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Monitoring of Antibiotics to Residue in Water Environment of Busan

Jeong Jae—eunT, Im Yong-seung, Cho Gap-je, Kim Chu-in, Lee Kyung-sim, Yoo Pyung-jong

Water Analysis Division

Abstract

It has been reported recently that antibiotics are detected in aquatic environment such as river, drinking water and so
on. However, the studies on residue of antibiotics in aquatic environmet of Busan city were insufficient. So this study
was conducted to monitor the concentration of 12 kinds of antibiotics in 22 main urban stream, the influent and effluent
of 2 sewage treatment plant, 9 groundwater, 4 supplying maintenance water, the effluent of 1 wastewater treatment plant
and 1 tap water. Samples were analyzed by automated SPE extract-LC/MS/MS method according to the EPA method 1694.
The recovery rate and relative standard deviation were 18.6 % ~ 117.0 % and 1.0 % ~ 11.5 %, respectively. R* of calibration
curve for quantitative analysis was in the range from 0.9979 to 1.000. Method detection limit(MDL) and Limit of
quantitation(LOQ) were 0.2 pg/mL ~ 5.2 pg/mL and 0.7 pg/mL ~ 16.4 pg/mL, respectively. The results of monitoring
were as follows. Three kinds of antibiotics such as Lincomycin, Trimethoprim and Erythromycin were detected at some
urban stream. The concentration of Lincomycin, Trimethoprim and Erythromycin were 0.0058 ug/L ~ 0.0751(n=6) ug/L,
0.0043 ug/L ~ 0.0151(n=9) ug/L and 0.0010 ug/L ~ 0.0072(n=10) ug/L, respectively. These areas were influenced by sewage
treatment plant or waste landfill. Most of detected antibiotics were for both human use antibiotics and veterinary antibiotics.
Veterinary antibiotics were not detected at the urban area without livestock farms as well as the rural area such as Gi-jang
gun and Gang-seo gu. The same kinds of antibiotics found at urban stream were detected at influent and effluent of sewage
treatment plant. Erythromycin was detected at hospital wastewater and 12 kinds of antibiotics monitored in this study weren’t
detected at the other area including groundwater around waste landfill. These results indicated that current antibiotics residual
in aquatic environment of Busan city was considered safe. But it will be necessary to continue monitoring of these antibiotics
residues about mis-use and exposure of antibiotic. The expansion of sample matrix to soil and sediment and long term
monitoring are also required in order to understand the movement characteristics and assess the residual characteristics of
antibiotics in environment,

Key words : antibiotics, automated SPE extract—LC/MS/MS, sewage treatment plant
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Fig. 1. Origin and routes of residual antibiotics3)_
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Table 1, Sampling sites for monitoring of antibiotics in Busan
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Fig. 2. Sampling locations in the Busan area.
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Table 2. Target antibiotics in this study
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Antibiotics Compounds Abbreviation Primary usage
Sulfachloropyridazine SCP Animal
Sulfadimethoxine SDT Animal
Sulfamerazine SMR Animal

Sulfonamide
Sulfamethazine SMT Animal
Sulfamethoxazole SMX Animal
Sulfathiazole STZ Animal
Oxychlorotetracycline—HCI OXY Animal/Human
Tetracycline
Chlorotetracycline—HCI CRT Animal/Human
Lincosamide Lincomycin LIN Human
Macrolide Erythromycin ERY Human
Virginiamycin VIR Animal
Pyrimidine
Trimethoprim T™P Human
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«— 0.1 ug/mL EDTA-ZMNa 100ulysample 100miL
«— 10 ug/mL Surrogate(12C-Sulfamethazine) 2 ul/sample 100mL

Automatic SPE
| step | solvent | volumel) | Flow ratecuL/min)
1000 10000

Fre-Wash Sample

Conditioningl Methanol 1000 5000
Conditioning2 Water 1000 S000
Sample Loading Sample 200000 10000
Washing Water 1000 S000
Tubing Clean Acetone 1000 5000
Dry Cartridge Methanol 8¢ Mz 1100 10000
Elution Methanol 1100 2000

«— 10 ug/mL Internal Standard(Terbutylazine) 5 ulL

w

Fig, 3. Solid—phase extraction strategies.

Table 3, HPLC/MS/MS conditions for the determination of the antibiotics

Equipment Method and Instrument
Column C18 Unison 75X 2 mm, 3 um
Column temperature 40 C
Flow rate 400 uL/min
Injection volumn 10 uL
Group I Group I
0.1 % Formic acid and
Mobile phase A 0.1 %Ammonium formate 1 % Formic acid in HPLC water
C in HPLC water
condition B 1:1 Acetonitrile:Methanol 1 % Formic acid in Methanol
Time B(%) A(%)
Init 10.0 90.0
1.0 min 10.0 90.0
Gradient 9.0 min 90.0 10.0
11,0 min 90.0 10.0
12.0 min 10.0 90.0
15,0 min 10.0 90.0
Ionization Mode Positive ion electrospray
Spray Voltage 2800 V
MS Vaporizer Temperature 250 T
o Sheath Gas Pressure 40 arb
condition Aux. Gas Pressure 10 arb
Capillary Temperature 300 T

Collision Gas pressure 1.5 mTorr
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characteristic ion and collision energy of antibiotics by

HPLC/MS/MS

Characteristic ion 1 Characteristic ion 2

Antibiotics BT, Precursor Collision Collision

(min) ion(m/) (m/z) Energy(eV) (m/z) Energy(eV)
Sulfathiazole 2.44 256 156 15 92 28
Sulfamerazine 2.98 265 156 18 172 17
Sulfamethazine 3.74 279 186 16 92 31
Sulfachloropyridazine 4,16 285 156 16 92 30
Sulfamethoxazole 4,32 254 156 16 108 23
Sulfadimethoxine 5,33 311.05 156 19 108 33
Lincomycin 3.02 407 126.2 28 359.2 17
Trimethoprime 3.62 291.1 230.1 23 261.1 24
Virginiamycin 7.19 526.2 231 36 355.3 15
Erythromycin 6.57 734.4 158 33 573 20
Oxytertracycline 4.27 461 426 20 365 30
Chlorotertracycline 5.30 479 444 21 154 32

Terbutyrazine (IS) 7.55 230 174 20
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npo]Alo] ND ~ 0.074 ug/L, EZ|HAZYLS ND ~
0.016 wg/LoZ HEH o & AoA 2] Autkel At
FE2 1Y BAL 47 sl e et shE o)A
£ dxutolAle] 0,165 ug/L, olg]ARuto]4le] 0,054
ug/Lo] AEEGAL, Efu| A2 HEEA] odth 1
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Table 5. Concentration of antibiotics in the urban stream (ug/L)

A3 STZ LIN SMR SMT TMP SCP SMX SDT VIR ERY CRT OXY
Al ND ND ND ND ND ND ND ND ND ND ND ND
A2 ND ND ND ND ND ND ND ND ND ND ND ND
il ND ND ND ND ND ND ND ND ND ND ND ND
SRk ND ND ND ND 00048 ND ND ND ND 00010 ND ND
Ak ND ND ND ND ND ND ND ND ND ND ND ND
HEA 3 ND ND ND ND ND ND ND ND ND ND ND ND
W48 ND ON()%%’Z ND ND Oo%jggf ND ND ND ND ONO%ES ND  ND
A ND ND ND ND ND ND ND ND ND 0.00837 ND ND
A2 ND ND ND ND 00133 ND ND ND ND ND ND ND
A3 ND 00250 ND ND 00049 ND ND ND ND 00018 ND ND
Agjxd4  ND 00751 ND  ND ND ND ND ND ND ND ND ND
oot ND 01%%%2 ND ND ND ND ND ND ND ND ND  ND
Uz ND ND ND ND ND ND ND ND ND ND ND ND
W43 ND ND ND ND ND ND ND ND ND ND ND ND
ZHA4F  ND ND ND ND ND ND ND ND ND ND ND ND
ZH1 ND ND ND ND 00151 ND ND ND ND 00014 ND ND
232 ND 00162 ND ND 00104 ND ND ND ND 0,008 ND ND
G ND ND ND ND ND ND ND ND ND ND ND ND
S ND ND ND ND ND ND ND ND ND ND ND ND
ARd ND e N N GO0 Np b N wp G0 Np o ND
e =] ND ND ND ND ND ND ND ND ND 00072 ND ND
Z=AH ND ND ND  ND ND ND ND ND ND 00066 ND ND
E)el ND 00751 ND ND 00151 ND ND ND ND 0.0072 ND ND
EAEN ND ND ND ND ND ND ND ND ND ND ND ND
Bt ND 00071 ND ND 00031 ND ND ND ND 00016 ND ND
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AL F44= 0.0484 ug/L ~ 0.0503 ug/L, W=~ 0.0270
ug/L ~ 0,0591 wg/LE, EFuAZHL 54 0,0152
ug/L ~ 0.0655 ug/L, ¥&F4 0.0142 ug/L ~ 0.0228

A, fefgtca & 4= 9ok ug/L, olg|Aagnte]Ale {94 0.0064 ug/L ~ 0.0123
B Ao He ARl HEHE o] skeAA W ug/L, ¥F4 0.0061 ug/L ~ 0.0077 ug/L= YEFTH
Fe7b A FAEAY, P fAERE seA A E} A Axkel vjwshy HAR] S SR 2] Aol A 9
WFEE o838k AA, aleitA v 2|gos yg FAEY AE= Yxntel4l 0,167 ug/L ~ 0.399
7t FEE AHe R ZAEL EHoA 2 A8 ug/L, olg]AEalo]Al 0,106 ug/L Bt B Hw & 1
E4 &2 AsteA gy UReY ¥R, A ghget? E3 2olo] A spHolA HEE 247}
SHAFAEFR o] 8EE ColrAEd WHa, ARA, FUst BEo] HEH ZoR Kol sk A WE
Webd, H4HL DeterA A Wil ZlQleitha & 7b shde] FAEL] TUAAS & 5= A9l ol F
Utk g93He AS- A R 9% o Ab 24 S Yk, A WRa 59 sk
O} shpAL] nlH|R QIgE A ak=2] fedel 712l FAGo] oEshe WAl adiE wrgsta Qi
gk & 4 ok 2 Ao =AM s E2 ul= FEH(EPA)Y
A AARE WRare] @ X (action limit)?l 1 ug/Lell

SkeXE|HoMe SUEE HE HE

FARAY 27 sk A e ] R shel Rl Hist i
o] BAs AT Table 63} 7}, 7|t S RXIES, Klote R Hla X2l SOIM
9|

L 2w Szelglet

% 12F9] BAgAEA F shdoflA HEEE el =
I FYsE F79 Edo] AEFHSA, HE s d3vlo] B2l 29 £ 510 giRES A Afdle| s BE

Table 6, Concentration of antibiotics of sewage in STP (ug/L)
STZ LIN SMR ~ SMT T™MP SCP  SMX SDT' VIR ERY CRT OXY
A 94 ND 0.0485 ND ND 0.0655 ND ND ND ND 0.0064 ND ND
HE4 ND  0.0270 ND ND 0.0228 ND ND ND ND 0.0077 ND ND
B ¥4 ND 0.0503 ND ND 0.0152 ND ND ND ND 0.0123 ND ND
WE ND 0.0591 ND ND 0.0142 ND ND ND ND 0.0061 ND ND

Table 7. Concentration of antibiotics in the urban stream water, undergroundwater and hospital wastewater

(ug/L)
STZ LIN SMR SMI TMP SCP SMX SDI VIR ERY CRT OXY
o AEd ND ND ND ND ND ND ND ND ND ND ND ND
;} 2Hdd  ND ND ND ND ND ND ND ND ND ND ND ND
v -
;j sz] ND ND ND ND ND ND ND ND ND ND ND ND
T e
T ;ﬂg 4 ND 00228 ND ND 00074 ND ND ND ND 00035 ND ND
o T
N7}
A %HH ND O ND O ND O OND O ND O OND ND ND ND ND ND  ND
el [e]
= 3% ND ND ND ND ND ND ND ND ND ND ND ND
AR ND ND ND ND ND ND ND ND ND ND ND ND
H Q] | 4= ND ND ND ND ND ND ND ND ND 00033 ND ND




118 AL - Ag5 - A -

wo o

Loy
>
i

O % ox A
n
o
o
%0
Lo

X orr Lo

(
=

%
Y57, Adie] =45k 9l
gt Ay skeARE wWRSolAnt datato]Al
0228 ug/L, EWAZY 0,0074 ug/L, olg|Agnto]
0.0035 pg/Lo] A&EALL, YA 3FH-GA] 8520 A
nE HEEA oot

aejar 27 g W Aeka 374 2 QI A8t
67l 4ol gt A A3}, AP FAELS AEH
o}o}-r;]_ *]')\Eoﬂk]E A ZE]Z] oPo]—o:q g—H%q.] _/J\_xH
H Ho A ofg]ARuto]Xlo] 0.0033 ug/LoZ H
Z59t}t. 2+ A% S Table 7] LeERHIT)

FIF > O Hr oo

rlo o,
RO )

Sauol By W HE B2

1. 328§ 7t=elAd 34

G o EAISHE BABA] FEo)s F2y
S A 22O B, O 2EUE £

Y
i
Bt
o
et
[P
ol 4
1o
Am
2,
o
=)
fu
oo
o
>
N
c
3
T
o
fu

A% - o134 - §8F
o—of ZZwo st 7|Holc?, o2Ft mAY F
ZWe of-d ZZo| Hla] A7, =5 2 gujo] A
S I 29 4 o, FAA (FIE )] Ado|
ohe} cheret B F&o] Hsafdo] whet H 4
% nEgEEAY] 2o ZyA SgHT oH?,

B AL RAGA gERe) HY 22 58

Uet= 7IEZAIE A74sH7] sl 7IEAE 24
A4 IS FUision. durdow A
&8 7IEg8A= Oasis HLB, MCX, MAX, C18
(Octadecyl) 5| AH&El=dl, ol= WUETE o|&g
FEAY AFEE A= AR & Ao AREEX
A5 SPE #%7|ol+= PLRP-s, HySphere—C18 HD,
Resin Gp, Resin SH 59| 7}E2|A|7} siet Au]o] 24
stelo] ARGE XL 2 dAtoA= FE A E2H9
Ao AREEOIR Y, 7Y FRISISHA AME-E= C18 7F
Eg| x|t C18 7IE A KT} &7 ¢HAAlo] 451, &
|5 pHY W97t 9§ PLRP—s 7FEZA|Y =& &
<= vttt SRl oF 0.1 wg/LE £AHAE4E
%.47}1 % vuthd 58 7IEYAIE ARESte] A=t
2 o2 AAesto] #£A48kct PLRP—s9] 5
1%~ 116.6 %, C182] 4<% 0% ~ 102.5 %
a1, #O] C18 7].Eg]z]4 H;{;o}u]tﬁ] UL/\(E
10l 22/ L2 0% ~ 20.2 BREA F3| B 452
arct. tﬂrﬂH ?i EH*P FAEH ] FZof|= PLRP-s
E g o7 YEa, 1 FollA] vlaH
MMOP*Q H Egtato| 2714 &
*3 2o gkt }EFMH e 39 AtabA]of| A

of & Aot} 7+ JEE 7IEYX|Y =& &

o & o

Table 8. Recoveries(%) of antibiotics by using extraction cartridge

Antibiotics PLRP-s C18
Sulfathiazole 11.1 0.0
Sulfamerazine 36.2 0.0
Sulfamethazine 105.9 2.9
Sulfachloropyridazine 103.0 0.0
Sulfamethoxazole 98.7 0.0
Group | Sulfadimethoxine 96.3 20.2
Lincomycin 67.2 19.5
Trimethoprime 116.6 72.8
Virginiamycin 93.8 98.0
Erythromycin 89.7 102.5
Growp T Chlorotetracycline 38.9 18.0
Oxychlorocycline 17.5 10.9
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Fig. 4. Calibration curves of standard samples,
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Table 9. Absolute recoveries, LODs and MDLs of analysis for antibotics
Antibiotics MDLs(pg/ml)  LODs(pg/ml) (pcgo/ﬁt) Rec(f;:)ery R(izg)b)
Sulfathiazole 0.2 0.7 9.2 74.0 1.0
Sulfamerazine 0.5 1.5 4.9 27.4 11.5
Sulfamethazine 1.2 3.8 5.0 77.4 10.0
Sulfachloropyridazine 0.4 1.3 5.9 86.0 2.7
Sulfamethoxazole 0.4 1.4 5.3 45.4 5.8
Group I ) )
Sulfadimethoxine 0.5 1.5 8.0 117.0 1.6
Lincomycin 0.5 1.4 11.1 50.9 2.9
Trimethoprime 1.8 5.8 5.4 98.0 11.1
Virginiamycin 1.3 4.3 5.5 100.6 7.7
Erythromycin 1.0 3.2 6.5 98.6 5.0
Chlorotetracycline 5.2 16.4 100.0 35.6 4.6
Group I i
Oxychlorocycline 2.5 7.8 120.0 18.6 3.5
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