R B d SO, (B
BN T ekt
2.2 HEBREEITEG

IKIAEE T PPCPs (1) A4 25 KU PF A AN LB SR A
IR, IR ZER K MR IR B 58 DA KA 38 1Y
WM BARLSIESE . H KRB T ) PPCPs A 25 X
B2 - 2 A KU A % (risk: quotient , RQ ) Sy FEAR R T
Hi PPCPs X /K R EE B 52 B2 B2 . RQ AR/ T 1.0
BF DA R 2 R AU 5 A T2 0. 1 ~ 1.0, DAy 2 v AU 5
T 0.01 ~0. 1, A KRR . %4 5 T 2457
] N VM 5% 488 22 (1) PPCPs A 25 KU VE M O 1 M VT
/ﬁi\gé':%%,&ls,“llﬂ .

I B — XU 5 925 PE AN K PR B8 PPCPs XU
FERERS, J PR T 0000 e 2 R H: o 7K B 5% T 5 1 ) e
KR BEP 1Y LUAE, 75 247 R AR A 7K 145 1 T
BARVE R S PPN S R T e 2. B IR A K
W el N a4k, AR5 & T K ZFh PPCPs 4t
FERIIEOL AR SR A 5 I8 T5 e ) Z B 22 BAEH
ZFP BT FPEA 4 2 0 T 7K PR35 09 KUBs: 2EA7, 161
QR T A e S A A 5 0 S ey 2 g v R T 2
P A5 DR 2 XK R 7K 7K TR e K A A7 B 45 i XL
s 2 E s sy T KRR — JXUR: 32 AR S ) 7K
TR 25 A RSP R 22, X2 T 26 = A Rk )ik
FHAK I K A TG XS VAN . 25 G & 0T
Mas IR S BUr BAY I & Inde BOk Y
PO o A 125 55 07 15, ¥ A8 R T % K IR B v PPCPs
(14 A 285 ARG AR B R A 7 T A 0 S B IE A

3 HiEERE

TEid £ IUHAF R B BL 1 2 FER 1A
WA, I B BOR B 2 T e 4 B e R I A
BRI R BB BOR , A K 388 i) PPCPs 15
QERAEFNT5 QRN B nT RE . SR, % T /K BRI
HIREE PPCPs {19 7€ 70 M SR FIRU PRAR 5 ik



*4

JKEIREE R PPCPs By &SRB TN TR R LR

PPCPS

5 gy VAT WL
A o SR B K A e B TSR F 2 b R MR 3 TR B LI RS 5, R
VLT A H 0% T 3 = 32
TR SRR T AR

o AL T PUSR 26 SR BT 6 RS A IBEI B SR PPCPs BE A Bt
ey ;:‘$<(\~/\\/»~

L S N e
I 14 AR LT R SR VRGBS i SR

3 i 27 EE ST e 54 \

K A N
KM O MR Sk PRSI R EMEA SRR A AL A
RS KMII T ORGSR HIER 170 - GRS BAEIG, S B REACH 35 ETIR A A
T S0 T 2 R %

. il i HF SR (R R B A TE S X W VE IR B SO V2R ) 7 25508 ) US FDA, EU EMEA UL B0 iy

D i A s

s H AR TR O 7

WOREEAGIT L AREF RGUSR LB R XL BRI 5 L B9 ERA T 19 A
Rk BB — 5 B, v S AT e M P i 55
o 3 6 S 75 7K A N
;&¢%mmmmmm S5 WGURR IRIOK SRR G SRk
WAL 10 B 17 5 Ak A N SRR A B T 3 P47 10

18 SUSER RN = U AT A
s S A = U U A e
SR JE R TFEX A EEIES X N
. U T -
PR S
AT R SRR A S SRR A
i R K i 15 . A : R B ARSI

Bk A2 B Bk s s ST AR A0SR R
P 48 PUEE SRRSO A S S OMT A AR R A AL ik

A & R iR A N5 BT R R [ T]. K BE PR A 71,2012, 28 (2) 1 1-7.

1 SPE 1 SPME Jafi [ ede i ()4 i i A R 7
I R TR B ) K PR A VR AR, HK
R, vl R 2R E FOR Y. #E GC il HPLC
S N RN E S TR o N & S E S R €2
IR & PPCPs 1 540 H R 808 &1, F 3k
PR . (H/K R EE h PPCPs H A A [A] 4 4y B4 27
PETRIAE 2R (A, X HORE M S 5243 B 9 B 984K TH
WSS PR, ARAF 57 I B 22 b o R i 4 v kL R
JE R AL 5 2%, DA B SEBRAE LR T Ak B — 43 BT AY
ARSI A B AT P, DASEORG o o S /K AR B5% rP R o
f) PPCPs,

PPCPs (1) KBS PEH K202 LA 36 [ IR BT (147 25
KR A5 XU A S B2 R 8 T 14T XU i 1 7y
TR N fle B DU = 8 2l 3 7 B 1Y B — JRUPS: I
)0 7 o S A 0D T A 5 A 2 RIS D¢ DU ) R
FHIR A ARSI 20 o R XS T 2% PPCPs
Je AT A A = ) KU IE 52 18 20, DR, 25 e
FEXFKIREE AL 47 PPCPs R HLF AL 7= W) 1 25 5 IR
B PPN i

SE Wk
[ 1] BleJL, Bt T2, . KR ST vh 25935 e il &

(YANG Xiaofan, LU Guanghua, WAN Jie, et al. A review
of residue, detection, and removal of pharmaceuticals in
aquatic environment [ J ]. Water Resources Protection,
2012,28(2) :1-7. (in Chinese) )

[ 2] %, ZEbed. S5 Kb 28 oK i 25 & A~ A
R [T, BR35E RL 2%, 2013, 34 (8): 3317-3327.
( ZHENG Shaokui, LI Xiaofeng. Pharmaceuticals and
personal care products ( PPCPs)in the effluent of sewage
treatment plants [ J ]. Environmental Science, 2013, 34
(8):3317-3327. (in Chinese) )

(3] BRH, BB, BEERRI, 5. RIS SRS A4 3
an G JOIR B0 B IF 53 E JE [ ). Tl K AR 3, 2016, 36
(7):11-15. (CHEN Yue, WANG Fenghe,LU Jiangang, et
al. Research progress in pharmaceutical and personal care
products ( PPCPs) in the Yangtze River Valley, China
[J]. Industrial Water Treatment,2016,36 (7):11-15.
(in Chinese) )

[ 4] 5K)F, sk2E 58, TE 0T, 45 9% 5 W 3R JZ K M b 32 Fi
PPCPs ZEM) 5 1975 Y 7K - 70 A e i B KU A [T
W R4 2017 ,38(1) :163-170. (ZHANG Qin, ZHANG
Shenghu, WANG Zhen , et al. Pollution level, distribution
characteristics and risk assessment of 32 PPCPs in surface
water of Luomahu Lake[ J]. Environmental Science,2017,
38(1) :163-170. (in Chinese) )

[ 5] YAO L, WANG Y, TONG L, et al. Occurrence and risk

.79 .



[13]

assessment of antibiotics in surface water and groundwater
from different depths of aquifers:a case study at Jianghan
Plain, central China[ J]. Ecotoxicology and Environmental

Safety,2017 135 :236-242.

[ 6] LOOS R,CARVALHO R, ANT6NIO D C,et al. EU-wide

monitoring survey on emerging polar organic contaminants
in wastewater treatment plant effluents [ J |. Water

Research,2013,47(17) :6475-6487.

[ 7 ] PRABHASANKAR V P, JOSHUA D I, BALAKRISHNA

K, et al. Removal rates of antibiotics in four sewage
treatment plants in South India[ J ]. Environmental Science
and Pollution Research,2016,23(9) :8679-8685.

[ 8 ] W, s B, AR LI AR W R K IR DX AR

2y A AP B AL (PPCPs) A S AE SR [T ]. 35
Bifk27,2016,35 (11) :2234-2244. ( PAN Xiao, QIANG
Zhimin, WANG Weidong. Distribution and ecological risk
of sedimentary PPCPs in the eastern drinking water source
area of Chaohu Lake[ J]. Environmental Chemistry,2016,
35 (11) :2234-2244. (in Chinese) )

[ 9] &, 258 3, 55 AR M IX R IEOK 13 Rl g

A R T AT RIE BN R XU FAN [T ] BRI
2 016,37 (7) :2515-2521. (JIN Lei, JIANG Lei, HAN
Qi, et al. Distribution characteristics and health risk
antibiotics in a

assessment of thirteen sulfonamides

drinking water source in east China[ J]. Environmental

Science,2016,37 (7) :2515-2521. (in Chinese) )

[10] PAPAGEORGIOU M, KOSMA C, LAMBROPOULOU D.

Seasonal  occurrence, removal, mass loading and

environmental risk assessment of 55 pharmaceuticals and
personal care products in a municipal wastewater treatment
Total

plant in Central Greece [ J ]. Science of the

Environment,2016,543 .547-569.

[11] CUNHA V,BURKHARDT-MEDICKE K,WELLNER P, et

al. Effects of pharmaceuticals and personal care products
(PPCPs ) on multixenobiotic resistance ( MXR) related
efflux transporter activity in zebrafish ( Danio rerio )
embryos [ J ]. Ecotoxicology and Environmental Safety,
2017,136:14-23.

[12] YAN Z, LU G, YE Q, et al. Long-term effects of

antibiotics , norfloxacin, and sulfamethoxazole, in a partial
life-cycle study with zebrafish ( Danio rerio) : effects on
growth, development, and reproduction[ J ]. Environmental
Science and Pollution Research, 2016,23 (18 ) . 18222-
18228.

LIU J, LU G, WANG Y, et al. Bioconcentration,
metabolism, and biomarker responses in freshwater fish
Carassius auratus exposed to roxithromycin [ J .

Chemosphere ,2014,99(3) :102-108.

[14] ARPIN-PONT L, BUENO M J M, GOMEZ E, et al.

Occurrence of PPCPs in the marine environment:a review

(1]
2016,23(6) :4978-4991.

- 80 -

Environmental Science and Pollution Research,

[15] MARUBE L C, CALDAS S S, SOARES K L, et al.

[16]

[17]

Dispersive liquid-liquid microextraction with solidification
of floating organic droplets for simultaneous extraction of
pesticides, pharmaceuticals and personal care products
[ J]. Microchimica Acta,2015,182(9/10) :1765-1774.
CALDAS S S,ROMBALDI C,DE OLIVEIRA ARIAS J L,
et al. Multi-residue method for determination of 58
pesticides , pharmaceuticals and personal care products in
water using solvent demulsification dispersive liquid -
liquid microextraction combined  with  liquid
chromatography-tandem mass spectrometry [ J ]. Talanta,
2016,146(2) :676-688.

B, A6, Rk, 25 o0 OO R BCE AR /) F
FEWERE [T ], 0 #r i ik =7 4, 2016, 35 (7) : 913-921.
(CAO Jiangping, DAT Hongwei, ZHOU Jimei, et al. A
review on dispersive liquid-liquid microextraction method

[J]. Journal of Instrumental Analysis,2016,35 (7) :913-
921. (iin Chinese) )

[18] KOSMA C I, LAMBROPOULOU D A, ALBANIS T A.

[19]

[20]

(21]

[22]

(23]

Investigation of PPCPs in wastewater treatment plants in
Greece; occurrence, removal and environmental risk
assessment|[ J |. Science of the Total Environment,2014,
466/467 :421-438.

BASAGLIA G,PIETROGRANDE M C. Optimization of a
SPME/GC/MS method for the simultaneous determination
of pharmaceuticals and personal care products in waters
[ J]. Chromatographia,2012,75(7/8) :361-370.
SRAL, Ffn i, 2248, 4. SPME-HPLC 3% 52 % /K Hh it
SRR G Y]] PR WA HL S B, 2015, 27
(1):35-38. (ZHANG Jun, WANG Jingjing, PENG Hua,et
al. Determination of nitrophenols in waste water by solid
phase microextraction and high performance liquid
chromatography|[ J ]. The Administration and Technique of
Environmental Monitoring, 2015, 27 (1) 35-38. (in
Chinese) )

OCHIAI N,IEDA T,SASAMOTO K, et al. Stir bar sorptive
extraction and comprehensive two-dimensional gas
chromatography coupled to high-resolution time-of-flight
mass spectrometry for ultra-trace analysis of organochlorine
pesticides in river water [ J ]. Journal of Chromatography
A,2011,1218(39) :6851-6860.

UBUKATA M, JOBST K J, REINER E ], et al. Non-
targeted analysis of electronics waste by comprehensive
two-dimensional gas chromatography combined with high-
resolution mass spectrometry: Using accurate mass
information and mass defect analysis to explore the data
[J]. Journal of Chromatography A,2015,1395.152-159.
B, mn sk AR RE. 4 4R S AR s Mr R A A
BLIS R B HERE [T ]. (43, 2017,35 (1) :91-98.
( XTA Dan, GAO Lirong, ZHENG Minghui. Recent
developments in

comprehensive  two-dimensional gas

chromatography for the anlaysis of persistent organic



[24]

pollutants[ J ]. Chinese Journal of Chromatography,2017,
35(1):91-98. (in Chinese) )

S, Wk, AN, A v OB (R VR I S M R UK
T s b [ ] PR A PR S R, 2016,28 (1) :
58-59. (WEN Yi, YAO Ruihua, SUN Hongliang, et al.
Determination of roxarsone in groundwater with high
[ J]. The

Environmental

performance  liquid  chromatography

Administration  and  Technique  of

Monitoring ,2016,28 (1) :58-59. (in Chinese) )

[25] CHEN F, GONG Z, KELLY B C. Rapid analysis of

[26]

[27]

[28]

[29]

pharmaceuticals and personal care products in fish plasma
micro-aliquots using liquid chromatography tandem mass
spectrometry [ J ]. Journal of Chromatography A, 2015,
1383.104-111.

SRAE B - BTSHORTE A W) 53 BT 52 v 1) B 1k Jr
[J]. f24i%,2017,35 (1) : 138-140. ( ZHENG Xiangmin.
Recent advances in chromatography-mass spectrometry in
[J]
Chromatography,2017,35 (1) :138-140. (in Chinese) )
3, T4 AL 2 HPLC Ml HPLC-MS/MS il 52 Hi
FORP RSP PRI A H S HOR 2016, 28
(4):46-49. (ZHOU Chi, WANG Fei,ZHANG Huiqiang,

et al. Determination of phenols in surface water by high

bioanalytical research Chinese  Journal  of

performance liquidchromatography-diode array detection
and high performance liquidchromatography-tandem mass
spectrometry [ J |. The Administration and Technique of
Environmental Monitoring, 2016, 28 (4 ). 46-49. ( in
Chinese) )

LING J,YU Y,ZHU J,et al. A highly sensitive HPLC -
MS/MS method for of 20 (S)-

protopanaxadiol in human plasma and its application in

quantification

phase Ila clinical trial of a novel antidepressant agent[ ] ].
Journal of Chromatography B : Analyt Technol Biomed Life
Sci,2016,1031:214-220.

HAI-XIA L I U, YAO-XIA Y, MA M G, et al. Self-
assembled gold nanoparticles coating for solid-phase
microextraction of ultraviolet filters in environmental water
[J]. Chinese Journal of Analytical Chemistry, 2015, 43
(2):207211.

[30] TOGUNDE O P, CUDJOE E, OAKES K D, et al.

[31]

[32]

Determination of selected pharmaceutical residues in
wastewater using an automated open bed solid phase
microextraction system[ J ]. Journal of Chromatography A

2012,1262:34-42.

BARBOSA M O,RIBEIRO A R,PEREIRA M F R, et al.
Eco-friendly LC - MS/MS method for analysis of multi-
class micropollutants in tap, fountain, and well water from
northern Portugal [ J ].
Chemistry,2016,408(29) :8355-8367.

BAZREGAR M, RAJABI M, YAMINI Y, et al. Tandem

air-agitated liquid - liquid microextraction as an efficient

Analytical and Bioanalytical

method for determination of acidic drugs in complicated

(33]

[34]

[35]

[36] CHEN Y, VYMAZAL J, B ?

(37]

[38]

[39 ]

[40]

[41]

matrices| J]. Analytica Chimica Acta,2016,1429:14-21.
JESEVAE A , SFHIMER, 28 O B R AR €0 3 = T DU AT
J I PRI R K s R R SR R D] PREE 4
BlY5 $: R, 2013, 25 (3):34-37. ( GU Haidong, YIN
Yanmin, QIN Hongbing. Determination of quinolone in
water samples by solid phase extraction-ultra performance
liquid chromatographelectrospray tandem mass
spectrometry [ J]. The Administration and Technique of
Environmental Monitoring, 2013, 25 (3 ): 34-37. (in
Chinese) )

WIESE Gt INITE , . KI5 Hh 25 W) KA A4 3
it (PPCPs) (9 4= Wy B F S 0 e [0 ). K B IR AR
2013,29(4) :5-11. (XIE Zhengxin, LU Guanghua, SUN
Lisha,et al. A review of biodegradation of pharmaceuticals
( PPCPs ) in
environment [ J |. Water Resources Protection, 2013, 29
(4) :5-11. (in Chinese) )

EPA (US Environmental Protection Agency ). Framework
for ecological risk assessment. EPA630-R-92-001 [ R ].
Office of Research and Development, Washington D C,
USA,1992.

and personal care products aqueous

EZINOVa T, et al.
Occurrence ,removal and environmental risk assessment of
pharmaceuticals and personal care products in rural
wastewater treatment wetlands [ J ]. Science of the Total
Environment ,2016 ,566/567 :1660-1669.
I I, e K AR SRl B K PR HLAR 25 R A
R B RHIE SR A KU [T ] KB IR AR 4, 2014,30
(3):31-37. (LI Yong, JIANG Tingting, JING Longfei, et
al. Characteristics of residual organic pesticides and
antibiotics in reservoirs of Zhoushan Islands and potential
risk evaluation[ J ]. Water Resources Protection,2014,30
(3):31-37. (in Chinese) )
ARCHER E, PETRIE B, KASPRZYK-HORDERN B, et
al. The fate of pharmaceuticals and personal care products
(PPCPs ) , endocrine disrupting contaminants ( EDCs ) ,
drugs in a WWITW
environmental waters [ J ]. Chemosphere, 2017, 174 ; 437-
446.

PROSSER R S, SIBLEY P K. Human health risk

assessment of pharmaceuticals and personal care products

metabolites and illicit and

in plant tissue due to biosolids and manure amendments,
and wastewater irrigation[ J ]. Environment International,
2015,75(75C) :223-233.

HARRISON E M,PATERSON G K,HOLDEN M T, et al.
Whole genome sequencing identifies zoonotic transmission
of MRSA isolates with the novel mecA homologue mecC
[J]. Embo Molecular Medicine,2013,5(4) :509-515.
TRV AR, R, 25, MK e Sl R ik
BRI [T ] A PR 2 4k 2016,25 (9) : 1508-
1514. (WANG Tao,YANG Zaifu,CHEN Yonghang, et al.

Ecological risk assessment for sulfonamides in surface

.81 -



waters [ J]. Ecology and Environmental Sciences,2016,25
(9) :1508-1514. (in Chinese) )

[42] YAN Z,YANG X, LU G, et al. Potential environmental
implications of emerging organic contaminants in Taihu
Lake, China: comparison of two ecotoxicological
assessment approaches [ J ]. Science of the Total
Environment 2014 ,470/471 ;:171-179.

[43] LIU J,LU G, XIE Z, et al. Occurrence , bioaccumulation
and risk assessment of lipophilic pharmaceutically active
compounds in the downstream rivers of sewage treatment
plants[ J ]. Science of the Total Environment,2015,511:
54-62.

[44] HOYETT Z, OWENS M A, CLARK C J, et al. A
comparative evaluation of environmental risk assessment
strategies for pharmaceuticals and personal care products
[J]. Ocean & Coastal Management,2016,127 :74-80.

[45] GHEORGHE S, PETRE J, LUCACIU I, et al. Risk
screening of pharmaceutical compounds in Romanian
aquatic environment [ J |. Environmental Monitoring and
Assessment ,2016,188(6) :1-16.

[46] PAPAGEORGIOU M, KOSMA C, LAMBROPOULOU D.
Seasonal  occurrence, removal, mass loading and
environmental risk assessment of 55 pharmaceuticals and
personal care products ina municipal wastewater treatment
plant in Central Greece [ J ]. Science of the Total
Environment ,2016,543 (Pt A) :547-569.

[47] GUO J,SELBY K, BOXALL A B A. Assessment of the

[48]

[49]

[50]

[51] %

risks of mixtures of major use veterinary antibiotics in
european surface waters [ J ]. Environmental Science &
Technology,2016,50(15) :8282-8289.
DAOUK S, CHeVRE N, VERNAZ N, et al. Dynamics of
active pharmaceutical ingredients loads in a Swiss
university hospital wastewaters and prediction of the
related environmental risk for the aquatic ecosystems[ J].
Science of the Total Environment,2016,547 .244-253.
MINGUEZ L,PEDELUCQ J,FARCY E,et al. Toxicities of
48 pharmaceuticals and their freshwater and marine
environmental assessment in northwestern France []]
Environmental Science and Pollution Research,2016,23
(6) :4992-5001.
R, AR, R Bk R SRR AL SR T 1RO
KU o it B DXURS: [0 ] 7K B¢ PR 47, 2013, 29
(1):27-31. (CHENG Bin, WANG Feifeng, ZHANG
Jingshan. An improved decision tree model for health risk
assessment of drinking water source[ J]. Water Resources
Protection,2013,29(1) :27-31. (in Chinese) )
SO B AR AR FRINTTER = FROK T R KoK
DSt K R RS DA [ ] 998 K 2 2 4l (A AR B2
i) ,2015,43(2) :114-120. ( LUO Huiping, PANG Yong,
LUO Jing, et al. Water environment risk assessment of
Taizhou Three Waterworks drinking water source areal J ].
Journal of Hohai University ( Natural Sciences) ,2015,43
(2) :114-120. (in Chinese) )

(Wickis H99:2017-05-04 gk . f5  4H)

(E#&%T5 )

[ 7 1 B, B/ INE AR, 45 P 38 Tl 5 98 KO0 3] 19 7K
IBEGERCR B [T ] K B3, 2014,30 (1)
38-42. (CHEN Jianbiao, QIAN Xiaojuan, ZHU Youyin, et
al. Simulation of improvement of water environment in river
network of Nantong City by water diversion from Yangtze
River[ J |. Water Resource Protection,2014,30 (1) :38-
42. (in Chinese) )

[ 8 ] Wi, 1, S i, 51 7K oot i iy i) 7K 58O R 3
FABIFFE [T ] A T RE 2 B B 42, 2015, 32 (7) : 45-51.
(CHEN Zhentao, HUA Lei, JIN Qiannan. Assessing the
efficicy of water diversion to improve water quality in city
river network [ J ]. Journal of Yangtze River Scientific
Research Institute,2015,32(7) :45-51. (in Chinese) )

(9] /I, R EL 5 RK S W K BRI [T ]. A
R T, 2014 (18):37-39. (LU Wei, YING Conghui.
Effects analysis of river water quality improvement by water
diversion [ J ]. Yangtze River, 2014 (18 ): 37-39. (in
Chinese) )

[10] Zaee, msese, Mo, 55, i at Tl A28 HE T /K A 41
Fer | PRARBOR [T]. KB IR 4, 2012, 28 (6) : 49-54.
(TONG Chaofeng, YUE Liangliang, HAO Jialing, et al.
Water quality simulation and water diversion effect analysis

.82 .

of external Qinhuai River in Nanjing[ J]. Water Resource

Protection ,2012,28(6) :49-54. (in Chinese) )

[11] R MIKETTHD A5 RUFE T 10 0] - J5 ] 6 A 4803 55

HE R [T ). KRB 5 28 B, 2014 (8) 3335,
( ZHAO Fengwei. Application of Mikell HD on
hydrodynamic modeling of waterways in Xialiaohe River
Plain[ J]. Water Conservancy Science and Technology and
Economy , 2014(8) :33-35. (iin Chinese) )

[12] 55, TEERE, SAG K. Wi e o 1 D S 780 ym] 37 /K B ke

EITRBEIELT]. KGR LRI, 2016, 32 (2) - 100-105.
(PANG Yong, WANG Yaoyao, HU Qiyu. Research on
water quality improvement scheme for a typical river in
Wenhuang Plain in Zhejiang Province[ J |. Water Resource
Protection ,2016,32(2) :100-105. (in Chinese) )

(13 ] HHME, B 55 . T (O A A 55 PR - JL 3] [0 7K sl g A 2

SIS [ )] WL Tl R 22 41,2007 ,35(5) :567-
570. ( YANG Songbin, DONG Zhiyong. Study on the
influence of river network generalized density to
hydrodynamic model for plain river system[ J]. Journal of
Zhejiang University of Technology,2007,35(5) :567-570.
(in Chinese) )

CchR H 9 :2017-05-02  Zfi: 0 1H)



