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The purpose of this study was to optimize an analytical method for the detection of tetracycline antibiotics
and their metabolites in water and to determine their fate and movement in streams. To analyze three tet-
racycline antibiotics and eight of their metabolites, water quality samples were taken from nine sites, which
were scattered across upstream areas, into which livestock manure was directly released from nearby livestock
operations, to downstream areas, between November 2010 and October 2011. These samples were pretreated
with hydrophilic-lipophilic balance (HLB; 200 mg, 6 cc) cartridges and analyzed using liquid chromatography/
tandem mass spectrometry (LC/MS/MS). Consequently, the limit of detection of the analysis method for the
tetracycline antibiotics and their metabolites ranged from 3.7 to 18.2 ng/L. The recovery rates were 81-122%,
and the relative standard deviation was less than 16%. In addition, the concentration of tetracycline antibiotics
and their metabolites decreased or they were undetected when sampled from the upstream to downstream sites.
Although the levels of tetracycline antibiotics and their metabolites detected were lower than their EC50, it is
necessary to continue monitoring these substances in the environment.
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Table 1. Chemical structures of target compounds
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25 AcrosrHNew Jersey,

USA)S] AIFS AHESISlon], M2l H7he URES
222 Terbutylazine(Sigma-aldrich, St Louis, USA),
Demeclocycline(Sigma-aldrich, St Louis, USA)°llA
vjste] ARg-slGith tEZ2H e} Wgke: 52 Wako

AH(Osaka, Japan)

| B

oA EYEZ S JTBaker

AtNew Jersey, USA), Formic acid®} Na,EDTA=
Sigma-aldrich*HSt Louis, USA)2] A|2FS ARE-3IRITH

) F=0) 2185 $57]+= Organomation*HBerlin,
USA)9] N-EVAP 24 112% A}8-38le F=319th 2
WatersAH(Milford, USA)¢] Oasis
HLB(200 mg, 6 cc)s T

A HEHA =

alo] AMgaliT), HEEd

Compound

Chemical Structure

Molecular Formula

OH

Tetracycline (TC)

(o] OH o

NH,

CyoHypuN,Og
MW, : 444

4-epi-tetracycline (ETC)

CypHyN,Og
MW, : 444

Anhydrotetracycline (ATC)

CyoHyoN,0,
MW. : 426

4-epi-anhydrotetracycline (EATC)

CypHyN,0,
MW. : 426
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Table 1. Chemical structures of target compounds (Continued)

Compound

Chemical Structure Molecular Formula

Chlortetracycline (CTC) Cﬁ}\%ﬁ(}lljégs
4-epi-chlortetracycline (ECTC) Cﬁ}\%’Squ;SB
CH
4-epi-anhydrochlortetracycline (EACTC) (IE/fZVPVIZINiE(i)(;
(@]
OH (o] OH [o] (o}
Oxytetracycline (OTC) %/fzvalzz;‘Nigg
4-epi-oxytetracycline (EOTC) Be %Z;Z{Nigg
a-apo-oxytetracycline (o-apo-OTC) N g/IBI\;ZZNZZ?ZS
B-apo-oxytetracycline (B-apo-OTC) e (1\:/fZIV;7[22Nizcl)28
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Fig. 1. Sampling sites.
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50~500 mL(Sl~S 644 AEE 50 mL,
S7~5911><bl A|BE 500 mL)E FH|sle] A8
Na,EDTA l"—_:J]' 05 g/m HEE u7}‘6h:‘r 2 pH
oxe] sl& F&o] F7] wjiel] AEE pH3OE 4t
AT B8 Ao ALgE= HLB ﬂEWl (200
mg, 6 co= TUEF=Z2ver 6 mL, #HeS 6 mL, 05
g/L Na,EDTA7} $Hrel &<(pH3) 6 mL::_T AR
oA AP FRERR] @Aske AT @43t -, A
27t MEAE FHeke Bt FREA} wiEA] &
&5 Fol8 5 mL/mind] FE0=2 HAAZI A4
7F BUH SRF 10 mLE A ZhEeA] AHE 6
& 5, ATHEE ol8aA ﬂErﬂﬂ o ek &
2 AA freldaddel vEkE 6 mLE 7hEA
o Eeix EEATh 8E9L é’ﬁ\_%ﬂrﬂ% o]-g-5tq
sEoIeH, YA A7 T EEEE 1 mgls
50 uL #71ek &, HE BES

15 mLE FA3}o
LC/MS/MSZE. #4151 thFig. 2).

R 3L 3T

2.4. BMZEH|
7171822 Thermo surveyor L EMZ#7} A=
Thermo TSQ Quantum triple quadrupole mass spec-

Sample
(50-900 mL)
- Added 0.5 g/L Na,EDTA
HLB cartridge
(200mg, 6cc)

- Dichloromethane 6 mL
- Methanol 6 mL
- 0.5 g/L Na,EDTA (pH3) 6 mL

Loading
(5 mL/min)

- Washed water 10 mL cartridge

( )

- Methanol 6mL

Concentration
(1.5 mL)
|
[ LC/MS/MS ]

Fig. 2. A flow diagram of the sample pretreatment process
for tetracycline antibiotics and their metabolites.

trometers ARSIt} A 7]E-F-0] 3} (electron spray
ionization) o] (positive) 7oA Z} EE4 ] 1
FEZof| thale] 2= = (scan mode)S o]&-5lo] ATk
2HEHS SRIEINTE 7F FAEZEE X o] (precur-
sor ion)e] A o] (product ion)e WX B FA
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Table 2. Analytical conditions of LC/MS/MS

Compound Retention time (min)

Precursor ion (m/z)

Product ion (m/z) Collision energy (eV)

TC 6.57 445
ETC 5.56 445
ATC 10.93 427

EATC 9.51 427
CTC 8.70 479
ECTC 7.49 479
EACTC 11.11 461
OTC 6.01 461
EOTC 5.50 461
a-apo-OTC 7.07 443
b-apo-OTC 12.28 443

410, 154 20
410, 154 20
410, 154 17
410, 154 17
462, 444 20
462, 444 20
444, 154 19
444, 426 20
444, 426 20
426, 408 17
408, 426 17

S UEH(SRM; Select Reaction Monitoring) WH<
o] E& Mgy g A4S F UUTH

HPLC Z#-& PhenomenexAHTorrance, USA) Luna
Cs AEE.0 pm, 30 mm x 150 mm)yS AHS-slom,
157 752 03 mL/min® & AASIAT o574 &
Ao 4284 0.1% formic acide} o EVEZS ARga}
FoH, oMMEVELS] 27| HIE&S 16%E AlFo=
1555 70%02 &3 -, 153t 80%22 el
285 AT, 285 ]t 16%0= W & 10357t
oHg3IA 7= 7147182 (Gradient) WHOZ EA31A
o} B4 &2 sk SRM 2712 TC, ETC - 445 m/
z > 410 m/z, ETC, ATC - 427 m/z > 410 m/z,
CTC, ECTC - 479 m/z > 444 m/z, EACTC - 461
m/z > 444 m/z, OTC, EOTC - 461 m/z > 426 m/
z, a-apo-OTC, B-apo-OTC - 443 m/z > 426 m/z=
AABAT) 717184 272 Table 290 YJER|SIT.

[

3. &3t & nF

3.1. HIEZIAO|SZIA EhdM| & CHARN| 2A{uk e

Bl EgAte| A FAA(TC, CTC, OTC) B thAkA
(ETC, ATC, EATC, ETC, EACTC, EOTC, o-apo-
OTC, B-apo-OTC) & 1 Z20| sl 12+ 2412
ARG A om A4 A8ARYe Table
3ol YeRAATE

Bl EtrLe] E-1(TC), FR2HEAISA(CTO),
ARIEZPA|Z-A(OTC) 2He] tiAkA|el tigh whizd

Table 3. Result of linear regression

Compound Linear equation Coecfgggitslo&g)
TC y=0.0006x-0.0824 0.9996
ETC y=0.0003x-0.045 0.9999
ATC y=0.0016-0.1573 0.9995
EATC y=0.0006x-0.0849 0.9991
CTC y=0.0003x-0.0358 0.9997
ECTC y=0.0002x-0.0305 0.9990
EACTC y=0.0003x-0.0529 0.9997
OTC y=0.0004x-0.0454 0.9997
EOTC y=0.0001x-0.0223 0.9988
a-apo-OTC y=0.0002x-0.0148 0.9997
B-apo-OTC y=0.0003x+0.009 0.9992

Table 4. Results of QA/QC for tetracycline antibiotics and
their metabolites

Compound MDL Recovery RSD
(ng/L) (%) (%)
TC 18.2 81-121 15.1
ETC 13.6 88-116 114
ATC 17.6 83-122 14.7
EATC 14.2 86-115 11.9
CTC 13.7 81-114 114
ECTC 15.1 82-117 12.6
EACTC 15.1 86-121 12.6
OTC 155 84-121 12.9
EOTC 9.3 91-113 7.8
o-apo-0TC 17.6 83-121 14.7
B-apo-OTC 3.7 94-103 3.1
3|, H¥= 9 FUEE SAAH(Table 4). 4
WAAEIAIE 7] 913 AAEe 2.300 AAg v
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Fig. 3. Chromatograms of tetracycline antibiotics and their metabolites.
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£ Fig. 401 YERAIEE 201093 2011 7HS-E =]
gk Al5e] F7HA Hls=gk A3k eIt TC
o] 7% S1elA S6RI7IA] 2.91 ug/LellA 0.79 ug/L7t
A ZAEAA, ST~SIHFANNE 037 uglelr] B4
7HA] A4akick. ETCO] 739 S1elA S6A1:71A] 3.52
/LA 0.80 ug/L7HA] 7HAEaL, S7~S9R oA =
0.30 pg/LelX BAZ7A 7HAsiitt. ATC| 739 S1
oA SERIAZIA 0.73 ug/LolA 019 ugl7HA 7H4H
A3, ST~SHAFNME 0.25 ug/Lolr BHZS7A] 244
513tk EATCe] 7% SlollA S6x1371A] 1.23 ug/Lol
A 032 ug/l7HA AaE3, S7~S9R- A= 0.04
/Lol BEAE71A) 7H2sl9ith. CTCo) 7% S1elAM
S6X7HA 12,73 ug/LelA 158 ug/L7HA A=,
S7~S9X N E 053 ug/LolA 0.08 ugl7HA 7HAaE
Atk ECTCS] 735 S1elA S6A1571A] 13.59 ug/Lel
A 1.99 ugl7HA aEA, ST~SHHolME E4%
~0.60 pg/L FZolth. EACTCS] 7% S1ol4 S6A1%
744 20103500 1.04 ug/LolA 031 ugl7Hx ZaE
AL, S7T~S9AHeM = 201050 0.03 ug/L 0]

B 57 -
X
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Fig. 4. Spatial distribution of (a) TC, (b) CTC, (¢) OTC and their metabolites (2010 and 2011).
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79 SlolM S6AA7A 5.07 ug/LolX 058 ug/L7H
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A 7233tk EOTCS] 79~ S1elA S6A14714] 3.34
pg/LoN BEAZ7HA] 7AEAAL, ST~S9R - = 0.14
pg/LolM BHEVIA] 74819 a-apo-OTCe] 749 S1
oA S6AA7IA 201030 0.26 ug/LolM 0.15 ug/L
7R SN, ST~SOA A= 2010890 0.02 ug/
Lol BAE7A] a3tk B-apo-OTCe] 7% 2010
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AR AE AFE vaehd 2010900 theE BAE ARISEA A 9 gRrAle] A AElE 37
AL B HEo] =AY EOTCo 7 Sszm.l‘% 1,  ~182 ng/L, 3F5E&L 81~122%, ANEFAXE 16%
a-apo-OTCe] 73-¢- STAHFE], B-apo- OTC«l S6 o3t o E YERTE ¢, SAFEA| G4 <] H
A5E ST BAEEA 2011999 OTC«l %! EE}A}Olifﬂﬁl A 3% A 850l tisle] 7}
<+ STARRE, EOTCO 739 S6ARFE a7k, o 5 WA Eo]l AH FYd=e 7 AxlA 6‘}%11@77}
apo-OTCS} B-apo-OTCe] 79~ BE AFoA EAEE A Ol (S AR A3 HEE AF diito] 34

Atk 20119 EACTC T3 e X FoA EHEE ARy d¥dsid e 527t =30t 1— 27
ok Ko7 JS F= SIKFHL T 2010479 ZollA A slgHEe] F<4E(anhydro-) AR, ol
vlafiA 20119 =71 OTCE ALl 27 YU ¥l (a-apo-OTC, B-apo-OTC) THAKA] Kt} odwz F72
A UERdth (Fig. 5). HEP =] EAlehs Zl02 AlsErh 2HY AH(SDel

A TC, CTC, OTCO] 54 (EC;,; Effective con- Al 3FFE 245 F-REH] IS 2 QS A9
centration of 50%)< 7}z 0.08 mg/L, 0.03 mgl, 3d &7} SoE RS BAY, 55 v XH
0.08 mg/L, tiAkAe] 4% ETC7F 014 mg/L, ATC7F  (S9plMe EXZHAY 2g4¥dM A& w9 H]
0.03 mg/L, EATC’} 034 mg/L, ECTC’} 1.65 mg/L,  &}A 97~99% Solxl o2 yehyith, 039 A3
EACTCE 025 mg/L, OETCx 027 mgL, a-apo- (S1PIAY sxx= HEZA)ZUA A2} tiakA7t
OTC= 1.14 mg/lL, B-apo-OTC= 0.77 mg/Lelth. o]  ZHl e SAEC)RETH W2 7502 HEHAL, 3
Z 7P B40) 78 A= CTColZ, tirdls ATC A 391 37 A-S9ME HS e 72 &
on] 7H7} ECyel 0.03 mgLE B EQirh? SoRIHe] o] o] A A7l T AT S o= A}
A 20109 A= 0.04~007 pgl, A= E4E  S¥Th 2y 8A WA 22 AIAQ SAH
~0.08 ug/l V= veldy, 2011 A= CTCF  FEFS FE 2909 tigt #2lE sl #&3

401 WuE]
0.08 ugL=Z AZE I U= 24E=] 78 247 o] asitar dAdEm, B AFox] Yt HE}
Aol = JTFE FS Fo=E AlRHT Ato|E2A A E diiA] EARRHS 6}—? L =t
BEUEH &84 F JdE= 7|2 xEUt E Je=
4. & 2 e
2 Aol A F HEZRAIZUA F diat 23
Aol gk RS AL, SRS S
=2 BAsle] BAER o Slols
MRS EAstel M EEe] Ass SRlskaat siginh 1. H. Sanderson, E Ingerslev, R. A. Brain, B. Halling-
TEEES AETE 4L ] F2 LOMSMSE Sgrensen, J. K. Bestari, C. J. Wilson, D. ]J. Johnson,
o] g3l FHAsle| Z271S HHato] AT HIER} and K. R. Solomon, “Dissipation of oxytetracycline,
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Fig. 5. Levels of antibiotics and their metabolites in 2010 and 2011 (S1 and S9).
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