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Analysis of Pharmaceuticals and Personal Care Products (PPCPs)
from the Environmental Samples by LC/ESI-MSM S

So-Hyun Koo, Hyun-Woo Cho, and Seung-Woon Myung'
Department of Chemistry, Kyonggi University, Suwon, 443-760 Korea

Pharmaceuticals and persona care products(PPCPs) are emerging contaminants in an agueous environment.
For the effective monitoring of seven PPCPs from the wastewater treatment plants and surface water by LC/
ESI-MS/MS, the analytical methods were developed. The investigations of analysis methods were included the
rate of sample loading, volume of elution solvent, type of SPE cartridge, and volume of SPE cartridge. LODs
and LOQs for the spiked sample in fresh water were in the range of 0.03~0.22 pg/mL and 0.08~0.37 pg/mL,
respectively. The recovery in the concentration of 0.1 ng/mL were between 70.8% and 86.3%. The target phar-
maceuticals were detected in concentrations of pg/mL~ng/mL in influent to and effluent from wastewater treat-

ment plant and surface water in river.

Key words : PPCPs, agueous environment, pharmaceuticals, LC/ESI-MSMS
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Fig. 1. The chemical structures of the pharmaceuticals.
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LC/ESI-MS/MSE o83t 37 Alg5 ojofed

oA ol Eulol= FHH|1, opA| Eotu] =
o] oJekEHo] HEo] HUNL, A,
TIFsoA AoERR T 75 ooHEHe
o2 2w ok

E 3 AEFY o= #42 HLBe MCX
FIERAE ol&ste] AR AATE ¢ & GC/MSH
LC/MSZ olgsle] = pg/mlold ngml B% 552
2 BAEk= Zo] gubg el

B AFNME F}8}EX(carbadox), A I EFZ
(sulfamethazin), A2 3}E]o}=(sulfathiazol), A opH| EAE
(sulfamethoxazol), E&]|H A= (trimetoprim), ¢ E
o] =3 (acetaminophen), 3 #}o|Al(lincomycin) &
7% (Fig. 1, Table 1)l oJoF==ol gk o] #Ax
7 39 2 K84 A5S AAEa, AR AlEA 9]

AEe Ak

2. AEYH
2.1. 7|7
S F=2 {3 AHE" F=F7]= Caliper

LifescienceAH(Seattle, WA, USA)9] TurboVap LV &
2EF71E ARSI &0l ARSSE A THEE]
A= Oasis HLB(200 mg, 6 cc)2} Oasis MCX(150
mg, 6 cc)E WatersAH(Milford, Massachusetts,
USA)IA F4ste] AM8-3F%3, vacuum manifold=
Supelcort(Bellefonte, PA, USA)?] A& A3ttt

2.2. Agf

OJFEAR] Ay EALE, AudElx], AulE|olE,
gntolsl, oM Eotn| el M= Sigma-Aldrich
AKSt Louis, MO, USA)e] #|&=S AREsIoH, E
W AZY2 FlukarH(Seelze, Germany)e] A& A&
S GAE W EFEE (surrogate)= Cambridge

Isotope LaboratoriesAH(Andover, MA, USA)<]

Table 1. Physical properties of the pharmaceuticals

HI
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BCz A3ty Aupield-6-13C3 R ZFE
terbutylazine2 Fluka*}(Seelze, Germany)2| 32
AlokS ARSI

HELS, o ELO|EY ) olbE 5& ] TBakerAHN],
USA)e] HPLC &+ AleFS A3, Na,-EDTAS}
3F2kS JunseirH(Tokyo, Japan), G4+ WacorH(Osaka,
Japan), ¥R FolAH o]EE MerckAF(Darmstadt,
Germany), Y2 Yol++= SamchunAh(Kyungki-do,
Korea)?] A|FS ARESIATE S/ Milli-Q system
< T3 A SHRTE ARSI

EE=47 AL W 2554, =
HeE-S o] 83t 1000 ug/mLe] BT oz e
T 20°C WEare] A, S50 wehr HERE
2 FoA ARSIt

2.3. 2M7(7|

LCMS/MS= A& AsY7](Agilent 1100 series
G1313A Autosampler)7} 2He AgilentAH(Palo Alto,
CA, USA)¢] Agilent 1100 series HPLCS} AgH
Triple-quadrupole ®1¥ Z7417](Quattro micromass,
UK Ltd, Manchester, UK)Z AF&-3}3t}.

759 oA YR BFEA, GAE UiF 15
E28 270 RE(scan mode)lld 7+ EZo] Zukrd)
E-(full spectrum)S el o} 7 82 At o
2 (precursor ion)yS Aglste] #2e] Aol (product
ion) 274 2 ¥ MRM(multiple reaction moni-
toring) S ARt AT

HPLC Z#-& PhenomenexAH(Phenomenex, Torr-
ance)2] Phenyl-Hexyl ZH(@ mm LD. 150 mm,
3um)S ARESI o, o] F o2 E 20 mM YEFO}
AElo]E(H 6.5)2 oHEUEZS 300 ul/min %
o= 7]187] &2(gradient) WHS AFLEIA O ZHA)
g 278 Table 191 YERARATE

AFEN 7= AR (electrospray, ESDe] <F

)

Compounds MW CAS # pKa Water solubility Use
Acetaminophen 151.2 103-90-2 9.5 0.1~0.5 g/100 mL at 22°C analgesics/anti-inflammatory
Carbadox 262.2 6804-07-05 1.98 insoluble in water antibiotics
Lincomycin 406.5 154-21-2 7.79  slightly soluble in water antibiotics
Sulfamethazine 277.3 57-68-1 74 50 mg/100mL at 29°C (pH 7.0) antibiotics
Sulfamethoxazole 253.3 723-46-6 5.8 1 mg/mL at 20°C antibiotics
Sulfathiazole 255.3 72-14-0 7.2 0.4 g/mL antibiotics
Trimethoprim 290.3 738-70-5 6.6 4 mg/mL antibiotics
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ol Rug ARSI 7+ dEuEE Table 19 & d4
E

UERA AT

2.4, A2 FxZ|

S &0 2= 0
748 - 23 - Bee

A
)

mL Na,-EDTA 05 mL¢} 10 ug/mL FA& UiF & 9159 HLB 7IEZIXE AlASL MCXE 5%

572 MAomeldl-6-5C 25 uLs #A7kst F, 35 M ol HEhE 9 4 mLE o] §ejAIth o] g9
%‘*&a AHgs] pHE 302 23, HLB9Jr MCX o

ZFEZ]IA]E vacuum manifoldel]

4?1 HLB9} MCX 7IEZIA &

’ A& 500 mL ‘

® (.1 pg/mL Na;-EDTA
® 10 ug/mL A& HF FFEZ 25 ul

| PH 3002 2435 M 34) |

A 4

® HILB, MCX 7}Eg]A] ATAHY
2mL 75 — 2 mL WeS > 2 mL 5% FAS R E(HES)
— 2 mL FFF — 2 mL FH50H 3022 24, 34h

| NE A7) | o HLB =a4 + MCX hERA

® HLB 7lEZA @ 2 mL S7FE AF — 8 mL &&= &7
o MCX 7IEZA @ 2 mL TH/HTE AH

| 2mL viRe 44 7,

6 mL WEEz &2 ‘ ® HIB 7lEA + MCX 7FEHA

| 4mls% FusgEEiRsz 9 | 0 MCX HEEA

® 10 ug/mL WHEFEZ 25 ul #7h

‘ AA2 20 L=

$2(40T) |

|20 mM SR oA H o) E(pH 9) 500 1L A7} \

® 045 um A Z o3

| LoESIMSMSE B0 FY) |

Fig. 2. Flow diagram of the sample preparation for the pharmaceuticals.

b e AEE AANZAT A7t ERE 7

w83t HLBE $7F 2 mL= AojE &

| mLE AAEL MCXE S/ 2 mLE A

ol ol ¥ AEelAE oAl AZsle] HEke 2 mL

ol22o] Al AR 500 mLE Akl 01 pg & AAT TR A% vlEke 6 mLz A5,
[e)

WEESFEZQ 10 ug/mL HHER 25 uls 9@
e & SRS 2 3 AATWE ARSER 8ulE 20 ul7A SRR
mLe} MERE 2 mLE 855 tHA] 5% YEUeHE- T 20 mM dEEeHEIC]E 500 ML_% e =
e &4 2 mL, S/FF 2 mL, pH 3.0 57+ 9 045 AFAE AREstY] A=Al & 2 mL 248
2 mLE 2 S3AA A stk F2 24 blo|Dell &4 LC/ESI-MS/MSel F9ske] 248139th
HLB7} 9ol 9ix1ske  (Fig. 2).
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3. 2ot %

3.1. FtE2|X| MeY

3 N8 F okEEe we
L~pug/L=E EA|staL
g 24 2

wol 3irh ol d #AHE shdsh] el B2 &

o) ABE Al Ae oz o] olal, W
Ae gHFo T AASE AN 22HS

How Musigov], A49) 35 <At 2152

|
e pKE 7= EES Al A5
gt 7IEER 9] Aels S8l H5d dEAgos F
AREe] ¥4 =2<& F21171= HLB(Hydrophilic-
Lipophilic Balance) 7FE2]x]¢} ol w3t W7h]Z
o= ol FHo EHEAS FFA7I= MCX
(Mixed mode Cation eXchange) 71EZIA| S AE-51%
3, AEE pH 30& Zdste] 4] 24 dole &
= SATHE Z2IEE sislon, M 200X A EE
JAl AN A S8 +4
g g doernE ¢ L IFES HEES st
MCXell A EE AAE woll= 24

N

it
M
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A 32 F e §u0) wet 2aw
3} 0§, §718019) AHgTo] Bel Afol7} 1}
Huz Z3Ael sz §3o] Ausojdo} o
8] A=AAE AT A Hlgol A

—

A7

oo

3|
Bl

sha, ¥4 22g gl Baw 471809 A}
870] Zol5 WAk ofe} Alzle] W), il
A5l A 7}

L rlo

IS

weba, B 2lgoa A 5 Qe B
dubxo g Wo| AR = HLBF MCX 7HEE
Z 60 mg, 3 cc 7FEZX9} 150 mg, 6 cc FIEA
£ ¥ Asigon, AlE AR Fof| FFEZRAE 2
mL SFTE AEg A9-oF AFHA] ke 495 ¥
o AF sieith

2 A 6 cc FFEFAIE ARSI AR AR £ Al
HE S AE 71.2%~94.8%2 358 Yeh)
BAE AolE 71.0%~94.6%2)
eRAEh 28l3 3 cc FHERIA| O] A ES
A F 2 mL THFFE AHIAS Aole
32.5%~92.2%, A< A (e HAle 27.7%~
50.5%2] 382 eI

webs, 2 Ao HLBY MCX 150 6 cc 7+
EA ] AlEE AT F 2 mL FFFE AF s

Az, e B

5]2=0 ©
TE=

b WlEHE 3% Yol2S AAIN] H8td Na,-  AMg3e ZAo=Z A43AthFg. 3).
EDTAE 7kt FIEA| 9] AH FF-2 A E7F AP AAE o
w4 B3 W ojlg askK 9o Alrel jEd
3.2. 7lE2|X| 8% ¥ MY 27} B FEo] dojubr] wie) o|& A|ANT=
100.0
M i D6co 2N,
80.0 H=sios o
= W M6cc tECIX,
= M s T o es
>
® 60.0 m3cc IERIX,
§ = stasm
& @3cc HEIX,
40.0 H=BHR erte
20.0 ==
) N & < @Jr N\ \%
F & & & F
'\Q . S X o Q)‘b \(\\ 0‘\‘
& NN N > N
CJQ)\ N '\\\ \\‘b \»\\ &
Ay N S \3\\"0
S

Fig. 3. Comparison of the volume of SPE cartridge and with/without washing.
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FoIARE o] AN A EZo] EEH7% k2
2 AT aEEoloF itk SRTE ©l8siA THE
RS AHBIRE Aol Al FHE o] |
3 2o axH o' A|rE o] upEAle] Pgst Hof
U F2 3]g&o] Uit

33. A2 i &=
TA FEWeE AR e AR Yepls]
Qs A= A Ses Ak
A &7} Wz Axzshie 4z

AR 24 Q9] FHo] AYE ¢ OM ] ego} u
al

=

it

< 3E& 9 Aol T4 ¥ AAE A HA,
AT E

T2 Y5 g & Axgshked Be A &
L8, A AR AEPL A ATt gele
797 MR S 3 BAe] Be4S A F
9tk
AN .

geby 4dd Aa HEE

o3

CHNEE IR

252 5 10, 20 mL/ming 2234 3587 7
AL vwskET. 2 23 5 mL/minolA FheE2
= AFFA Fgor, vz oEHe] HE-

7.3%~96.1%2] 3585 UellEY ol Ectn
o] A wg e &S YERT 10 mL/min
9] o= A ERR 90.2%, A3lElolE 82.2%,
EH Az 83.2%, oMEok| = 87.1%, 7Hits=
2 84 9%&/\1 BA A g R EC disiA
7HE & I4ES JEMSITHEFg. 4). 20 mL/min
o A &EroHE 70.3%~89.2%4 35S YE
Wtk wehy dAHoz = 3583 HoFE 10
mL/min £%= 500 mLe] A5¢] A&z AAs)
At

100.0
90.0
80.0

70.0

Recovery (%)

O5mL/min

O10mL/min

Recovery (%)
<8

0 L ! L L 20mL/min

®

O L
S \\‘\& 9
) N
Q&

Fig. 4. Comparison of recoveries according to rate of the
sample load.

3.4. 7l=2X| 22l £

TA Qeke B TS FRAN T B B
4L gATIE FYN gelole] FRel Pt B
N BQ9) 223 el B4 A Fo UL
A, 2 AFoE HLB 7kEeldo] 254 A2
goz F3E 34 ¥4 BAL g2 964 )

X

ARS-sISiT. HLB 7HER|A|9} MCX 7IERAE

HLB 7IEgA Y w2 WEre-S o] 835}
S)sh=d), olw wigkee] o] AHA =HA
| S338] 82]EA] ot 3]&o] oA
o] gl BolAA =W Wa B/

S A
T T
ot
i)

mlo ‘1°1'

i
i
(]

oo i Hu
ook
=
r
o

wo] Aol a3 olA] Gt
FE8QL WEEe] ol 4 mLd W= 60.7%~

82.9%, 6 mLAIME 68.3%~84.6%2] 3|58 LFERY
Qed, 8 mLAME 80.2%~94.8%2 HL 3FES
Uepith wehA, B ApeMs SElYe] sojds
£ 34g0] S7RIE 2S FRIstkFg. 5). 13y
Ekee] %S 5 A9 3580] T8l Al
Fo] WE) EA7A &=, MCXeF st T

COMeOH 4mL
EMeOH 6mL
OMeOH 8mL

Fig. 5. Recoveries according to volume of methanol for HLB cartridge.
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Fig. 6. Comparison of recoveries according to volume of 5% NH,OH-methanol solvent.

HerEg2 geete #go] EFEo] 7] wEe 8
mLy+ ARE-SF .

HLB9} MCXE thA] #E 43t wgke 2 mL
= A ¥ 6 mLE ©l §slal, HLBE A|AgH
S MCX%F thA] 5% NH,OH-FIghe g8 o] g3}

A E21e gEEin) oln 714 Sl 9
Al el FHE FAE] Y 4 =do] 4
B2 vl AN FRA7H deago] BojRa v
o] HI54 deae-S Wallste ¥4 2do] gE¥
B AN 5% NH,OH-MERS gHo) kS |,
2, 4, 6 mLEZ =4d3te] A 23 1 mLaAlX=

=

o2t & @

o

24 71 £ 8582 YR 5% NH,OH-+g
9 golo] ofo] FRaR| spom BA B9 87}
AR oA gko} FH4go] WolA T, 6 mLe 42
F S A7k Amel whel BA7KA gelElo] uhek
o] Lepr7) wEol B4gol WA YERITHFig. 6).
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3.5. LC/ESI-MS/MS

Table 20 Yepd ule} 722 71€7] &2 7oA
750 A g EZQl oM Eoh|edlS 3561, 7h
HEE2e 4,087, ASEolES 4438, diinolile
4918, AW EAES 5265, ETu|AZHPS 594

34.3%~71.9%2] & 3482 Yehliglen, 4 mLYd &, Aupelde 6373584 AEEAL, FAE W
o A el 91.1%, AIElolE 89.3%, I EAL 5
= 741%, ETWAZY 965%, oM EoH =3 88.1%

’
=

o

Table 2. LC/ESI-MS/MS conditions for the determination of the pharmaceuticals

ZEZ9] Aupelzl-6-18CL 6.375, U
Fee 7618494 AEEATHFE. 7).

;‘go

-z

¢

Parameters

Conditions

Column
Mobile phase

Gradient

Column flow rate
Injection volume
Column temperature
Tonization mode
Capillary voltage

Cone voltage

Source temperature
Desolvation temperature
Cone gas flow
Desolvation gas flow

Luna Phenyl-Hexyl column, 3 mm LD. 150 mm, 3 um
A: 20 mM Ammonium acetate(pH 6.5)

B: Acetonitrile

Time(min) 0 10 11 15 151 17
Solvent B(%) 30 65 100 100 30 30
300 wL/min

10 uL

25°C

Positive ion electrospray

3.20 kV

30V

120°C

300°C

50 L/hr

550 L/hr
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2.00

4.00

(min)

ISTD

6.00 8.00 10.00

Fig. 7. Extraced ion chromatogram and total ion chromatogram (bottom layer) of LC/ESI-MS(peak identification :
1=acetaminophen; 2=carbadox; 3=sulfathiazole; 4=lincomycin; 5=sulfamethoxazole; 6=trimethoprim; 7=

sulfamethazine; ISTD=terbutylazine; *=caffein).

o]Fde] x4l sl
o ol ESI B9 A =7
2HE(full scan spectrum)olXE EA} Fxol| o
AR UR7Y B [M+H]™7) fAREATe]-&(pseudo-
molecular ion)2Z AYAFEHA 7]F o] (base ion)S
UE|= Aol dnrdel o]e3s} Adro|th

k)] éj%k—.:éi% -r]??ﬂ/‘i A To) L (precursor ion)S
Aelst & HH9] SE ofufA|(collision energy)Z A
*éol%(product IOH)E Ag)\éz:;_} 1;].%, szg] EE =
o|al wjEZ 20| ot We|adE FHAslslr] 5t
MRM(multiple reaction monitoring)dH-2 AR5
o gk, A gget 44 fslA MRMS 91§
EXJ0]-2(characteristic ion)2 37H’?3} A3 TH(Table
3). Aol 20 24 o Eohn]edlle m/z 152.2, 71}
=2 m/z 262.9, ”JJrE]O}—‘——— m/Z 256.2, ©3njo]

—_ —1

{E
1%
=
ox
Mo lo
_10
mE
i
rlo

AL my/z 407.6, AW EAELS m/z 254.3, EFH 4
2L m/z 291.3, AT ERS m/z 279300t

3.6. 7.:1’&*-1"-*._1

AR E A4S SEiA 40%114 NE T
0.01~5 ng/mL-°4 {7t H= ol

A7kste] e Az 47@" A ARFAE
t}. 40%%_‘91 7t FEoA Z4% Folae] WA
Ui xEEde] Aol v2A Alkste] AR

244 0}04 @7#, 23} 33 AFDE T oAlESk
= y=0.2186x-0.0236(>=0.9972), 7HF=2 y=
0.0747x-0.0076(>=0.9961), 4 9}E]o}Z y=0.2168x-
0.0251(*=0.9983), A3Zr}o]Al y=0.3436x%-0.0497(r*=
0.9912), A EALE y=0.2709x-0.0287(r>=0.9982),
Eu AT y=0.8974x+0.025(1%=0.9984), =}

ZeA
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Table 3. Retention time, precursor ion and characteristic ions for identification and quantification
RT Precursor ion Confirm ion (m/z) Quantitation ion  Collision
Compounds . .
(min) (m/z) (relative abundance %) (m/z) Energy (eV)
Acetaminophen 3.56 152.2 152.1 92.3 109.8 15
Carbadox 4.08 262.9 130.3 229.7 231.0 15
Sulfathiazol 4.43 256.2 92.3 108.5 156.1 15
Lincomycin 491 407.6 127.0 173.1 126.3 25
Sulfamethoxazol 5.26 254.3 107.8 254.1 156.1 15
Trimethoprim 5.94 291.3 230.7 261.8 123.0 25
Sulfamethazin 6.37 279.3 204.1 279.2 186.1 15
Sulfamethazin-6->C 6.37 285.0 - - 186.2 20
(surrogate standard)
Terbutylazine (ISTD) 7.61 212.2 - - 156.1 15
| y—o 4248x+0.0085(r2=0.9946)] 2|4 2]3} AF3A|
22 YR o @M gRE AaA4st 099 o] oF Table 4. Absolute recoveries, LODs and LOQs
3 AL Concentration (pg/mL)
55 A4S e oo pg/C Recovery
LODs* LOQs™ ( g‘;nci) (% RSD)
3.7. 358, A&t ¥ M nem
g Am AR el e S S A Aceamine (o b gs
sl 7S] B4 olopRA BEENS AAFE W7 phen ' 1o 58767
=7 HEE 3 AR
74_ 7t q .1, 05, 1.0 ng/mL = kAT Al 01 79.9(4.7)
AAPE AR # LL AR E AXA B2 3 Carbadox  0.03  0.10 05 64.0(7.7)
vlwgko 24 At 3|48 (absolute recovery)s -5k 1.0 60.0(11.3)
th Al 7] sZolAl &% I4Ee gAFgem 0.1 82.2(5.6)
57.6%~86.3%2] 7r< JeEgoen, AU EEHs; Sulfathiazol ~ 0.03 0.08 0.5 64.8(10.1)
(RSDY} 18.9% ©1512] B2e 268 ehiich(Table 10 57662
ny 01 841(7.2)
w2 3 EaEde FrI diHom us Lincomycin  0.06 0.18 0.5 69.6E1.9;
1.0 67.4(8.5
Zo2x A3 A (limits of quantification, LOQ)<} o1 %6365
A3 (limits of detection, LOD)S TF3li=t] A meilll(l)f;ml 0.07 0.22 05 66.4(9.6)
A= AE o 2ozt 100]HA A EEH}F 1.0 63.7(7.9)
20% °lske] #e WEShe wkolr, HEME As Trimeth 01  70.8(17.1)
o ol 391 EE2 Gt ASSAE 0.03~ “;?m “ 004 015 05  57.6(18.9)
0.11 pg/mL(ppt) Tl er, FZFaAl= 0.08~0.37 10 60.41105)
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Table 5. Concentration of the pharmaceuticals from wastewater treatment plants and surface water (ng/mL)

27 RES ACE SMO STI CAR SMA TRI LIN
A-1-1-a 12.125 1.009 0.194 N.D. N.D. 0.067 0.983

A-l-1c N.D. 0.393 N.D. N.D. N.D. 0.049 0.909

A-1-2-a 12.790 N.D. N.D. N.D. N.D. 0.065 1.400

A A-1-2-¢ N.D. 0.380 N.D. N.D. N.D. 0.046 1.175
A-1-3 N.D. N.D. N.D. N.D. N.D. N.D. 0.270

A-1-4" N.D. 0.224 N.D. N.D. N.D. 0.005 N.D.

A-1-5 N.D. N.D. N.D. N.D. N.D. N.D. N.D.

B-1-1-a 3.256 0.508 N.D. N.D. N.D. 0.025 0.537

B-1-1c N.D. 0.323 N.D. N.D. N.D. 0.002 0.283

B B-1-2" N.D. N.D. N.D. N.D. N.D. N.D. N.D.
B-1-3° N.D. 0.173 N.D. N.D. N.D. 0.004 N.D.

B-1-4" N.D. N.D. N.D. N.D. N.D. N.D. N.D.

C-1-1-a 0.317 0.234 N.D. N.D. N.D. N.D. 0.577

C-1-1-c N.D. 0.167 N.D. N.D. N.D. N.D. 0.224

C C-1-2° N.D. N.D. 0.138 N.D. N.D. N.D. 0.210
C-1-3" N.D. 0.121 0.201 N.D. N.D. N.D. N.D.

C-1-4" N.D. N.D. 0.151 N.D. N.D. N.D. N.D.

D-1-1-a 6.121 0.483 N.D. N.D. N.D. 0.050 0.698

D-1-1-¢ N.D. 0.295 N.D. N.D. N.D. 0.061 0.200

D D-1-2° N.D. N.D. N.D. N.D. N.D. N.D. 0.378
D-1-3" N.D. N.D. N.D. N.D. N.D. N.D. 0.255

D-1-4" N.D. N.D. 0.283 ND 0.518 N.D. 2.657

Group = o Eoh] = (ACE), Ao 5ARE(SMO), A THEJOFE(STI), 7hH=22(CAR), A FHEFI (SMA), E&H A2
(TRD), #A=20}o] 21 (LIN).

ND. = 3=,

-a : SEAEAEA R FAF, ¢ /A SA G WES,

olt

bag

Table 6. Concentration of the pharmaceuticals from livestock wastewater treatment plants and surface water (ng/mL)

27 =) A ACE SMO STI CAR SMA TRI LIN
A-2-1c N.D. 0.367 1.081 N.D. 1.199 N.D. 0.923

A-2-2-a 9.797 N.D. 355.186 N.D. 29.393 N.D. 11.466

A A-2-2c 0.913 N.D. 0.329 N.D. N.D. N.D. 1.983
A-2:3" 0.156 0.132 N.D. N.D. N.D. N.D. N.D.

A-2-4 N.D. 0.197 0.318 N.D. 0.144 N.D. 0.184

B-2-1-a N.D. 16.226 2293.934 N.D. 658.511 N.D. 204.452

B B-2-1c 1.121 5.695 922.747 N.D. 268.831 N.D. 99.237
B-2-2 N.D. N.D. N.D. N.D. N.D. N.D. N.D.

B-2-3" N.D. 0.272 0.944 N.D. 1.546 N.D. 2.527

C-2-1-a N.D. 5.002 888.318 N.D. 260.814 N.D. 42.449

c C-2-1-¢ N.D. N.D. 0.174 N.D. 0.023 N.D. 0.214
Cc-2-2° N.D. N.D. 0.170 N.D. N.D. N.D. N.D.
C-2-3" 0.108 N.D. N.D. N.D. N.D. N.D. N.D.

D-2-1-a 3.045 N.D. 600.716 N.D. 128.697 N.D. 33.768

D-2-2-a 4.724 N.D. 0.724 N.D. N.D. N.D. 0.624

D D-2-1,2-¢ N.D. 0.182 0.186 N.D. 0.024 N.D. 0.238
D-2-3" 0.164 0.125 N.D. N.D. N.D. N.D. 0.273
D-2-4 N.D. N.D. N.D. N.D. N.D. N.D. N.D.

Group = oM¥|Eoln =3 (ACE), A3 EAE(SMO), AuFE]olZ(STI), 7HF52(CAR), A3 el (SMA), EgH Az
(TRD), A=Zn}o]al(LIN).

ND. = E4=%.
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oo Hasks A8 Fote] HF o FEx7o] AR
HAck 2 23} 0.1 ng/mL FEIA 70.8~86.3%2]
358 YEpQoH, A%3A1E 0.03~0.11 pgmL,
A= 0.08~0.37 pgmLE 4L 5 UATH

S, SRE A olgste] dnk sk B &
b #pe] folet R, 2Eal 2 Al 9L
= s 4% 29 458 FYgE Fong/
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