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In this study, an effective monitoring and the investigation of treatment efficiency of pharmaceuticals from
the influent and effluent of livestock wastewater treatment plants (WWTPs) by LC/ESI-MSMS was per-
formed. Thirteen pharmaceuticals including anntibiotics, growth promoters and disinfectants were assayed
from twelve WWTPs in South Korea. The analytical method for pharmaceuticals from wastewater samples
gave above 60% of recoveries from the spiked blank samples. The calibration curves showed good linearities
(above r>=0.99) in the concentration range of 0.01~10.00 ng/mL. Limits of detection (LOD, at SIN>3) were
the range of 0.00128~0.04505 ng/mL, and methods detection limits (MDL, at RSD<20% and S/N>10) were
0.00552~0.15015 ng/mL in surface water. Accuracy and precision from spiked blank samples were -
12.4~20.6% and 0.6~24.0% from spiked blank samples, respectively. The established method could be used
to determine low concentration levels of pharmaceuticals in environmental samples. From few influents of live-
stock WWTPs, chlortetracycline and acetaminophen were detected with the highest concentration (70.87 ug/
mL and 1.35 pg/mL, respectively) among the monitoring pharmaceuticals. And also lincomycin, sulfathiazole,
sulfamethazine, trimethoprim, acetyl salicylic acid, tylosin, glutaraldehyde and formaldehyde were detected
with 0.21~294.02 ng/mL from the influents of WWTPs.
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Table 1. Groups of pharmaceuticals

(full scan mode)ollA] Zt E7e] Az »~HEHS 3H
g o 7t B89 A o] (precursor ion)S A€
3 ZFE R (collision energy)s o]&3te] ABA o]
2 (product ion)S AAste] EA olS AMEIl=
MRMMultiple Reaction Monitoring) *'d-< ARES}
£ triple quadrupole LC/ESI-MS/MS WS ARE-3}
ATh.

H e

2. AE 4Y

i

21. 7|7

frjo] =L 93 AM8-E 5%7]= Caliper Lifes-
cienceAH(Seattle, WA, USA)e] TurboVap LV 4 &
718 AREslth FE4 ARS IAY TtERA=
Group 19] 7% Oasis HLBQ200mg, 6cc)¢t Oasis
MCX(150 mg, 6cc)E WatersAHMilford, Massa-
chusetts, USA)IA F+Yd3ske] ARSI, Group 19}
III= Oasis HLB(60mg, 3cc)s ARESIGT a8
vacuum manifold= SupelcoA}(Bellefonte, PA, USA)
o] AFS ARSI

7t a5 E4EE2 Table 13 2t

2.2. Aof

AR 9= 13%Fg. 1) 5 AupSAE, A
el AulEjelE, dinjolil, oM Eofnel &
REHEZAEH, SAHEZAEY, oE A
2k, dlg]ag2rte] Al -Hy0, Ele|2Al, E5ddlsiels, 2
FEFYH Elo] == Sigma-AldrichAHSt Louis, MO,

Group Compounds Class
A Sulfamethgzine, Sulfgmethox;'lzole,'Sulfathia_zole, sulfonamides (3)
Acetaminophen, Lincomycin, Trimethoprim Etc. 3)
Group I B Chlortetracycline, Oxytetracycline tetracyclines (2)
C Acetyl salicylic acid acidic compounds (1)
Group II Erythromycin-H,0, Tylosin macrolides (2)
Group III Formaldehyde, Glutaraldehyde aldehydes (2)
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Fig. 1. The chemical structures of the pharmaceuticals.

USA)9] AEFS AREaISlaL, Efmlazye FlukaAt
(Seelze, Germany)2] A& ARE-3IITH

AA -GN R EFE4 (surrogate  standard)= AHR-3F
A | e} -6-13C, A| L2 Z2 AR -3-13C) o] Rz e
-3-BC, dlg]agnto] Al2-¥CS Cambridge isotope
laboratories’} (Andover, MA, USA)2] A|&2 A3}
937, WHEEFE4 (Internal standard)® A3 Bl
2, Bl 222 = FlukarHSeelze, Germany)2] A&
< AT

HELE, o ELe|EY, ofAlE F2] fvl= Burdick
& JacksonAHMuskegon, MI, USA)°] HPLC S+

Tylosin
0/\/\/\0
Glutaraldehyde

AloFS ARE38HA AL, NayEDTASF $H4F2 Junseirt
(Tokyo, Japan), 94+ WakoAH(Osaka, Japan), =%
FZHo|E, A EEZ} AEEA YEF 8|3l F&A|st
£ 9|3t DNPH(2,4-Dinitrophenylhydrazine)= Sigma-
AldrichAHSt Louis, MO, USA), d=golAHo|Ex
MerckAH(Darmstadt, Germany), 7H7]4F(formic acid)}
Fluka*}(Seelze, Germany), 93} EFLS Duksan’l,
AdEYol= SamchunAHKyungki-do, Korea)e] A&
< A3tk 254 Milli-Q systeme £33 3

A 2RSS olgsidrt.
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7} 25 717184

E Aoa ARESH LC-MSMSAA &= A8 A5

2 71(Agilent 1200 series G1313A Autosampler)”}
Z2rEl AgilentAH(Palo Alto, CA, USA)e] Agilent A=) =
1200 series HPLCE Abgsigion], Held 7t B4e] 4 wis 2 o
Bk gelS 918 Agilent 6410 Triple-quadrupole
eld) A 2kRA 7] (Agilent Tchnologies, Palo Alto, CA,

USAE AR&-38IsiH

a8 Lestol

=7 2% deiMe A E s
7](Agilent 1100 series G1313A)7}
(Palo Alto, CA, USA)®] Agilent 1100 series HPLC ~ AH - F

A2 AgilentA}
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2R 127 RS A 7Y
AA FAE A WEE 20089 6
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AR - F 290 ARE AFsIHeH, 53 7 28
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Detector(Agilent 1100 series G1315A)2 AR&-5}53T).

Table 2. Instrument conditions for the determination of the pharmaceuticals

ARekw, A3 Aol e, pH, AEE, $

JIN'

As}

Parameters

Group I-A

Group I-B

Group I-C

Column Eclipse Plus Cig column, 2.1 mm id.,
100 mm length, 3.5 um particle size

Mobile phase
(pH 6.5)
B: Acetonitrile

Gradient Time(min) 0 310 12 15 15.1 25
Solvent B(%)10 20 50 85 85 10 10

A: 20mM ammonium acetate

Luna Cg column, 3mm id.,
150 mm length, 3 um particle size

A: 20 mM ammonium formate
(0.3% formic acid)
B: Acetonitrile

Time(min) 0 3101111122
Solvent B(%)20 20 80 80 20 20

Eclipse Plus Cig, 2.1 mm id.,,
100 mm length, 3 um particle size

A: 0.3% acetic acid
B: 0.3% acetic acid in CH,CN

Time(min) 0 1 51620
Solvent B(%)10 10 40 90 90

Column flow rate 0.3 mL/min 0.3 mL/min 0.3 mL/min

Injection volume 10 pL 10 uL 5 uL

Column temperature 25°C 25°C 25°C

Tonization mode Positive ion electrospray Positive ion electrospray Negative ion electrospray

Capillary voltage 3.50 kV 3.50 kV 3.50 kV

Gas temperature 350°C 350°C 350°C

Gas flow 8 L/min (N,) 8 L/min (N,) 8 L/min (N,)

Nebulizer 35 psi 35 psi 35 psi

Table 3. Instrument conditions for the determination of the pharmaceuticals

Parameters Group IT Group IIT

Column Eclipse Plus C;g column, 2.1 mm i.d., Eclipse Plus C;g column, 2.1 mm i.d.,
100 mm length, 3.5 um particle size 100 mm length, 3.5 um particle size

Mobile phase A: 20 mM ammonium acetate (pH 6.5) A: 1 mM ammonium acetate
B: Acetonitrile B: Acetonitrile

Gradient Time(min) 0 310 12 15 151 25 Time(min) 0 514 141 17

Column flow rate
Injection volume
Column temperature
Tonization mode
Capillary voltage
Gas temperature
Gas flow

Nebulizer

Solvent B(%) 10 20 50 85 85 10 10

0.3 mL/min

10 pL

25°C

Positive ion electrospray
3.50 kV

350°C

8 L/min (N,)

35 psi

Solvent B(%) 50 50 90 50 50
0.3 mL/min

10 pL
35°C

UV detector : 360 nm
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2 7SSt AT AR Ba2 EHs] 7t
A 4°C olats FAleH, 718019 Qo] gle ¥
o] Bste] 7hsd AFALERE 25 ool 4

st

2.5. AlE Hx{2|

LC-MSMS &4 #el, o]=de] ZAejxl Ng&
A Al 7] {2 Uro] A 9 FEE Y
At

AEotulo| =R, HEZHAIZFUF Ao &
< xdsl= A WA 25 Group D2 FEY AR
500 mLE # 3t 0.1 uyg/mL Na,-EDTA 0.5 mL%} 10
ug/mL AASNEEFED Aurer-6-13C, A Z2E
2200 .3.8C} o)z edl 3.8C 25uLE H7Ne %,
35M 3HS Algd] pHE 328 ZFHeSH. Oasis
HLB(200 mg, 6cc)2} Oasis MCX(150 mg, 6cc) 7t
EFR S A7 (vacuum manifold)e] A=k 3
7 2mlet Weke 2mlE SHFT oA 5% &
Huolrere & 2ml, 75 2mL, pH3.09!
THT 2mLE AR SIHAIA Aur et g
3 HLB$} MCX 7FEg|A|E HLB7} 9ol YA5H==
AZ% F AIEE 10 mL/min?] £E2 HA STt Al
87} B3 71lERIXE EEsle] HLBE S75 1
mLE AojF thS wWErs 8mlLE |8A17]322, MCX
= SHFF 1mlE AoE o F FIEGAE YA
Adste] WerE 2 mLe AAT the AlLEIA e
6 mLZ &A1 # 9152 HLB 7IESRE AAsIL
MCX 7FEAl= 5% fEYokrghe &< 4mL=E
Al SEAIFT o] EHe] WREFEZR 10 ug/
mL 582 25 uL(Group I-A, B), 10 ug/mL 3=
222 25 ul(Group I-C)E ¥ FAFW|E ALES)
o] ¢kA3] FEAF] v 20 mM FEFoME 0 E (pH
9) 500 uLZ FA}E o] 0.45 um RS ARE-5H]
oFAIZl § 2mL 24 wlo|de] &7 LC/ESIMS/
MS2 #4319 .912

T WA 25 (Group IS wlELR 2ol =7 283 o
g|2Zno]Al-Hy0, EfC|ZAS tde R, 589 A8
500 mLE #3ld 10 pg/ml BAGHEEZEZ oz
2=2njo|al2-B8C 25 uLs 7Kk 3 35M ke A
435lo] pHE 6°2 ZA3Ith Oasis HLB(60mg, 3
co) 7FEFAIE XAl Ak & opd Evto]
Ed 5mle} /75 5mlE SIAA 18Ik o
2] HLB 7}E8A9] A|§5 10 mL/min2] £58 &

off N
- -

FAFE. AEE TR FFEAE SRS 10mL
2 Z8E o 2A2 AR 10mM gEEoM

Ho|E(pH 6)L M EUCIEE (50:50, v/v) 1 mLE &2]A]
Ztk. o] e WREFEZS! 10ugml HEEe}
7 25 ulE €3 045 um SR o3AIZI F 2 mL
74 vjo|dol £ LC/ESIMS/MS®E #-45131 412
Al W5 25 (Group M= TE2dd|slo|=e}l 23
drjste|=E ez, Azl 8 AE 100 mLE
#3}e] citrate buffer 4 mLE 713 3, 35M 3+
< A3l pHE 322 st oJ7]dl fEAskE
9l 1000 ug/mL DNPH(IEFEo)| =¢)) 5mLE ¥
3 NZE B RS & 30% st HIUEF TE
10 mLE 7189t} Oasis HLB(60 mg, 3 cc)
FIEYAIE ZaAedA]el g2ket & HEE 10 mL
o} oEYe|EY 10mL, TF/5 12mLE 53417
AYAYEE AlEE 10 mL/min®] £E=2 AR A
AEE T 7IEYAE S/HT 3mlE HojE o
= oMHIEUC|EY 10mLE &AZTh o] 8|
AATH7|E AMESl $ds8] AT v S/
ol EUo] EZ(50:50, vAv) 500 uLE ZHALE FHo
0.45 um 9IRS 7KL 933AI7] F 2mL 244 \f
o|de] A LC-UVE EA &l 1320

2.6. 7|7] 24 g

Group I3 I A& AATE 3 4L &
Table 29| YeRd Group I-A, B, C2} Group II 7]
zA40 Wt 247 853 359 JFEES A5
ot 1159 =S WREFEH, A4S UiE
FEdo e 27 ZE(scan mode)ollA 7+ &2
o] AgAdERS SRIG thy 7t £ A o]
(precursor ion)S AEdle] A o] (product ion)S
AN F EA o]2S A¥lsle] MRM (multiple
reaction monitoring) WS ARE-5le] 4351

Group Il FAFE B3 42 9L Table 39
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Table 4. Retention time, precursor ion and characteristic ions for identification and quantification

Grou Compounds RT Precursor Confirm Quantitation Collision
P P (min) ion (m/z) ion (m/2) ion (m/2) energy (eV)
Acetaminophen 2.29 152 152 93 110 15
Sulfathiazole 4.20 254 108 99 156 15
A Sulfamethoxazole 4.39 256 108 92 156 15
Sulfamethazine 6.75 279 279 124 186 15
I Trimethoprim 7.84 291 123 261 230 25
Lincomycin 8.18 407 407 359 126 20
B Oxytetracycline 5.16 461 443 461 426 20
Chlortetracycline 8.24 479 444 154 462 20
C Acetyl salicylic acid 8.37 137 137 - 93 10
I Erythromycin-H,0 11.67 734.6 576 540 158 20
Tylosin 13.04 917 772 917 174 30
m Formaldehyde 2.00 -
Glutaraldehyde 12.45 -

F248 Qe AT o] & (precursor ion)yS AEE &
e & YA (collision energy)® A o]

2 o b

(product ion)S A T2, 49 =S Eo|
Eg 2o o3t Welads Haslslr] $3 MRM
(multiple reaction monitoring) *}H<S ARE3IITH T
B EAEL ARnfEaZor F EeH
RNoH, Aesde WES I35 eplITh

Group I, oM A4S flslia A >el2
(Acetaminophen: m/z 110, Sulfathiazole: m/z 156,
Sulfamethoxazole: m/z 156, Sulfamethazine: m/z
186, Trimethoprim: m/z 230, Lincomycin: m/z 126,
Oxytetracycline: m/z 426, Chlortetracycline: m/z 462,
Acetyl salicylic acid: m/z 93, Erythromycin-H,O:
m/z 158, Tylosin: m/z 174) T|2E5o) their HE=
e ARga o™, B g1 flsiA= confirm ion

3]
E9] AdiAel A7E EF

R
Fare

o BUsgont, Aol gEst FY
7] SIsIA A7) el AL @

270 313 WA GrEEEAste] ves At
o ZelaL, AR ABAFEDS Telch Table

5). 7L A3} 13%9] ooked BF 2=0.99 o] £
2 XS B

AZ3ALODY= SN7} 3 o)idollA 0.00128~0.0405
ng/mLe|om, FFFHALOQ= SN7F 10 ool
Ao A EFZHARSD)7F 20%01 S Z 7 oA
0.00552~0.15015 ng/mLE UERHo] 7]E2] tf2 #4
o] AW, ¥ £ 2435 YT

At 3)4-&(absolute recovery) FALS S84 vl=
A& (blank sample)l] A&%, S7HsE, e H=
E BNEAS AFH Nspike) AN A Az}
64.2~129.3%2] 3]7&S YERAIT

A= RSD)E 0.6~24.0%S e L, FE=
(bias)y= -12.4~20.6%5 JERN O], S FoflA] H|aL
A mEEhkel Aue AT ES HoFQr)

3.3. AN AlSEN

= S fAE, R 2 A sk
A2)g WFFE 13 28717, 23} 31A-IM A8E
AF st 13F9] of=de] =E3dHE A A
= e gk
ZA AT SYF AT, 14 A B
TEE FEEHEIDAZY 2553125 ng/ml, SAEIE
AW 1987.12 ng/mL 502 10%¢] oJekEdo] 7
ZEQ o, A EALE, EguAxy] og|ignlo]
A-HO0E AEEA @it 22 AAN B wEE
2 EgAZY 1248853 ng/mL, SAHIEZAE
2 2286.48 ng/mL, ES¢t|5lo|= 7894 ng/mL, A3}
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Table 5. Calibration curve, correlation coefficient, absolute recoveries, LODs and LOQs
LODs" LOQs™ . Calibration curve
Group Compounds —————— ((;(;nci) I};CI%%? ((I;I;ﬁ* (0.01~1.0 ng/mL) it
Conc. (pg/mL) ngm ¢ x Calibration curve
0.01 77.9 (6.8) -
Acetaminophen 3.13 10.43 0.1 81.9 (3.5) 4.6 y=0.0990x+0.0048  0.9997
1 86.9 (8.1) -0.2
0.01 87.1 (6.6) -
Sulfathiazole 1.66 5.52 0.1 86.6 (9.2) 1.5 y=0.5132x-0.0245 0.9998
1 79.7 (7.8) 2.0
0.01 67.0 (3.9 -
Lincomycin 8.29 27.62 0.1 65.1 (8.0) 2.7 y=2.8152x+0.1019  0.9998
1 62.1 (6.2) 1.9
GI-A
0.01 92.7 (11.8) -
Sulfamethoxazole 7.31 24.35 0.1 94.1 (5.3) 8.2 y=0.2093x-0.0001 0.9994
1 815 (5.4) -1.7
0.01 95.2 (10.3) -
Trimethoprim 9.48 31.59 0.1 95.8 (8.4) -4.6 y=0.5286x+0.0285  0.9996
1 92.2 (7.9) 43
0.01 89.3 (3.2) -
Sulfamethazine 11.65 38.82 0.1 91.1 (6.9) -6.9 y=1.5023x+0.1219  0.9990
1 93.9 (7.3) 4.7
0.01 93.1 (12.3) -
Chlortetracycline  12.61 42.02 0.1 77.1 (11.7) 2.8 y=0.1220x-0.0245 0.9967
1 755 (11.2) -1.3
GI-B
0.01 75.6 (11.2) -
Oxytetracycline 45.05 150.15 0.1 125.4 (14.2) 21 y=0.0116x-0.0020 0.9978
1 123.7 (14.6) -6.1
0.01 129.3 (9.0) -
GI-C  Acetyl salicylic acid - - 0.1 97.8 (6.5) -12 y=3.0133x+0.0650  0.9998
1 102.3 (1.3) 7.3
0.01 103.5 (4.5) -
Erythromycin-H,0 ~ 7.95 26.50 0.1 84.6 (2.6) 0.76 y=8.3742x+0.0251  0.9998
1 93.1 (3.0) -1.8
GII
0.01 64.2 (2.8) -
Tylosin 8.15 27.17 0.1 68.2 (11.5) 2.5 y=0.1745x-0.0077  0.9999
1 86.7 (9.0) -1.0
GII Glutaraldehyde y=44.1182x+27.9501 0.9961
Formaldehyde y=116.2993x+61.6720 0.9955
fLODs : Limits of Detection (at S/N>3)
*LOQs : Limits of Quantification (at 20%<RSD and S/N>10)
“Bias : =(calculated value-measured value)/calculated valuex100

Elo}E 2884 ng/mL 502 11%9] ¢JofEdo] A&y
AoH, Ao EAE, de|Aguolil-H,02 AZEFA]

o}o
1:3),)]: .

YRe A, 1 AAN Bt s ES

&l

3lo]= 91.93 ng/mL, A3 EFR 36.13 ng/mL, ¥ v}
o4l 1559 ng/mL, SMHEotu]) = 22.20 ng/mL, Z=

EHEZNZF

2 11.62ng/mlL 502 11%9] oor=4d

o] AEEoH, | EALE, SAHEZAFUS 2
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SR Rt 23 AFHAA] EHit Fee AoER]
0.71 ng/mL, #5rto]Al 21.13 ng/mL, FEEHEEA
3 6.34ng/mL, EELUslol= 846 ng/mL SOF
109 oJekEdo] HEHUoH, oM EctH] 3, o
T EALE, SAHEZASZHS HEEA
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Table 6. Treatment efficiency of Livestock Wastewater Treatment Plant (I1st sampling, June 25~26, 2008)

A =2 LIN TRI SMA STI SMO ACE CTC OTC ASA TYL ERY FRA GTA
A 74 28 62.1 100.0 100.0 995 100.0 100.0
B BIOSUF 100.0 100.0 100.0 100.0 100.0 100.0 100.0
C  ax+g=xs 1000 100.0 100.0 99.4 100.0 100.0
D A} 17.5 100.0 100.0 100.0 100.0 80.2 87.6
E 2414 31(HBR) 100.0 100.0 100.0 99.8 96.9 100.0 99.8 100.0 47.2
F PIDAF 3} 92.9 100.0 78.7 100.0 100.0 100.0
G o) A} 2L A 100.0 100.0 99.2 100.0 99.9
T/ By 9.3 12.0 14.6
CHES-! 56.1 719 693 717 496 822 336
2 A3} 100.0 97.1 100.0 98.1 75.3 77.6 100.0
H SBR 100.0 100.0 100.0
slare 100.0
2 =245} 100.0 100.0
S E2s} 12.5
BARCERD) 100.0
I o AFH 2] 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
] B3 75.0 100.0 100.0 99.8 62.1 52.2
K BCR/SBR 100.0 100.0 100.0 100.0 31.4
Lincomycin (LIN); Trimethoprim (TRI); Sulfamethazine (SMA); Sulfathiazole (STI); Sulfamethoxazole (SMO);

Acetaminophen (ACE); Chlortetracycline (CTC); Oxytetracycline (OTC); Acetyl salicylic acid (ASA); Tylosin (TYL);
Etythromycin-H,O (ERY); Formaldehyde (FRA); Glutaraldehyde (GTA)
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Table 7. Treatment efficiency of Livestock Wastewater Treatment Plant (2nd sampling, July 28~29, 2008)
A 2729 LIN TRI SMA STI SMO ACE CTC OTC ASA TYL ERY FRA GTA
A FNA 23 100.0 100.0 93.1 100.0 924 63.1
B BIOSUF 100.0 99.9 100.0 100.0 99.0 100.0 72.8 100.0
C I+ x=2k3  100.0 100.0 100.0 99.5 100.0 924
D Az 100.0 100.0 100.0 100.0 99.7 100.0 85.0 100.0
E 244 sHBR) 100.0 100.0 84.8 1000 883 68.7
F  PID23 100.0 100.0 93.7 99.9 100.0 100.0 82.9 99.3 100.0
G aAEa 100.0 982 99.5 91.8 100.0 65.8
/N 2 100.0
&7 23} 100.0 20.5 73.4 63.5 474 6.6 613
2 A3} 100.0 100.0 94.7 99.8 70.2 100.0
H SBR 90.3 100.0 14.6
3}st-e-% 93.7 51.9 37.3
B E 23} 100.0 72.3 100.0 780 26.5
S =23} 84.4 100.0 96.1 100.0
R ) 0.0
I agrx 91.2 100.0 100.0 99.7 100.0 98.5 100.0
J B3 100.0 100.0 100.0 100.0 92.5 195 786 80.8
K BCR/SBR 100.0 95.0 100.0 100.0 99.9 100.0 100.0 100.0

Lincomycin (LIN); Trimethoprim (TRI); Sulfamethazine (SMA); Sulfathiazole

(STI); Sulfamethoxazole (SMO);

Acetaminophen (ACE); Chlortetracycline (CTC); Oxytetracycline (OTC); Acetyl salicylic acid (ASA); Tylosin (TYL);
Etythromycin-H,0 (ERY); Formaldehyde (FRA); Glutaraldehyde (GTA)
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