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Table 1.1 Major veterinary pharmaceutical compounds by production amounts in Korea (2004)

Consumed amount
Components (Effective Reference
component, kg)
Chlortetracyclin 260,187.6 Antibiotics for therapeutic agents and livestock feed additives as
Oxytetracyclin 141.977.0 gntibiotics for therapeutic and livestock feed additives ] o
xpected Environment Concentration is higher than ecotoxic effective concentration in UK (Webb et al., 2004)

Antimicrobial agent in livestock feed and for therapeutic agents

Carbadox 43,697.7 Prohibited for use as livestock feed additives in Europe(1999) and Canada(2001) for fear of genotoxic
carcinogenesis

Virginiamycin 38,180.0 Antibiotics for livestock feed additives ; Prohibited from use of livestock feed additives in Europe(1999)

Neomycin 32,231.1 Antibiotics for livestock feed additives

Enrofloxacin 16,574.7 Therapeutic antimicrobial agent

Bacitracin zinc 10,885.0 Antibiotics for livestock feed additives ; Prohibited from use of livestock feed additives in Europe(1999)

Ampicillin 10,711.0 Therapeutic antibiotics

Amoxicillin 7,656.9 Therapeutic antibiotics

Sulfamethoxazole 5,678.2

Colistin sulfate 5,595.3

Florfenicol 5,154.1 Therapeutic antibiotics

BMD 4,363.8 Prohibited from use of livestock feed additives in Europe (1991)

Avilamycin 3,644.0

Bambermycin 2,906.8

Ciprofloxacin 2,889.2 Therapeutic antimicrobial agents; Expected Environment Concentration is higher than ecotoxic effective
concentration in UK (Boxall et. al., 2003)

Sulfathiazole 2,212.2

Trimethoprim 1,630.6




Table 1.2 Pharmaceutical compound selected for targeted monitoring

Therapeutic Pharmaceutics Application Cas No. *Log Kow Mole.c utar Chemical
class weight formula
Oxytetracyclin antibiotics 79-57-2 -2.87 496.9 C22H24N>,09-HCI
Tetracycline Chlortetracyclin-HCI antibiotics 64-72-2 -3.60 5153 C,H23CIN,Og-HC1
Tetracycline antibiotics 60-54-8 -1.33 444.44 C2oH24N>05S
Sulfathiazole antibacterial 72-14-0 0.72 255.32 CoHoN30,S,
Sulfamethoxazole antibacterial 723-46-6 0.48 253.28 CioH11N303S
Sulfonamide Sulfadimethoxine antibacterial 122-11-2 1.17 310.3 C11H14aN4O4S
Sulfamethazine antibacterial 57-68-1 0.76 278.33 Ci2H1sN4O,S
Sulfachloropyridazine antibacterial 80-32-0 0.31 284.7 CioHoCIN4OgS
Trimethoprim antibacterial 738-70-5 0.73 290 Ci4H1sN4O3
Quinolone Enrofloxacin antibacterial 93106-60-6 0.70 359.4 Ci9H22FN303
Virginiamycin antibiotics 11006-76-1 - 525 CysH35N504
Carbadox antibacterial 6804-07-5 -1.37 255.32 C11H10N4O4
Miscellaneous ] o
Florfenicol antibiotics 73231-34-2 - 358.21 Ci2H14sCLFNO4S
Caffeine - 58-08-2 - 194.2 CsHioN4O;
Analgesics Acetaminophen - 103-90-2 0.46 151.2 CsHsNO,
Antiepileptics Carbamazepine - 298-46-4 2.45 236.3 Ci5sH12N,O
Antacid Cimetidine - 51481-61-9 0.40 252.3 CioH16N6S
Ca"™ Antagonist Cis-Diltiazem hydro chloride - 42399-41-7 2.79 414.5 CnH26N>04S
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Figure 1.1 Molecular structure of tetracyclines and sulfonamides
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Figure 1.2 Molecular structure of pharmaceuticals in this study
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SAF] oJoFEA tigt #HALS F UMAE YE F el A # gE &
FA71 tsiA wA= 9, As, DAl #g A (pharmacology)et 7 F o]
E9] target ¥ non-target organisms®l| "] X]= dgFo] T3+ A+ (eco-pharmacology)©]

T Table 2.19] °]& Agfsto] YERAAT

2

W oofRA, %A, AWA, A=A T ST ¢ Al Fz I
3}

Table 2.1 Pharmacology and eco-pharmacology

Division Pharmacology .
Eco-pharmacology(environment)

Reactions (humans)

One or only a few
Number of compounds An unknown cocktail of different

compounds at the
administered . compounds

same time
Desirable physicochemical

Stable Readily (bio)degradable
properties

o Targeted, on demand, | Diffuse i.e. emissions from medical

Administration

controlled care units and the community

Wanted effects in target organism
Active, wanted
Wanted side effects are often most important "side
effects, side effects
effects" in the environment

Metabolism/biotransformatio | Various type organisms of different
One type of organism )
n/affected organisms tropic levels

e BUIN AFHE n YWAARIAE ALgH, 2EAE ofof

Rk opyz AF B HZA AAelM AHEHY, g FdERE Tt 87

of
=z

r
A

o
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92 F dt. HEYoE Hehde A AAY Ao g Ho|x gon ok

20 2wlgl AL Yabuit w$ e

agE MEEE B¢E Aok Fokd ofely o

tl, o]&0] AAHA Fevhd TR F A FAEHO F&F =2 A
oty Aol AZAl= AR Foll HEA el =9dtar B H(liquid
manure)Z 3= o] Eko] T=&sktH(Buerge 1J et. al., 2003 ; Moller P et al., 2000).

7HolM = fFE7Ige] AwAY Fe YtEdEo] steTE HHAE B9t
TE AUtk EU-rAIl &8t ARESEA] 48 GEFS stT 2 HEe Aol 385
o] ATHEG Richtlinie,1993). R io] Wam oA Fujx= F o FFo 13, &
2Egole] ALE  25%7F 7HRCAA 2@y seETE HEAE Ao
TH(Greiner P et. al. 2002 ; Sattelberger, 1999). ©]&<2 hALE A &S Ae)
A Teof HEA 2E 77 AR ud HFHoE AEF U2 A
ot}

FEAA AE&EHe AS oA 7tFolA AMEEE FdAVE 7P Bol AREH
= 9Folt. TEAE Ev ARAZIAAZ AMLEHE SFFEFE UaE FibE
oA ArgE)I o5 UARFES EH|e} A HjEEth(Boxall ABA et. al,
2003a). FHF-E°] o] HHIE E¢ XA HWAE IFIFES EFo FHE

=
doh SA A S0l
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Figure 2.1 Routes to the environment of human and veterinary medicine
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ofokFol digh Aol A EolXA B AL 28 4 g Ao
o 1970t tREe ARe FERS FEIFEII} 44 FuE Aoy
(Tabak HH et. al., 1970; Norpoth K et. al., 1973). 19803 t) ol A 24 W
Faoll oJekEo] EA gt AT Ay HEH Y oh(Richardson ML. et. al., 1985 ;
Aheme GW et. al, 1990). 1990 dt] Fwtolej g oofade] o] tigh Hile] 7
271 A Ao o] Al7]d] endocrine disrupting substances(EDS), A, lipid
lowering agent ¢} 22 Hl T2 EA B Uit == AZHAY( Stan H-J et.
, 1992). 71 o]g) &2 EDSol| &3 A= vz AFEAo L o] EHo #3h
T A= T Bo] o]FoHon olf AFEXE FEHo] FH,
=, Auche] A A ojme FFS = A, o5y As, HE ol B
RAolth, AAE olF F Eobo B #Ao] AAHOE nxEHYOH AF7HA 9
ATe FE Z FFAGAA olE SFESY Aol B3 Zoln g
B, s, strAYd BRS, AREF, AT, &5, WEAY AESFAA
=5 Ak (Holm JV et. al, 1995). &7 FolA oIEHAES A
= olgg, m=, Ay, 2 g2 29 YA g E ). )

Rt 80F 9] QEZEC] AFFU=E Havl Ao QokEE FolA

b

Ibuprofen, carbamzepine, fibrate's 3 32
Ho] A= A tH(Ternes TA et. al., 1998).
T A SEE ol FAHAET o= A

Aol S7keE dddel 7] ot A B sk AU WRFIN AE

= W= ng/ 4, ug/ ¢ ©]tK(Scher F et. al, 2001). EH &L EGA FEXFE,

o
o
o
i)
5
o
M
l“j

o
s
A
kD

A9, FAGANA ASHE GJob2AL BAR A%, D B4 TAo] s4A

had

=
gEFAolA Ao AAHA FaL FAHNA AESHH Ele HA F= o2 YE
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o]Fo1 A ¢ tHKiimmerer K, 2001a ; Kiimmerer K et. al., 2003 ; Kiimmerer K, 2001b
; Boxall ABA et. al, 2003a). A& T2 S7FoA oo AAHE AL F
Z(tetracyclines, quionlones), A E8ZEs]o|  FE ) (quionlones), 7FFEI(B
-lactams) = F Q3 HAFo] H g ATk YGEHY FFHE A H ol Ax
oF target YA S/l wet Eepith FES 3 B4 FolA ols 49 &
A AETH o] & & (bioavailability) 9t ShFA ]l A Y] o]E9] AARE FIF

o mAY.

14 8739 9% FFA

oorEe] e e W EAE0] o5 2o 876 pAE Jgo] oA

- Aol e I
- =golol e dF
- (non) target higher organismsol ot 33

%24

1999 ; Backhaus T et. al.,, 1999 ; Halling-S@Orensen B et. al., 2000a ; Halling-Serensen
B, 2000b ; IHolten-Liitzhoft HC et. al.,, 1999 ; Kiimmerer K et. al., 1999 ; Kiimmerer
K et. al., 2000).
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2@ 420 PAE dFED R L vEA O d7E oHE 1FY 4%
o|t}.
1.42 ZA5FA

FABAE SO E= OECD Aol mE AdA2Feo] BeA A79 548 <
Ag A5 Aol A9 dFs PIAA g= o= LA Urk(Halling-Sorensen B,
2000b ; Kiimmerer K et. al., 2004). L2} sub-inhibitory F= o= M3E 7|50l <3
fr722] gene expressions WSA|7|™ FAA A FHAE olF
A171E AL Z YETH Ohlsen K et. al., 1998 ; Salyers AA et. al., 1995). ST A|
© AME & ALY 712ES UEdo. 28422 Addd vXe S T
Axo wet 24 9FS B Aoz YeElYth In-vitro 232 79 gentamicin

0 ug/#Q W staphylococci®] A &AL o]FEo] F7IstIA T A&
S AR = LU tHOhlsen K et. al, 2004). A2 T2 7o AdS I
SAIZE W oE Afees &40 St s #FEE A §HA

=
W 3PN GYA FF FAE ofF BHAAAL @

oft
o
N
=l

>

2E YgUEAS AFAFCEA dojue A AP FAETE
Ao HAn FHA Ft (70d < WA 28]HY F&FE ha)) Hdl AHFS
SHH X JZ Ao A FH 3 ool 4 B v X tH(Christensen FM, 1998 ; Kiimmerer K et.
al, 1998). 222 g 273 Fo ESAstes ded=E A& AAAA P& F+ 3

EA8te|u efglste A R 7| Rte S A Rokel Bl Aok 54
SHA Fag A BF T SAS= FUlAol v A ot 545 9 A
AFNA A FE ZA7ZE FE&Al vA IS FFe= H BiAe

3}
b4 olzigel itk wWgel AAZA a4 Bhe EFEQC] ohie @ 74X



4o thefArt AFEHIJT oW IS @A, Woldd, 4454 (CMR
compounds)S 7FA3L led], olE EZ9 AHLENA Bl #S HAo] it
AA=RE 7HAAL e BEES AlQdstal ofge} B2 oFEAE0] FRS e

F A

2. A L A5A - Al 54 2 ARG AT A, ATy EEeESS Al
7Fsdol A+
3. chlorophenols, disinfectant 2 XA 2 A}-&-%= sodium hypochlorite,
dichloroisocyanuric acid®} 22 ClS v]l&3t= &3Z. 7] iodinated X-ray contrast
media®} &2 ATAILGE - o5 FFHA0] v F71E=24 JF=ES T3
4. TF5, F22 F3l= disinfectants 2 HEA. 7FEE H(G)S gF3t=
e TS AZEEAAA. - AES S ARG 754

contrast media, %Y

o ¥t}

B2 o] ARREHE oA TRY gU=HAFEA, IFA 5= SEAATH
oA F L3It nitroglycerin, iso-sorbit dinitrate®} 2 nitro compounds 2
caleium blockers = $o] AHEEH T AT g e dEe] A ATHo)
RA Foh 54 HHET oz} FEIMAE A ZQ SHoA e Fas
HrtgEoltt, AR Ad SdES FUiztd 2A4 w=7F F7HE 7hsAe] dow
ol Qe FFE TFeta =EE A7IZre] € 4 JTH( Kimmerer K et. al,
1997). el EE Aol bulk SEIEAR G Wbk ARG Bl
97) WEel Ao AN okF BohE 4 ginh A4 e ARg
7 S18M AGAZEL SAthA SRS ofgE Brsha ehth.

gAY A, AFAAAELS steEAgFolv EGd e @A A Hotd

2 4 gom, ol WM FAA AFY WAA AFel S Aol

1.4
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Mol AEHE A5 gk

gerzdel Slsld BAE 98 oY HHSe] AW olAAA o5 HPSo]
JepEAe el HAE AAAS) oW BALAES Aokt A B
o molAd HaAE ok BHaA Wtk g4 BE AN ATYRS
RS F1ed veld A¥HNT Deug e

g_lzi
& o AEHAT HAY WG obx AAHA gtk 2005d0] YFEHAAE

R

s

EUA A AMgbE T WHOE S AAFZAZA FAAE AMSSHA] & AS AL
3Fal At (Ferber D, 2003).

1.6 AF H7F A 31ZALE

Aol owe Fez AT AAA 2AHstaL, o5 s ofu

ik

g A e
23 oe, 9FYE T AYL LAY AAE HNT =T B F AT

AZsta 87 AN WS T Wl o) 54 melstelokn Fok
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1.6.1 385324

IAVGH, F2 9o FHIE EASte JIFEEEL polymorphs FAJst= A3
o] At polymorphs= LA JEjolA 3gEo] M= FHE ZFH] e AL
et} v = gstE Aol ARLS AW polymorphe A E TE 54 71 & 9
o olgS wHstd AT & Ae 7IWel B AV o™ Xeray powder
diffraction(XRD)E § 4 At} 3 1A= 803} E(solvates) L F3}=2(hydrates)
3/4% 4 St Polymorphs=(pseudopolymorphs X3 A &&=, &3l%, 3l x,
stet g =84 A, 54, A, A4, 25, FAEE Tol AE tdE2v. &
g A3t AR el et Aol
gkol Atk o]AHH AE o9& £, 384
tol o] 7kA] ofHgo] Bk 3 E B3 uFEE AFEAARE oof=4d 4
A ABABAE FFeEL ot LAE WA 7 AT AR W US4
AP S slof gt <23 o FH =& &£

k1] = 2
GaEe] QlojA 2 ZolE HRITh 1y EE IREHQ] §IEE 54
kS

_]lm f_{ i
o
o
rO
o
5]
oflt
Bu)
fu
)
i
QL
fr
oM,

R

st WHe o) okE A A (active pharmaceutical ingredient, APIs)oll 283} 7]
AgstA S F Ak olHd AFoA U A= sAstr] ojge Y oy
W3lA] ¢t} Table 2.2 ripampicin®] ©hFst gshd Fx L
polymorph FEjol uwe} 3= Zo|Ed A o E £ =3}t Rifampicing
274 el metk A9 guf o] oy ztolrt drt AR E

of olst 2ol AFE SHEE AESW o FHEst 59 F Frho §3
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N
e
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5 geh=d o5 A= 384, E8tty, o, 5454 AolE
THEE A7 AY o] FoAAA FUuth FF A HIHE A= A
2 7hsAdol =& el oW QA Bl Aol Fastth HAE At
ks biotransformation)®] 1} A & & 5l (biodegradation) ol 740 F U=
= 3otss A4 dHole 2o stexad Aol ™t A it ot
As B B HAPS SelA WA HHS sFES AdAsoF k=t STPs(eh+A
el FrdEe FETES Hele A= F8sith oEd tiAAAHS A
WellA gtetzxloz wstE s #ZS Dot dukFo=w &4 ooEd o

=
AtE ol 2712 REG S0 AAWE =9 &7t & He IFEE I o]
3

f
ox
i
E
ot

oX

flo

=]
o

o
£

oFE2 ot Z1del oA wiAbET ks, &9, TheEsiet 2e ves
Phase I reaction®|2}3l 3} Conjugations<> Phase II reaction®]2}il St} o] &2
OH, COOH, NH,, SH¢} 22 #8715 7HA3 = g0l Al el e st
=3 ZAgtsted &aid 54 HAMAE wiE¥thla Du BN et. al, 1979). A&7
NZG WAAE ARAOE  glucosert BORE ool WAIGAA S L

=
Ql HZF 9 3l7} glucuronide formation©]™ FHo 2 7 e A E A

_4

o] ¥h-&2 2Fo] condensation¥] A1} D-glucuronic acid®} biotransformationdl= 7 ©
o oY F79 oYEHE0] glucuronideES FA s Aol AdedH Lurzo=w
steroid®} & EZ W wk ol g} alcohols, phenols, carboxylic acids, amines, thiols &
= 7)o i3t} Glucuronide”} A E™ oFo] A ESHH <ofg|shz] AL A

HthBallie TA et. al., 2002). Conjugate= sulfate®} 7+o] FAF 7= St}
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Table 2.2 Solubility of rifampicin on crystal forms in water at 30 °C
(Henwood et. al. 2001)

Crystal form Solubility(mg mé™)
Amorph II 0.195
Acetone solvate 0.732
Monohydrate 0.874
Amorph [ 0.897
Dihydrate 0.982
Form II 1.472
2-Pyrrolidone solvate 1.576

E 3= e 22 JHE HIEH] wEE ¢ A

1. & W3}

2. glucuronide ¥+ sulfate conjugate
3. 3ol tiAHA)

4. Ay At Eo] £33t

3}
o7 dojdrt. & 5o HAHeE ZFdd conjugationo] HojubA =A<l
glucuronide =+ sulfate@ &= A o7 A& 7HA UAY &Aool of

3|
o SlAXAY A LR H o Z Hs=3 YA Z A2 = At Glucuronide

)



© QA oA tirtE o] viEEE E4 Fo 7Y 2hdetar dRkEQl ookEA
FFEZ dHA Jed ol5o] =AEE A Aol 2IFEZ deconjugated B 5
ATHE AFEo] L& FHth(Mohle E et. al, 2001 ; Ternes T et. al., 1999).
Glucuronidase &4t WA Ao At ol AL FAFA o A3
3] wo] EAetdA] EHA S PARE Ausle NEEHEZA AFRE &t W
¥H A7 Ao o8 oestrogenic compoundsOl A ©] 23} deconjugation©] ot
tH(Kozak RG et. al, 2001). Z#HEE glcuronides’} 7Hd B& thAFE A< 3¢
2 EFEY 84 T AT @ SFE Ao ok AR B3 F AL
As9 Afdde AFALS Ae W 23 AA 54 ot @it = 3
teo] EaflEAY A=wde] d
e S8 A57F e BFdde FXRAHOE H3 F uAkAlY 84 T E2

/dolar F8 A=A ol

o
Jo
by
>
A
fu
m1o{_:
4
%0
2 o
i
i)
W
F
e
ot
i
o,
ne
M
o

A6 wet vlszg s EE Be AFo] Atk o & ¢ S HdEZ] PAHs
U to]SAl3 2o EAE] A8A 9 =AY F/H X wE ERE7] @&
Ao g HAT o E Eo] “r}fo]LA”e dioxin®] 7B FZAL 7|Eog XA T
o ztold wel tFstA w2y AAR JEALS FARE SHEE
THE dxste o] ofUth oL EAH, EATE, 7%, ¥ IHE FH,

OL

polymorph Z o] B ASA M2 2wl v theksic,
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1.6.4 °o]&3}

g}stx o2 EBsla & 3erEo]7] wiEo] oEAe EAAA Y heteroatom©]
o™ multifuctional 745 7FX 3 At} ol EAHOZ QA FA o223 B
Z7F "} olg s 542 &9 pHYl B2 YIS weth Fa FA0H AR
A 7IRo R st v F8E A4 2 REE ol %= A T EHl
2 3lsly HYPS Aty FEIA Frh(Karcher W et. al, 1990 ; Lyman WJ
et. al, 1990). 53] o]L3® = Q& siteZl A M7 EAsteE EAS 71 HES
1 B ] octanol/water distribution coefficient(Dow)2} octanol/water partition
coefficient(Kow)E 28 | w9 AlF3lok st HE3 logDows AHESHA =W A
EA, EY, sediment®} 2 nA 2 Euj&S AN W 2R/RE TAAZ F U

o S 71 2d V) Fe s 24 dg=d AEe] LAGHCAAN frledE 5

=
2 v g BRI o], o] paring B FHIFE 7|Fez FP=H £ Jue
AS FAE7] wEolgt. o3 7|FAEL 7tk HZA Eujrdz s A EA
F=1)
1.6.5 38 &
32] “F<=(Dissociation constant)y= &7 pHollA o223 ( =& el B A

Folt. shetdow test 2o e

A
E+
©
R=)
ot
%
i

o] 127} sl =™ old pKu(Ka %2l vholU < log &} 71 acid
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dissociation constant® & Xt} H|S=3H A2 A] base dissociation constant”} 1< H]
o] AL A719] conjugate acid®] 3|2]F4E L3} Base dissociation constantQl pKy
£ lpKeolth o3& th2A 2w whef pK.s} pH7F 2ow 8 Yo ME o]
23t T o] HA G2 FEFo] 50 : S0tHE EA = Blolth ok g

ojekz el Sao] ojsh i o5& shjolde olest B 4 e et

Joeruz 3 gzl e o e FIFFTE e Aol A5 Eelst
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Octanol/Water distribution coefficient(Do )= 83 %=, EF/sediment S <, FA
AEY AEFEZATE FHI}AY & IdErgHES FHse ddx AFEEY
&3

Z ¢t} Octanol/Water distribution coefficient®] FoJ= ojH 3}sE o] &
B A oA n-octanol((EE lipid)o] A &A1 W FHY A Alolo] HEo] o]F
AL uw o] 3FgEAo] Z+ Ao =A5E= HxH|o|th n-octanol water 8] A S

Aole f71249 et 2e 4TS ety B 5 ok
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2. A & sediment®} 722 YA FFsle AT
3. biomass U sludge®ll &2sl= 74

4. THFR 87 BRSO REFE 3T

Dow = (concentration in octanol)/(concentration in water)

LogD ow— log (D ow)

n-octanol water distribution coefficient= <3 7L o o] & H}

o) FrE

hul
o

= T 2 S AR BE 5T 7teAS dSSAY EY,
sediment, biomass, sludge®l] &2sl= AEE FAHSI=H AFHEE & Atk

Aot 22 AAHES AEHAA =49 olss AAste Ho F83 A=
oty 1Y wiH g &

stk olwj7bA] 8] pH FFANAE HFE ol2o] He oFEAH hAEZ

de A8 v Aoz AZAHA &% WEolth

5

@ ol HgbsAel A L7 AT Bl HE HPE B
SolAe 882 4L A RH o olsshe o] Wasth olesst B & At
SPE F9E olHd VA T O Bk shusE ol esst 94 g F
o HREe BolA octanol® | FF ol o] LY FE& B FYY IFY

917) WFolth. DHBE olesE AW §99 pHrl S FaE 247

LN

o 87 9814 F7HE AshAE pH 7] LukHoE AgH
Log Do @°] 18T} Athz e o sst8del F7182 FHsAL 48

Aoz $%9 7FsAol el AAE Lohe Rolth gl 33 AV o AW

B E f71Ed SR T AEsHH T Y3t =t AL 9w sit. o]
23" & = F3FES 7-$ n-octanol water distribution coefficient(Dow)S 57 3l
A o] 238} E A R F(species)THe] FEE I stoof St
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n-octanol water partition coefficient= o}z o} 2t}
K 5y=D ,,(1+10(abs(pH—pK ,))

LogK ,,,= log10(K ,.,)

LogKo & EE logPZ A ®o] JehfEd), oleslyt 82 ¢& stedo] 4%
logP=logDow 0] TF. 23y oeFEAy o] Zy, 0|37} d § e FFITE A
Brolle 918k ol H&sto] ARRSHA =W octanol 2 9] &3 =
HE 7HA 0

logP =+ logKew S AHE-SI=
2 ol dAE Fldt= Aol BRFT logkew s A4S Hol dE BS computer
program ©] 2315 %] ke 38tFukS AAalEA Ho vk a¥EE A8E Hr}

gt o log Dow® 73 3&kojof 3o}

de) Jug Q4 ol 2 gol F3E @

Hm

1.6.7 €8 A F/2F (Koiomasss Kp)

B2 fristetEdo] HeAe gl A E7] wWFol biosolidel &F2E<e A
& E grlsledol & = Q3 factor®| T}, Biosolid/water distribution coefficient, Kpiomass
+ biosolid?} &9 F AeA sstEdo] PFIPS o|FIJES W FEHlolth

biomass L= sludge &2 A7 ol EZo] % g/ 9 T HHAA o]FH
]

ok o] W= HFA A

S ol st=d W FTastt. 28U T3 parameters S 274G 5= WY
I BAELS Lol AF3 logPe] A5-9F Zod Uk Y gstEdoly Feky
2ol T4, 254 FFEFH e AFolA U2 Aotk o' FFH sEEE
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R B §78aTFRY B ATk dE Bo) K= T Lo] Ao
HTHFDA, 1987).
K, = chemicalsorbed

chemical in solution atequilibrium

K Ky
oc 9 organic carbon
TE

ulukgoltt o]t AL FAoIA A4 FFEE HAHIY B o=
A3} o] 59| A= multifuctional ionic compound®]”] W&o ErjAFo] F ¢
Btk wak A Edo] 34 Fow wEHE AL SAAV oJE AF
AgFE Fsted FddH

#H4AEl7d sludge®t 22  biosolide] ©gt EEELS  sludge/water distribution

d

(

coefficientE octanol/water partition coefficientoll A FA3IF T & Eo] 23
A8 3AZ%S A3l Barton and McKeown oo} 7+o] W 3113}%] tH(Barton

DA et al., 1991).

logK ,.=1.001 logK ,,,—3.21

A71NA Koew A=A F7BLTFEFS 7] 22 8t =% partition
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coefficient®] T}, Ko octanol/water partition coefficient ©]T}.

KﬁszCKOC

biosolid partition coefficient Kp= o}&j ¢} Zo] A At}
A7)0 £, & DAEZS F7IeA2E YElAY . 3ol 0.5310] A=A

TZ% octanol/water

FAste Aolth o3 342 17704 APIs
= K, % logDow #5 APstd JidE FAAolth o] AEE  chemical
functionalityol] we}x THA] B7F5 ™ Zb groupdll wet A3 BA7F FEEHAG. 2
N AEZE 3] (regression, Y=} regression)] Aole doz o HAFS of &
a7} o} ME tE functional typeo| Wl MZ 921 KpE FH3= H¥
= A3 S AR&stofof gttt o] 23k BWAIE Table 2.3°] F2Jste] Fdoh

42 3EEQA A5 FYel 9t logK,=logDew©l T HSF logK,= logDey 2
chemical functionality o w2} WH3th= RS YeER AT
AT A olLst e A
SRz RE frd ndeiy @

sludge/water partition coefficient, K, & FTF APIsol A
distribution coefficient(logDoy) % FE

=

O~ ‘ [e)
F49 BA R RS FAHA &

T Agste dde W 24lsior ot



S

S Hd]
logDow ¥ 1 o}y g}t

=
T

i
olo

83 A

2o BAEAo]

1.00
0.94
0.88
1.00

2
3
8
2

bot.

°

1.4310gD ,,,—1.H4

Regression Equation
LogK ,=1.6210gD ,,+0.88
LogK ,=0.321logD yu+1.70
LogK ,=0.601log D ,,+2.20

LogK ,

chemical functionality <}
N = F7H 02 logK, 9t logDow’F 28

[

171 €
functionalities
Functionality
Acidic
Double acidic
Basic
Zwitterionic

°

Table 2.3 Regression equations for logK, and logD.w calculation for different
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Clofibric acid <} 3l € Al salicylic acid= 1~95ug/ ¢/ HAZ HEFH A FHAA HZ2=Z
o] Fo]H FFA BEie 979 Richardson ZF Bowron®ll &3l 3l € A12A 152 3
FolokEo]l & &9 lug/ ¢ F7HA L8282 & UsS EisATH(Richardson et. al

1985). S A% o] AFSo] Butz A7 F A7 oJopEe] ANAA LS E ArjxA}

S @A A5 £ 5ol
7

FFh A= o] st w B A A 9] A8}
Hagye

v = 2] 2] AL (USGS)S 19991 58] 2000 74A] o] oFF, S 2 EAAl § 95719 7]
QUEAH B A QAFFS W3 vl Yut AEANHF LT 20 = E 31
°]7]

eis
i)
o
o
i
i
%
S}
N
o
c
FE hin
ol
b
i
it
to
jul®
i
i)
flo

0% A B5F 827}A] 2
coprostanol (fecal steroid), cholesterol, N,N-diethyltoluamide (insect repellant), caffeine (X} %F
737 AD), triclosan (4=5A]) 5 °] A TH(Kolpinet et. al 2002). Flaherty 52 &7 5 o]
Fo dgo] ZRUAL AW I ARFS TS B ol NE AuA S ABAE 7
AFe FEA THAET v)A FAAEIAE JE 9L v AoT wasgd. v

=3 FHGFANA AF TAHE FEQ ZFY 2HE 7F3HA clofibric acid, 3+-$& A

il

fluoetin 5 55 2] #F o FES EWE Daphnia magna®l = A7) 23 =5, A E,
AT, 4l T TFg g o] B H A TH(Flaherty et. al 2002). 53] ZH=HE
BatA et F¢EAE EF FASFAES W EHFY ulo 79 AT Y o]do] T E
At &2 A A Q] carbamazepines E117] w50 AU TS v A2 &9

EHE S5 5 WEHAY 9TFS r|X= AR B IFH A (Metcalfe. et. al

ZH5F o ekE o] 37 292 o]v] 19708 o o] Garrison 53 Hignite2} Azarnoff 5ol 2]
sto] R E ) o] 52 TA|SkA gl ol A S8 ~H & AFshAIQl =53] Al 5

_29_



Ao} Aol dHAY FF g AFE Aoy R FEE 9
okF ] AL A A V|2 E FA4%EH AT
(Garrison et. al 1976 ; Hignite et. al 1977). 53] $Elvete] A9+ 29 A=

F AAH 2AE ol Rold Wl A8 glon BHA edFE WAEAE

W ol FAA F FYFHEATE 22F& AAEHA
A el 7hsAel M 2 FEE dUFoZ AAE vb UATh(Boxall et. al
2003). P1Fe] ®A R wE Se oD oJokER d4 oQELS WY
Kolpin®] Aol o3 A o] 48%0l A A7 AZE = AH(Kolpinet. et al
2002).

TE A2 oA HEE IHAE S 5 sHSAEFA o7 AewE B
Aot FEFALA wlEdE AAH7IES 43 ZF macrolide, sulfonamide,
tetracycline 7|2 YA E0] ug/l ~mg/ ¢ HAZ AZHJoH 71 vidHe] FAH
A A= chlortetracycline, lincomycin, oxytetracycline, sulfamethazine, tetracycline 5 ©]
ATk Meyer &°] 1998dF-E 2002'd Atolell 6709 FEFAtolA wiEd HsE
gdoez FAAE FHI 27y ZE HFolA AE 3L,  chlortetracycline,

= HdsiA dEE Y
(Meyer et. al. 2003a). Aga et. al.g°] Pl= UlHZ27F FESAMAA wiEd H5d

1y
sulfamethazine, lincomycin, tetracycline, oxytetracycline®] <=4

o FAAE AEF ZAH tetracycline] FAAN7F HIL 200mg/ ¢ 7HA] HEEH AT
(Aga et. al. 2003a). V| Q3}o] 29} ofo] o} UAF7IE} FAETE FA 9 A&
o} Al e thekdt A7 4S5 9 th(Campagnolo et. al. 2002; Meyer et.
al. 2003b).

olAH BHeE wEd T=§& FAA L FEITIAIE dA ek A vA
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T G gk AAHo| TEHAQ] AFE Wol FHHA Fokrh. iyt FAA
WATe Ed0] g 8 g FdME =8 A7 AT FAd
]

il FEF7F oldlE B2+ A SFolAl  tetracycline WS

(Chee-Sanford et. al. 2001), Whittle 5= 4= HI7|EAFZAZEH

tetracycline WA S 73159 3L (Whittle et. al. 2003), Meyer 52 %

A ookt A WAHATS A vl A th(Meyer et. al. 2003a).
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Table 2.4 Summary on ecotoxicity of animal antibiotics

Class Compound

Test
Organisms

Toxicity

Reference

chlortetracycline L. gibba

Tetracyclines .
oxytetracycline

L. gibba
M. aeruginosa
R. salina

S. capricomutum

Sulfonamides  sulfadimethoxineAdrtemia salina

Aminoglycosides neomycin

Penicillins amoxycillin
erythromycin
Macrolides .
tylosin

Polypeptides bacitracin

enrofloxacin

Quinolones

ciprofloxacin

Bacteria

M. aeruginosa
R. salina

S. capricomutum
D. magna

M. aeruginosa
S. capricomutum

D. magna

Artemia salina

Plants

D. magna

H. azteca

Bluegill

M. aeruginosa
L. minor
P. subcapitata
D. magna

M. aeruginosa

L. minor

P. subcapitata

LOEC=300ug/ ¢
LOEC=1000ug/ ¢
ECs0=0.231mg/ ¢
ECso=1.7mg/ ¢
ECso=5.0mg/ ¢
LCs¢=0.9ug/ ¢

LC50110.9ug/ ¢
EC50=4.5 mg/f

ECs50=0.0037mg/ ¢

EC5021.6mg/ f
EC50=4.5 mg/f

Brain et. al.(2004)
Brain et. al.(2004)
Holten-Liitzheft et. al.(1998)
Holten-Liitzheft et. al.(1998)
Holten-Liitzheft et. al.(1998)

Halling-Sorensen et. al.(1998)

Halling-Sorensen et. al.(1998)

Holten-Liitzhoft et. al.(1999)

Holten-Liitzhoeft et. al.(1999)
Holten-Liitzhoeft et. al.(1999)

48hr LCs=210.6mg/ ¢ di Delupis et. al.(1992)

ECs0=0.034mg/ ¢
EC50:1 38mg/ f
LOEC =5mg/ ¢

48hr EC5=30mg/ £
48hr LCs=30.5mg/ ¢

48hr LCs=21.8mg/ ¢
48hr ECs¢=21.8mg/ ¢

EC50:1 5 7mg/ Va

LCso=72.6mg/kg
ECs0=79.5mg/kg
NOEC=33.5mg/ ¢
ECs¢=49ug/ ¢

ECso=114ug/ ¢
ECs0=3100ug/L
ECsi=146mg/L
ECsi=17ug/L
ECsi=103ug/L
ECs0=18,700ug/L

Halling-Sorensen et. al.(1998)
Halling-Sorensen et. al.(1998)
di Delupis et. al.(1992)

di Delupis et. al.(1992)
Migliore et. al.(1997)

Kiimmere K(2004)

Migliore et. al.(1997)
Halling-Sorensen et. al.(1998)
L %1(2004)

FDA(2002)

FDA(2002)

FDA(2002)
Robinson et. al.(2005)

Robinson et. al.(2005)
Robinson et. al.(2005)
L. %1(2004)

Robinson et. al.(2005)
Robinson et. al.(2005)

Robinson et. al.(2005)
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BoE BAZ AZIAR e Netel mAd AEA @E GeAA Do,
2 dAFoAM e v5g RAFAFAA(US Department of H
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Table 2.5 Method detection limit of antibiotics and their metabolites in the ground water

Correlation
Compounds DL pg LOD(ng/m{)
coeffiecient (1)
Chlortetracyclin 20 20 0.9991
Oxytetracyclin 20 15 0.9990
Tetracycline 20 20 0.9992
Sulfadimethoxine 10 10 0.9992
Sulfamethazine 10 10 0.9997
Sulfachloropyridazine 10 10 0.9997
Sulfamethoxazole 10 10 0.9994
Sulfathiazole 10 10 0.9993
Trimethoprim 10 10 0.9997
Enrofloxacin 10 10 0.9993
Carbadox 10 10 0.9993
Florfenicol 20 15 0.9991
Virginiamycin 10 10 0.9993
Caffeine 10 10 0.9994
Acetaminophen 10 10 0.9997
Carbamazepine 10 10 0.9994
Cimetidine 10 10 0.9993

Cis-Diltiazem hydro-
20 20 0.9992
chloride

_38_



Table 2.6 Recovery of trimethoprim in the ground water

Low conc. Med. conc. High conc.
Classification

250 pg/samp. 500 pg/samp. 1,000 pg/samp.

933 77.5 101.8
102.0 88.5 96.1
97.0 80.8 91.9
Recovery, %
100.3 112.0 75.2
77.6 94.3 87.7
102.4 94.5 95.6
Average recovery, % 95.5 913 91.4
Variation coefficient, % 9.8 13.5 10.1
Total average recovery, % 92.7
Pooled coefficiency of 10.8

variation, %

Table 2.7 The precision assessment of trimethoprim in the ground water

Low conc. Middle conc. High conc.
Classification
250 pg/samp. 500 pg/samp. 1,000 pg/samp.

19400 47400 114000

20400 40600 112000

17600 51800 115000

Area

19400 47200 113000

18900 47400 108000

19400 49000 109000
Average 19,183.3 111,833.3 111,833.33
standard deviation 917.424 3688.722 2786.874

Variation coefficient 4.8 7.8 2.5
Pooled coefficiency of
5.0

variation
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E AdFdAe BAMHES FEst 3 F 2 A B
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ow BT BAMsrldle B AIRE, A9, AuZE e Aok A AFAbEE
AXE 38tz AAdd &F F ATl A ERS aFsiste 435 3]
F o] Wo] o]Fojx|al Ut} Micheles-& HEEH A9t AutA FAAE 2
S35t Axglol SPE 7EZ A vl A3 ARE A A5G M Michele. et.
al., 2003), Stefan's& GC/MSE AMg3ta] A, FA4, 71 ES 749 ¢
S FEHS ALEEe] E 28 t(Stefan et. al., 2004). Danas -2 1999'd H-E

e

20008 7bA] \]=r 30705 139707 ol 4] OWCs(organic wastewater contaminants)E 571}
o] 21Fo 2 EF3l ¥A5 Y th(Dana et. al, 2002). L} o]#d EAWURE 1
= Agstrlels 2 2/hE B o] AgHE ookFe] a2y w3 FAHA
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Method thesiz by comparative
analysis of sampling and conservation
e ——

-~ ~~
3 b

and anal. on pret., pur,

Comp. study of anal. meth it rathad

on pharm. chemicals

Invest. Of arld. method
Estab. Of anal. method
result in USA. Europe \—/ on pharm.

Figure 3.1 Thesis of samp. and cons. method protocol development of pharmaceuticals

in water

2. 840y
21 AeF 7 R BEY AF

F 4 e ZRe ogFS 457 HAsted ARESE EFA9K(Ultra
Scientific Inc, USAS)Y WHEFTEZ LS T ZAFOE 27 99% ©]/d AS Ab
&3kl e, Sigma-Aldrichol A Frjstdeh. 2 APl AHEE 18F9 o=4

WREEEAe] WY, TR, EAY s5H, BATEE Table 120 EFsAT

A=)

Na, EDTA + Junsei chemicalol|A] Fuj3liom, A3 ALEH EE Aty ==
o

Sl REGOOT o1 AHEdtel, Begoly ogd dF 2YeRE 3



AA AT ETY AL methanol 179 EFAIY 1gs &alste] TRz A}

2.2 £47]7]

b
N,
N,
rlr

AR ES EA67] fste AHES £4 WatersAFe] 2690 HPLC®}
Micro massAt2] Mass Selective ZQ 20003 &2 AZAIZ] LC/MSD o Waters
2690 HPLC auto injector B controllerS AZA3Fe] AFE-3FHom, LC/MSD W2l

2
LC/MS-ESI positive ion modeE Z-&3tATH A 89 F55 9ot AMH diF

=
7] Organomation Associates A}2] N-EVAPRTM 1125 Al&3tHow, 53749
L dE WA st £ 99.999% AAa7FAE ARESEAT EI AF AL
H A= 22413 7] (NEW MACTECLA2)E o] &351a] 23] ol4t Al sle] AxA

=
=

A F, GUE EU2 AR nRRYOM AHgHI) Ao B4 A AEHE §
=

oA & W AR ALgaTh

23 A8 A

ANFE Azl Simeton (CgHisNsO, WFEF=4)7 Na, EDTA & F7FsA0

Simetons WHEXFERZAZ A3 olf= EXAYAERAES a=ZnEalg e &
M2 E Al ZH(retention time)S Zral ESI(+)9 & ¥HS-3lH WEZH

o] §17] w&oltlh. Na, EDTAE Zo| Z H1 A2 F&& Wl

5
A Fe Hold 55 ZeclEATE olfolM A9 w2 dFEs fstd A
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7}&F A th(Michele. et. al., 2003).A1 & 5 Na, EDTAE WELd &3A)7 & =
12mg/ ¢ 7} =& ZASAY. HEH AlE+= 5CH A (Advantec, 110mn)E =
stAon, A FhdFE FHEAo]l ol YAE 2 7](12000rpm, 0°C)E AHE-
sto £E3 F A RS FHsto] 5C AA =2 AR

ZFoorE F2S 93] A8® 7IEE A& HLB 7FE & X|(1g. Waters-Millford,
MA)E A28 TH Michele E. 59 w2™ HLB 7FEg A9 b2 o8 279 7}
EZXA 9}t vln AFst A} SAs(sulfonamides) A 97.7£12% 9 =& 3F&S5 U
RNl o ™, TCs(tetracyclines)| A= 3ttt AHsta  JdtH(Michele. et. al.,
2003). HLB 7FEE A9 FA5AS off Figure 3201 Yepiddth 7HE A 1703
Alg 145 53 AZeH, A5 53A]7]7] A9 methanol 6ml, 0.5N HCI 6md,
SHFF 6mlE 53 AA conditioningA AT T AJEE 10m/min =2 FHE T
g FHAAT AlE T3 F A9 Na, EDTAE AoW7] A3l S/FT Ins
T4 A7l %o methanol 10mlZ §-E3IH Y. HLB 7IEE A FE8HL £=7] 3
e WA F TmlE 33t} (fractional extraction test Z23}). Al &
F571E °l8st 500u7bA] FFAZ F ol EFA T50uE 7Hs} A
< 2mt I LEAEY npo]dd] &A =t o] AAgE 4 Figure 3.3
B AT

B

ﬁ T

4 4% 89

N \ N
© k>
vinyl pyrrolidone divinylbenzene
(hydrophobic (lipophilic
monomer) monomer)
Provides wetting properties Provides reversed-phase

@ (y o Reduces contact angle with water property for analyte retention

Provides enhanced retention for
polars

Figure 3.2 Oasis” HLB Sorbent Hydrophilic-Lipophilic Balanced Copolymer (reversed-phase retention)
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Prepare sample

Simeton, NaZEDTA, Methanol

j—]

L

HLB Cartridge

Washing
Water 10ml

Conditioning

Methanol 6ml

=

U
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gt

Elution: Methanol 10ml

first 3ml discard after 7ml collect

Conditioning

0.5N HCI 6ml

[—]

4

==

4

Nitrogen Concentration

7ml — 50010

Rinse

Water 6ml

I=—=]

&

—

g

Mass up
500pu¢ + Mobile A (750x)

Loading
Sample 1000ml! (10ml/min)

=]

4

LC/MS

Figure 3.3 Experimental procedure for the analysis of pharmaceutical compounds




24 717124 AA

LCMSE o3} wrald wel ti7|yk 3}8H4 o238} W2 (atmospheric pressure
chemical ionization, APCD)¥} 7 7] &5 ©o]3} (electrospray ionization, ESI)2] O 2

T g Ut ESI BAE #4F F e 4% B §eH, dstE d E4
A

Aol F2 AFSHA k. B dFeMe I gidEdS &3 A, FF7F 1371HA
&

A% WA7k e obEe ®ASIA ESLRAL A

fr
§2
S,
e

FEELS o ME Ha 9lo] LC/ESI/MS F positive ion mode 248 A& T}

2.4.1 Sulfonamides, Quinolones, Miscellaneous

Sulfonamides= 3um &=2] 150x2.0mn Metasil Basic Z ¥ (Varian, Inc.)2 ©]-83}¢]
B3t o5 A4 AE 0.3% formic acid(HCHO)| &3 methanol(CH;OH)©] 9t 1
2 4%+ 10mM ammonium formate®] 3% AT ©]57d Boll= methanol ol
0.5% formic acide 3+ 10mM ammonium formate©] Z3HEATh o] &5 Hl= o]
T4 A, 014 BE 9 : 12 3Hth 46l AHEE 7]712 L Table. 3.1 e}
Witk

2.4.2 Tetracyclines

Tetracyclines 3um &=2] 2.0x150mm Waters spherisorb SSCN Z & (Water, Inc.)<
o] &3l EIHUT. o]FAL 0.01M oxalic acid®} methanol, acetonitrile®] A}-&F
Ao, o] 54 HIE 60:25:15(0.01M oxalic acid: methanol: acetonitrile) 2 3} T} &
Ao AFEE 7]7]1Z 7L Table 3.2 YE AT}
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Table 3.1 The LC/MS operation conditions for the analysis of sulfonamides

Activity

Condition

Type

Ion mode

Source Temperature
Desolvation Temperature

SIR
ES+

148 ~ 150 (°C)
395 ~ 400 (°C)

MS  Cone Gas Flow 69 (L/Hr)
Desolvation Gas Flow 419 (L/Hr)
LM Resolution 14.5
HM Resolution 16.3
Multiplier 650 -648 (V)
Column Metasil Basic Column( 3gm, 150%2.0mm)
Flow 0.250 (mé/min)
LC Stop Time 40 (min)
Column Temperature 30 (°C)
Sample Temperature 20 (°C)

Table 3.2 The LC/MS operation conditions for the analysis of tetracyclines

Activity

Condition

Type

Ion mode

Source Temperature
Desolvation Temperature

SIR
ES+

148 ~ 150 (°C)
395 ~ 400 (°C)

MS Cone Gas Flow 69 (L/Hr)
Desolvation Gas Flow 418 (L/Hr)
LM Resolution 14.5
HM Resolution 16.3
Multiplier 650 ~ 648 (V)
Waters spherisorb S5 CN Column
Column
(3ym, 2.0x150mm)
LC Flow 0.200 (mé/min)
Stop Time 15 (min)
Column Temperature 30 (°0)
Sample Temperature 20 (°C)
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25. A% &AL Cone voltage A7

oJerE A = enrofloxacin®] 7% EAF#o] 359.49%1 enrofloxacin XFENL 1040
/min $=2 AFHE7 AH FALF A% m/z 360MH]FHZ vEiEer,
EE 7712 AE AAEA o] 2HA TIC WAE 53 H
Gt AF AL Y3 cone voltageE AA 7] 918t LC/MS
o] FU3t= enrofloxacin EFEH ¢S 5Sngl 2 1143 5 Cone voltageTr ¥3H(2
0~40V)A A A3 Ax gz =7} 35veld A2 depygoh =3 o3 3}

o2 AF 2HEAA Flstuz U G A TIC R=2 el A

had

9 At FY3A YEY enrofloxacin FHF 24 Al FHZ 9] cone voltage”} 35V
< AT F AT o] Ho 11F9 JIELAEE Ao WHoE HAsHRoH,
ojkEAH A cone voltage= <FHe] ZolE E AT Ui oIFER FT dFY

cone voltage®} precursor ion B product ionS Table 3.3 YERH AT}
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Table 3.3 Precursor ion, product ion and cone voltage for the analysis of pharmaceuticals

Pharmaceutical Precursor ion Product ion Cone IDL MDL
compounds (m/z) (m/z) voltage(V) (ng/f) (ng/L)

Acetaminophen 152 110 18 10 5
1,7 Dimethylxanthine 181 124 30 10 30
Caffeine 195 138 25 10 10
Carbamazepine 237 194 30 10 5
Cimetidine 253 159, 117 25 10 20
Sulfamethoxazole 254 156 35 10 20
Trimethoprim 291 123 30 10 10
Cis-Diltiazem

415 178 25 20 40
hydro chloride
Sulfachloropyridazine 285 156 18 10 30
Sulfathiazole 256 156 30 10 30
Sulfamethazine 279 124, 186 30 10 20
Sulfadimethoxine 311 156 30 10 10
Virginiamycin 526.3 508.3, 355 27 0.01 10
Carbadox 263 231, 199 25 0.01 10
Roxithromycin 838 158 25 - -
Simeton(Int. Std.) 198 - 30 - -
Enrofloxacin 360 342, 316 35 0.01 10
Florfenicol 375 340 20 0.02 20
Oxytetracycline 461 443, 426 25 0.02 20
Chlortetracycline 479 481, 462 28 0.02 20
Tetracycline 445 427, 410 25 0.02 20

* MDL : Method detection limit,

IDL : Instrumental detection limit
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2.6 Precursor ¢} Products ion ratioS ©]| {3 H A 89l

dgEde] NS A% 7P BA A BHe 2FEY HE o]&st= A
olty. LCMSOA < td=29 AAEAS st ARRA7L libraryS A 783k oF
St} enrofloxacine o2 590], AF&AF libraryS YHE31AF TIC EEZoA  cone
voltageS 20VH-E] 35V7HA] @AM E WH3lE 05, enrofloxacin®] ion spectrum®]
3= Yolr gkt o] A} enrofloxacin®] precursor ion 21 m/z 360[M+H] = 35Vl A
A =5 Yelfsloh ¥ cone voltage”} 5718 wel enrofloxacin®] products
ion®] m/z 342, 316]M+H] = 35V7} A vlg|Z o2 Z7}3tth. Voltage W 3lol] u}&
enrofloxacin®] precursor®} products ion®] WSE H#HFF HIZ &<213}7] 93t cone
voltageE 7} £ products ion®] AAE = 35VE DAHAI & =5 TAFH H
3} (1~10ng)E Fo] ¥4 A} enrofloxacin® precursor ion m/z 3602} products

T F7bel wet viEAeR Fristw, g 1 H&o]
AdAsHA el IS AT = AT = cone voltageZ7} AT HY o=
&% W3lo] wel precursor ion¥} products ion®] W= WEEA] ekott) o] 3 full
scan mode®l| 4] YEFUJE= precursor ion¥} products ion2] H|TFO 2% R} t=
=49 ZAgQlo] sttt 1y A FY IR FF 2 ppb ©lsh
5

=2 ZAFs do], ZE7F E& full scan moded| A= FHEFo] ojHT}E o]

1

ion m/z 342, m/z 316 &

e 3133t precursor®} products ionS A&t SIR modedlA EA3 A=
Figure 3.4°9] YeEM T Figure 3.491A] R cone voltageE 35VZ 1A &
enrofloxacin X5 FTE=E WAZFHOZ F7AA precursor®t products ione] H] W3}
74 1:085:579 ~1: 123 : 483 W92 AU EZAX7} 20%0]3H2 eI 9)
t}. EPAG oA 3&3t= Ftel 30% ©]35t M-S 133 enrofloxacin®] A A&

HE A&t & FE7t w24 a5 AT 5 AA Figure 3.5
= Y3 Z2HNA 9 enrofloxacin®] Ion chromatograms ©]T}. Figure 3.63} Figure 3.7

HE ARES AA FEEFAAAY fY - FEFT BRdske

acetaminophen®] Ion chromatograms®} mass spectraS WERHSI T} Figure 3.8 &3

rlo
o
19
)
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E = 3}}<l sulfamethoxazole®] calibration curveE UEFH

gl

St.1ng
2006 3rd Sulfa -12 16 (9.033) Cm [16:17-(21:22+11:12)) 5. 5IR of 3 Channels ES+
360.00 1.40e7
1004
36:342:360=1:123:468
%
315,00 342.00
u LRBRALBAARS RASEN RARAY RELRS ‘ | BARARRARRA LRRE T T T T T T T 1
2006 3rd Sulfa -11 16 [9.093) Cm (16:17-(21+12)) 9 5IR of 3 Channels ES+
1.40e7
1004
360.00
% 316:342:360=1:1.11:483
316.00 342.00
0 (RSRABRARE AL LAY R LEERE | TTTTTT T TTTTTT T T T T T |
2006 3rd Sulfa-10 16 (9.033) Cm (16:17) 5. 5IR of 3 Channels ES+
1.40e7
100+
" % 316:342: 360 =1:085:579
360.00
316.00 342.00
T T T T T rrrh Aaas T T ) iz
260 280 300 320

T T T T T T T T T T T
340 360 380 400 420 440 460

T T T T
480 500 520 540

Figure 3.4 Mass spectra of enrofloxacin on each standard conc.
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St.5ng
2006 3rd Sulfa-12 Sm (Mn, 2x1)

5. 5IR of 3 Channels ES+
B 903 _ .
100 8745003 1.43e7
Area
%
0 T T T T T T T T T T T T T 1
2006 3rd Sulfa-11 5m (Mn, 2x1) 5. 5IR of 3 Channels ES+
TIC
1007 1.45e7
Area
9.09
5019864 E[?rufl\uxagm
_ (Dual mode)
0 T T T T T T T T T T T T T 1
2006 3rd Sulfa -10 5m (Mn, 2x1) 5. 5IR of 3 Channels ES+
TIC
1007 145€7
Area
%4
9.09
1175235
g T r T T T T T T T T T T T T ) Time
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20,00 22.00

Figure 3.5 Ton chromatograms at m/z 316+342+360 [M+H] on conc.(enrofloxacin)

Jung Yang In
2nd Dual-34 2: SIR of 2 Channels ES+
TIC
100) 1.70e7
Dual Mode
Jung Yang Out
Yer|
T T T T T T T T T
2nd Dual-33 2: SIR of 2 Channels ES+
38 TIC
1007 1.70e7
Dual Mode
Jung Yang In
u %
253
T T T T T ]
2nd Dual-10 2: SIR of 2 Channels ES+
TIC
1007 381 17067
Dual Mode
Standard 10ng
%]
T T T T T T T T T T
1.00 200 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

T T T 1 Time
13.00 14.00 15.00

Figure 3.6 Ion chromatograms of acetaminophen in influent and effluent at Jung Yang STP
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Jung Yang In
2nd Dual-33 30 (3.879) Cm (28:31)

2: SIR of 2 Channels ES+
6.52e6

100 2
Dual Mode
Jung Yang In
110:152=77.1 : 100
o %
O T T T T T T T T T T T T T T T T T
2nd Dual-10 29 (3.811) Cm (28:30) 2: SIR of 2 Channels ES+
1004 2 8.40e6
Dual Mode
Standard 10ng
110:152=77.4: 100
%

Figure 3.7 Mass spectra of acetaminophen in influent and effluent at Jung Yang STP
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Figure 3.8 Calibration curve of sulfamethoxazole
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3. 47U &

3 FFFFAGY gF EAYY 4F
3.1.1 97U ggF AF

Figure 3.9 W&
HExHow A4d Ui
Mol sjgro] 8|3t sulfonamides(SAs) 653 Uwkolefx

AR AAH 12F9 E4& t}S Table 3.49] e}

Prioritization of antibiotics

Potential human toxicity RID, ADI

Environmental persistency Kow, Half life

Determine exposure level of Salsg an_rount
tibioti Metabolism
ERERTE STPremoval

Figure 3.9 Schematic diagram of the prioritization for the selection of the study antibiotics
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Ala AFH Al AEE As AFHPE O AHEAeH, EFA|
HApg el =29 A FEE Fostint. =3 A5 @
A A, A, 7HR rE, Bl Al AFAA o] FE W A=
o R#stion, AFHE &1 F 7bed viE £4S APsth
2

Ade GREF EUZ WY F 4C olshe Fael npsg

32 @7 ZARAHY FAA R FAAFTA EATH LA

321 97U ggF AA

=Y AW AFSAE HHoE AgEe AT AT R 4 T A
E7Fs4 5% st $AHCF Table 3.5 ¢ 2ol ¢4 AU FHEAS

AR TeoR 87 & ARAN Ay A6l ¥ A aen B

o] golAdS T3t oxytetracyclin, tetracycline, chlortetracyclin, sulfathiazole,

trimethoprim, sulfamethazine, carbadox, enrofloxacin, sulfachloropyridazine, sulfame-

thoxazole, florfenicol, sulfadimethoxine, virginiamycin 5 137}#] QJeEZ S HFE
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MUidEd=2 d435Ah

Figure 3.112 A EZ FolA $4EHE 2AH35}
&3} e PHE AT EPAdA A4
A A8 a7E veks

o g ojobs
WA 0.

SRy

Table 3.4 Pharmaceutical compounds selected for targeted monitoring

ANE =
2= 5

ol g3t HE A

f

2
‘

A A=

= e

b1

483 ez o
NPL(National Priority List)S 333}
e WEg =4 8T
Z QA A =&F7 F=E st AFsATh Table 3.691= o]
A€ 245 YAt

Therapeutic Molecular Chemical
Pharmaceutics
usage weight formula
Analgesics Acetaminophen 151.16 CgHsNO;
Caffeine 194.19 CgH 1()N402
Miscellaneous
1,7 Dimethylxanthine 180.17 C7HsN4O»
Antiepileptics Carbamazepine 236.27 CisHi2NO
Antacid Cimetidine 252.34 CioHisNeS
Ca" Antagonist Cis-Diltiazem hydro chloride 451 C2HosN>04S
Trimethoprim 290 Ci14H1sN4O3
Sulfamethoxazole 253.29 CioH11N30sS
Antimicrobials o
Sulfachloropyridazine 284.7 CioHoCLN4O,S
Sulfathiazole 255.32 CoHoN30,S,
Sulfamethazine 278.33 C12HisN4O,S
Sulfadimethoxine 310.3 Ci2H14N4O4S
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Figure 3.10 Map showing sampling sites
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Table 3.5 Candidate materials

Compounds Production T.otal Removal in
(kg/year) excretion (%)* 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 o
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 -

emit
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2003 PRIORITY LIST OF HAZARDOUS SUBSTANCES

03 | iviEmR TOTAL | 2001 :
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
(1800max) (600pts) (600pts) (300 conc)H300 exp) pts

19 |PHOSPHORUS. WHITE 1144.87 24 | 007723-14-0
20 |CHLORDANE 1130.53 19 | 000057-74-9
21 |DDE,PP- 1130.20 21 000072-55-9

Figure 3.11 Schematic diagram of the prioritization for the selection of the antibiotics

study
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Table 3.6 Pharmaceutical compound selected for targeted monitoring

Therapeutic ) o *Log Molecular Chemical
Pharmaceutics Application Cas No. .
class Kow weight formula
Oxytetracyclin antibiotics 79-57-2 -2.87 496.9 C22H24N209'HCI
Tetracycline  Chlortetracyclin HCl antibiotics 64-72-2 -3.60 515.3 C2HxCIN,Og-HCI
Tetracycline antibiotics 60-54-8 -1.33 444.44 C2HuN20sS
Sulfathiaxole antibacterial 72-14-0 0.72 255.32 CoHoN30,S:
Sulfamethoxazole antibacterial 723-46-6 0.48 253.28 CioH1iN303S
Sulfadimethoxine antibacterial 122-11-2 1.17 310.3 CiiHisN4O4S
Sulfonamide Sulfamethazine antibacterial 57-68-1 0.76 278.33 Ci2HisN4O,S
antibacterial 80-32-0 0.31 284.7 CioHoCIN4OsS
Sulfachloropyridazine
Trimethoprim antibacterial 738-70-5 0.73 290 C1sH1sN4O3
Quinolone Enrofloxacin antibacterial 93106-60-6 0.70 359.4 C1oH2FN30;3
Virginiamycin antibiotics 11006-76-1 - 525 CasH3sN304
Miscellaneous ~ Carbadox antibacterial 6804-07-5 -1.37 255.32 Ci1iH1oN4O4
Florfenicol antibiotics 73231-34-2 - 358.21 C2H14CILFNO4S

* estimated Kowwin ver. 1.67

_62_



322 AYEXRHELIEE WY A8

BN
>
=2
0%
A
12
rO
_?L
ol
ox
Ju
rr
ot
0%
to
B
e
kr
e
A

el Al Bk |
Q) 47 FAN, BFAA7EY, =Y 5 MEC o8| At w
A B 7ESEARS A AAVE AR E AL oy Z1Ee) Al Rk A7)
ofg--m AAA A AU AFAE Foste T AFA ol Bob Ao IdFE
%

st 9t @Al FYY AEFAAECEYR, 2007)

L = > = [e)
of mEw AN Al WA, B, & 5 oF DeWWE s ASH 9
— — [e) [¢] :
of FE8& oFEd AAZQ TP eF = Yok Figure 3.120] =AY
=z = O & 3O
2} A W) AEALARS e
i BN
= 31,341
J B8 1,097,235
FEAl
gl T O =
>
oIH=A = = ys AR 8773
A=A F £ )‘/ Bt B0
7 Bz 1,430,258
— — i Mﬁp L~
0]
92 m,os: =g o=
_g ™ 1 A% 16,260
ue =K 44,661
HEFA el 1,397,743
A0 8,498 e A d
] 17,198 01Ok —
X 434,391 P OHH 2 oF2
— SEEAl 8 g Brrer
ey Sa Z=A| T B8 231,300
ES-g 275
X 161
22 2,500 = ol = olan
J, === A 39,596
=R 330,369
aFA I Z0IA| B2 3,176,584
A8 4,812
o1 11,575 b & =O|E
ol e = o 54
AR 15,858
p— = 71,718
193 ==A| | #=¥ 2740
P OlEAl —
ex=) 2,316,290 RS %—‘?—
o8z
i — =8 s
, . - w9 P

Figure 3.12 Status of livestock breeding in the Han-river basin
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33 AHSAHANE R SAHIEE

331 A1EAE &Y € SAHAFE

EESANG A

oo

o] &3dtq oJokFe FAEAHES HUtEAT. SR E
Vibrio fischeri, &Y% Daphnia magna, $*+2] Oryzias latipess AH&3t] =/3A1 8
S FPstEnt. v SA RIS HUS EPA)S W (2002)0] wet AP Moderately
Hard Water MHW)E EHWE SAAES 3 2 3¢z A1&3dY. &

Fh FEES APttty 217 S4AFS A dEx2TH IAFE ARSI

NAEEAANTES sire Fgge=z AFTHE 3 A5 Microtox diluent)S ©] 83+

=3
e
o

O

O AR T AR, EEEE, pH AVAEE, §34L $EE d SRS

o

™ =X tH-E American Public Health Association, American Water Works Association,
and Water Pollution Control Federation standard methods(1992)E w3kt}.
Daphnia'= 20+£1°C ZZA 64 &7]dA FAEHJAGY. Ea7]= 25+1°CollA 307
FEF) FolA wgH A B2 168 Figo2 FASAL s 157Y
o F W nAFHJL. EHFS YCTO(east:Ceropy1®:Tetramin®)9]— algae(Selenastrum
capricornutum)s HolE AZF WA FTFIAT. FAtE = F3HEHA] 24417 oW
ol Artemia nauplii®} Tetramin®S dFFo] & W T3t

293 2PN E Fo obE AFR AUITE WIS 8] FH FAS
ANEE T Bolits dAlol weEt ZaA( =), 13} Kb EEAAETE
E), 23 2AHAHELV)E AEEa FAHORE BFE AP TO2 @wol AMRHE AE
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332 FAE SAAE

P AE S FAZA YEjA & AJ A ALl T3 TS I 2 ATl e TR
3 WA= Vibrio fischerig ©]-&3t 27 o] ok% o] S AV A ESA S Bttt vl A
& (Vibrio fischeri)S ©]&3F 15 min FA SAAI H-& A ZA7}F A3 A8 Aol wpet 5=
&) =] 9 o} Microtox Toxicity Analyzer (Microbics now SDI, Newark, DE, USA)7} o] &

Hoh =5 F 5% 2 158 AAT F 9 @A Fads SHsA

333 E¥E SAANE

=
o] 48 3L 96413t Hd F A B = A8k Th
o] Al W=7 B 57 (USEPA)O A A g WH S whet 573 = 31T} (USEPA 2002)
SATELS EHF FAYAT. SAAE S HAE 73] H8l Fx 18-S H5A
A stHon, o] AP A A2 Aol ZAZ I AL KA
o] M7 G 3HA frAEHEAE g<38H7] 93] NaClS =

B EEEHAPS B FAS

B
°f

334 E317] S4ANE

22k MR A Ea7E UEA A L S A E oloFE T8 FAAa L0t
o] ATl A= P& 5 ofAlo} vpEtol| A Ho] AHE = tEA WEEL
Oryzias latipes(length, 2.0+£1.0cm)E AF831e] 9641 FASAHAIE S 35T 28

W2 OECDS] A1 3(TG 203, OECD, 1992)°l m3tth. S4AH 5= H & 7vkel &
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335 A% £4

EH S E317]5 0|83t A& SAAIFY A I= ToxStat (version3.5, West Inc.,
Cheyenne, WY, USA)S o] &3} 50% A &5 (EC50)S FHst=d &5t v
M ES o]&3F Microtox test®] 7-% SDIO|A A|&3t SAZZ WS AFE3A 50%

JFEET FPHAT

3.3.6 Vitellogenine &3 A &

AH o 72 A7l G FEol| A B4 5 = vitellogenine > W3 A T E A 2 YR B A w
=0 HEA FFE U5t st 7 R F o2 S8 5= A @7 Holth o] A
FSAF O o] FEF S 3~5Y =A%) T3 SDS-PAGE®} Western blot &A1 &

383} A1) 9] vitellogenine 5 =5 =4 319t

H

3.37 WEH A n@gr}

B AfgqME A3 Y GAAN red 22 color makerE X3%3F $AFE(d-rR
medaka)E ©]-&3tA T XY FMAE 7HX o]F = orangered THFS 2 YA

ey
= whiteo]t}. 8578 FAEE FFISdTYE FAE HAAARIIAT

) Aol A
BPUGron, 1679 AUl AEAAG. FA A00HE 302 FE o)
ol FF7] (16:8A1%F - light:dark)ol| A A58} Ho)= tetraming A3 TH
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T2 25:1°CE FASARLH, o - FARIE 250me BlA O] 3~59 BehEA o
=E3AY. =& ¥ whole body samplingS 3F3aL, ¥4 7R -80°Coll A
B#AAY. & -5 FAEE 0.1, 1, 10 and 100mg/# & chlortetracycline (purity >

80%: Sigma, C-4881); 0.5, 5, 50 and 500mg/# 2] sulfathiazole (purity>97%: Sigma,
S-7007); 0.1, 1, 10 and 100mg/# 2] enrofloxacin (purity>97%: Fluka, 10039); 1, 10,
100 and 1000mg/# 2] ampicillin (purity >98%: Sigma, A-9393); 0.1, 1, 10 and 100
mg/ £ 2] trimethoprim (purity >98%: Sigma, T-7883); Kang & (2005)2] ®Hol whg}x

ol d B3k Western blotS 2 vitellogenine S 2213513131, ELISAE ©]8-3}4
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& A (parent compounds)®]t} tHAFAHE 2]
2 9@t Boxall et. al, 2001).
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f

1.1.2 25 ogFE d& 1

& B st o B RS W IRodgE HE IEE HEEE 4
=

2], vl 3} Figure 4.1 YeEPHATE 2P A caffeineo] 7 Zo] HEFHJL
H, sulfamethazine2 AZH A LAdTh TSk utojekE B A HE SlF7t
He AL & F Atk oofEo Al FS A W ookE HEC B IITFS v

3
2o 8525 At (Bunker et. al, 1979 ; .Piero et. al, 2002). Caffeine2 ©] = 7|
DAL DG Hdo] L, ARE o] Be oefE Aol o3 o] fE UA
of H&% caffeine> AWOZE 3%% HjA =AY ThE oJokFo Hla| AL&Fo] ©
7] ol AAFORE 2 ASNNEE YA A 715 T AR HH7L
Y2 sulfamethoxazole H=3F & WlolA e kAo EFsla =& HAEHE
= Vel th(Tanget et. al., 1983 ; Ettoreal. et. al.,, 2005). 7Huttholl A& Thuf ko]
%2 ibuprofen?} cabarmazepine®] 7% StFA Y WRFoAA =2 HNZE HEH

AohE Bavt th(Metcalfe. et. al.,2004).

Table 4.1 Removal efficiencies of conventional water pollutants and treatment

capacities of each sewage treatment plant in Seoul

STP(treatment capacity Type of COD

in million m3/day) water B "Mn" S8 TN T-r
TanCheon (1.10) Influent 150.9 74.3 111.9 325 34
Effluent 10.7 11.5 6.0 20.1 1.0
JungRang (1.71) Influent 134 68.7 101.5 323 35
Effluent 12.8 12.4 6.0 19.1 1.4
Nanji (1.00) Influent 111.3 57.3 101.8 32.1 2.6
Effluent 10.3 10.3 3.6 15.4 1.4
SeoNam (2.00) Influent 123.3 65 121.6 29.8 3.0
Effluent 11.1 10.8 5.5 19.5 1.7
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Table 4.2 Conc. analysis of pharmaceuticals in the Han-river and sewage treatment plant

(unit cugl)

1 2 3 4 5 6 7 8 9 10 11 12
Ist 0.094 0.281 0.250  0.006 0.769 0.013 0.031 NA NA NA NA 0.013

Haeng ju 2nd 0.019 0.049 0.037 0.008 0.233 NA 0.033 0.026 NA NA NA NA

3rd 0.031 NA 0.115 0.006 NA NA 0.021 NA NA NA NA NA
mean | 0048 0110 0134 0007 0334 0004 0028 0009 0000 0000 0000 0.004
Ist 0.069 0.094 0.256 NA 0.038 NA 0.019 NA NA NA NA 0.006

Ma po 2nd 0.012  0.369 0.295 0.010  0.365 NA 0.041 0.011 NA NA NA NA

3rd 0.026 NA 0.148  0.006 NA NA 0.021 NA NA NA NA NA
Han river mean | 0036  0.154 0.2?3 0.005 0134 0000 0027 0004 0000 0000 0000 0.002
Ist 0.006  0.194  0.250 NA 1.338 NA 0.013 NA NA NA NA NA

Han nam 2nd 0.005 0270 0246 0011 0459 NA 0.036 002.:) NA NA NA NA

3rd 0.127 0271 0373 0036 0078 NA 0.082  0.015 NA NA NA NA
mean | 0046 0245 0290 0016 0625 0000 0044 0013 0000 0000 0000 0.000

Ist NA 0.075 NA NA NA NA 0.006 NA NA NA NA NA

Jam i 2nd NA NA 0.012 0.006 NA NA NA 0.015 NA NA NA NA

3rd NA NA 0.037 NA NA NA NA NA NA NA NA NA
mean | 0000 0025 0016 0002 0000 0000 0002 0005 0000 0000 0000 0.000
Ist | 22706 12.150  18.706 NA 4669 0019 015 0019 0013  0.450 NA 0.100
Tnfluent 2nd | 13.046 13202 14313 0.156  5.617 NA 0.221  0.097 NA NA NA 0.030

3rd 18.286  18.893  24.436  0.223 2.165 NA 0.849 NA 0.476 NA NA NA
Nan i mean | 18013 14784 19152 0.126 4150 0006 0409 0039 0163 0.150 0000 0.043
Ist NA NA 0.075 NA 3.100 NA 0.031 0.006 0.125 NA NA NA
Bifluent 2nd 0.009 0.123 0.431 0.155 6.138 NA 0.148 0.108 NA NA NA 0.021

3rd NA NA 0.033 0.120 NA NA 0.316 NA 0.028 NA NA NA
mean | 0.003 0.041 0180 0092 3079 0000 01656 0.038 0051  0.000 0.000 0.007
Ist 28.756 13594  20.750  0.006 5,663 0.006 0.263 0.125 NA NA NA 0.031

nfluent 2nd 23.407 21154 29491 0.283 14.100 NA 0.652 0.401 NA NA NA NA

3rd 13.284 15793 25758  0.029 2.968 NA 0.877 0.104 0.340 NA NA NA
Seo nam mean | 21.816 18.847 25333 0.106 7577  0.002 0597 0210 0113  0.000 0.000 0.010
h Ist 0.006 0.156 0.169 0.006 7.763 NA 0.219 0.031 NA NA NA 0.006
Sewage Eifluent 2nd NA 0.176 0.201 0.141 5.654 NA 0.18  0.110 NA NA NA NA
treatment 3rd NA 0.217 0.053 0.195 4,520 NA 0.492 0.174 0.050 NA NA NA
mean | 0.002 0183 0141 0114 5979 0000 0209 0105 0017 0.000 0.000 0.002

Ist 22.325 10706 9.750 NA 10.081  0.013 0.300  0.081 NA 0.531 NA 0.031
nfluent 2nd 48097 44272 33821 0451  17.651 NA 0.611 0.496 NA NA NA 0.213

3rd 25461 21213 21070 0.242 2.628 NA 0.660  0.084 0.447 NA NA NA

Jung mean | 31961 25397 21547 0231 10120 0.004 0524 0472 0149 0177  0.000  0.081
ryang Ist NA 0.056 0.019 NA 5.381 0.006 0.025 0.013 NA NA NA 0.013
Bffluent 2nd NA 0.685 0.502? 0.159 5732 NA 0.18? 0.119 \M_ NA NA 0.070

3rd NA NA 0.135  0.103 3.272 NA 0.275 NA 0.135 NA NA NA
mean | 0000 0247 0221 0087 479% 0002 0162 0044 0045 0000 0000 0.028
Ist | 96,944 28663 36.856  0.013  9.088  0.004 0381  0.275 NA NA NA 0.169

Influent 2nd 34021 34112 30.61::) 0.201 16,925 NA 0.316 0.13::) NA NA NA NA

3rd 18729 16179 18405  0.203  4.982 NA 0.984  0.045  0.206 NA NA NA
Tan mean | 36565 26318 28625 0.139 10332 0.001 0560 0.52 0069 0.000 0000 0.056
cheon Ist NA 0.300 0688  0.006 7119 0013  0.063 NA NA NA NA 0.013
Bifluent 2nd NA 0.353 0.873 0.115 5182 NA 0.180 0.087 NA NA NA NA

3rd NA NA 0.148 0.108 5.322 NA 0.193 NA 0.149 NA NA NA
mean | 0000 0218 0570 0076 5874 0004 0145 0.029 0049 0.000 0000  0.004

¥ NA : means not quantified

1: Acetaminophen 2: 1,7 Dimethylxanthine 3:
7:

5: Cimetidine

9: Sulfachloropyridazine

6: Diltiazem

10: Sulfathiazole

- 71

Caffeine 4:

Sulfamethoxazole 8:

Carbamazepin

Trimethoprim

11: Sulfamethazine 12: Sulfadimethoxine
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Figure 4.1 Det. frequency of pharmaceuticals in the Han-river and sewage
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Sample 1D

1: Acetaminophen 2. 1, 7-Dimethylxanthine 3: Caffeine 4: Carbamazepin

5. Cimetidine 6: Diltiazem 7: Sulfamethoxazole 8: Trimethoprim

9: Sulfachloropyridazine 10: Sulfathiazole 11: Sulfamethazine 12: Sulfadimethoxine
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- caffeine?} cabamazepine©] B2 HAFhY FHAE EAHUG. 3 7 H
FEE MUt Al F=Ro 0356pg/ ¢ E=A UEFSTE CimetidineS V|5 Rt}
0.758ug/ ¢ 7} =%oH, diltiazeme Hd ZHF =71 vl BIE] 0.036ug/ ¢ 2L
W, g F=x =Y T sREY 94 dEwd. AL A Il
trimethoprime] iU}, vl=f, HUA EF giAEZZ A HoH, 739 FHu
FREFEE 0.004~0.026pg/ ¢ 2 Ze 2o]E H YUY sulfamethoxazole H=3+ = =

FERT wlaro] 1818ug/ ¢, HUo] 1.918ug/ ¢ =A UERRTh sulfamethazine
Aud, vl=, 54 5 vl MY PEK0.22pe/ 4) HEHR LM, sulfadime-
thoxine> 374 HWs %7l vl= HWsEHRT 0587w/ ¢ P& FAZE HEHI
t}. sulfathiazole®} sulfachloropyridazine> =Wl o} = ejolA EF AZH A o,

1,7 Dimethylxanthine2 oA 5t &2 2 A% B A&,

=
T

LA

170,

2005).
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Table 4.3 The comparison of pharmaceuticals conc. detected in the Han-river and

streams
(unit : g/ )
This study Canada’ USA?” Germany1 D
Mean Max Median-Max Median-Max Median-Max
Acetaminophen 0.033 0.127 0.11-10
1,7 Dimethylxanthine 0.134  0.369
Caffeine 0.168  0.373 0.017-0.046 0.081-6.0
Carbamazepine 0.008  0.036  0.020-0.650 2.1-6.3
Cimetidine 0.273 1.338 0.074-0.58
Cis-Diltiazem
0.001 0.013 0.021-0.049
hydro chloride
Sulfamethoxazole 0.025 0.082 0.15-1.9 0.40-2.00
Trimethoprim 0.004  0.026  0.043-0.134 0.15-0.71 0.32-0.66
Sulfachloropyridazine NA NA ND ND
Sulfathiazole NA NA ND
Sulfamethazine NA NA ND 0.22-0.22
Sulfadimethoxine 0.005 0.013 ND 0.06-0.60

% 9: C. Metcalfe et al., 2004. 3: Dana W. Kolpin et al., 2002. 11: R Thomas A. Ternes.

2001.

ND: Not detected. NA : means compound was not quantified.
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114 stA G i = HN

Acetaminophene =W stA 2 WFF7F Blm RO oF 041ug/ ¢ BE BHA U
B}t Caffeine, cabamazepine, trimethoprim, sulfamethoxazole, sulfadimethoxine = <] o]
Mz A =22 7P 8ol AAEe dFHAeH, caffeine> o} =9
EF v 322 HEF AU Cabamazepines 7lUche} SdrRY i e
22 JeEN ATt Trimethoprime 7QUithe} v Z=3tA| vk w23 EQ7 vlwshd ot
& YE At Sulfadimethoxine2 =9 FFFErRT AA|Fo= A

Bgor, SUN BEE £ F A de = ABIS ¢ 5 A 92

rlo

9] sulfamethoxazole HUl &%+ v|=, Jluthe} ZHe vls)] 0.379~2.608ug/ ¢ A=
kS

FEE Yegd. SAEFQ sulfathiazole, sulfachlor- opyridazine,

rlo

sulfamethazine, sulfadimethoxine®] 2| & F%= <} Hlw3] B sulfachloropyridazine
Auttel X HEHA AT, W A ARFAds HE: HAH
sulfamethazine> = 9| A AESHAAT, U= HAEHA &S JgEdo|th
sulfathiazole-e =W - &] RFol|lA HEH A gkt

Sulfadimethoxine-2 7Hutths} wl= R gtom, 54 seAe)d Wis Boe
2o F=E YeEliAY. 1,7 dimethylxanthine2 =Wl AgE &2z AA &4
HAS AA AN ARG F HAE BFS AHEY Aud, v5, 5L AR
ZheE AUT7E M2Al sk A
(Metcalfe. et. al.,2004). A-=A] &}
gl wlw, sde asAdg wRs o @
Table 4.4] Lteb $ch
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Table 4.4 The comparison of pharmaceuticals conc. detected in the effluents of sewage
treatment plant

(unit : g/ )

This study Canadian™"? UsA® Germany1 b
Mean  Max Median-Max Max Median-Max
Acetaminophen 0.001 0.009 0.42

1,7 Dimethylxanthine  0.172 0.685

Caffeine 0.278 0.873  0.022-0.677 3.60 0.22+0.03"
Carbamazepine 0.092 0.195 0.107-2.30 2.1-6.3
Cimetidine 4932 7.763
Cis-Diltiazem

0.002 0.013
hydrochloride
Sulfamethoxazole 0.193 0.492  0.243-0.871 3.10 0.40-2.00
Trimethoprim 0.054 0.174  0.071-0.194 1.30 0.32-0.66
Sulfachloropyridazine  0.041 0.149 ND
Sulfathiazole NA NA ND ND
Sulfamethazine NA NA 0.363-0.363 0.002
Sulfadimethoxine 0.010 0.070 ND 0.001 0.62+0.05"

% a: The Mean Concentration

_76_



)
ok
3

A A A= sulfame-
=

3

o.
olu] 1970 dth ol 772

2 dAFdA YEd 23R
A7 B E ]S H(Garrison et. al., 1976 ; Hignite et.

L

trA 2ol Aglso]

Fo Ak Aol AatE ol v
[e)

2|

Zo| A= caffeine,
7

jm=}
P, A

FTER

3}

3
1

o]
yal

of o

al,1977), 19903 FHk o]F o] o]

%9

o

7 A 2o
=7t H =< Folga Al HTh F9dA

1

kel
pil

o]
FAA 6
&

1.2
A

]

e

56.944.g/ ¢ (acetaminophen), WF FHU| 7.763ug/ £ (cimetidine) & =
Arfolth. B 24

thoxazole©] 7} #& W2
W Aol 13384/ £ (cimetidine) <)

LC/MS

6% 3}

g
o}

—

o

ﬁo
)

=
A%

Top Aol WE 2AL o] Fo] AAW o} muG Fzolm, ) A

o] ekE A7 A7 (Thomas et. al.,2003).

e = AFsE Aol A9 vk wEbM S o ofE i

7
o

B

o
Hp
or
o
)

—~
o

_77_

2

Jol gl AAolt. aEEe Wy

=1
P

F it

o]
yal

g sl

=l o



=2
=

FA9) FE B

2.

el

—_—
o

2 o ey =

°

Ade A4

=K

&t

[¢)

2

°]8

=

=

EYE, 2007) LC/MS

21 AFANEE, 2004

b

A

o
A

20 (&
2.1 443

s

pjy

211 ZARG A Qe ¢}

A
=
K3

A A

3

A 3A
kel

L

R

=2

o 9
HE ol 22

)=

UER LT o]

AAZE AHEH7] o

2,096ng/ ¢

3

kel
1FFH A A Fg7]

A7} sl gwer ofel QA
24
g]

tetracycline©|

S ERECICEE]

[¢)

H A ¢k oH, enrofloxacin®] 40%<] Aol A

=
=

4

]

4o

ok
=

o) 9]

M

X

1

_78_



=5

=

1A= )

[

=

2.12 RAA71E YGEE T

e

W

EHZ 7HF

o

100

)

1=A
=

enrofloxacin @}

A4

H)o| A tetracycline©] 3

719l
sulfamethazine(88%)

=
T

>z
FA ANA
AAZA F2 G R A AL

A

sto] AT H oo & Aotk FFrlel 74

[€)
florfenicol(100%) 2}

B2l
&

= A2HAJAYS 5719 ol
=3

}47]9]

°

o2 AlR"ET a8y 19 w9k 339 Alg

enrofloxacin(78%) ©| At}

3L,

olo

AgEE

s

mt

florfenicol S & & ol Al

5ol
35719
5714

b el

°

o

pu

A

=

o

pu

A A (/\ﬂ

3

kel

Kk

UElA enrofloxacine 373 %
5

B3 2H#=Z AFEH Figure 4.3
e LT} Florfenicol

enrofloxacin®]

ol
<)
)

%
+

el
K

FollA 74A]

N

pu—

)
K

—
N
i

EEIEEL Py

—_L
ju

g S, ddEdd

L=R

_79_



’l

gEt HuAESFEE B EZL tetracycline (2,096ng/ £ )] %)

N
N
i)

oty
31 o]o]A] oxytetracycline®] 1,236ng/ ¢, chlortetracycline®] 793ng/ ¢ & R At} A7
PG AA Fo)|AE sulfamethoxazoleo] H 67ng/¢ E 7P Eska AutA  AA
9} Zo] ALEE &= trimethoprim©] i 202.3ng/ /4 2 =2 %

AEFTEE HYJY Z=5
7l 48 AaA A9} florfenicole] RE FEE AZSHJS B A =1

vEe] F7hE BREA gk

100 CERS]
OEs7|
Oz
80
;\E L]
£ 60 []
()
o
()
o
c
S 40
5
[0
5
©
20
0 . .Iﬂ. . . .I A BN BN JAN e N

OTC TC ChTC STZ TMP SMzZ CBD EFX SChP SMX FFC SDM VGM

Figure 4.2 Det. frequency of pharmaceuticals in the Han-river basin by sampling

season

OTC : Oxytetracyclin TC : Tetracycline ChTC : Chlortetracycline,
STZ : Sulfathiazole TMP: Trimethoprim SMZ : Sulfamethazine

CBD : Carbadox EFX : Enrofloxacin SChP : Sulfachloropyridazine
SMX : Sulfamethoxazole FFC : Florfenicol SDM : Sulfadimethoxine

VGM : Virginiamycin.
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Table 4.5 Conc. of the pharmaceuticals in the Han-river Korea by sampling season

Upper Han River

Lower Han River

Chemicals Detections | mean | 95% Detections| mean | 95%
Detections , | Detections
ratio(%) |(ng/ ¢ )| UCL ratio(%) | (ng/#¢) | UCL
Sulfamethoxazole 7(18) 39 313 416 1521) 71 50.8 73.6
Sulfathiazole 1(18) 6 148 185 0(21) 0 - -
Sulfamethazine 2(18) 11 15.0 20.1 1(21) 5 10.1 10.3
Sulfadimethoxine 4(18) 22 142 209 6(21) 29 10.0 10.4
Sulfachloropyridazi 138) 6 192 262 0@1) 0 ) )
ne
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 19.7 304 4(12) 33 11.7 13.7
Florfenicol 6(15) 40 58.0 96.2 4(12) 33 333 51.9
Carbadox 1(15) 7 53 - 0(12) 0 - -
Virginiamycin 1(15) 7 218 426 0(12) 0 - -

UCL : Upper Confidence Level
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Table 46 Conc. of the pharmaceuticals in local stream of the Han-river Korea by sampling season

South Han River

North Han River

Kyongahn River

Chemicals _ Detection| mean 95% _ Detection | mean 95% _ Detections| mean 95%
Detection Detection Detections .

ratio(%) | (ng/ #) | UCL ratio(%) | (ng/#) | UCL ratio(%) | (ng/f) | UCL

Sulfamethoxazole 4(17) 24 13.2 16.6 0 (15) 0 ND ND 92 (138) 67 35.7 41.3
Sulfathiazole 0(17) 0 ND ND 0 (15) 0 ND ND 10 (52) 19 233 28.5
Sulfamethazine 0(17) 0 ND ND 0 (15) 0 ND ND 24 (52) 46 33.2 43.4
Sulfadimethoxine 0(17) 0 ND ND 3 (15) 20 13.3 19.2 1 (52) 2 10.9 12.3
Sulfachloropyridazine 2(17) 12 13.1 17.9 0 (15) 0 ND ND 0 (52) 0 ND ND
Trimethoprim 8(28) 29 13.6 21.8 5 (25) 20 9.6 13.1 63 (164) 38 9.1 10.5
Oxytetracyclin 0(17) 0 ND ND 0 (15) 0 ND ND 2 (40) 5 10.6 11.4
Tetracycline 2(17) 12 333 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 53.4
Enrofloxacin 2(17) 12 11.2 12.6 6 (15) 40 19.7 34.1 38 (126) 30 19.3 23.9
Florfenicol 1(17) 6 10.4 11.1 0 (15) 0 ND ND 15 (126) 12 19.4 28.1
Carbadox 0(17) 0 ND ND 0 (15) 0 ND ND 1 (40) 3 49.2 115.2
Virginiamycin 0(17) 0 ND ND 0 (15) 0 ND ND 0 (52) 0 ND ND
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Table 4.7 Conc. of the pharmaceuticals in influent and effluent of the four sewage

treatment plants in the Han-river Korea by sampling season

Influent Effluent
Chemicals Detection| mean | 95% Detection | mean 95%
Detection Detection

ratio(%) |(ng/ ¢)| UCL ratio(%) | (ng/ ¢) | UCL

Sulfamethoxazole | 32 (32) 100 457.1 5584 | 31 (32) 97 266.0  351.6
Sulfathiazole 4 (32) 13 81.4 1328 | 2 (32) 6 31.2 438.8
Sulfamethazine 18 (32) 56 1568.1 2207.2| 12 (32) 38 109.6 1929
Sulfadimethoxine 6 (32) 19 27.0 414 | 5 (32) 16 12.2 15.3
Sulfachloropyridazine| 17 (32) 53 3309 4410 | 8 (32) 25 33.2 43.9
Trimethoprim 45 (46) 98 151.8 211.0 | 40 (46) 87 53.8 67.1
Oxytetracyclin 1 (20) 5 253  52.0 | 0 (20) 0 ND ND
Tetracycline 1 (20) 5 23.0 456 | 0 (20) 0 ND ND
Chlortetracycline 2 (20) 10 556.5 1199.0| 0 (20) 0 ND ND
Enrofloxacin 1 (20) 5 20.6  39.1 1 (20) 5 16.2 26.8
Florfenicol 9 (20) 45 2846 4965 | 2 (20) 10 16.8 26.5
Carbadox 0 (20) 0 ND ND 0 (20) 0 ND ND
Virginiamycin 0 (20) 0 ND ND 0 (20) 0 ND ND
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Table 4.8 L/EC50 and IC50 on test pharmaceuticals

V. fischeri D. magna 0. latipes
Chemicals
Smin 15min 48hr 96hr 48hr 96hr
567.5 30.1

ATP (53%-95'629) (358.6-898.1)  (23.2-39.0) (19266-'36346) >160 >160
354 354
CBZ (46522-521) (45582-'5%45) >100 (64746-8%1) (NA) (NA)
CTD (38%% ?35'59140) (303%-54'6047) (31(3)'43-9447945) (23%42-13?240) >100 >100

DTZ 407 .4 263.7 28.0 8.2 25.6 15
(381.0-435.7)  (234.9296.1)  (23.3-32.7) (6.0-10.4) (21.4-30.7) (NA)
562.5
SMX (46’.744-11'12847) (2470%21544) (1551%-92'22945) (1451%-72'038.9) >750 (NA)
T™P (14%951'8%9) a 5%%-61'9766) (13%91-71'3‘6.3) (981.‘)2-(1)21Z.4) >100 >100
SCP 53.7 26.4 3573 233.5 589.3 535.7

(474:60.9)  (19.8-35.4)  (325.9-424.7) (20237264.7) (451.8-726.7) (3982°673.2)

STZ >1000 >1000 (1151%%-91'93245) (74805-29%45) >500 >500
SMZ (28%%%’197) (3224‘7‘5‘3'67343) (17&%-52'6‘044) (13512551'79448) >100 >100
SDM >500 >500 248.0 204-5 >100 >100

(199.2-296.8)  (156.9-252.2)

Units in mg/ ¢ . Abbreviations: ATP-acetaminophen, CBZ-carbamazepine, CTD-cimetidine,
DTZ-diltiazem, SMX-sulfamethoxazole, TMP-trimethoprim, SCP-sulfachloropyridazine,
STZ-sulfathiazole, SMZ-sulfamethazine, SDM-sulfadimethoxine, P. sub.- Pseudokirchneriella
subcapitata (formerly known as Selenastrum capricornutum), C. mene.-Cyclotella

meneghiniana *Daphnia spp.
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Table 4.9 Derivation of predicted no effect concentrations (PNECs) of the target substances

EC50 PNEC

Substances (ng/ 0) (ug/ ¢)
Acetaminophen 9.2a 9.2
Carbamazepine 354 354
Cimetidine 271.3 271.3
Diltiazem 8.2 8.2
Sulfamethoxazole 0.15b 0.15
Trimethoprim 120.7 120.7
Sulfachloropyridazine 26.4 26.4
Sulfathiazole 85.4 85.4
Sulfamethazine 153.9 153.9
Sulfadimethoxine 204.5 204.5

a D. magna 48 hr EC50 (Kiihn, 1989)
b Pseudokirchneriella subcapitata 96 hr growth EC50 (Ferrari et. al., 2004)

6) A} 74

%] Table 4.8°14 T3+ PNEC S & oFE 9

#3] X|9~(Hazard Quotient)E T3ttt F3MAF7F 1 o] Fold
=)

5ol dAHE Rolm 1 e 7
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Table 4.10 The comparison of measured environmental conc. of pharmaceuticals with

predicted no effect conc.

(unit : pg/l)

Measured conc.

Hazard Quotients based on

Substances PNEC
Mean Max Mean conc. Max conc.

Acetaminophen 9.2 0.001 0.009 0.0001 0.0010
Carbamazepine 354 0.092 0.195 0.0026 0.0055
Cimetidine 271.3 4.932 7.763 0.0182 0.0286
Diltiazem 8.2 0.002 0.013 0.0002 0.0016
Sulfamethoxazole 0.15 0.193 0.492 1.2867 3.2800
Trimethoprim 120.7 0.054 0.174 0.0004 0.0014
Sulfachlorpyridazine  26.4 0.041 0.149 0.0016 0.0056
Sulfathiazole 85.4 NA NA NA NA

Sulfamethazine 153.9 NA NA NA NA

Sulfadimethoxine 204.5 0.01 0.07 0.0000 0.0003
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Figure. 4.4 Comparison between measured environmental conc. of select

pharmaceuticals in the Han-river and their predicted no effect

concentrations.
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Ketoconazoled] =& F3A £AMEE 1, 10, 100mg/ ¢ =S4 22 1.55, 2.18,
15.4%9] vitellogenine®] F7FS R At} Acetaminophen®} diltiazemol] =% 472
caffeine?} WFZF7FAIZ vitellogenine®] 23k zo]E HolA| Loy FH FALE
9] 79 acetaminophen 4, 8, 16mg/ ¢ =Z oAl vitellogenine ¥aFo] Z+zb 1, 2.27,
8.23%, = 7Fst o, diltiazem 0.5, 1, 2mg/ ¢ =Z 7oA+ vitellogenine §Fo] Z}
zt 0.58, 5.18, 11.1% =73ttt diltiazem =29 23} vitellogenineZ7+e 74 &

OS2 Fo33AH. (p<0.05)
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Figure. 4.5 Result of Western blot for female & male medaka exposed to

17B-estradiol for 3~ 5days
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Figure. 4.6 Vitellogenine induction effect by 173-estradiol of Oryzias latipes
1: Negative control (Female & Male)
2: Positive control 17B-estradiol(E;) 10 ng/m{ (Female & Male)
*#% . Significant difference by Negative Control T-TEST
(***:p<0.001)
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Figure. 4.7 Result of Western blot for female & male medaka exposed to caffeine
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for 3~5 days
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Molecular
Weight

S, + Negative Control(Female)
S, : Negative Control(Male)

S, : Ketoconazole 100ppm(Male)
S, : Ketoconazole 10ppm{Male)
S, : Ketoconazole 1ppm{Male)

Figure. 4.8 Result of Western blot for female & male medaka exposed to

ketoconazole for 3~5 days
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Figure. 4.9 Result of Western blot for female & male medaka exposed to

acetaminophen for 3 ~S5days
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Weight
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S, : Negative Control{Female)
S, : Negative Control{mMale)
S; : Diltiazem 2 ppm{Male)
3, : Diltiazem 1 ppm{Male)
S, : Diltiazem 0.5 ppm{Male)

Figure. 4.10 Result of Western blot for female & male medaka exposed to

diltiazem for 3~5 days
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Figure. 4.11 Vitellogenine induction effect by caffeine in Japanese medaka

Negative control (Female & Male)

Positive control 173-estradiol(E2) 10 ng/m¢ (Female & Male)

Female & Male Medaka were exposed to Caffeine 2mg/ ¢ for 3 ~Sdays
Female & Male Medaka were exposed to Caffeine 4mg/ ¢ for 3~ Sdays
Female & Male Medaka were exposed to Caffeine 8mg/ ¢ for 3~ S5days
ok ka0 Significant difference by Negative Control T-TEST

(**:p<0.01, ***:p<0.001)

AN e

_97_



Acetaminophen

ok k T

0 O Female

O Male

10 — =

1 2 3 4 5
Chemical compound

Figure. 4.12 Vitellogenine induction effect by acetaminophen in Japanese
medaka
1: Negative control (Female & Male)
2: Positive control 17B-estradiol(E;) 10ng/m¢ (Female & Male)
3: Female & male medaka were exposed to acetaminophen 4mg/ /¢
for 3~5days
4: Female & male medaka were exposed to acetaminophen 8mg/ ¢

for 3~ 5days

9]

: Female & male medaka were exposed to acetaminophen 16mg/ ¢
for 3~ 5days

* *¥% . Significant difference by negative control T-TEST (*:p<0.05, **:p<0.01)
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Figure. 4.13 Vitellogenine induction effect by diltiazem in Japanese medaka
1: Negative control (female & male)
2: Positive control 17B-estradiol(E,) 10 ng/m (female & male)
3: Female & male medaka were exposed to diltiazem 0.5mg/ ¢ for 3 ~ Sdays
4: Female & male medaka were exposed to diltiazem 1mg/ ¢ for 3 ~ Sdays
5: Female & male medaka were exposed to diltiazem 2mg/ ¢ for 3 ~ S5days

*** . Significant difference by Negative Control T-TEST (*:p<0.05, **:p<0.01)
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Table 4.11 Acute, fatal and toxic effects of animal medicines in this study

(unit : mg/ )

Ingredient V. fischeri D. magna O. latipes
redien . .
g Smin 15min 24hr 48hr 48hr 96hr
74.2 78.1 123.06 >750 562.5
SMZ >200
(46.4- 118.7) (24.0- 25.4) (101.2-144.9) (N.A)
616.7 149.3 >500
STZ >1000 >1000 >500
(291.7-1303.6) (115.8~192.5)
180.23 >500
SXZ N.A N.A N.A >500
(155.8-204.8)
639.8 248 >500
SDM N.A N.A >500
(396.1-883.5) (199.2-296.8)
1056 2627 >1000
AMP >1000 >1000 >1000
(561.5-1985.0) (384.8-17930.0)
1320 3597 >1000
AMO >1000 >1000 >1000
(972.7-1791.0) (519.5-24760.0)
13 380.1 225 88.4 78.9
CTC >20
(10.0-17.2) (318.0-422.2) (192.0-258.0) (60.0-100.0) (64.2-93.6)
235.4 87 215.4 110.07
oTC >100 >100
(166.5-332.8) (50.8-148.9) (19.30~ 411.56) (69.82~ 150.33)
425 326.8 131.65 56.71
EFC >100 >100
(N.A) (N.A) (107.9-155.4) (46.8-66.6)
116.6 42.1 138.8 80.8
NEO >1000 >1000
(86.5-146.7) (33.5-50.8) (107.1-170.5) (63.7-97.9)
165.1 176.7 155.56 92.01
T™P >100 >100
(149.1~182.9) (158.8~196.6) (147.4-163.7) (72.6-111.4)
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Vitellogenine &4]¢] 3EF341-2 Figure 4.149} 2o}

0.0 L 1 1 ] |
0 20 40 60 80 100 120
Concentration (ng/n) y =0.0120x-0.0077
R® =0.999

Figure 4.14 Standard curve of vitelllogenine

FAH Vtg(vitellogenine)= FAE vitellogenines ©]83Fo] 2932 ™, Figure
4145 FAEY AR XEFAE dEISh 24ESE 0~100ng/meo] R
0.9990]t}. 17B-estradiol (E2)= FH A olA] vitellogenine F=2] At
2 AREHAT & -7 FARE 3
A3 ELISAR Z#E2 2=314t)h vitellogenine & @l Ak 3]0
permil (%)= YEFH AT d 5
£ WS HolA adARt, A A= 74350%2 HET 0.14% 2T 3
= 3.

l
wh

©
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2
ws]
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=
=
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=
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=2
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o
(HUBN
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SF E2 10ng/mlol] =417 43 S48 E
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Western blot= 205kDa%l|A] EFL O™, vitellogenine standard, <7 tHZET

i)
3
@

-estradiold]] Wg ¢ tETE o] &3ty AU =4 txw A A4 o
27 - FAAA band7t FAEJL, 548 dHE2T FAHANE YEUA FdTh
(Fig. 4.15).

Molecular  Vig STD S, S, S; S,
Weight I | I I I

205 kDa =

Vig STD : Vitellogenin standard

S,  Negative control (Male)

S, ' Negative control (Female)

S. ! Positive control E, 10ng/mL (Male)
S, ' Positive control E, 10ng/mL (Female)

Figure 4.15 Result of Western blot for male fish exposed to 173-estradiol

for 3 ~5days

o EAMEES 01, 1, 10, 100mg/ ¢ 9]  chlortetracycline®]  =ZA] F Tt}
vitellogenine®] Western blot Z¥}+= 205kDa o WEFYIL 10, 100mg/ 2 A & o]

A=k chlortetracycline®] ]38  vitellogenine®] F%=

r
of
:
N
%
o
A=)

ELISAC] <3 0.1, 1. 10, 100mg/ /ol =FA171 FZH A9 vitellogenine 2]
== Z+7F 0.24, 0.12, 7.61, 40.02% = HZT 0.14% Xt =4 25 A (Fig4.16

=
7} Table 4.12).

off
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Molecular VtgSTD S, S, S S & §
Weight | | | I | |

Vitg STD : Vitellogenin standard

- Negative control (Male)

 Positive control E, 10ng/mL (Male)
: Chlortetracycline 0.1ppm (Male)

: Chlortetracycline 1ppm (Male)

: Chlortetracycline 10ppm (Male)

: Chlortetracycline 100ppm (Male)

e

&=

W WD W

o

Figure 4.16 Result of Western blot for male fish exposed to chlortetracycline

for 3~5days

Table. 4.12 Vitellogenine contents at female and male exposed to

chlortetracycline for 3~5 days

Exposure concentration (mg/ ¢ )

Chlortetracycline
0.1 1 10 100
Female 4.26 2.18 12.03 3.74
Vg (%)
Male 0.24 0.12 7.61 40.02

- FAEE 0.5, 5, 50, 500mg/ £ 2] sulfathiazole®] =ZA]Z T}, vitellogenine 2

dol FAHAH.
sulfathiazole®] 2]3F vitellogenine®] F=v F A Gy} ELISAC o3l A
AE AT 0.5, 5, 50, 500mg/ £ ol =FAZ FA FA] ] vitellogenine®] FEE

ZyZy 1.06, 0.5, 22.1, 61.12% 2 WZT 0.14%Ed =A FAFAG (Figd.17 7

Western blot 23+ 205kDa ©] YEYIL 50, 500mg/ ¢ oA 2

Shd
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Table 4.13).

Table 4.13 Vitellogenine contents at female and male exposed to sulfathiazole

for 3~5 days
Exposure concentration (mg/¢)
Sulfathiazole
05 5 50 500
Female 34.64 18.15 44.37 29.12
vitellogenine( %)
Male 1.06 0.5 22.1 61.12
Molecular  vig STD S, S, S, S, S, S,
Weight 1 | | | | | |
205 kDa = | s

Vtg STD : Vitellogenin standard
Negative control (Male)

Positive control E, 10ng/mL (Male)
Sulfathiazole 0.5ppm (Male)
Sulfathiazole 5ppm (Male)
Sulfathiazole 50ppm (Male)

Sa
Sat:
S
o
S
S; : Sulfathiazole 500ppm (Male)

Figure 4.17 Result of Western blot for male fish exposed to sulfathiazole for 3~5 days

- SAEIE 0.1, 1, 10, 100mg/ £ 9] enrofloxacin®l] =Z A Zt}. vitellogenine 2]

Western blot Z 3= 205kDacl]l YEM}I 100mg/ £ oA & o] AU (Fig.
4.18). Enrofloxacin®] &3t vitellogenine®] F=+ F @A A=z ELISA <3l
AFE A ATHTable 4.14). 0.1, 10, 100mg/ 2o X=ZA171 FA  FA1g9
vitellogenine®] &&= ZZF 1.58, 0.69, 21.05% = WET 0.14%ET =A

LA
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Table 4.14 Vitellogenine contents at female and male exposed to enrofloxacin

for 3~5days
Exposure concentration (mg/ ¢ )
Enrofloxacin
0.1 1 10 100
Female 20.49 3.90 2.66 42.69
Vg (%o)
Male 1.58 0 0.69 21.05
Molecular \tgsTD g 8§, S, S, S S
Weight | L ¥ I I [ [
205 kDa— —_—

Vitg STD : Vitellogenin standard

S, 1 Negative control (Male)

S, : Positive control E, 10ng/mL (Male)
S, : Enrofloxacin 0.1ppm (Male)

S, : Enrofloxacin 1ppm (Male)

S, : Enrofloxacin 10ppm (Male)

S, * Enrofloxacin 100ppm (Male)

Figure 4.18 Result of Western blot for male fish exposed to enrofloxacin for 3~5 days

-+ FARE 01, I, 10, 100mg/# 2]  trimethoprim®l] =ZFA]FTH
vitellogenine®] Western blot Z¥}+= 205kDa ©| YEMJ3 1, 10, 100mg/ ¢ ol A

o] FRAE AT trimethoprim®l] 2] 3t vitellogenine?] &=+

of
e

Z
()
o
oft
i)

il
ELISAS] & A= ZEAEch 0.1, 1, 10, 100mg/ 2ol =417 F2 A 9
vitellogenine®] H%E Z+Z} 093, 66.03, 46.08, 29.72% & WET 0.14 %Xt =4
3 5] A th(Fig4.19 3} Table 4.15).
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Table 4.15 Vitellogenine contents at female and male exposed to trimethoprim

for 3~5 days
Exposure concentration (mg/ /¢ )
Trimethoprim
0.1 1 10 100
Female 8.67 12.76 30.99 4.75
Vig(Jo)
Male 0.93 66.03 46.08 29.72
Moie‘cular WgSTD S, S, 5 S, % S
Weight I Il I | I I

205 kDa =

=

tg STD : Vitellogenin standard

: Negative control (Male)

 Positive control €, 10ng/mL (Male)
: Trimethoprim 0.1ppm (Male)

: Trimethoprim 1ppm (Male)

: Trimethoprim 10ppm (Male)

: Trimethoprim 100ppm (Male)

LR LR LR L0 LH O

Figure 4.19 Result of Western blot for male fish exposed to trimethoprim for 3~5 days

323 7128379 vl

N
Ad

zAtE d¥e) 71 £d3 vlug 235 ths Table 4.1691 YERHA AT
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Table 4.16 Toxic effects of animal medicines by species reported in literatures

. . Values .
Ingredient Endpoint Test organisms Reference
(ng/ )
. EC50 0.05 Microcystis aeruginosa Halling-Sorensen (2000)
Chlortetracycline - -
EC50 3.1 Selenastrum capricornutum Halling-Sorensen (2000)
48h EC50 >100
Daphnia magna Wollenberger et. al.(2000)
48h LOEC 100
24h LC50 >5 Penaeus setiferus Willford (1966)
. . . Holten Lutzhoft et.
EC50 0.207 Microcystis aeruginosa
. al.(1999)
Oxytetracycline
EC50 1.7 Rhodomonas Peterson et. al.(1993)
. Holten Lutzhoft et.
EC50 4.5 Selenastrum capricornutum
al.(1999)
EC50 46.2 Daphnia magna Wollenberger et. al.(2000)
24hLC50 150
Oxytet li 48hLC30 125 M till 1i Hughes(1973
xytetracycline 72h LCS0 100 orone saxatilis (fingerling) ughes( )
HCl
96h LC50 75
24/96h LC50 <200 Salvelinus namaycush Marking et. al.(1988)
48h LC50 >100 Ceriodaphnia dubia
96h EC50/Growth | 2.4 Cyclotella meneghiniana
48h LC50 >100 Daphnia magna
Sulfamethoxazole Pseudokirchneriella Ferrari et. al.(2004)
96h EC50/Growth | 0.146 .
subcapitata
96h EC50/Growth | 26.8 Synechococcus leopolensis
30min/Luminescence | >84 Vibrio fisheri
48h LC50 >100 Ictalurus punctatus
48h LC50 >100 Lepomis macrochirus
. 48h LC50 >100 Oncorhynchus mykiss .
Sulfamethazine Willford (1966)
48h LC50 >100 Salmo trutta
48h LC50 >100 Salvelinus fontinalis
48h LC50 >100 Salvelinus namaycush
24h LC50 1866
. . 48h LC50 851 L
Sulfadimethoxine Artemia salina (nauplii) Migliore et. al.(1993b)
72h LC50 537
96h LC50 19.5
. 24h EC50 34.06 L
Bacitracin zinc Artemia salina (nauplii) Migliore et. al.(1993)
48h EC50 21.82
ECS50 0.61 Bacteria(activated sludge)
. . NOEC 60 Daphnia magna .
Ciprofloxacin Halling-Sorensen (2000)
EC50 0.005 Microcystis aeruginosa
EC50 2.97 Selenastrum capricornutum
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324 93 BFF

drd A LR ko] Atgo]l HASHA He FAA L FEol Al
AsE Zelet=A Brretr] Aste] FAA 19 A FH S -8-8 F(Acceptable Daily
Intake, AD)S AF&3F5th. ADI= QIE|Yl HA37} 8k&Ad 5 ((Schwab et. al., 2005,
Webb et. al, 2003)S ZFrarsie] Zgith. ADIZF AR EHW Aol =3 &
le FAMES AFHIT 7S Schwab  5(2005)9] el uwhEt
-3 &5 & = (Predicted no effect concentration, PNEC)E AF&3Hth. Th- Table 4.17
3} Table 4.18¢1 A7t FAFHAE £33 F8o 9FEZ ADI®} PNECE
A3k Aol

R

ol

_{

o
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Table 4.17 Day - tolerable amount and PNEC of main antibiotics and animal medicines in this

study
PNEC ADI PNEC
Ingredient ADI (ug/kg/d) Ingredient
(mg/ 2) (ug/kg/d) | (mg/2)
Chlortetracyclin 3 0.1 Fluvalinate 5 0.17
Oxytetracyclin 30 1.02 Monensin sodium 10 0.34
Colistin 200 6.79 Clopidol - -
Florfenicol 3 0.1 Imidacloprid 60 2.04
Amoxicillin 200 6.79 Trimethoprim 20 0.68
Bambermycin 300 10.18 Ciprofloxacin 1.6 0.05
Neomycin 60 2.04 Sulfamethazine 50 1.7
Sulfathiazole 50 1.7 Bromhexine 5 0.17
Fenbendazole 50 1.7 Norfloxacin 190 6.45
Cyromazine 20 0.68 Gentamycin 50 1.7
Ivermectin 1 0.03 Diclazuril 30 1.02
Enrofloxacine 6.2 0.21 Sulfamethoxazole 130 441
Carbadox - - Tetrachlorvinphos 50 1.7
Tylosin 300 10.18 Erythromycin 40 1.36
Bacitracin 50 1.7 Piperazine 250 8.48
Dihydrostreptomycin
Enramycin 50 1.7
sulfate
Virginiamycin 250 8.48 Apramycin 25 0.85
Ampicillin - - Spectinomycin 1 0.03
Lincomycin 25 0.85 Kanamycin 8 0.27
Penicillin G
30 1.02 Doxycycline 3 0.1
Procaine

Acetylsalicylic

83 0.28 Toltrazuril 10 0.34

acid
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Table 4.18 PNEC of animal medicines based on effects of ecosystem

This study Literature
. . Assess- PNEC
Ingredient Lowest Test orsanism/ Literature lowest ment Factor | (mg/ 1)
Toxicity dulfation toxicity Test organism/ duration Reference &
Value (mg/4) value(mg/ £ )
Sulfamethazine 78.1 V. fischeri 147.5 D. magna Kim et. al. 2007 1000 0.078
15 min 48 hr
. D. magna D. magna .
Sulfathiazole 149.3 43 hr 80 43 hr Kim et. al. 2007 1000 0.08
D. magna Pseudokirchneriella subcapitata .
Sulfamethoxazole 180.2 48 hr 0.146 96 hr EC50/Growth Ferrari et. al. 2004 100 0.0015
Sulfadimethoxine 248 D. magna 19.5 Artemia_salina (nauplii) 96hr In Webb, 2001 100 0.195
48 hr LC50
L V. fischeri Vibrio fischeri
Ampicillin 1056 S min 163 24 hr ECS0 Backhaus et. al. 2001 100 1.63
e V. fischeri Microcystis aeruginosa, 7d, | Holten Luj§tzh©'ftet al.
Amoxycillin 1320 5 min 0.0037 ECS0 1999 100 0.000037
. V. fischeri Microcystis aeruginosa, .
Chlortetracycline 13 15 min 0.05 7d EC50 Halling-Sorensen 2000 100 0.0005
. V. fischeri Microcystis aeruginosa, Holten Luj§tzh©*ftet al.
1 2 1 .002
Oxytetracycline 87 15 min 0.207 7d. EC50 1999 00 0.00207
D. .
Enrofloxacin 56.7 4;“1%“3 103.1 D. magna 48 hr Kim et. al. 2007 1000 0.057
D.
Neomycin 421 4;“1%“3 34.1 D. magna 48 hr Kim et. al. 2007 1000 0.034
. . D. magna Rhodomonas salina, Holten Lu;§tzh©'ft et. al.
Trimethoprim 92 48 hr 16 7d, EC50 1999 100 0.16
Carbadox NC >500 b 4;"“5“ Kim et. al. 2007 1000 >0.5
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Table 4.19 Hazard quotients derived for major veterinary antibiotics detected in upper Han-river

Hazard quotient based on
Environmental level of
PNEC (mg/ ¢ ) based on 90% UCL for the
. antibiotics (ng/ /)
Ingredient protection of
Human Ecosystem Ecosystem
Mean 90% UCL | Human health
health health health
Sulfamethazine 1.7 0.078 59 10.1 5.94E-06 1.29E-04
Sulfathiazole 1.7 0.08 3.7 6.1 3.59E-06 7.63E-05
Sumfamethoxazole| 4.41 0.0015 422 61.6 1.40E-05 4.11E-02
Sulfadimethoxine - 0.195 8.1 13 - 6.67E-05
Ampicillin - 1.63 - - - -
Amoxycillin - 6.79 - - - -
Chlortetracycline 0.1 0.0005 40.7 89.9 8.99E-04 0.18
Oxytetracycline 1.02 0.002 533 131.3 1.29E-04 0.07
Enrofloxacin 0.21 0.057 12.4 19.3 9.19E-05 3.39E-04
Neomycin 2.04 0.034 - - - -
Trimethoprim 0.68 0.16 28.6 65.5 9.63E-05 4.09E-04
Carbadox - >0.5 2 2.9 - -

PNEC: Predicted No Effect Concentration; 90% UCL: 90% upper confidence limit

Frde FAA edow Qs AEA ZAgHe AASAMI o= AE HEA
ka7l Y8 FHABE s SAAFY ZAY FIEDE 5 EPNEC)S
AFEshe] Table 4.19°] YERH. $ARIE ©]83 &8

o4 = chlortetracycline 10mg/ #, ampicillin 100mg/ ¢, sulfathiazole 50mg/ ¢,

enrofloxacin 100mg/ ¢, trimethoprim 1mg/ ¢ & F=oA =Z 2] vitellogenine W& O]
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ol EZ el FA A A= dFE Bl
Ast] Ao FAE AF WHA vAE, EHE, A 55 018 =4

L B0 WY made W 29 e 2 AnE 94

>
b
e
i,
lo
7
e
i)

(o]

NBE SR

.

4.1 @AY IRAGED 298R

rlo

S} AR FEAFTRE ol Ao A= trimethoprim(61%), roxithromycin(70%)°] =
N2 HEHJY 53] 1 T2 AF" 9FEZEL tetracyclin(F T 191ng/ 2),
oxytetracyclin(100ng/ # ), chlortetracyclin(80ng/ /) 2.2 HEZ o] ZHA A A o]
Atk
373 SlFolA+=  acetaminophen, roxithromycin, carbamazepine, cimetidine,
sulfamethoxazole, trimethoprim 59 AEFREE 55~100%= =4t 53] 52 5%
2 AEH FEZ L cimetidine(H 1 425ng/ ¢ ), sulfamethoxazole(38 T 5lng/¢) &
o]12om ©]E Table 4.200] YERH ATH

ZAtH A= acetaminophene, roxithromycin, cabamazepine, sulfamethoxazole®] 67~
83%2 AEFWEE YeliAaL, carbadox(B 1 49ng/ ¢), diltiazem(F T+ 43ng/ /),
acetaminophen(E T 40ng/ /) 52 B3 1FEZ HEH AT
et B3Rl A 50% o) HEE YtEdS T FEaeA M A
AZH JFEZL roxithromycin® 2 36%2] AR (1170 A& F 47X HAEHU
o}, B39 A= enrofloxacine™} roxithromycin®©] 40%2] Al Z oA HAE2FH Aok 3k

EA9 AEFFL YRE 20ng/ ¢ ©]3tE YA Vet o]
3}

rr

FradFodde ZAME AFEd 18F F 1650 AFHIeH &
AgolA HAEH &AL acetaminophen(n=12, 3 26,947ng/ /), cimetidine(n=12, %4
I 8,045ng/ #), sulfamethoxazole(n=32, 3§ 457ng/ ¢ ), roxithromycin(n=14, 37 91

ng//) & EE ARAA HESHAUH olffel AF HEF g4ed

rlo
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trimethoprim(467]) Al & ZF 45709 A 7=, B 152ng/ #), cabamazepine(127] A&
% 1070l X AZE, H 15Ing/£) SoIATh

steA e WRTFIA AT AEEH YoFEEL sulfamethoxazole(327] A& F

ot
=l

3170l A HZS, FF 266ng/ ¢), roxithromycin(147] A EF 13740A HZ,
90ng/ ¢ ), cimetidine(127} Al = 11700l X HZ, F 4,934ng/ ¢) 5ol Ath
ol &4 T AF=H L dUlFEo] strAFdNA fFARSA AAHAASY, L
AL APl & AAHA e Aoz eyt AAEC] 50% ol&d

o] oFE 2 carbamazepine (42.7%), cimetidine (45.0%), sulfamethoxazole (37.0%),

=

enrofloxacine (31.5%)% ©] %1tk ©]E Table 4.220] eI
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Table 4.20 Analysis and occurrence of pharmaceuticals in the Han-river

Upper stream of Han river

Lower stream of Han river

No.of No.of
Pharmaceuticals ~ Abbreviation Use Occurrence Occurrence Avemge. 95%  Occurrence Occurrence Avemge. 95%

No. of  rate (v COMCMIHON iy Noof  rate (v Comeemtmfion o

ample) (ng/2) sample) (ng/ 2)
Acetaminophen AAP antifebrile 0(3) 0 - - 909) 100 432 70.2
Carbamazepine CBZ Anticonvulsant 1(3) 33 3.7 - 709) 78 10.3 16.4
Cimetidine CMT Antiulcerant 03) - - 709) 78 424.6 842.5
Diltiazem DTZ Antihypertensive 0(3) - - 1(9) 11 37.0 42.6
Sulfamethoxazole SMX Antibiotic 7(18) 39 313 41.6 15(21) 71 50.8 73.6
Sulfathiazole STZ Antibiotic 1(18) 6 14.8 18.5 021) 0 - -
Sulfamethazine SMZ Antibiotic 2(18) 11 15.0 20.1 1(21) 10.1 10.3
Sulfadimethoxine SDM Antibiotic 4(18) 22 14.2 20.9 6(21) 29 10.0 10.4
Sulfachloropyridazine SChP Antibiotic 1(18) 6 19.2 26.2 021) 0 - -
Trimethoprim TMP Antibiotic 11(28) 61 50.5 89.7 16(29) 55 289 38.7
Oxytetracycline OTC Antibiotic 2(15) 13 99.9 243.6 0(12) - -
Tetracyclin TC Antibiotic 3(15) 20 190.8 420.2 0(12) - -
Chlortetracyclin ChTC Antibiotic 2(15) 13 79.5 163.3 0(12) - -
Enrofloxacine EFX Antibiotic 7(15) 47 19.7 304 4(12) 33 11.7 13.7
Florfenicol FFC Antibiotic 6(15) 40 58.0 96.2 4(12) 33 333 51.9
Carbadox CBX Antibiotic 1(15) 53 - 0(12) 0 - -
Virginiamycin VGM Antibiotic 1(15) 21.8 42.6 0(12) 0 - -
Roxithromycin RTM Antibiotic 7(10) 70 3.8 7.8 7(8) 88 14.5 34.2

- 116 -



Table 4.21 Occurrence of pharmaceuticals in main tributaries of the Han-river

South Han river North Han river Kyunganh stream
No. of No. of
Pharmaceuticals  Qccurrence Coicveenigfion 95% Occurrence Occurrence Coicveenlzifion 95%  Occurrence Occurrence COI:Z:nl:‘gteion 95 %
rate (%) (ng/t) UCL (No. of  rate (%) (ng/0) UCL (No. of rate (%) (ng/0) UCL
Sample) Sample)

Acetaminophen 78 (98) 80 39.6 47.8
Carbamazepine - - - - - 10 (12) 83 29.1 45.6
Cimetidine - - - - - 4 (12) 33 36.3 57.6
Diltiazem - - - - - 4 (12) 33 43.0 61.9
Sulfamethoxazole 24 13.2 16.6 0 (15) 0 ND ND 92 (138) 67 35.7 413
Sulfathiazole 0 ND ND 0 (15) 0 ND ND 10 (52) 19 233 28.5
Sulfamethazine 0 ND ND 0 (15) 0 ND ND 24 (52) 46 332 434
Sulfadimethoxine 0 ND ND 3 (15) 20 133 19.2 1 (52) 2 10.9 12.3
Sulfachloropyridazine 12 13.1 17.9 0 (15) 0 ND ND 0 (52) 0 ND ND
Trimethoprim 29 13.6 21.8 5 (25 20 9.6 13.1 63 (164) 38 9.1 10.5
Oxytetracycline 0 ND ND 0 (15 0 ND ND 2 (40) 5 10.6 11.4
Tetracyclin 12 333 61.1 0 (15) 0 ND ND 4 (40) 10 11.7 13.2
Chlortetracyclin 6 10.2 10.5 0 (15 0 ND ND 8 (40) 20 30.1 534
Enrofloxacine 12 11.2 12.6 6 (15) 40 19.7 34.1 38 (126) 30 19.3 239
Florfenicol 6 10.4 11.1 0 (15) 0 ND ND 15 (126) 12 194 28.1
Carbadox 0 ND ND 0 (15 0 ND ND 1 (40) 3 49.2 1152
Virginiamycin 0 ND ND 0 (15) 0 ND ND 0 (52) 0 ND ND
Roxithromycin 36 1.0 1.8 4 (10) 40 1.8 3.5 19 (26) 73 5.4 7.8
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Table 4.22 Occurrence of pharmaceuticals in water reclamation plant influent and effluents

Influents Effluents
No.of
Pharmaceuticals No.of Occurrence Average. Occurrence  Occurrence Avemge. 95 %
Occurrence Concentration  95% UCL Concentration
(No. of Sample) rate (%) (ng/ £) (No. of rate (%) (ng/ £) UCL
Sample)

Acetaminophen 12 (12) 100 26947.2 36127.1 2 (12) 17 54 6.0
Carbamazepine 10 (12) 83 151.4 225.3 10 (12) 83 93.2 129.2
Cimetidine 12 (12) 100 8044.8 10906.0 11 (12) 92 4933.6 5996.5
Diltiazem 4 (12) 33 30.2 379 2 (12) 17 349 41.1
Sulfamethoxazole 32 (32) 100 457.1 558.4 31 (32) 97 266.0 351.6
Sulfathiazole 4 (32) 13 81.4 132.8 2 (32) 6 31.2 48.8
Sulfamethazine 18 (32) 56 1568.1 2207.2 12 (32) 38 109.6 192.9
Sulfadimethoxine 6 (32) 19 27.0 414 5 (32) 16 12.2 15.3
Sulfachloropyridazine 17 (32) 53 330.9 441.0 8 (32) 25 332 439
Trimethoprim 45 (46) 98 151.8 211.0 40 (46) 87 53.8 67.1
Oxytetracycline 1 (20) 5 25.3 52.0 0 (20) 0 ND ND
Tetracyclin 1 (20) 5 23.0 45.6 0 (20) 0 ND ND
Chlortetracyclin 2 (20) 10 556.5 1199.0 0 (20) ND ND
Enrofloxacine 1 (20) 5 20.6 39.1 1 (20) 16.2 26.8
Florfenicol 9 (20) 45 284.6 496.5 2 (20) 10 16.8 26.5
Carbadox 0 (20) 0 ND ND 0 (20) 0 ND ND
Virginiamycin 0 (20) 0 ND ND 0 (20) 0 ND ND
Roxithromycin 14 (14) 100 90.8 123.3 13 (14) 93 89.9 118.6
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Table 4.23 Aquatic toxicities of pharmaceuticals

Effective
Test PNEC*
Phammaceuticals Observation  concentration Reference
organism (ug/ 2)
(mg/2)
Daphnia
Acetaminophen 48 h EC50 9.2 Henschel et. al., 1997 9.2
magna
Carbamazepine Orizias latipes 48 h LC50 35.4 Kim et. al., 2007 354
Daphnia
Cimetidine 48 h EC50 271.3 Kim et. al., 2007 271.3
magna
Daphnia
Diltiazem 96 h EC50 8.2 Kim et. al., 2007 8.2
magna
Pseudokirchner
96 hr EC50
Sulfamethoxazole iella 0.15 Ferrari et. al., 2004 0.15
(growth)
subcapitata
Daphnia
sulfathiazole 48 h EC50 80 Kim et al., 2006 80
magna
Daphnia
sulfamet.hazine 48 EC50 147.5 Kim et al., 2006 147.5
magna
sulfadimethoxine - - e - -
sulfachloropyridazine - - - - -
Panneus 48 h NOEC
Oxytetracycline 0.055 US EPA, 2001 0.055
vannamei intoxication
tetracyclin - - - - -
Microcystis
Chlortetracyclin 7 d EC50 0.05 Boxall et. al.,, 2002 0.05
aeruginosa
Daphnia
Enrofloxacine chronic NOEL 9.8 Bayer, 1996 9.8
magna
Florfenicol - - - - -
Daphnia
Carbadox 48 h EC50 >500 Kim et al., 2006
magna
Virginiamycin - - - - -
Daphnia
Roxithromycin 48 h EC50 7.1 Park, 2006 7.1
magna

* PNEC : Predicted No Effect Concentration
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Table 4.24 Environmental risk assessment of pharmaceuticals in the Han-river

i maceuticals PNEC Upper stream Lower stream
(ug/L) 95% ycL | MQbasedon| oo\ | HQ based on
95% UCL 95% UCL

Acetaminophen 9.2 - - 70.2 0.01
Carbamazepine 35.4 - - 16.4 0.00
Cimetidine 271.3 - - 842.5 0.00
Diltiazem 8.2 > = 42.6 0.01
Sul famethoxazole 0.15 41.6 0.28 73.6 0.49
sulfathiazole 80 18.5 0.00 - -
sul famethazine 147.5 20.1 0.00 10.3 0.00
sul fadimethoxine - 20.9 - 10.4 -
sulfachloropyridazin - 26.2 - - -
Trimethoprim 16 89.7 0.01 38.7 0.00
Oxytetracycline 0.055 243.6 4.43 - -
tetracyclin - 420.2 - - -
Chlortetracyclin 0.05 163.3 3.27 - -
Enrofloxacine 9.8 30.4 0.00 13.7 0.00
Florfenicol - 96.2 - 51.9 -
Carbadox - - - - -
Virginiamycin - 42 .6 - - -
Roxithromycin 71 7.8 0.00 34.2 0.00
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Table 4.25 Environmental risk assessment of pharmaceuticals in main tributaries of

the Han-river
c South Han river North Han river Kyungahn stream
Pharmaceutical (F:J|/EL) 95% UCL HQ based on 95% UL HQ based on 95% UCL HQ based on
95% UCL 95% UCL 95% UCL

Acetaminophen 9.2 - - - - 47.8 0.005
(arbamazepine 35.4 - - - - 45.6 0.001
Cimetidine 2n.3 - - - - 57.6 0.000
Diltiazem 8.2 - - - - 61.9 0.008
Sulfamethoxazole 0.15 16.6 0111 ND 3 41.3 0.275
sulfathiazole 80 ND - ND - 285 0.000
sul famethazine 147.5 ND - ND - 43.4 0.000
sulfadimethoxine 5 ND H 19.2 - 12.3 -
sulfachloropyridazine = 17.9 ¥ ND - ND -
Trimethoprim 16 218 0.001 13.1 0.001 10.5 0.001
Oxytetracycline 0.055 ND = ND - 1.4 0.207
tetracyclin - 61.1 - ND - 13.2 -
Chlortetracyclin 0.05 10.5 0.210 ND N 53.4 1.068
Enrofloxacine 9.8 12.6 0.001 341 0.003 23.9 0.002
Florfenicol - 1.1 3 ND - 28.1 -
Carbadox - ND - ND - 115.2 -
Virginiamycin - ND - ND - ND -
Roxithromycin 7.1 1.8 0.000 3.5 0.000 7.8 0.001

* HQ : Hazard Quotient
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2)

3)
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6) st FAdTFAs ZANY FEZ 18F T 1650 HEHAH
2E A BoA HEH EF L acetaminophen(A] 5 5=12, 1 26,947ng/ 7,
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ACPs

AF

APCI
ARET
ATC code
BCF
BOD
CBX
CBZ
CEPA
CHEMS-1
ChTC
CMT
CRS

DL

DTZ

EC

LC50
ECOSAR
ECOTOX
EFX

EIC
EINECS
EMEA

GLOSSARY

Acetaminophen

Acute to Chronic effect Ratio

Assessment Factor

Atmospheric pressure chemical ionization
Accelerated Reduction/Elimination of Toxics
Anatomical Therapeutic Chemical Classification System
Bioconcentration Factor

Biochemical Oxygen Demand

Carbadox

Carbamazepine

Canadian Environmental Protection Agency(Cananda)
Chemical Hazard Evaluation for Management Strategies
Chlortetracyclin

Cimetidine

Chemical Ranking and Scoring

Detection Limit

Diltiazem

European Community

Median Effect Concentration

Ecological Structure Activity Relationships Model
Ecotoxicology database

Enrofloxacine

Expected Introduction Concentration

Existing Commercial Substances

European Medicines Agency(US)
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EPA
ESI
EURAM
FFC
FDA

HPLC
HPVCs
HQ
HSE
IARC
ICso

M
IUCLID
1%
KAHPA
Kd
KFDA
KLC
KNSO
Kow
KPMA
LCso
LC-MS/MS
LD50
LOD
LOQ

Environmental Risk Assessment

Electrospray ionization

European Union Risk Ranking Method
Florfenicol

Food and Drug Administration(US)
Hydrophilic-Lipophilic Balanced

High Resolution Liquid Chromatography

High Production Volume Chemicals

Hazard Quotient

Health & Safety Executive(UK)

International Agency for Research on Cancer
Median Inhibitory Concentration

IntraMuscular injection

International Uniform Chemical Information Database
Intravenous injection

Korea Animal Health Product Association
Coefficient of sludge water partition

Korea Food and Drug Agency

Korea Land Corporation

Korea National Statistical Office

Octanol/water partition Coefficient

Korea Pharmaceutical Manufacturers Association
Median Lethal Concentration

Liquid Chromatography Mass Spectrometry/Mass Spectrometry
Median Lethal dose

Limits of Detection

Limits of Quantification
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MAFF

MCMR

MDL
MEC
MOAs
MOE
MOHW
MRM
ND
NEPA
NOAEC
NOEC
NOEL
OECD
OTC
PEC
PIE
PNEC
QSAR
RTM
RWF
SAs
SChP
SCRAM
SDM
S/N

Ministry of Agriculture, Fisheries & Food(UK)
Critical Materials Register Michigan State Department of Natural
Resources

Method Detection Limit

Measured Environmental Concentration
Mechanism of Actions(or Mode of Actions)
Ministry of Environment (Korea)

Ministry of Health and Welfare(Korea)

Multiple Reaction Monitoring

Not Detected

National Environmental Policy Act(US)

No Observed Adverse Effect Concentration

No Observed Effect Concentration

No Observed Effect Level

Organization for Economic Cooperation and Development
Oxytetracycline

Predicted Environmental Concentration
Pharmaceuticals in the Environment

Predicted No Effect Concentration

Quantitative Structure-Activity Relationship
Roxithromycin

Release Weighting Factor

Sulfonamides

Sulfachloropyridazine

Chemical Scoring and Ranking Assessment Model
Sulfadimethoxine

Signal to Noise Ratio
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SMX
SMZ
SPE
STPs
STPWIN
STZ

TCs

TCCA
TMP
TRI
UCL
UCSS
VICHSC

VGM
\%

90% UCL

Sulfamethoxazole

Sulfamethazine

Solid Phase Extraction

Sewage Treatment Plants

Sewage Treatment Plant Fugacity Model(part of the EPIWIN)
sulfathiazole

Tetracyclines

Toxic Chemical Control Act(Korea)

Trimethoprim

Toxic Release Inventory

Upper Confidence Limit

Use Clusters Scoring System

International cooperation on harmonization of technical requirements for
region of veterinary medicinal products Steering Committee
Virginiamycin

Vapor Pressure

90% upper confidence limit.
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Ecological risk assessment of pharmaceutical residues

in the Han River

by Kim, Joo Hyung

Department of Environmental Engineering
Graduate School, University of Seoul

Supervised by Professor Ahn, Seoung Koo

ABSTRACT

The germproof problem caused by misuse and overuse of antibiotics
have been recognized recently driving the national measures to set up.
The number of human pharmaceuticals produced and consumed in Korea
is more than 15,000 of which antibiotics are composed of 120
components and are sold in 2,000 different products. This figure
accounts for 15% of whole pharmaceutical market, which is far more

than the global average, 7%.
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Because of this domestic consumption characteristics, the possibility of
exposure to antibiotics is higher than that of other countries. In addition
to the increase of resistant bacteria, genetic trait of resistance saved in
R-plasmid could be transferred to other bacterial species. Therefore the
concern about the appearance of resistant bacteria has been increased
around the whole society including the medical profession. The molecular
structures of animal pharmaceuticals are similar to those of human ones,
which could be one of the causes that the bacterial resistance to human
antibiotics has been increased.

There is a possibility that people could be exposed to antibiotics
through  contaminated drinking water. Long term exposure to
contaminated water could be harmful to health especially to the sensitive
group such as children, pregnant women and old people. Unfortunately
the effects of active pharmaceutical ingredient by itself or with other
environmental pollutants to those sensitive group have not been unknown
well. Therefore the study on the assessment of environmental pollution
and ecotoxicity of antibiotics is meaningful as it would promote to build
the infrastructure of human risk management.

In order to figure out the level of pharmaceuticals pollution and
ecotoxicity in sewage treatment plant(STP), 18 of pharmaceuticals were
selected, most of which are antibiotics and also include general drug,

such as antifebrile and stomach drug.
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From 2004 to 2007, we sampled 5 spots in the northern Han-river, 6
spots in the Southern Han-river, We sampled 3 spots around Paldang
water resource, 2 spots around water intake area, 4 spot in downstream
and 3 spots in tributary of the Han river. In addition, the influents and
effluents in 4 municipal wastewater facilities in Seoul were also sampled
to measure the removal efficiencies of environmental pharmaceuticals.

The toxicity tests and endocrine disrupting effect evaluation were
carried out with microorganisms, Daphnia magna and, Medaka by
international certified methods to assess the impacts of pharmaceuticals
on water environment in the Han-river.

Trimethoprim and roxithromycin were detected in relatively high
frequency in upstream of the Han-river. In particular, tetracylcine,
oxytetracycline, and chlortetracycline showed high level of detection.

In  downstream, acetaminophen, roxithromycin, carbamazepine,
cimetidine, sulfamethoxazole, and trimethoprim were detected frequently.
Cimetidine, and sulfamethoxazole demonstrated high concentration.

Acetaminophen, roxithromycin, carbamazepine, and sulfamethoxazole
were detected more than 50% in Kyungahn stream. Carbadox showed
the highest concentration of 1,577ng/#¢ and diltiazem and acetaminophen
demonstrated relatively high concentration.

There was no pharmaceuticals detected more than 50% in north and

south of the Han river. Roxithromycin is the most frequently detected
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one. Enrofloxacine and roxithromycin are relatively highly detected. Most
of the levels of pharmaceuticals detected in the northern and southern
Han river were less than 20ng/ ¢ .

16 out of 18 pharmaceuticals were detected in STP influents.
Acetaminophen, cimetidine, and roxithromycin were detected in every
sample and trimethoprim and carbamazepine were also frequently
detected.

Sulfamethoxazole, roxithromycin, and cimetidine were frequently
detected in STP effluents. Most of pharmaceuticals in environment
seemed to be removed efficiently except several ones. It was shown that
the removal efficiencies of carbamazepine, cimetidine, sulfamethoxazole,
enrofloxacine, roxithromycin, and diltiazem were lower than 50%.

The hazard quotient(HQ), the ratio of UCL to PNEC was evaluated
with consideration of distribution of detection levels. The HQs of
oxytetracycline, and chlortetracycline in downstream of the Han-river
were higher than 1, which suggested their potential hazard to ecosystem.

However, oxytetracycline and chlortetracycline were detected in just
two and three samples respectively. In addition, it seemed to be affected
by several samples having high concentration of it. This results didn't
seem to reflect wholeover pollution in the Han river.

Chlortetracycline in Kyungahn was evaluated to have higher than 1 of

HQ, which was detected in 8 out of 40 samples.
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Results of assay and tests in evaluation of the endocrine disrupting
activities in fish(medaka) demonstrated that some effects by sulfonamides
antibiotics, tetracycline, and acetaminophen were observed. However, the
levels of tetracycline was lower than 1/100 of endocrine disrupting level.
The UCLs, 95% of HQ, of oxytetracycline and chlortetracycline upstream
of Jamsil submerged weir and chlortetracycline in Kyungahn stream were
higher than 1, which suggested that theses drugs should be handled and

managed carefully.
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