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Screening and evaluation of the risk factors in drinking water

based on high throughput methods

Jilin Bi (Daniel Bi), Jingyi Liu

Nanjing Foreign Language School

Abstract

In recent years, the safety of drinking water has become a growing concern. The
contaminants in drinking water contains not only microorganisms like pathogenic
bacteria but also organic chemicals (OCs) such as pharmaceuticals, pesticides,
personal care products (PPCPs), flame retardants and plasticizers. There are more and
more unconventional contaminants existing in the environment while conventional
environmental monitoring is limited, which could not meet the fast-growing demands
for the safety of drinking water. It is necessary to develop high throughput methods to
screen unconventional and high-risk OCs/ microorganisms in drinking water.

In order to screen unconventional chemical and biological risk factors in drinking
water, we developed: (1) enrichment methods used in sample preparation to minimize
the loss of analytes. (2) virtual screening and non-target identification methods with
more efficiency to seek out pollutants detected frequently with high intensities in
drinking water. (3) a high throughput method to identify the pathogenic bacteria based
on genomics. (4) a reliable strategy to identify chemical and biological risk factors in
drinking water. The enrichment method we developed can collect more chemicals as
the peak area of extraction by adjusting the pH and selecting the appropriate SPE
column in enrichment process was twice over than those using the traditional
methods. The tier strategy based on LC-QTOF we built for non-target screening and
chemical identification made it efficient and rapid to seek out unconventional chemical
risk factors. With the strategy to match pathogenic bacteria through genome
technology, unconventional biological risk factor was well characterized.

Based on those methods we built, water samples were collected at seven

sampling points which represented processes in drinking-water-treatment and water
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pipes under different months, and analyzed for risk factors. Results showed 74
chemicals were detected in drinking water, which were mainly pharmaceuticals and
pesticides. Ketoprofen, tributyl phosphate and cyclophosphamide were identified with
high detection rates and intensities while the concentrations of perfluorobutanoic acid,
diclofenac, propiconazole and dimethyl phthalate (DMP) were of a high level. Six
pharmaceuticals (ropinirole, anastrozole, temazepam, pioglitazone, glimepiride,
memantine) posed certain risks and deserved close attention as their RQs were higher
than 1. Pathogenic bacteria including mycobacterium smegmatis, acinetobacter Iwoffii
and aeromonas hydrophila were the main risk factor in drinking water. DW posed the
highest risk as the total RQ of chemicals and relative abundance of pathogenic bacteria
were both the top among all the drinking water samples. Those six pharmaceuticals
with high risk contributed 97-99% of the total risk of each water sample, made a quite
difference between those samples at seven points. For biological risk, the relative
abundance of pathogenic bacteria reached the highest after chlorination and reduced

constantly with the flow in pipe.

Keywords: Drinking water; Target/non-target contaminants; High throughput; Risk

assessment
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1. 2
1.1. IR =

1.1.1. RANKZE

KR AERE AR A I AN AT P I, 7E S AR TR A AR fr i AR Fh U AR B Y
VEM e BRICFEWMIAAMERL, & NSRRI EA R, SR, BEEs
LT R AR A ROR I, KB iR E07 B B K G A PRSE,
BT MR 2 S 5 g, MR R T AR IR mT R A 2 4

bt PRI AN B, R IAE G M EIRRALR T R A R 7K
L, AW SEENTE SO FibRitE. 1998 4=, Ki# (European Union, EU)
KATT <ERHARRE B, 2002 B IHMETT T <ER R AERRE B, 2004
AR P AZHZ! (World Health Organization, WHO) &3¢ 128 =it <IRHIZKZK T
friey Bl [E4E, SEEEAEE4P)5 (Environmental Protection Agency, EPA) &7
T ARFAOK BRI Wo DA EARMER H S A0SR T AR K AR & R A o
MR, 3 E B Tobr AR AN I & R 5E 36 o 1985 AR R EIMIAR 344 T 1 «2ETG
YK BARREY |, 2001 FFFEZEDAERS N & 1 CEREHKBARTE , MHEET
85 WRIEVRA T HEKEIT, EME 96 WUKFiEtr, TEMM AR NIE .
2006 AR T SEATHIRTERR, 15 85 MAHLL, AEMebRE 2 DU A 6 I, #FER
SRR TGP B 10 T ZE 21 T, TfebRR A HAL &4 5 W% 53 T, 2
FY R T AT RS ANT G R HEE TR T Habs e A S e R OEq
CAS 511 LAZFME 2 mAE L, IUERRIEH CTER HARTS R E 0t i, HELL
R 235 B R 2 A LTS R 23 AR

KEFERY], KHKPEAEEAFEZY) . RZ) A AIPELE . FHEAGR 2
WIS N I 2 AR B AR RS 3. Mark Z2 A 5040 7 35 19 A S

AKEEAR A 51 FVAENS R, AIURZIBTRF R AU IR HACRIE
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FERATEIR S 10ng/L (32 49 1 49ng/L) , FIHE IR /KL ERNFE7R
Py Paul S A4 T L EIR KA BE T 2R 113 FoaHLs &k, &
BRI T RG] 45 R BT, QS PUER B RGFEZFYT,
Hrpr 4- T3l (4-Nonylphenol, NP) [ i il ) Spg/L7e JUER K H—
LTS MR FEARAG, (2 B TR AE XS 5 AT 240 Leung S A3 4 7 1 rh
113 S ERAK 2RI, R IR ER S M B Bk EAIG T SOng/L, 94T, XU
PRAE ST IR R B, A 4 MIRE Rl 3L e (dimetridazole) , H % R
(thiamphenicol) , fift& I IE (sulfamethazine) F15E4 %5 5 (clarithromycin) ,
AT LA NS, (A5 R R,
IR IR LET5 R o A W50 S XU 0 O A 2 B0 H AR5 Ry, At

TARMZK R B AR B i i@ A 1%, Tovk ROSKAARTS G AR
SETC TSI At 0 S5 B XU TEAil

1.1.2. BjALEFA

KAEHTS G VR B KR 3 ng/L S LA, B RECHE LAk B e IR
PRI A Tl A SR, R SR BRI A T 8 R T AL A R & ST,
UMVRIRZE L WP 55, T 5 TR M BRI I, AR 2 R LR A 3R 5
WA AL PO, KT, LG AR E R s RGBSR B WU SRR
A EPESESR AL, JCHERT T RARRRE R, AEIFET), FEMHERZ AN, &
JT AR BTG BRI, O T SR LB, B GK JE TORT K E BT
%o HAET, MHEAZ A2 EAHAHEAR (Solid Phase Extraction, SPE) , &2
FEPAMRSR (USEPA) BRETTIEHERE IR SRAEEOR . HARIERIFL. T 2a )
B/ BB E RPN A A RS, 2 iR SRR AL 3
[(F Vipe

FERFFHACH, C18 1 HLB 2 i AV BRE, GBI K A R I 25
BUECKEL ARIEHHRDITE, C18 BRI ARIE A LIS AW 2B RE I A g 5, 25 38

8
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R o ML C18 UKL, HLB I 1] (ZMAR-N-Z I Benk s Be L2 ), %t
PRI R IR AT LS SRR AT BTG 2, #RREMCE AT BRI S & £, A
I, FEAKHEG BB, AT HLB AR i 121 SPE AR
Yo AL, TSR LR X SR A A ALY e BEF T UL BT ALY SPE AP
FER AT, BN & T B RA NI WAXS MAX, SR K A
PUVTHYUR PR ZEATOUAL Y TELOS ENV 5%, TELOS ENV FELIAR 2 Jfi-co- — LItk N
{FOBL, Daniel Stalter™S5 g% (fi il 7 10 FRIEFRFIFY SPE /MEE R T IE1E & TEIH
#5724 (Disinfection By-Products, DBPs) ¥/, % I TELOS ENV [ [l % 2
i, HARBRMESAT N ERYE BRI o R AR S04 223U X R ERH
SPE/IME, B EKTHIEHIT AN

WAk, AR, pH M, RN 7582500 SPE /IMEX /K
PUE SREORCRDE, MAEXEEFRUSEh, (ERTALFE AR pH (B2 R A 5 1Y
TR, B AAH Sl L 15 pHE, 2 &xf SPE XK F ALY & 5
AET o

1.1.3. FEEIEEFATEAR

b B A BRI E AT BN WTE S, L T 2 RS BEiE  (HR-MS)
N RATHS RIS (TOF) e FR AR i Bl g L4 i i (FT-ICR-MS) « #LiE B (Orbitrap)
SRALE o X LS B I LA 2 Wy b O v o B SO R 2 2K A A5 L, B B AR R A
Az AT RERY 31 2R R T i 22 DL O Y 0 1R, A& P e s H A
SEFRAL T RIEE. Alida 8 A A ELRAH @3- RATHY R TG (LC-QTOF) X4 5 ry
ENE, RSB BR T AR 5h, Q-TOF Byl bk, —f N
R LIRASEOT T 2203 sk o4 B (5Bl o 00, =il st I 4R B AR
AT R AT A TR S

HATET Q-TOF AR HARIRAIE 2 TAUMALSE AT, B dh LA RS
A AT o BRiZ A1, AF B AR IRBI AT LAGE— 25 A A A PR RO AL M i
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HRZ R 2 AR = A e (e e 200 R FRRBEE MR, s (B T LUK
7= SR A TR TR G B 20 18, MOMTAE e B2 M Fh RERR I RO IR o g o i
S1, TOF pifraw B H R RO EH o AR PT B 7Bk o dfrd , TOF AL
WERRSEIL > T4, RS BT oe R o, R EIE MR mER,
AT EARR 5 Fim, B PT. 1IdS 3 R B R AT, AT
BT FPIBH POE T CIRE R, LA ORI TR HARTR A, o LURFFE H AR
I GH . SR, — MEFICEECTREX 2 030, — U]
RERAIRZ A, XEEAHENE, MPBHIAR HARRBITR H T k. Mm%
AE BRI IR B S E B E B, LB K 3R HART AWy s il i

-

1.1.4. ETHZEMTE RSPl

WG EAEE MR Z AR, DA KB AROR AT A
HKCF, BATCIEMEXS R R AR ERR I S, (R, S5& 15 MRSt
UL, I AR 7K S (e BRI PP A, 2 S5 B XUB: (A7, X IRk 24
EHAAEEEN.

S5 [E EPA T 20 fHH27 80 EAHE i fH B S PR “ DU AR, NS Be 5 A K
fEREAHOCIR, I R — SOV R PPAE . B PSRN SR AL, &5
A RS P O NG LR T H KRR o ST LMERT SR, 180 S0
IXUBL ATA R 500 XS A7 TR AN AT 5 A2 M B X A A R B o

X EAA AR E XL 5, —BOA A S MBS B A5 R AE, R
BURTRUEAZFE R IR, e S 5 RNt s AL . X T A
AR T, — B A DA SO IR SO SR R S, AR T
T AR AR A AT, A6 SO R 3N et A2

AT GEEET Rl BRI A 25 5, 46 20 KBS AR R0 B, XK
CRAS A BT AT MU PP, X 7K e A XU PR -0 5 A 0 R o
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1.1.5. BETAEYTEHEXE FHFRH)

A=W B AR K5 B AT AR Sy, AR TR IR AR5 G
R EYTS R AR BRI R DU B R . — R, 48k
LIRS E R BE A i, (R AATER 2 B BN KB PP 5
TR o N PR PR A P15 B ) T BB HE — LR RRA% 5 R TR, B A AN ShAT )&
WM E R RN EE KB EE. ITRERS: SRR AT 3
BRI 0975 e AUR TR, A R RERT AN SR AE AR I B B (e A T
ARG o DRI AR 5003 200 B R T T 20 T N SRR T B 1R 0 2 17 5 | 5
TPy« KOG A E R E L.

X T B0 B RIR I , AR 53 BRI — B LR & SR AT A 3 B AR 50 2
P, (BRI REZRIN 2% 7)o AW A BOR T H0w B R Basta A & R
o PCR BIAZEHFI MR LS WY 88/ 0 iR E DNA BRI BOR . 7] LURIRY™
SR A B s B R R 7 Tk PR S IR i e it R R B0 A T, B K R R
FUEREASIGIETH) DNA FBebhs. Ky 3, J2& BT TACTRIBOR iy
MU 52—

B N B T TR ERIRRE i R IS B A BRI AR 3
A, HAS 2 A AR LOA G RN e ez D AR 88 A, R
454 FEBERNF LA Mumina /7 (FEAUHE Miseq fil Hiseq MFFH). &
A P R AL ST (] AV 7528 e b AR e 91, R S Ml S 7 G 2 DR I 4
WS, Tz T IR A M S5 R 1 2 M R B e M

WKL 2R PN NBERE S RUE KR SRR 7K A b R b
CRRETE H A S8R BT 2 R, AR EmRG A AR 5
AR, SRR i UK §5 Se N SO TR A R 4001, DR T 7K e 4 s -
PRMEEE S . SR A S E MR 2R, BT & SR W P 17
ZEA Y AR H AR E 5 B0 B I D RE R R 5 A2 ) 2 500 et I B B SR
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1.2. BIREXKER

AHT T IR KA B 5 BT AR B2 RN, LURAR K
PRIFE LTS 5 5 BOW RN A B, A BRI TC T2 AL XSS DA -5 e B
BREVIR, BATERRERAZE RBE

IR ST AR RL2E T IR IR AR FZK R 3R AL 22/ A XU R 75 B A
PE? SRR XS [ -, BT SRR :

(1) BT R R R RTANIEE AR o 18 R B 5 14 8 15 R 08 B AR 7 5
S T R AR AV E LS R E I, RS EOR S BT S PG LA E.

(2) B2 T BB RN IEE AR/ M R R E R BAREERBERA T . T
TR RS- ATRT I s (LC-QTOF) A7 T Aboa XU R Rt ik, S
T AR He i B e e PR e S 2 0 5 A SR RIS, T S0 T DT
BeJT 3%, Ao 1 AR U A P XU DR e b SR P ARkt A R ok i e
IR G 2 S e MERY IR

(3) TR T ISR XU (R FIRpUSR MG o 0E— 2Dl i 7 1 i i R AT
B, XK S XU A TR, IR0 HE R s H s e B ) Bl v
FESORTE , Ik AR e XU (R, A7 Befa il e i S
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2. BrHTI%

2.1. FFTBBR

BT HNARTERIACEA AT, AR =X, FATIHE 1740 T RIFTFEE
S e N e

| #omxse |
|
i at I S
- BTN e | [mevonasme | | |
% | I ] &
6} 1 | - %
i gzt | | 8
A I} | =enoNakz | | &
sk . . b 2 e ' ¥ il
ERERBEREL | | O L ) ! .
| |nman | | 1 | | [mmmgnant | | @
2 1 : = : TDNARE
_______________ || cEESEISRESFR | 2% ) |
| B#r
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| zzosszms | ! Chemspider S 3 ZI TR ?‘; i
FROUEEEE L He | |
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)| [ERpnegsy | ey | BARUSKE | NESEEEEENE
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BEREYRRY | | | | ZHBLASTILER &
£|| Dweamm | | LA || rezE am
B ¥ e | v B4
| R | L EmEEar | | &
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R B TFIRA 51

B 2-1 BFT R S HOREE LA

2.2. LRRFISMUAR

22,1, THHF

FAfiE (Methyl alcohol, Merck /25|, ), HPLC, 4§)¥>99.9%; M %

(Dichloromethane, ROE /yr], £ ), HPLC, 4fi[#>99.9%; 1F .4t (n-Hexane,
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Merck 2yl , {5 ), HPLC, 4}i/5>99.9%; £ /i (Acetonitrile, Merck 2vm], fE5[H ) ,

HPLC, 4fifFF>99.9%; Milli-Q #B4i/k (Millipore 235, ) &,

2.2.2. (UASIEE

N-EVAP 112 AS M TL (Organomation Associates /vr], £ ); OA-SYS i
M Z 248 (Organomation Associates /v, £H) ; P28 &1L (BUCHI &, B 1) ;
SHZ- N JEER KK B A (BB R A IR E]) 5 SDC-6 7 REAY B REE Al
CT R Z AR G IR AT 5 SRTRH AR TOEL LE-MS/MS . (JiRH :
Agilent Technologies 1260 infinity , Agilent Technologies /5], 3£ ; il : AP14000
LC/MS/MS System, AB SCIEX ], ) ; = R0 G- VY- KA TIN [H] BT
(W #H: Agilent Technologies 1260 infinity, Agilent Technologies /vm&], ZEE; it

. Triple TOF5600, ABSCIEX, E[) Z&,

2.3. FRARESETAE

2017 45 H, 6 H, 7 H, RE TR CB K AR TZEB sk
KA (K 2-2), BFE 4 DMRAK) AR L2 Boktt (IRIL/KIEVK SWL Tt
7K ESs g HIZK FW SUEIHEER tHOK DW), A 3 A HSRZKFE R TWAL TWB
M TWC (HYEC/KAE R0, oAl BEESERHIZK) ™ Skmy 10km A1 30km, Mt TWB
T TWC Z 28— G THTRR) , 20T 21 AR dh o B U AR R /KAE 5L,
PRI, 1 B sUR NG A e AT AT AT, FEARIAE 24 /N
NSERE B
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IKENIIHEE. IR T IE P I

l

A KDW
| HE/KTWB HKAKTWA |
RS B FIK/KB FIRKA kil

Jzﬁé
F2#/KTWC
kK C

B 2-2 REERSAE

IKFEIZIR IR SR 2 i, SR A EAHZCIEOR & Sk s 3, i AEfsE L 3-
5 mL/min, /MEFERAFAIH 10 mL IECE. 10mL 4 H k2. 10mL HEERT 10
mL Milli-Q ZKififl e KRG/ MELREF, SRAE/MEATE. EFEZERTE, X7
FEPEFT T8 TS5 1 SPE AE43 0 5 mL FREE. SmL — S FUGEAT SmL IRt
BIFVEIR . VEBOBAETERE 2R AL BRI T, FR R RAWCE . ZIIRGR 2
BT, BRI, €A E 1mL, BB/ NEE T-20 CURFEIR AT

CASCHREH, BT AR A EDRDC K HR A LTS 2 s SIS, TELOS ENV
1 HLB 2 SRR UT , & R A B K EE O o (R , ANAF S35 5 35 1 TELOS ENV
/IME (RIR L fi-co- — LIRBER, 1R, 1g, 6mL), MIBHS HLB £ (HLB, Waters,
200mg, 5mL), SR T BA TS R s SeRe ), LUREE AR H s 34
B ERRE SR SRR AL . 1AL, BFSEERIL, ANIE] pH SR MBI E AN, N
RATRER & L BT, TUSEsei By, MIBRERIE S /KEE pH (3.0 f17.0), T
TIX 2 Fh pH AT B AEBUERT K AR5 B s S RE TR /N

]

Ho}

s
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24. R RRER T

X TR E RS G, BT SR80 - P AT - AT [ Buit (HPLC-Q-TOF)
XS AR A PEAT DT A A, T A A2 SN A O O T B B PeakView Al
MSDIAL Xof S B A T AL B, 381 Wi 17 g 1 F 0 i O ) AR 2544 o

IR

VR TE(Y . Agilent HPLC 1260

fa 34T Agilent C18 £ (2.1mmx150mm, 2.5um); FiE: 30°C;

TshtH: A K (EIRBIE N 5% Z0F), B OH;

JiE: 0.4 mL/min; FEFEARY 10 pL.

AF AR R A i an=e 2-1 i

& 21 EARIRBIEAR RN RRE R

i ik
& UGB
! Bk B R T MSDIAL

B (XIC) >1000;5:N>10;

2 I 20 <20% 0 5551085 H1ITR2S XIC Manager
3 PR R R 25, A T SRR
4 T LA, ks Tt A

5 FITFF—2% MSMS 1E[&], F11 Chemspider ZHE i 745+ PTHE Chemspider

6 Fragments Pane R/ B AT A 44T Fragments Pane

, MetFusion HE1TRE 5 Fi-5 VLA Met Fusi
Massbank %32 ZE RN 4545 etrusion

8 SCRRARTE BRI A X E SCHRS AR

F B MSDAIL Hf, Re4 iU AL IR RS2 U excel Z6H1o XU AT
R IE, HRE ke s e R DT . 3T Peakview HFE XIC Manager F2£)7,
FEIRF A SR RS 1 BT IO RHEAI-E At s ik M IR TR AR 2 . E4c 0
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SR A AR (1) R E TR . WMRAATEE R AR R G,
AR 245 Rh T 2K BN AT RETC R b , T2 B i i PR i Y DR IR e e R
Hoe KA RERUHE . (2).LEWIS and SENIOR £6:55 o LEWIS 125 I ffi B R A2 22
RS THEERICE, HZE C O N, ATLISEL7e s p HuEmytt=
75 SENIOR I N2 = J7 1 - M AN AR i B B0 A Y S B I 5,
BIBEC2FEFH-1. ()AL FAE IR . Rl 28 3= A A 52 22 B B
TR NITE N 2-5%, AR AR RITTER ¢, Br, So (4).J0% H 1 C LL{E:
8o —BOX M HAEASRRIR, WASR/N, T Wiley Bl s, 280
PErrR iRt 99.7% 1 H/C HABAE 0.2-3.1 (A, FrLATERIER 4% H/C BLE
TEXTEREIN o (5). 28T HuER A, BT Wiley FUili Bz, 75 99.7%H E{5E
BN, N/C LMEAE 0-1.3 X [/], O/C [h{E7fE 0-1.2 Z[A], P/C LL{HAE 0-0.3 XA,
S/C HABAE 0-0.8 Z[i]. (6).CZ AIREMERG 5, BT Beilstein £4fs ZE (1 Dictionary of
Natural Products Z#a A4S 2 T ARITTRA NS AT REIY TR AU TEE . (7).
= IR SS , — B AR AR i PO (GC-MS) - [ it

Z e Peakview B E| B BTt 5 ChemSpider £z 4347 ILHL,
ZEG PR IRZE N T TR, N AT RESS A A T BE— 2B BN o X TR 2542
A AR IR T O 2, TR A

LAk, e T AR B AR A A A VIR B9 BE X, %7 T 5 E
5P (& 2-3, Levell-Level 5), [ &R HE—DHIE, BEKCTA
DN
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|

Level 2

I
n
T b
o
o
I
l

Level 3

Gk
| 32038 |— Level 5

FREERRIA

a. “RIESEUEEE
b. FEM—ZEMR, BISWIMIEE

ZEHTHE

E—m9fIl

BENRER

& 23 R RIEEEEK

2.5. H] B REEE ST

A FHTRCRE R (LC-MS/MS) SEELRTSBEM) Bt Y s & e PR E AT o A

AF B ART 2R nlpo Lt £k

7O R IKHEZE$5 4 (Water Framework Directive ,

WFD) Hifa th¥ e, a7 1 341 Rl SEYI VUG, JFEET LC-MS/MS N, T JE
Py SERINNATTE . HHEFE 102 M 25265, 150 P2y it. 53 itk
. 5 FRATIEIERIA 31 BTG 4t

(RELE S I

% . Waters ACQUITY BEH C18 #1 (2.1 mmx50 mm, 2.5um);

R : 40°C;
malH: A K, B FHPE;
Hid: 0.4 mL/min;

iﬂ:*ﬂ%’ﬂx H: 5l

2.6. NPT

XTI GRS, AR XU T (Risk Quotients, RQs) SKRAE.
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K B PR A I FE S I 7K 2 527K (Drinking Water Equivalent Level, DWEL)
Z BRI HAE. ARRIMHE S 1 3T, IARRT 1 A XU TR . X
TERSERMR T, FRATME AR FP A IR Y B sk FE AR N 278 o IR
FKCF DWEL, {127 1 Snyder HITRSRIPY, BAKRAEANE 2-4:

=
o] EEHFIMCLsHADISIE
INEENOAEL, &1A1000 ; INRELOAEL, F&
143000 ; MBERZEEBEDMRNEDC, BRELIL0
[N = SAFTHIE ( therapeutic dose ) B&IX3000 ; #n
RHVXIR RRERHBYESEDC, KRIA10
MEFERFEIMES IR WAL10°% > =, 1\MCL
IMASFEisL ; mEEHEER, WAVSDHETTCH aﬁ;f ?VJEL
£ fHE HE s
= IMBEHENOAEL, BIA1000 ; WEHLOAEL, B
143000 ; MRFEEZEYRNEDC, BREA10
T EINOAELSE{LOAELs, SHAF
EREEEN
MREEFRFES ES IR WA10%%
BASFEESL ; tnRiEH IR, NAVSDHTICH

. BRME
ERTICTT

& 2-4 {054 DWEL FIRERTRE

MCL: Maximum Contaminant Level, =75 4Lk F
ADI: Acceptable Daily Intake, £} H oA =
NOAEL: No Observed Adverse Effect Level, J¢H 1 EVE H/KE
LOAEL: Lowest Observed Adverse Effect Level, [k n] WA EAVEHKE
SF/SL: Slope Factor, 451K+
VSD: Virtually Safe Dose, SZPr4i47i
TTC: Threshold of Toxicologic Concern, #5F 2[5 {H
EDC: Endocrine Disrupting Chemicals, N THt4
BN
ADI(ﬁ—Z—d)X 70kg

(1) DWEL (pg/L) = o
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Cs (pg/L)

(2) RQ-= DWEL (ug/L)

2.7. TEYFEER

2.7.1. FEHETALTE

KA 2R, SR AR B A KR AL IE AR (0.45 um)
JEMHIE T — 25 DNA 425

B AL E, BULNERIEEL, BT 50 mLgEAr, R 30 mL
PBS (1x, pH7.4) JLEFMEIIEY), M0 vea By, Yol ET 50
mL ELVE T, 6000xg B0 10 min, FE_EITR JEM B IRVL =K, IREETUE,

{#i/f 3mLPBS (1x, pH7.4) TEF.

2.7.2. DNA 2B

% JH MPFastDNA SPIN kit for Soil $2HURE i) DNA. fa L I B A 4325 %5 24
R, SECA S Y ER  B = RRE T, RS R RN S
BT, +2 DNA 7K

2.7.3. DNA #&:31]

BRI OB 6 B TG DNA <2 (NanoDrop One, Thermo, ZE[H)
i PR B IR B B FEL iR DNA J

2.7.4. 16S rRNA J|

DNA ¥ fifis 26 AR EER A T EE T 16 rRNA I, 752 50 e 41 o

2.8. WFEHEALE ST

(1) M QUME -5 JFUGI P e S gE TAL Y, GlilhPiee. iz, OTU

REMBAARER - (¥, 2017 26 / 52




JE~ BHE SRR Z AR
(2) fiJ] NCBI N EEUN R TH, A0 e 2 2
(3) fHIAH: BLAST B, DIHURREWEE N2 L00E, HEsuns+

)?[,

2.9. RHSERLNE

& 2-5 HBASRRES SR SE A

(A) KtF—2017 47 HF CBK) REEIUIEM HI/K
(B) fop At — ok AR AR RO & Sk This 4e
(C) AW — AR 2RI EEEETHE I DNA ¥R
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3. ZEREITE

3.1. FIALEJTIRRES

IKFEAE BIZEIE PRI 7 HLB 1 TELOS ENV B )5, el ok 4 B i
77 i A5 v AR €38 - DY A~ AT I TR B i (HPLC-Q-TOR) XA i i2E AT Bl 4241
FF AR BRI & R T A A TIE R B

2000
1800 | =TELOSENV  =HLB |
1600
1400
1200
1000
800
600

400
200 2.00E+07

0 0.00E+00
pH3 igﬁprE pH7 pH3 igﬁprﬁ

1.80E+08

BTELOSENV  ®HLB

1.60E+08

1.40E+08
1.20E+08
1.00E+08

i % H

7D
ISV

8.00E+07

Q)
T

6.00E+07

FEBH

4.00E+07

pH7

& 3-1 Bifh SPE AP ESERAIIE BARIEEL B /2 RxT H
Ak BRI S5 R R, £E pH3 Rl pH7 B, HLB EEEZIAGY FA H 5 5k

1430 F{1 1568 />, T TELOS ENV 4 5I| H 4 287 Fi1308 1. I H. HLB $RHUH I i
WA R AE RS pH S50 N AT RTA S 1x108 DL F, {H TELOS ENV %R 2x107 AN (40
K 3-1),

AR EIR SRR, PR pH (BT, HLB PR/ METRE S BREIHY
Py SRS A D B TR A T TELOS ENV B, OMR ] HLB /NEEAE A SPE Y &
FAREe B 3-1 W LA, BETHEEARER, fE pH=3 1 pH=7 MRS Tk
FURRIGEE H A —E, 1M pH=3 2046 N 1R B g B s pH=7, i8] pH=3
I MGG EART S R E S SE IR, B T pH=3 I E S
P, il FRERERCK K FEJA Y pH3.0 J5, FEEFH HLB /MEE T E £E.

REMERAR AR - (¥, 2017 28 / 52




3.2. PRAKHHEB RS A

11 {6 ] MSDIAL viewer B, SR FIT A 1 KA A9 Jo 3 42 41 1] P g i 7 0
FHORAEL excel #530, ZREMAES: HERRENE, B (R
A, BB, T B IOREUIRN, 2 R A A R R Y
TR e BRI 5 BRI M A28 1 UL HRIE T FA>1000 [ S, Th4E
3868 M. g AR/ INHEATHER , Bde H T AR i e T AR HE e Y AR R
10% (W ot o HE T DU RFAEA 7 Gk, BRUE T BT TT R4 . 4 PeakView
Bt EHE)% ChemSpider FHICHK, FREIP A rREr NS4, FEXTATAE
iR B TIZ W A o TEEE IR, LA 3 R s s &, HITsUE BT
SRR RIS B ISEhRRE, SPRRETE I LERT, mARHIA T B+ 253.0864
AV SS (Ketoprofen), 265.155 Ak = TFg (TBP), 259.0161 *A¥ffi
% (Cyclophosphamide) .

VAR 25 0, BARTRIETRAE AN 3-2: FEFOE(E AT B, X4 21t
PRI/ MR« $E B+ 253.0864, HAES A i Ao, HIERAHEF
YIAE 10% , 2 e s N A M i de s 1 (B8R 1) o 4TI Peakview #1417,
MRS s fl, $RFE+ 253.0864, HifiL XIC>1000, S:N>10 ZE55 (DER 2).
MR AERE B BT it % 253.0864 MIFALRZER, THHEMGE 2155 CieHia0s.
Ci2H10NgO1+ CiaH12N3O: 55 (PR 3) . PB4 ah N, B & AT e 71
A C16H1403 (AR 4). FIITIZE T —J0EIE, F:T Chemspider i )ZErfy
Pyl EIFEE GBS 253.0864 1 _JUGEIKE, TR ILE AR, $RE 2R
FIEELE YA HAP ISR 0 B s, 9 ] RERY et CEER 5) o 14
SREER SO SR OB UL ED, BETIT A . Wi SRR, WA R
FHEF 209.1537, AMGE S ARBER, FHaki e CPER 6).
Massbank %l 22— 25 RIS S A7 AE N B B s 295~ 209.0971, HE i B+
THOEREMRF, CEAWEIZEFYIONREESS CPERT) o 2SRRI R
FEFHFUEAT TOF I, ARt lgefR B ] 23min, —ZBEE] 1~ 253.0849, f5eS; ML
RIBERATREL - 2%, 2017 29 / 52




B 209.0994, SRR IEIAHICED, HAFINZATOIESSS PR 8).
RASHIELERINF 3-1 frow, HAALT Level 1 (TR 3 7, 205 0%

i~ TRER =T ERATPABRIL G o s o AT B bR L &, BATHAR
RTR N -
AR

AEVERT, TR T R TT 28 . X R T 8 &

IR =T Wi FRARIRSRI, LG AME TR 4E 2R BEIRLTZE R

« B R

AW, WA S RAABON S, $ESHT s, £ Tk B 2. 36
TR e A i FH R e A RIZR U 2, IR T R 2 AP iR
M55 FUIRIESS o B LiverTox A1 AYAF S, SIS S AR I 2 AT — S B AT REIE -

7 TBP XML I H AR A A7 A A4

—————————————————————————————————————

C12H10Ng01

2 T e ! 3. T RN o
EFWE (XIC) >1000; Lo *§ﬁ§§\§ 253.0864 1) EEEREN
Leo SN0 ! - FiES [
1 . o ! ! .
L. EER - i
1
1
1
1
1

1
1
! C14H12M302
1

'8 FrREER A

& 3-2 EEARDITIRAR: LA 0B
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£ 31 BN FER YRR B ira AR

#E T (M-H) 2 F R SR EEEAT W 5 A
253.0864 Ci6H,,04 9 I LA, Level 1 Ketoprofen
v, Tributyl phosphate
265.155 C ,H,,0,P i Level 1 L
259.0161 C,H,sCLN,0,P CK%\’CI Level 1 Cyclophosphamide

319.1535 Culn0s AL %‘r* Level 2a

i
PS4
239.0489 C1oH12N, 058 g @@F Level 3

?H -y
205.9411 CsH;NO,S; \'5} _{ %> Level 3

3.3. AIEEMI RS AT

3.3.1. WM BUE ST

STk P B TS e, 45 6 R WD J51 E 1/ 338 Fhes e Hh 94
B 7T BRI IR E (341 PP, BEESAL S WIINTESCE R HOCATRS
CAS LIN—% —JUFHEEe WETTRIFT LC-MS/MS By T RTBEM B E eS0T 77
W, IR FRRRERT R I B T AT 2 S MR , $rE
3 YCRHEIITA E SR/ RE R T 78 Fiis e

(ke 74 Fys e, ZMEC0RRS, RUCRRZTRIITIS Y, Wit
& WRFREEAE TR o @i TS AT A B SRR R R 2R
R 100%+H0 O REEA 32 B, AUfE 11 FRAKZY. 11 FRZGHIA 10 FRaki b &
Y1 (3 3-2). K HERAE 80~99% A 13 FhWfit, 50~79% (17 Ff), 1~49% (12
) o

REMERAR AR - (¥, 2017 31 / 52




R 3-2 /KPR AR 100%H14 R {5 &

Yt R4 Ga] CAS e AR
BBP SRR HR TRl WS A 84-69-5 Ci16H2204
Bendiocarb U Y &) 22781-23-3  Cu1H13NOa
Bezafibrate AL DUy (L) 41859-67-0  Ci9H20CINO4
Bupropion T AP 2y 34911-55-2  Ci3H1sCINO
DEHP PEHR Sy Woliis 3y 117-81-7 C24H3804
DEP A7 R — LR Wi gy 84-66-2 C12H1404
Diclofenac WEAGTTR Bt 15307-86-5  C14HsClNO
DMP PR H R — P g Wolis 3y 131-11-3 C10H1004
DNBP SR R T Mg W9 84-74-2 C16H2204
Ethion LTtk e 563-12-2 CoH2204P2S4
Flutamide pakiichiis Bty 13311-84-7  C11H11F3N203
Isoproturon SN RE b ] 34123-59-6  C12H1sN20
Ketoprofen [iLShPas 5L 22071-15-4  Ci6H1403
Linuron FlapE ] 330-55-2 CsH10Cl2N202
Mefenamic acid F KR 24 61-68-7 C1sH1sNO2
Metalaxyl HH 6 78 Vi) 57837-19-1  CisH21NOs
Metamitron IRIR ez 41394-05-2  CioH10N4O
Metoprolol acid EFLIIRIR 2 56392-14-4  C14H2:NO4
Metribuzin FET A A 21087-64-9  CsH1aN4OS
Pentoxifylline WA IR Bt 6493-05-6  Ci3H1sN4O3
Perfluorobutanclc g T WFTIS YY) 375-22-4  CaHF/O:
Pioglitazone N 471 il 2y 111025-46-8 CioH20N203S
Pirimicarb Pk K2 23103-98-2  C11H1sN40>
Propanil B V&) 709-98-8 CsHsCl2NO
Risperidone ) 55 2 106266-06-2 C23H27FN402
Ropinirole Lg% 24 91374-21-9  Ci6H24N20
TBEP BEIR = (2- T4 Clg Whivs4d) 78-51-3 CigH3907P
TBP TR — 1 Mg WTTIs ) 126-73-8 C12H2704P
TCEP IR = (- 23 s WTTIE %) 115-96-8 CeéH12Cl304P
TDCPP %;g@ﬁzu,a-:%z-z-ﬁ%) WIS YY) 13674-87-8  CoHisClsOsP
Thiamethoxam B R V&) 153719-23-4 CsH10CIN503S
Trifloxystrobin 5 H g Y] 141517-21-7 CaoH19F3N204
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3.3.2. HSHIRERMT

HREE e BR T B A AL R R SR (] 3-3), kK sw
R R, BEE AT 2R T, YIS AR/ N TWC AL/ R
TN, AETRAAHTEE, MR TN, SO0 E S R A2

1200
SW ES FW DW TWB TWC

TWA

1000

o
=3
=}

=
=1
=

¥ Ji K FE ng/L

(=
=3
=}

=}

& 3-3 & RALSRYEIRE R

K 3-4 25 TR I e =K FER RO A . ABC 2 BIAEE T 251
RANIT{5 5. mERLVEH, KA 75 BRI EAE 10ng/L LIT, {UF
EPI R EE S0ng/L DL e EXTFIX=S0KME, IRHZK R B & 58 4L
o BEARMRPEER 1K DL DR =&

FEFTARC P erh, 43 12 F RSBt 50%, 152 7 AR Fr.
X 12 R RS 5 ARG 4 RIETIL AN 3 Rk 2. HA AR T IR TR
Mg (BBP) HYLERFaxm, nik91.2%. /b, A 19 M LERFALT 20%, 2
VIR MBI, #7700 8 B, Sy R U6 3 Fio
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80

70 ® Raw water L]
0 Effluent
7 Tap water
50
l A: 2549
—_ 40—~
=
=)
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=
2 30
o
= °
o 20+
© [ )
10 ° . e o
-
[ J
L J
0-—?—|—-— '—.—v—v—?—?—?—f.?,?..v.—? —
T G 50 R 5 5 5T T 5 o 5
« «zﬁ:} é“@ & *‘f &’Q «° .‘ﬁ.f@(? 3° ‘*r?: e ?“qﬁ‘ d,d't' Q%&\f« = 43';‘*“:@95 G@"’if @"i&“‘;‘m" «@‘f:? 0@": \y‘& 3
P Q"'
pharm
200
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* Raw water
100+ Effluent
100+ Tap water
jny
=
2 B: K%
c
o
IS
c
o
3 50|
c
Q
(5]
® [ ]
L] L] ° Y
T b
® e [ ] ° (] e L™ 4
&S S s \‘pé‘@f@“:\‘ ,;b-a ‘\"o,, NG N g
A :e““:e"{" & “’ " "'@f:ﬁy o C T FE & o"““ Q’\o f:ﬁ ,;y@ a“'v o 7 ‘fv"i@ﬁ
S A eo\‘@ef 4 c“° < ¥ ”° e F S
Lty (-
W
K
pest
100
e ® Raw water
Effluent
80 T. 1,
= C: W isH4
=
[= 60+ [
=
=
i)
=
©
=
c
3 40
=
Q
S
20
® [ ]
®
[
0 T T 0 T T T T , ,_.. ?_I_._
2 2 ) ] 2 2 R & R
& & £ & FF FF S P
&
o

Bl 3-4 ZRYBRAER KT HKBEK BAR KPR E 20 1E 5
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3.4. MSPRAl
XTI 74 Fe¥ b, W EHOCO M (E R, THESRIG S RIS Fr/KF DWEL, M52 KU RQs, Wk 3-3:

= 3-3 74 AR PRI XS R (E

N =

i es ot % p e TEN oweLugn st RQ

Ropinirole 25 100.00 13.27 3.57E-03 Therapeutic dose 3.72E+00
Anastrozole 29 91.67 15.15 4.76E-03 Therapeutic dose 3.18E+00
Temazepam 2 66.67 84.90 3.57E-02 Therapeutic dose 2.38E+00
Pioglitazone 21 100.00 69.95 7.14E-02 Therapeutic dose 9.79E-01
Glimepiride 24 75.00 2.50 4.76E-03 Therapeutic dose 5.25E-01
Memantine 2y 50.00 2.95 2.38E-02 Therapeutic dose 1.24E-01
Montelukast 2459 16.67 2.65 4.76E-02 Therapeutic dose 5.56E-02
Loperamide 21 16.67 0.75 1.90E-02 Therapeutic dose 3.92E-02
Valsartan 2 91.67 14.47 3.81E-01 Therapeutic dose 3.80E-02
Risperidone 2459 100.00 0.67 1.80E-02 Therapeutic dose 3.71E-02
Mefenamic acid 254 100.00 69.05 2.38E+00 Therapeutic dose 2.90E-02
Perfluorobutanoic acid ARG AL| 100.00 148.40 5.30E+00 EU Panel 2.80E-02
Pindolol 245 91.67 0.97 4.76E-02 Therapeutic dose 2.05E-02
Ketamine 241 91.67 4.37 3.33E-01 Therapeutic dose 1.31E-02
Cyclophosphamide 24 75.00 0.31 2.60E-02 CSF 1.19E-02
Bisoprolol EitY| 66.67 0.23 2.38E-02 Therapeutic dose 9.61E-03

RIAERRAARIER - 23, 2017 35 / 52



H R K iRk

Yk Paes for 3% Ko R ng/L DWELug/L  EEMEEIE IR RQ

Mirtazapine 2 75.00 0.62 7.14E-02 Therapeutic dose 8.74E-03
Diclofenac 2y 100.00 107.30 1.70E+01 Therapeutic dose 6.31E-03
Ziprasidone 2 16.67 1.09 1.90E-01 Therapeutic dose 5.72E-03
Flutamide 21 100.00 6.54 1.19E+00 Therapeutic dose 5.49E-03
DEHP Wi 3 100.00 11.15 4.00E+00 CalEPA MCL 2.79E-03
Raloxifene 2 33.33 0.72 2.86E-01 Therapeutic dose 2.53E-03
Metoprolol acid 21 100.00 0.75 4.76E-01 Therapeutic dose 1.58E-03
Metoprolol 2y 83.33 0.54 4.20E-01 Therapeutic dose 1.30E-03
Amantadine 2 66.67 1.15 9.52E-01 Therapeutic dose 1.21E-03
Ethion K2 100.00 16.49 1.40E+01 ATSDR MRL 1.18E-03
Tramadol 29 50.00 1.09 9.52E-01 Therapeutic dose 1.14E-03
Bupropion 2 100.00 31.81 4.20E+01 VSD 7.57E-04
Paroxetine 2 50.00 0.06 9.52E-02 Therapeutic dose 6.30E-04
Ketoprofen 24 100.00 20.59 3.30E+01 Therapeutic dose 6.24E-04
TCEP ARG Y 100.00 0.90 1.80E+00 EPA SF 4.99E-04
Enalapril 214 58.33 0.82 1.70E+00 Therapeutic dose 4.81E-04
Bendiocarb p &) 100.00 33.10 1.40E+02 JMPR ADI 2.36E-04
Diphenhydramine 2ik7)| 75.00 0.77 4.20E+00 Therapeutic dose 1.84E-04
Pentoxifylline 214 100.00 2.51 2.10E+01 VSD 1.20E-04
Propiconazole p &) 75.00 258.40 2.45E+03 JMPR ADI 1.05E-04
Citalopram 2y 75.00 0.04 3.40E-01 Therapeutic dose 1.04E-04
Thiamethoxam e 2 100.00 26.12 3.50E+02 EU Panel 7.46E-05
Chlorfenvinphos V&) 41.67 1.21 1.75E+01 JMPR ADI 6.94E-05
Propanil g2l 100.00 9.95 1.75E+02 EPA RfD 5.69E-05
DMP ARG L] 100.00 114.25 2.80E+03 NOAEL/LOAEL 4.08E-05

FRIAER AR R - %, 2017 36 / 52




H R K iRk

Yk Paes for 3% Ko R ng/L DWELug/L  EEMEEIE IR RQ

Pirimicarb V&) 100.00 26.39 7.00E+02 JMPR ADI 3.77E-05
Propranolol 2y 50.00 0.42 1.30E+01 Therapeutic dose 3.24E-05
Linuron V] 100.00 43.00 1.75E+03 EU Panel 2.46E-05
Lidocaine 21 83.33 0.77 3.50E+01 Therapeutic dose 2.19E-05
Bezafibrate 29 100.00 1.46 6.70E+01 Therapeutic dose 2.18E-05
Azoxystrobin V&) 91.67 7.62 3.50E+02 EU Panel 2.18E-05
Sulfamethazine 2y 50.00 0.47 2.20E+01 Therapeutic dose 2.14E-05
DNBP AR ALY 100.00 72.70 3.50E+03 EPA RfD 2.08E-05
Amitriptyline B2ik7| 50.00 0.23 1.30E+01 Therapeutic dose 1.74E-05
Trifloxystrobin b &) 100.00 14.40 1.40E+03 JMPR ADI 1.03E-05
Metalaxyl b &) 100.00 21.52 2.10E+03 EPA RfD 1.02E-05
TDCPP Wi 3 100.00 1.69 1.90E+02 CalEPA NSRL 8.89E-06
Quinmerac V&) 91.67 11.09 1.75E+03 EU Panel 6.34E-06
Metamitron b ] 100.00 11.01 1.75E+03 EU Panel 6.29E-06
Flumequine 214 16.67 0.20 3.50E+01 NOAEL/LOAEL 5.60E-06
Metribuzin V&) 100.00 18.41 3.50E+03 EU Panel 5.26E-06
BBP WS ey 100.00 2.93 6.00E+02 CalEPA NSRL 4.89E-06
Propachlor e 2 91.67 1.48 4.55E+02 EPA RfD 3.25E-06
Dimethenamid V&) 91.67 7.08 2.45E+03 JMPR ADI 2.89E-06
cyromazine K2 16.67 0.43 3.50E+02 EU Panel 1.24E-06
Boscalid b ] 91.67 1.64 1.40E+03 JMPR ADI 1.17E-06
Dimethachlor e 2 8.33 0.78 7.00E+02 EU Panel 1.12E-06
Isoproturon &) 100.00 6.06 7.00E+03 EU Panel 8.65E-07
Metolachlor Y&} 83.33 3.96 5.25E+03 EPA RfD 7.54E-07
TBP ARG L] 100.00 2.05 2.80E+03 ATSDR MRL 7.33E-07
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H R K iRk

Yk Paes for 3% K ng/L DWEL ug/L FEEEIRRIR RQ

TBEP AR ALY 100.00 1.51 3.20E+03 ATSDR MRL 4.73E-07
Tebuconazole A2 91.67 0.48 1.05E+03 JMPR ADI 4.53E-07
Flufenoxuron V] 25.00 0.63 1.40E+03 JMPR ADI 4.51E-07
Imidacloprid Y] 8.33 0.64 1.75E+03 EU Panel 3.67E-07
Bupirimate &) 58.33 0.49 1.75E+03 EU Panel 2.82E-07
DEP Wi 3 100.00 18.21 2.10E+05 ATSDR MRL 8.67E-08
TPP AR ALY 8.33 0.12 7.00E+03 ATSDR MRL 1.70E-08
Lenacil b &) 8.33 0.04 3.50E+03 EU Panel 1.20E-08
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AV = 75 U N 1 2 LN 228 =5 S - 2 N - 2 B S g e S
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3.5. BURBETMBTE

3.5.1. B ERK=ZYCRHTEBABUREEXNFEEM (FKF)
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4. FRHREYE

4.1. BIREL

AN B S A N A U B T R R ZK FR B R A 7 AR XU
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% o
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PORSHURBERBIT %, S ZIT T TSR KU (A R A1 S, REAS BRI A2
ARG B XU TR 7, 975 B il S IR e 2 B AL T RS %
SRR 2RI AT 320 B TS K Rk Rt 7K Y IXUBS: 0 S R
PR PPA R XS, DA KRS R i I B 2 R

U FTAFAEE L, WS EHR R RIRYE, SEURZ Y
N i WE s 2 I 2o ARV RE - Y M i 6 L eb e s | P U VA IR e e D
Sk, 10 SEARRE G R A A S i ELABI A ST AN, AW E i RE T,
LY RALRERIAN 13, T B BRGSO e = i R o AT RE
RBEME AR o AT in s s i & E BRI BRI RCE,, B A K SS T
JT T

ARWFFERIIT e, PRI SER T Bdfesb PR A 3 X — 8
Ferh, BN TIRZ . —J5, B8 TR LAMRIRER, FE48 TR
2R RRE, ANEAHACBEOAR A DNA BRI, $RTE LB AIATR T,
FIE T SRR KT R AR SRS B S B 5 —J5TE, BATTRI I ARE
WAFE] TARKHHR T, eI an A A FRAGES [B N , 22 2SR S HFSL g gEAR
BT RCA D T, XIS ERRE ) IRAUMERE D AHERREIANEHTRE AT 2 AE
B BTN ER TSRS RE 2 OB R T, (BRATEBCA 425
I, MHEMRESF TR, SZBARe] 7 — @Rk mEa sk HAR oA 7k
O, 2 R B R e 2, FESRAGIS AR, (HFATAPE R el 21 2
£, BEA] SRR IS 2 DB RIROR %, e qs LASE IR ik H s Wi 2 420 Jo
AR o

RIEMRAARERE - FER, 2017 44 / 52




5. 2% 3(Ak

[1] European Union. Drinking water Stand[S]. Council Directive 98/83/EC on the
quality of water intended for human consumption. Adopted by the council ,1998.

[2] 2 i PARE, M W 5 Ak R 7K A FR e[S, 2002.

[3] World Health Organization. Guidelines for Drinking-water Quality[S].3td ed.
Geneva, 2004

[4] US EPA. Drinking Water stands and Health Advisories [S] .2004.

[5] De Jesus Gaffney V, Almeida C M M, Rodrigues A, et al. Occurrence of
pharmaceuticals in a water supply system and related human health risk
assessment[J]. Water research, 2015, 72: 199-208.

[6] Benotti M J, Trenholm R A, Vanderford B J, et al. Pharmaceuticals and endocrine
disrupting compounds in US drinking water[J]. Environmental science & technology,
2008, 43(3): 597-603.

[7] Stackelberg P E, Gibs J, Furlong E T, et al. Efficiency of conventional drinking-water-
treatment processes in removal of pharmaceuticals and other organic
compounds[J]. Science of the Total Environment, 2007, 377(2): 255-272.

[8] Leung H W, Jin L, Wei S, et al. Pharmaceuticals in tap water: human health risk
assessment and proposed monitoring framework in China[J]. Environmental health
perspectives, 2013, 121(7): 839.

[9] Zh, 5847, AIMFS. 2FEM T /AKMAE S 12 R34 L v e 20 19 2 D)
SR, 2008, 27(2):91-94.

(10142, BRAEWE. /KAYREA LIS S XAD R JIE IR PR IR 432 0], [ b=
2 PAESMIE, 1991, 18(1): 19-21.

[11] Chiron S, Fernandez Alba A, Barcelo D. Comparison of on-line solid-phase disk
extraction to liquid-liquid extraction for monitoring selected pesticides in
environmental waters[J]. Environmental science & technology, 1993, 27(12): 2352-
2359.

[12] Masque N, Marcé R M, Borrull F. New polymeric and other types of sorbents for

solid-phase extraction of polar organic micropollutants from environmental

RIEMRAARERE - FER, 2017 45 / 52




water[J]. Trac trends in analytical chemistry, 1998, 17(6): 384-394.

[13]Grung M, Lichtenthaler R, Ahel M, et al. Effects-directed analysis of organic
toxicants in wastewater effluent from Zagreb, Croatia[J]. Chemosphere, 2007,
67(1): 108-120.

[14]Zhao J L, Ying G G, Wang L, et al. Determination of phenolic endocrine disrupting
chemicals and acidic pharmaceuticals in surface water of the Pearl Rivers in South
China by gas chromatography—negative chemical ionization—mass spectrometry[J].
Science of the total environment, 2009, 407(2): 962-974.

[15]Stalter D, Peters L I, O’Malley E, et al. Sample Enrichment for Bioanalytical
Assessment of Disinfected Drinking Water: Concentrating the Polar, the Volatiles,
and the Unknowns[J]. Environmental science & technology, 2016, 50(12): 6495-
6505.

[16]Jeong Y, Schaffer A, Smith K. Equilibrium partitioning of organic compounds to
OASIS HLB® as a function of compound concentration, pH, temperature and
salinity[J]. Chemosphere, 2017, 174: 297-305.

[17]Castro-Perez J, Plumb R, Liang L, et al. A high-throughput liquid
chromatography/tandem mass spectrometry method for screening glutathione
conjugates using exact mass neutral loss acquisition[J]. Rapid communications in
mass spectrometry, 2005, 19(6): 798-804.

[18]Herndndez F, Pozo O J, Sancho J V, et al. Strategies for quantification and
confirmation of multi-class polar pesticides and transformation products in water
by LC-MS 2 using triple quadrupole and hybrid quadrupole time-of-flight
analyzers[J]. TrAC Trends in Analytical Chemistry, 2005, 24(7): 596-612.

[19] Gyenge-Szabd Z, Szoboszlai N, Frigyes D, et al. Monitoring of four dipyrone
metabolites in communal wastewater by solid phase extraction liquid
chromatography electrospray ionization quadrupole time-of-flight mass
spectrometry[J]. Journal of pharmaceutical and biomedical analysis, 2014, 90: 58-
63.

[20] Creusot N, Budzinski H, Balaguer P, et al. Effect-directed analysis of endocrine-
disrupting compounds in multi-contaminated sediment: identification of novel
ligands of estrogen and pregnane X receptors[]J]. Analytical and bioanalytical

chemistry, 2013, 405(8): 2553-2566.
RIEERAARI L - &3, 2017 46 / 52




[21]Kind T, Fiehn O. Seven golden rules for heuristic filtering of molecular formulas
obtained by accurate mass spectrometry[J]. BMC bioinformatics, 2007, 8(1): 105.
[22]Snyder S A, Stanford B D, Bruce G M, et al. Identifying hormonally active
compounds, pharmaceuticals, and personal care product ingredients of health
concern from potential presence in water intended for indirect potable reuse[J].

Final Report. Alexandria (VA), USA: Water Reuse Research Foundation, 2010.

RIEMRAARERE - FER, 2017 47 / 52



6. TTHALEA

LS o XA

KAE
SRAFH A voOBRRADKT TAENG | v #ES SRR S SRR R
IKFERRER v OREKHE v OREIKEE

Wit

2o AT BT AL T A

v BEZIKEE pH TS [E AR

s SR O R A A 26 1
A 37 T AR R AR v IS ARFE. R
Hei e V. SR
T RO | v R A MR I R | v b e M
DWEL 1B - 5 DWEL 18 ¥) 5 5 12 DWEL {8 [+ 5 5 12
*ﬁmﬁgﬁf@&“ vONERACER | v MBI

e E AR H AR5 57
FE S R Rt H e i )
Jo 7 2

v R

v A

ATHLIS Rt 5
RLHCR b

v R S50

EERIRER /Y A

v RS

D FAEYELR

A=W o3 B Ak B

v JKFEILE, DNA $2EEE

v JKFEILIE, DNA $EHUE:

Kl DNA W< i

v RIS O

K0 DNA 5 &

v BB MR HE K

PHE. i, OTU #f
PRI A S S I E 2
R A e

v I

P S B0 T e e i
SR RTINS 2 )5

v S

RIEMRAARERE - FER, 2017

48 / 52




7.

FEATNH AT FE TP A2] 1 R R A SRR AR S BB R AR R 5L
R, BRSO 2000 T ARG BATIORE, ZERATERE
SR A AT SR T B R B G838 RO 68 7 3%, 15 S BA T N B2 17 it
Fraads i, FATA BRI SEADTTE TAE. [RI BB T #2117 BRI K
Kz AR B PTG B R SRR, I TR Z A AR IE .

R ONE TR AR I I B AU OUR BT PR E N, 23
MBI A TE 28 M Te TN, B RAEL A STEMIT H R s i A T2 T Bt — 22 1
HE o AIH R 2 A UK EHIBE SN S AR BT 1L [m] 2 v
EEAE

FERE , BATWE S/ IR A [ 25 T FATT3 B ) i A 22 DT [ 2T 1567 S s iR

A ROOHY R o

RIEMRAARERE - FER, 2017 49 / 52




8. 2R

BAR—: Be5EBE (Daniel Bi), BIRUMNEIB¥RE_
W4 552 (Daniel Bi)

(KIS

HiAEH T 2000 4 12 1

2007.09--2008.06 Eagle View Elementary School, Fairfax, VA

2008.09--2010.06 g 5t AT HLHbEG /N5

2010.09--2013.06 FERLATHIBES/NFEAME (BT /M)

2013.09--2016.06 4 5t T AMEEE AL H

2013.09 £4 R ANEE A

PAFAE

JREHETs , KIALICKR, MBS S, S0 7&K 2R 53R US55 ik
Gio Rl IR ARG, FITPRARI 2 5 &% KRS, 85
B8 O3 3 H bR siRaN o

2013 4 LA H VT ERF RIS (Vhyd) —F%

2014 7 LAY E NRTE (RIrpd) Sk

2016 4= ASDAN [E R A] HF4k A it TAR BARIL 70 55 2% (ISWEEEP) 4R %4 [ jef 42
2016 4 S BN BT E R EE (RSC3) Kiak

2017 4F HE/NJEAEIE S BRI e gt R

2017 47 W EERENCATHT I A b ik g8 4 [ — S5

2017 4F 31 JEL 2 BARIL 53¢ (TLIRFEIX) A —55ER

AR —: XEs, ERsMEEERR

A7 IR

Hl: &

TIEERRATRISEE - 2%, 2017 50 / 52




A= H I 2001 4 5 ]

2007.09--2013.06 Fi 5t i Fr g% /N5

2013.09--2016.06 R ¢ i1 A1 E iEA AR ) H

2013.09 24> F U AMNE B S

N

JREHEFs, MIhElE Lk — B2, Eefs—.

IR R AR S R T B o

2014 4 TG VYU /DA

2015 4F g TR AR UK TR AR

2016 4F P LT =R

2017 4 R EREC A S ik e 4 — S5
2017 4F EIUJE E bR DG K IE A E A

RIEMRAARERE - FER, 2017

EHRBENTR, H1
PRI BUESH. 50 2 AR AEH ORI BRI BB IS LA

51 / 52




9. T8 FEUMMIIT

BFE—: HER
Wan: IS, BROMNETRAAR

=
PAFHEE et E s dEun. ZFHERSENAAES, FFHHEETEE.
WS TAE . AR R il g TR 2 R Ao gt S N R 22
Sk N7 SR BT T, BRI DA R, AFENhEUr 8%, B
T2 HMFHEREIN. 1522 AN BRI T Ts PP, Hrh HlRi
[Fl2FpR A 1998 fE4 [ g BRSBTS 5 44 2015 AR — WY [R]2E RIS IR E
WETETRS %o AERYUALWITIRFIL L 30 25,

BRI FEF
Mg Wil, mERUMEIER
LT

PAGFoE: e — 430N ZFEETANERNAEAES, FHIEYETAE.
AR TR LA FaT IR Tt RS e, 252 00R R
i, FEAER E RO T AR UL T ERRZ RIe S AELIH - 5a ek
A, WK TR TTILEE RN R e e Se e N UK B R
AR SR R A BT Sk N SRR S, fril B AR F T A R ER
RAERER] (5 SCEY SREFR T o BRI BUMNETRAALSE STEM T H HIRZ DA 5

RIEMRAARERE - FER, 2017 52 / 52




