SRR #1119 (*125) 109~118, 2008
J. of the Korean Society for Environmental Analysis

A W BRAEHEN THRAIEY Djot

Contamination of Veterinary Antibiotics and Antimicrobials in
Han River Basin

Joo-Hyung Kim", Chan-K oo Park, Min-young Kim, and Seoung-gu Ahn!

Seoul Metropolitan Government Research Ingtitute of Public Health and Environment
Ischool of Environmental Engineering and Science, University of Seoul

This study was conducted to investigate the pharmaceutical pollution in the upper Han River which is used
as drinking water for the Metropolitan area and on evaluate the its influences to the human health and eco-
system. The target materials were 13 species of animal antibictics as tetracycline, sulfonamide, quinolone anti-
biotics and etc. that are considerable in their productivity, drainage to the environment and simplicity for
analysis. And the purposed regions were the upper Han River area, and the South and North Han river area.
And Samples were collected and analyzed at low, medium and high-water seasons. As results, florfenicol
(100%), sulfadimethoxine (88%) and enrofloxacin were the most abundant at medium-water season. At the
high-water season, some sulfuric antibiotics and florfenicol were existed as low concentrations but there were
no increases in concentration or frequency. Concentration variance during a year is not obvious because sea-
sona Han river's flow change is not big, though some sulfuric antibiotics increased during dry period. The
most abundant material was tetracycline (2,096 ng/L), and the next was oxytetracyclin (1,236 ng/L), and chlo-
rtetracyclin (793 ng/L) was the third. And for sulfuric antibiotics, concentration of sulfamethoxazole was the
highest as 67 ng/L (avg.), and trimethoprim was aso high as 202.3 ng/L (avg).

Key words : Pharmaceuticaly active compounds; Municipal sewage; Persistent drug residues; Han River

basin; Solid-phase extraction
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Table 1. Candidate Materials

. Total Removal
Production . .
Compounds (kg/year) excretion in STP
(%)* (%)

Virginiamycin 38,180 100 -
Oxytetracyclin 141,977 80 8.78
Enrofloxacin 16,575 10 0.09
Carbadox 43,698 90 21.97
Bacitracin zinc 10,885 100 -
Colistin sulfate 5,595 100 -
Ampicillin 10,711 60 22.23
Amoxycillin 7,657 90 22.04
Bambermycin 2,907 100 21.97
Chlortetracyclin 260,188 70 1.85
Ciprofloxacin 2,889 83.7 83
Avilamycin 3,644 90 -
Trimethoprim 1,631 60 8.82
Neomycin 32,231 97 92.06
Sulfamethoxazole 5,678 15 22.05
Sulfathiazole 2,212 100 21.98
Florfenicol 5,154 64 -
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2003 PRIORITY LIST OF HAZARDOUS SUBSTANCES
2003 | ine U TOTAL | 2001 A
RANK SUBSTANCE NAME POINTS | RANK CAS #
1 ARSENIC 1663.11 1 007440-38-2
2 LEAD 1531.60 2 007439-92-1
3 MERCURY 1506.66 3 007439-97-6
4 VINYL CHLORIDE 1385.32 4 000075-01-4
5 POLYCHLORINATED BIPHENYLS 1372.92 5 001336-36-3
6 BENZENE 1356.30 6 000071-43-2
7 CADMIUM 1319.32 7 007440-43-9
8 POLYCYCLIC AROMATIC HYDROCARBONS 1317.54 9 130498-29-2
9 BENZO(A)PYRENE 1308.71 8 000050-32-8
10 BENZO(B)FLUORANTHENE 1265.26 10 000205-99-2
11 CHLOROFORM 1228.08 11 000067-66-3
12 DDT. P.P'- 1191.57 12 000050-29-3
13 AROCLOR 1254 1186.98 13 011097-69-1

Total Score = NPL freq + Toxicity + Potential Human Exposure
(1800 max) (600 pts) (600 pts) (300 conc)+(300 exp) pts

19 [PHOSPHORUS. WHITE 114487 | 24 | 007723-14-0

20 |CHLORDANE 1130.53 | 19 | 000057-74-9

21 |DDE.P.P- 113020 | 21 | 000072-55-9
EPA 2003

Fig. 1. Schematic diagram of the prioritization for the selection of the study antibiotics.

Table 2. Pharmaceutical compound selected for targeted monitoring

- = -
Therapeutic Pharmaceutics Application Cas No. Log Molgcular Chemical
class Kow weight formula
Oxytetracyclin antibiotics 79-57-2 -2.87 496.9 CyHyN,04-HCI
Tetracycline  Chlortetracyclin-HCl antibiotics 64-72-2 -3.60 515.3 Cy,H,3CIN,Og-HCI
Tetracycline antibiotics 60-54-8 -1.33 444.44 CyyHy N, O6S
Sulfathiazole antibacterial 72-14-0 0.72 255.32 CyHgN;0,S,
Sulfamethoxazole antibacterial 723-46-6 0.48 253.28 C1oH1N3055
. Sulfadimethoxine antibacterial 122-11-2 1.17 310.3 C HN,OS
Sulfonamide . . .
Sulfamethazine antibacterial 57-68-1 0.76 278.33 CoH14N,0,S
Sulfachloropyridazine antibacterial 80-32-0 0.31 284.7 C,0HgCIN,O.S
Trimethoprim antibacterial 738-70-5 0.73 290 C1,HgN,O4
Quinolone  Enrofloxacin antibacterial 93106-60-6 0.70 359.4 C1gHyFN304
Virginiamycin antibiotics 11006-76-1 - 525 CygH3sN50,
Miscellaneous Carbadox antibacterial 6804-07-5 -1.37 255.32 CH(N,O,
Florfenicol antibiotics 73231-34-2 - 358.21 C,H1,CLENO,S

* estimated Kowwin ver. 1.67
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Table 3. Operating conditions for LC/MS in the determination of Pharmaceuticals

Activity Condition
* Type SIR
e Jon mode ES+
e Source Temperature 150 (°C)
* Desolvation Temperature 400 (°C)
MS * Cone Gas Flow 60 (L/Hr)
* Desolvation Gas Flow 400 (L/Hr)
* LM Resolution 174
« HM Resolution 155
» Multiplier 650
* Run Time 35 min
¢ Column Metasil Basic Column (3 um, 150x2.0 mm)
» Mobile Phase A: 10 mM ammonium formate in 90/10 water/methanol with 0.3%
formic acid
B: 10 mM ammonium formate with 0.5% formic acid in MeOH
LC o Gradient B=9% for the first Smin increased to 42% by 15 min, and increased
to 100% by 20 min
* Flow 0.250 mL/min
e Stop Time 40 min
¢ Column Temperature 30 (mL)
e Sample Temperature 20 (mL)
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Fig. 3. Calibration curve of Sulfamethoxazole.
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Table 4. Precursor ions and product ions, cone voltage for the determination of pharmaceuticals

. Precursor ion Product ion Cone voltage MDL
Pharmaceutical compounds (/2) (/2) W) IDL (opt)
Virginiamycin 526.3 508.3, 355 27 0.01ng 10
Carbadox 263 231, 199 25 0.01lng 10
Enrofloxacin 360 342, 316 35 0.01ng 10
Florfenicon 375 340 20 0.02ng 20
Trimethoprim 291 261, 230 40 0.01ng 10
Sulfathiazole 255.97 155.92 27 0.01lng 10
Sulfamethoxazole 254 156 33 0.01ng 10
Sulfadimethoxine 311 156 35 0.01lng 10
Sulfamethazine 279 186, 156 35 0.01ng 10
Sulfachloropyridazine 285 156 25 0.01ng 10
Oxytetracycline 461 443, 426 25 0.02ng 20
Chlortetracycline 479 481, 462 28 0.02ng 20
Tetracycline 445 427, 410 25 0.02ng 20

MDL : Method detection limit, IDL :

Instrumental detection limit
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Fig. 4. Flow sheet of Pharmaceuticals pretreatment.
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Fig. 5. Frequency of detection pharmaceuticals in Han-river basin by sampling season.

TC : Tetracycline

SMZ : Sulfamethazine
. Sulfachloropyridazine SMX : Sulfamethoxazole

STZ : Sulfathiazole
EFX : Enrofloxacin

ChTC : Chlortetracyclin
CBD : Carbadox
FFC : Florfenicol
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SDM : Sulfadimethoxine
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Fig. 6. Detection patterns of Enrofloxacin of Han River in ordinary season.
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Table 6. Levels of the pharmaceuticals in Han River Korea by sampling season

Upper Han River

Lower Han River

Chemicals Detec- Detections  mean 95% Detec- Detections  mean 95%

tions ratio(%) (ng/L) UCL* tions ratio(%) (ng/L) UCL

Sulfamethoxazole 7(18) 39 31.3 41.6 15(21) 71 50.8 73.6
Sulfathiazole 1(18) 6 14.8 18.5 021) 0 - -

Sulfamethazine 2(18) 11 15.0 20.1 1(21) 5 10.1 103

Sulfadimethoxine 4(18) 22 14.2 20.9 6(21) 29 10.0 104
Sulfachloropyridazine — 1(18) 6 19.2 26.2 021) 0 - -

Trimethoprim 11(28) 61 50.5 89.7 16(29) 55 28.9 38.7
Oxytetracyclin 2(15) 13 99.9 243.6 0(12) 0 - -
Tetracycline 3(15) 20 190.8 420.2 0(12) 0 - -
Chlortetracycline 2(15) 13 79.5 163.3 0(12) 0 - -

Enrofloxacin 7(15) 47 19.7 30.4 4(12) 33 11.7 13.7

Florfenicon 6(15) 40 58.0 96.2 4(12) 33 33.3 51.9
Carbadox 1(15) 7 5.3 - 0(12) 0 - -
Virginiamycin 1(15) 7 21.8 42.6 0(12) 0 - -

95% UCL" : Upper Confidence Level (95%

MIAEE 7R HFeo AekA])
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Table 7. Levels of the pharmaceuticals in Local stream of Han River Korea by sampling season
South Han River North Han River Kyongahn River
Chemicals Detec- Detections mean 95% Detec- Detections mean 95%  Detec- Detections mean  95%
tions ratio(%) (mgL) UCL tions ratio%) (ngL) UCL tions ratio (%) (ngL) UCL
Sulfamethoxazole 4(17) 24 13.2 166 0 (15) 0 ND ND 92 (138) 67 35.7 41.3
Sulfathiazole 017) 0 ND ND 0 (5) 0 ND ND 10 (52) 19 23.3 285
Sulfamethazine 0a7) 0 ND ND 0 (15 0 ND ND 24 (52) 46 332 434
Sulfadimethoxine 017) 0 ND ND 3 (15) 20 13.3 192 1 (52) 2 10.9 12.3
Sulfachloropyridazine 2(17) 12 13.1 179 0 (15) 0 ND ND 0 (52) 0 ND ND
Trimethoprim 8(28) 29 13.6 218 5 (25) 20 9.6 131 63 (164) 38 9.1 105
Oxytetracyclin 07 0 ND ND 0 (@15 0 ND ND 2 (40 5 106 114
Tetracycline 2(17) 12 33.3 61.1 0 (15) 0 ND ND 4 (40) 10 11.7 13.2
Chlortetracycline 1(17) 6 10.2 10.5 0 (15) 0 ND ND 8 (40) 20 30.1 534
Enrofloxacin 2(17) 12 11.2 126 6 (15) 40 19.7 341 38 (126) 30 193 23.9
Florfenicon 117) 6 104 111 0 (15 0 ND ND 15 (126) 12 194 28.1
Carbadox 017) 0 ND ND 0 (15) 0 ND ND 1 (40) 3 492 1152
Virginiamycin 07 0 ND ND 0 (@15 0 ND ND 0 (52 0 ND ND

Table 8. Levels of the pharmaceuticals in influent and effluent samples of the four sewage treatment plants in Han River

Korea by sampling season

Influent Effluent

Chemicals Detec-  Detections  mean 95% Detec- Detections mean 95%

tions ratio(%) (ng/L) UCL tions ratio(%) (ng/L) UCL

Sulfamethoxazole 30 (30) 10 457.1 558.4 31 (32) 97 266.0 351.6
Sulfathiazole 4 (30) 13 814 132.8 2 (32) 6 31.2 43.8
Sulfamethazine 18 (30) 60 1568.1 2207.2 12 (32) 38 109.6 192.9
Sulfadimethoxine 6 (30) 20 27.0 414 5 (32) 16 12.2 15.3
Sulfachloropyridazine 17 (30) 57 330.9 441.0 8 (32) 25 33.2 43.9
Trimethoprim 45 (46) 98 151.8 211.0 40 (46) 87 53.8 67.1
Oxytetracyclin 1(18) 6 253 52.0 0 (20) 0 ND ND
Tetracycline 1 (18) 6 23.0 45.6 0 (20) 0 ND ND
Chlortetracycline 2 (18) 11 556.5 1199.0 0 (20) 0 ND ND
Enrofloxacin 1 (18) 6 20.6 39.1 1 (20) 5 16.2 26.8
Florfenicon 9 (18) 50 284.6 496.5 2 (20) 10 16.8 26.5
Carbadox 0 (18) 0 ND ND 0 (20) 0 ND ND
Virginiamycin 0 (18) 0 ND ND 0 (20) 0 ND ND
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