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W ALE-F(g/head)

AE-A AE-=F (ton)
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7}&4 (x 1,000)
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@
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29,000 92,600 780,000
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0.1
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T T IB=EY A7 55 A4S 5 vk sk oA Tt FAE Kol
© A=A dside & v SHoA A5 I = FAE Ags 54T Za
7 ek
2. 559 A AT
AHEEE, Mg yr—1
T A4
ES 54 g
Amoxicillin Penicillin 12.7 79.0 14.3
Bacitracin Polypeptide 0.7 5.7 12.2
Chlortetracycline  Tetracycline 16.1 306.5 62.1
Clopidol - 1.5 3.3 25.1
Enrofloxacin Quinolone 2.1 4.6 24.5
Florfenicol Chloramphenicos 1.6 18.3 3.0
Monensin - - - 13.6
Neomycin Aminoglycoside 7.6 26.5 5.8
Oxytetracycline Tetracycline 26.3 59.5 42 .4
Penicillin Penicillin 9.7 47.4 6.9
Salinomycin - 0.5 0.5 34.9
Sulfamethazine Sulfonamide 6.3 20.1 1.9
Sulfathiazole Sulfonamide 2.7 114.6 4.8
Tiamulin - 0.7 14.9 2.5
Tylosin Macrolide 2.5 30.1 5.4
Sum (selected) 78.7 716.9 229.1
Total (83 antibiotics) 112.0 831.3 334.9




¥ 3. 58 FAA A wiEs HS(Capleton et al., 2006; 4], 2008)

T &5 (%) T i E (%)
Amoxicillin 80~90 Lincomycin 28~38
Ampicillin 30~60 Neomycin >80
Carbadox 70~90 Oxytetracycline >80
Chlortetracycline >70 Penicillin G 50~70
Dihydrostreptomycin >60 Streptomycin >66
Doxycycline >70 Sulfamethoxazole <15
Erythromycin >60 Trimethoprim <60
Florfenicol <20 Tylosin 28~76
FAAY FE=HE Aol wep Aolste] AAo Ao FAA FE FE 1Y I
A} 32 (SPE, Solid Phase Extraction) WS AF83}aL 8409 A= #
7€y HHEHS  AbEste]  FESta 9 FE=H FAAY FAYES
Radioimmunoassaytt ELISA W 55 AL&3}=d|, o]+ H4o] 7HHEIt= o F
< doy HA A4 s %7 =3 AP A (Semiquantification) o k= ©HA
o] F2 AT NA F=EwlE2HI (HPLC, High Performance Liquid
Chromatography) ®H ZHEEAH(MS/MS)S AF&ste] FA18ta 3l A RE 3
AAe) Thret 22 shebd 543, BE9 e 2% 5 olde wie of
Ao EF BAgel gl Aol oY 5ol I AP e 9
8 wstn ok
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7tE=E goaAn)e sty EAS Hrtslr] 98] 222 (Total Nitrogen), =9I

Fol= (Ca, Mg, K, Na)¢| &S ZA4sqlvh. =Hnjeh An]
Zkz} 1g¥ ImLs A Fehade] HEFsta 4 (HeS00) 3 3ikshaa (Hy O,
ZujADE 7hste] Aol AL m= gl FAo] H w7kA] 200ColA T REa st
At A Ao A BEAE FHFFe] Kjeldahl analyzer (Kjeltec 2300 Analyzer,
Foss Tecator AB, Hoganis, Sweden)® =43l o™ &2l Vanadatel = o]&
st #al! 10mLe Ammonium meta vanadate 10mLE 7}8ke] UV—Vis,
Spectrophotometer (UV—2401PC, Shimadzu, Japan)® 3% 470nmoll A H]A Z=A 3}
At golL FHEHE HgNAS s FAsFY] Inductively Coupled Plasma
Atomic Emission Spectroscopy (iCAP 6000, Thermo Fisher Scientific, England)
= SASATL

(Total phosphorus),

3.2.2 3AA 4
oAt AlgH gAA] THE SEE JFFoR 7 ®ol AEHE HED
AtolZg}el (Tetracyclines), A ¥ o}nto] = (Sulfonamides), o] 37 2 glo] =

(Macrolides) Alde] A = & 7272 HAAst] BEAsGT} (£ 4).

E o4 =0 chav) FAEAe B - e 54

1% Z‘Q—/lg‘:’zl M.W LOg Kow Kd(L/kg)
Tetracycline(TC) 444 .44 -1.2 1140 — 1620
Tetracyclines ]
Chlortetracycline(CTC) | 478.89 -0.6 22 — 164,973
(TCs)
Oxytetracycline(OTC) | 460.44 -1.2 78 — 3020
Sulfonamides Sulfathiazole(STZ) 255.32 0.1 3 -5
(SAs) Sulfamethazine (SMT) | 278.33 0.9 1 -3
Macrolides .
Tylosin(TYL) 915.45 3.5 8§ — 128
(MLs)




gonlo] Hrste FAAS] FE2 w=eEd (US EPA)OA A&

Sk FEUH

B
“Method 1694: Pharmaceuticals and personal care products in water, soil,
sediment, and biosolids by HPLC/MS/MS" of we} Als)s}sit). EH]9] 79 2mm
2 AAFT A= 1goll W3l 7187 (Acetonitrile) @} ¢+58 (AT $H58M)
S ARESte] EAAE F ¥ (solid phase extraction)< ©]-&3a}
of ANRE AAsAn. AA AmRs 2de AAARvEILYY-FAEEA 7
(HPLC/MS/MS)E o]-&3te] =433tk (& 5). nle] 5 AlRE 0.45u

A1+ DE(Glass fiber filter)2 o3 & ImLE F3l FTH5 119 mLe} &£

ey
_OL
o
ki
ofl
>
"
ey

3
Jo
)

g % Method 169414 A7 F=ERiol wel 243 Al Pskad

Sample
[Air dried)

Pre—Extraction Organic Solvent or Buffer Solution
L

SPE

I

Concentration Hitrogen Gas and Water Bath

|

HPLC/MS/MS

a9 2. 7hEE HY A e FEWe 2R 9 (a)SPE (D EAEFT]
(¢)HPLC/MS/MS



1S 93 HPLC/MS9 HA =4

=5
ol
o%
ox
(i
X
Mr
_|>~
l

AH2%(C) | % (mL/min) ol s d=A
HPLC 3 Z
5 =7 A:96% + B:4% (1min)
15 0.32 A:70% + B:30% (29min)

A:96% + B:4% (30min)

_.___. | Spray voltage — 4.5V
Ms  AAs | Y ¢

=7 Capillary voltage — 21 V

Capillary temperature — 165 C

o]mAF A 99.9% DI + 0.1% formic acid, B: 99.9% acetonitrile + 0.1%

formic acid

3.3 3AAY FAEHo| B}

FAA o] A=dolE Artstr]l sl MR A4 (Brassica oleracea L. var.
capitata f. rubra)®} A% (Raphanus sativus)Z EH”Q?._ A8 S4eks 97lskel
t}. ZHE AulE Growth chambero Al AAlstP e & Aul 7|7 8Y= AL 39

L
B G2AL fAS] WolE A2 F 4 - 59 B BERAN GEAL A%
° 7z [e)

e



A7 B A A A

3!




YEH, 7FeDel o

v,

11 A5 Haue 53

ol
oh

1.44%, 0.79% 9o

ok
o}

o GOl

,.EO

o)
S

_&O

4
"
_&O
o
ﬂo

O 7}5% &4 9

0.23%, 0.05%, 0.23%<!

)

N
N

)

o]

R

°F 0.07—0.32%% 54—88% 7}23A <
o7 Alg® (1¥ 5)

1

s

0.57—0.69% <1 ¥hA Z7]Zof| A
Z7)o <

1
s

Aow ZAME (19 4, 5)
ok
o}
o]

_&O

0
_&O

11



(A)

e 4 T.

T T T T

o~ N - o

(%) uonesuasuon

(B)

4 (A) 7HEE F], (B)94H|
, 4=Z2%, 5-vtadlF, 6-HEF,

e
e

T T . .
o (=) (=) o

0.0 -

(%) uonenuasuon

L X%

4 5

u] 9] 5157

ol
oh

2

g

=

4. 7}

—h=

_12_




TN (%)

TP (%)

0.8

Total Nitrogen

0.6 -

0.4 -

0.2 -

%
/
N =
%
%
¢
7
/
/
/
2
2
/
2
2
o
2
o
%
%
/
o
% B

—— GonjuA
Gonju B
e Nonsan

0.0

Raw Aeration Liquid Fertilizer

Total Phosphorus

0.30

0.25

0.20 -

0.15

0.10 -

0.05

0.00

—— Gonju A
Gonju B
e=z@ Nonsan

Raw Aeration Liquid Fertilizer
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Total Potassium

— Gonju A

Gonju B

R RRRTEES
R N o n s a n

0.5

T L]
© o
o (=]

(%)-1

0.0

Aeration Liquid Fertilizer

Raw

Total Cations

— T-Ca

T-Mg

NN

0.10

0.08 -

i 1
© <
S S
(=] o

(%) uonenuasuon

0.02

0.00

Aeration  Liquid Fertilizer

Raw
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Concentration (mg/kg)

Concentration (mg/kg)

Compost

10

(1-As, 2—Cd, 3—Ni, 4-Pb, 5—Hg)

Compost (Cu and Zn)

400
350 -
300 -
250 -
200 -
150 -
100 -

50

(1-Cu, 2-Zn)

a9 6. 7SR HYl W TS 9 4%
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Concentration (mg/L)

Concentratin (mg/L)

Liquid Fertilizer (As and Hg)

6
5 1 °
44
1
2.
" )
0 ) ° ®
| 2
(1-As, 2—Hg)
Liquid Fertilizer (Cu and Zn)
140
120 - o
100
80 -
60 -
40 - .
20 - L
0 5 i
: 2
(1-Cu, 2—Zn)m

ag 7. 9 g FE5 S 24 29
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4.3 7158 HAH U 37 A 5=

O 7<% 548 W 37 A4 s== 329 84 Ags9e.

O 75% =nl f 4R F7 25 5= ge=gnolZatel Ade TC(197.2

ug/kg), CTC (1,458.3ug/kg), OTC (89.3 pg/kg) QoH dEolulol= Ag e

STZ (268.1 ng/kg)dl RAoE ZALE

O Wazgel= AL TYLS 715% FHu) ] P27 F2o] 209.0 pgkedl Ao
2 XA

O % 7359 344 5 CTCY &0l 713 Hkon SMXS SMTE A2HA

0lol o
o =

Antibiotic Concentration in Compost

Concentration (ug/kg)

el .

TC CTC OTC STZ SMX SMT TYL

1Y 8. 7HEE EHu W FAA HF g
(TC—Tetracycline, CTC—Chlortetracycline, OTC—Oxytetracycline,
STZ—Sulfathiazole, SMX—Sulfamethoxazole, SMT —Sulfamethazine,

TYL—Tylosin) I'
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fred

O 23 (28 9)9 =223 10)9 A<

7el

0.03 — 3.4 mg/L]l AL

ok
o}

CRENE]

199 A Als Wl ER2HE

X

}‘\l_

= =
27 3.4 mg/LE 7FE E9ton

==
K

A

2

3ZF9 TCs A4
Alol =kl

o =

2e}9)

Bl =}l

(CTC)<

(TC)] F=7F <F 0.03 mg/LY Ao = ALY

B2

1

0

0.04—4.4 mg/L

1
s

YA =

R

49

(SAs) A
19 W) AapdERxl (SMT) <]

o
[e)
2
RS

Gl A Eollol

2

O

7F °F 4.4 mg/LE 7}

o
o -

Bix

)

3

om =4t A

A A

R

7} ¢F 0.03 mg/L=

o
O -

Bix

O <fn] A
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o
{
N
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49-95% o™ SAso A-$ 69-99% *
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Tetracyclines

3000+ ] — Tetracycline
= g Chlortetracycline
E=) :‘é ez Oxytetracycline
£ 0
= /
2 2500 ‘ 2 X
o 500, 7 /
Z 0l ,é
o 2
: %
S 3001 ?
O 200 - é
100 - z ‘
A N8
Raw Aeration Liquid Fertilizer
Sulfonamides and Tylosine
600

— Sulfathiazole
Sulfamethoxazole
exzed Sulfamethazine
Tylosine

Concentration (mg/L)

200 -
100 -
0
Aeration Liquid Fertilizer
a9 9. FF AFY HH] Ax FA wWE FAA = 4 A
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Tetracyclines

— — Tetracycline
= Chlortetracycline
D 3000 ez Oxytetracycline
'
5
- // //
© 500, i
s g i
q=; 400 - g
O 300 g
5 é
O 2004 2
o ’%’
100 - //,‘
%
0 4 B
Aeration Liquid Fertilizer
Sulfonamides and Tylosine
. —— Sulfathiazole
=1 4000 - Sulfamethoxazole
g’_ eemm Sulfamethazine
~ Tylosine
c
(o)
:.g 3000 4
1000
5 9007 g
= 800
O 700
O 600
C 500
O 400 -
O 300 -
200 -
100 -
0

Aeration Liquid Fertilizer

29 10. =4 X9 dH] Az FAH HE FAA = £ A7
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4.4 FAAL) B0 P}

AA o] ZEAHo|S HuLelr] Yl ARAN 2 A (Brassica oleracea L.
var. capitata f. rubra)®t A (Raphanus sativus)S o= 2HEo S 2

e T

4zo] A% A} A% AR} A wE ool W A Az TelA A
fo] Az Aoz 2AE(1Y 11)

el A9 xR Hy o]t 6.5em ¢l Wk Al At A§-
4.8=5.1 cm® °F 23% A% AAo] AstHAs. AL 85
ol 2.9cm%le™ WA Ao it o] 2.1-2.2cmE
27% A

2HE0] A=wE AA] AT AL R (17.7g/plot)d] BlE] YA ATt
(12.4 — 14.9g/plot)7} 2kom HEHHo|Z241(18.5¢/plot) e A9 dEF
By FA7F =

A M= ZEe AFZe]l dUlx=7+ (6.8g/plot)dl  Hl&l] A AT
(4.9-6.3g/plot)oN A H& Aoz FALE

T A AR A W A 2HE do] sxE Hrhet Ax ARl H g
35 HEZGA]ZHA(TCs) AlIEe] FAA= °F 0.47-0.64, 1.9-4.1 mg/kg
Row MdEotutol= (SAs) A FAA= 0.04-0.08, 0.04—7.7 mg/kg 2
Aoz ZAME (19 12)

Elo] 2 Al (TYL) Alde A HA FF T2 A5 Joq 27 13.1,
8.3 mg/kg?l Aoz FALH
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el
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—— Control
Tetracycline

2z

Sulfonamide

ez Tylosine

NN

O Y

20

—— Control
Tetracycline

Vzz2z2277/2

Sulfonamide

e Tylosine

AN

M

©

N & ® N -

(wo) yybuan

A

a9 11 FAA Algo] 2 AEY BF A A3 (A)-FF, B)-AHE
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Concentration of Antibiotics in Sprouts
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Tetracycline (TC) 6.67 2.94
Chlortetracycline (CTC) 5.02 3.96
Oxytetracycline (OTC) 3.14 3.40
Sulfathiazole (STZ) 0.89 0.19
Sulfamethoxazole (SMX) 1.48 0.38
Sulfamethazine (SMT) 15.98 0.00
Tylosin (TYL) 14.77 “ 54.27

_24_




mjJ

e

K

==z 12~
T

il = =

7= 939

o ekrlA

ol
oH

1.44%, 0.79% 9o

ok
o}

T Fgol

,.EO

o)
S

_&O

Ay

X
_&O

0.23%, 0.05%, 0.23%<!

)

N
N

)

o]

TR

Aoz ZAY

O Hole} oule)

56.63,

214.31 mg/kg olloem Hu|e] F9- Az 9.78, 42.72 mg/L2 Bl EE A4

o] 7]

S}
=]

Hl W Cu®} Zn<]

No

==
i)

j—

=

oH

SR EHEHA| 4]

A 9]

HEgol FeEkel

1%

a3l
(CTC—1,458.3ug/kg) ] s%=7F 7}

TH

op
R
M

.

A4 A8 ) FE2HEAo|Z89l

(CTC)9 %7} 3.4 mg/L=E 7V =9kom Auderzl (SMT) <Y

°F 4.4 mg/LE 7VE =S

%)

oAM= =4 A

==
K2

} A8 A

R

7E]

o =

} A8 A

R

7} ¢F 0.03 mg/L=



T ToAAME M 2 Aom =AM S

oul Az A meh PG BEE WA grstgon FF A F9
st Ao

TCsY 74 F8L 49-95% oM SAsY A$ 69-99% AL 7F
[e3]

FAA Y] AEHdels Ayl el MR AY (Brassica oleracea L.
var. capitata f. rubra)®t A (Raphanus sativus)S o= 2HEo S 2
TrEe W7k A3 AR A% tixzTte Hat dolrk 6.5cm ¢ WA 3
Al Aol ¢ 4.8-5.1 ecm® °F 23% AL Aol AstHAE. A 4
el et Aol 2.9cm o FAA A2re] HF Aol 2.1-2.2cm=
HzTtoll mlel of 27% A sk

il

b o

2ol AET AN HFY A thERZT (17.7ghplot)el H&) EBA AT
(12.4 — 14.9g/plot)7} FRom  AHggAx= 2EY AFFo] dxT
(6.8g/plot)oll W& AAA 2]+ (4.9-6.3g/plot)o| A H& Aow FAH

T 7HA AR A W FAAY] 2E o] sEE HUke A Aot A%
35 HEZGA] S HR(TCs) AlEe] FAA= °F 0.47-0.64, 1.9-4.1 mg/kg
Fom AFEolutol= (SAs) AEY A= 0.04-0.08, 0.04—7.7 mg/kg <l
Ao ZAME. Blo] 241 (TYL) AEe 3AA A+ I s5e A5 AY
of A Z}z} 13.1, 8.3 mg/kgSl HoZ ZALH

Aot Ags HaEls A Aol HlB] HgdAe] FYA FF FEIL =
dom FAA Fiol et A= Eol2Ae I wE7F M Eske

FAA 0] AE Hol &2 oF 0.00-54.27%= FAA L] FHol wE} ol
WA F

F T Eeolz2le]l Hit Hol&o] HYI} HFolA oF 14.77,
54.27% % 7} =S



il

puze)

A

7 ey 2

<

A (2008—2012)

FHa 1%

9%

=
=

3 A9

6. A

SR A A e

3 o i o
= ™ 1]

i % = o 0 i

& —~ I-IL R x_.._ od WH Kir

o) ! i

o ﬂﬂ 4 wu_umu_u ~ @0 _.q_u_. r+

am ~ b = STaT —m |

A+ c) 2l =il ) o &l

or % o all 2F oy <

2 o v

ol by o o

U ok ofF oK ok
oo w < i

I- —_ ﬂw‘._

B aw T s K0 o
T o3 0y = &0 s
il OE HT_ o i o Bt =)
%u % LU WE Ofu M.__ﬂ. [ ..M... |
¢ 0 N o= o WL oo g |
T o (P | ol ¥ = =

n el o r o R
— B _= =0t ° T =0 o &
TR x W o T & ok &K K
“ TF ag \ ~ v . "
m Y W_ru_ ol N
~— NL HO ‘m.h EH HQ
GG 2o = o K-
UG w F - 1 0 =,

RO i = ol
g el L Ll = = A
W 5 — IR N Fon
N o IS Rl g1l =

H Rl R b
ioF o ofu 0 Kil il

e EE g% | [ o
E» zr. T _u._u O_u ._n_._. B ™
‘mﬁ ,_ﬂﬁ 1__/l ,_ﬂo_ﬁ I .m...J.r 0 mL

O O S

O 12, 7SS 9] g a AA =



A
T
of- e
) o
N o T ,AL
oy T X
= o .._ = =
i G 52 = Ex
Lﬁ.u R° i o N -~ LIW o/
- ™ 0 0 m_x
B4 i R = E
oo e r oF 7o N ok L
= w3 5 w B e e a2 55
_IT ™ HT o} OW :Io.ﬁ e __ Xo ﬂr,,n__.rWo _Lﬂ K =
B o < = g2 - B X = _ <
sl - 53 o ) o
T oF 5y = 4+ - o
7 do o M il i o %0 = wow
g T P2l ] = b
- = = e o F T K oF o e ™
5 A d _ ECINC) G T i
e = msm = KT T il oy R ™
T ) = = o o = o T oy £e
% T MW ™ oy o mn o O - oF 3 "
Lo b & o e CI & K
NN mhy o) o 3
o D o ® T R R z = = =
O N — o _zrv UT.c = ° =
O oE = il gy my o = o)
3 © o) . %u o pld = = G z
B % © 5 ok & il i i
—_ ) ==
ol O O N R A = e
s " o N N MW
—_ )
E i © NN
N O
) O
42 —_
X
T
< ~
I
T
Lo

- 28 —



21 23

Arikan, O.A. (2008). Degradation and metabolization of chlortetracycline during
the anaerobic digestion of manure from medicated calves. Journal of
Hazardous Materials, 158:485-490.

Arikan, O.A., Mulbry, W., Rice, C. (2009). Management of antibiotic residues
from agricultural sources: Use of composting to reduce chlortetracycline
residues in beef manure from treated animals. Journal of Hazardous
Materials, 164:483-489.

Aust, M-O., Godlinski, F., Travis, G.R., Hao, X., McAllister, T.A., Leinweber,
P., Thiele-Bruhn, S. (2008). Distribution of sulfamethazine, chlortetracycline
and tylosin in manure and soil of Canadian feedlots after subtherapeutic use
in cattle. Environmental Pollution, 156:1243-1251.

Baguer, A.J., Jensen, J., Krogh, P.H. (2000). Effects of the antibiotics
oxytetracycline and tylosin on soil fauna. Chemosphere, 40:751-757.

Bao, Y., Zhou, Q., Guan, L., Wang, Y. (2009) Depletion of chlortetracycline
during composting of aged and spiked manures. Waste Management,
29:1416-1423.

Benbrook, C.M. (2002). Antibiotic drug use in U.S. aquaculture. Available at
http://www.iatp.org. Assessed 27 July 2009.

Berger, K., Peterson, B., Buening-Pfaune, H. (1986). Persistence of drugs
occurring in liquid manure in the food chain. Arch. lebenmittelsh, 37:99-102.

Blackwell, P.A., Kay, P., Boxall, A.B.A. (2007). The dissipation and transport of
veterinary antibiotics in a sandy loam soil. Chemosphere,67:292-299.

Blackwell, P.A., Kay, P., Ashauer, R., Boxall, A.B.A. (2009). Effects of
agricultural conditions on the leaching behaviour of veterinary antibiotics in
soils. Chemosphere, 75:13-19.

Boxall, A.B.A., Kolpin, D.W., Halling-Srensen, B., Tolls, J. (2003). Are
veterinary medicines causing environmental risks? Environmental Science and
Technology, 37:286-294.

Boxall, A.B.A., Johnson, P., Smith, E.J., Sinclair, C.J., Stutt, E., Levy, L.S.
(2006). Uptake of veterrinary medicines from soils into plants. Journal of
Agricultural and Food Chemistry, 54:2288-2297.

Burkhardt, M., Stamm, C., Waul, C., Singer, H., Muller, S. (2005). Surface



runoff and transport of sulfonamide antibiotics and tracers on manured
grassland. Journal of Environmental Quality, 34:1363-1371.

CEC, (1998a). Council regulation 2788/98. Official Journal of the European
Communities Legislation L347, 32.

CEC, (1998b). Council Regulation 2821/98. Official Journal of the European
Communities Legislation L351, 4.

Chadwick, D.R., & Chen, S. (2002). Manures. In P. M. Haygarth and S. C.
Jarris (Ed.), Agriculture, Hydrology and Water Quality (pp. 57-82). CABI
Publishing, Wallington UK.

DANMAP, (2005). DANMAP 2005-Use of antimicrobial agents and occurrence
of antimicrobial resistance in bacteria from food animals, foods and humans
in Denmark. Available at http://www.danmap.org/pdfFiles/Danmap 2005.pdf.
Assessed 27 July 2009.

De Liguoro, M., Cibin, V., Capolongo, F., Halling-Srensen, B., Montesissa, C.
(2003). Use of oxytetracycline and tylosin in intensive calf farming:
Evaluation of transfer to manure and soil. Chemosphere, 52:203-212.

Dolliver, H., Gupta, S., Noll, S. (2008a). Antibiotic degradation during manure
composting. Journal of Environmental Quality,37:1245-1253.

Dolliver, H., Kumar, K., Gupta, S. (2007). Sulfamethazine uptake by plants from
manure-amended soil. Journal of Environmental Quality,36:1224-1230.

EMEA, (1994-2002). Tylosin summary report (Parts 1--5). Available from:

Feinman, S.E., Matheson III, J.C. (1978). Draft environmental impact statement
subtherapeutic antibacterial agents in animal feeds. Bureau of Veterinary
Medicine. Food and Drug Administration, Rockville, MD, USA.

Gartiser, S., Urich, E., Alexy, R., Kummerer, K. (2007). Anaerobic inhibition
and biodegradation of antibiotics in ISO test schemes. Chemosphere,
66:1839-1848.

Gavalchin, J., Katz, S.E. (1994). The persistence of fecal-borne antibiotics in
soil. Journal of AOAC International, 77:481-485.

Gonsalves, D., Tucker, D.P.H. (1977). Behavior of oxytetracycline in Florida
citrus and soils. Archives of Environmental Contamination and Toxicology,
6:515-523.

Gu, C., Karthikeyan, K.G., Sibley, S.D., Pedersen, J. A. (2007). Complexation of
the antibiotic tetracycline with humic acid. Chemosphere, 66:1494-1501.



Halling-Serensen, B., Sengelov, G., Tjernelund, J. (2002). Toxicity of
Tetracyclines and Tetracycline Degradation Products to Environmentally
Relevant Bacteria, Including Selected Tetracycline-Resistant Bacteria.
Archives of Environmental Contamination and Toxicology, 42:263-271.

Halling-Sorensen, B., Jacobsen, A.M., Jensen, J., Sengelov, G., Vaclavik, E.,
Ingerslev, F. (2005). Dissipation and effects of chlortetracycline and tylosin
in two agricultural soils: a field-scale study in Southern Denmark.
Environmental Toxicology and Chemistry, 24:802-810.

Halling-Sorensen, B., Jensen, J., Tjornelund, J., Montforts, M.H.M.M. (2001).
Worstcase estimations of predicted environmental soil concentrations (PEC)
of selected veterinary antibiotics and residues used in Danish agriculture. In
K. Kummerer (Ed.). Pharmaceuticals in the Environment (pp 143-157).
Springer Verlag, Berlin, Germany.

Halling-Sorensen, B., Nielsen, S.N., Lanzky, P.F., Ingerslev, F., Lutzhoft, H.C.H.,
Jorgensen, S.E. (1998). Occurrence, fate and effects of pharmaceutical
substances in the environment - a review. Chemosphere, 36:357-393.

Hamscher, G., Abu-Quare, A., Sczesny, S., Hoper, H., Nau, H. (2000).
Determination of tetracyclines and tylosin in soil and water samples from
agricultural areas in Lower Saxony. In L. A. van Ginkel and A. Ruiter
(Ed.) The Euroside IV Conference (pp 522-526). National Institute of Public
Health and the Environment (RIVM), Bilthoven, Netherlands.

Hamscher, G., Sczesny, S., Hoper, H., Nau, H. (2002). Determination of
persistent tetracycline residues in soil fertilized with liquid manure by
high-performance liquid chromatography with electrospray ionization tandem
mass spectrometry. Analytical Chemistry 74:1509-1518.

Hartlieb, N., Ertunc, T., Schaeffer, A., Klein, W. (2003). Mineralization,
metabolism and formation of non-extractable residues of
14C-labelledorganiccon‘[aminantsduringpilot—scalecompostingofmunicipalbiowaste.
Environmental Pollution, 126:83-91.

Hirsch, R., Ternes, T., Haberer, K., Kratz, K-L. (1999). Occurrence of antibiotics
in the aquatic environment. Science of the Total Environment, 225:109-118.

Hoper, H., Kues, J., Nau, H., Hamscher, G. (2002). Eintrag und Verbleib von
Tierarzneimittelwirkstoffen in Boden. Bodenschutzin Germany,4:141-148.

JETACAR, (1999). The use of antibiotics in food-producing animals: antibiotic



resistance bacteria in animals and humans. Commonwealth department of
health and aged care. Canberra, Australia.

JEFCA, (2006). Summary of evaluations performed by the JEFCA (1956--2005)
(1st through 65th meetings). Joint Food and Agriculture Organization of the
United Nations and World Health Organization Expert Committee on Food
Additives, Rome; WHO, Beneva, Switzerland.

Jjemba, P.K. (2002). The potential impact of veterinary and human therapeutic
agents in manure and biosolids on plants grown on arable land: a review.
Agriculture Ecosystems and Environment, 93:267-278.

Kay, P., Blackwell, P.A., Boxall, A.B.A. (2004). Fate of veterinary antibiotics in
a macroporous tile drained clay soil. Environmental Toxicology and
Chemistry, 23:1136-1144.

Kay, P., Blackwell, P.A., Boxall, A.B.A. (2005a). Column studies to investigate
the fate of veterinary antibiotics in clay soils following slurry application to
agricultural land. Chemosphere, 60:497-507.

Kay, P., Blackwell, P.A., Boxall, A.B.A. (2005b). A lysimeter experiment to
investigate the leaching of veterinary antibiotics through a clay soil and
comparison with field data. Environmental Pollution, 134:333-341.

Kay, P., Blackwell, P.A., Boxall, A.B.A. (2005c). Transport of veterinary
antibiotics in overland flow following the application of slurry to arable
land. Chemosphere, 59:951-959.

KFDA, (2006). Annual report of NARMP vol. 4: 47-58.

Khachatourians, G.G. (1998). Agricultural use of antibiotics and the evolution
and transfer of antibiotic-resistant bacteria. Canadian Medical Association
Journal, 159:1129-1136.

Yong Sik Ok. Sung-Chul Kim. Kwon-Rae Kim, Sang Soo Lee, Deok Hyun
Moon, Kyoung Jae Lim, Jwa-Kyung Sung, Soung-Oh Hur, Jae E Yang.
2011. Monitoring of Selected Veterinary Antibiotics in Environmental
Compartments near a Composting Facility in Gangwon Province, Korea.
Environmental Monitoring and Assessment. 174(1-4): 693-701

Kwon-Rae Kim, Gary Owens, Yong Sik Ok, Woo-Kyun Park, D.B. Lee, Soon-lk
Kwon. 2012. Decline in extractable antibiotics in manure-based composts
during composting. Waste Management 32,110-116

Kolpin, D.W., Furlong, E.T., Meyer, M.T., Thurman, E.M., Zaugg, S.D., Barber,



L.B., Buxton, H.T. (2002). Pharmaceuticals, hormones, and other organic
wastewater contaminants in U.S. streams, 1999--2000: A national
reconnaissance. Environmental Science and Technology, 36:1202-1211.

Kolz, A.C. Moorman, T.B., Ong, S.K., Scoggin, K.D., Douglass, E.A. (2005).
Degradation and metabolite production of tylosin in anaerobic and aerobic
swine-manure lagoons. Water Environment Research, 77:49-56.

Kreuzig, R., Holtge, S. (2005). Investigations on the fate of sulfadiazine in
manured soil: laboratory experiments and test plot studies. Environmental
Toxicology and Chemistry, 24(4):771-776.

Kreuzig, R., Holtge, S., Brunotte, J., Berenzen, N., Wogram, J., Schulz, R.
(2005). Test-plot studies on runoff of sulfonamides from manured soils after
sprinkler irrigation. Environmental Toxicology and Chemistry, 24:777-781.

Kuhne, M., Thnen, D., Moller, G., Agthe, O. (2000). Stability of Tetracycline in
Water and Liquid Manure. Journal of Veterinary Medicine, Series A
47:379-384.

Kulshrestha, P., Giese Jr. R.F., Aga, D.S. (2004). Investigating the molecular
interactions of oxytetracycline in clay and organic matter: Insights on factors
affecting its mobility in soil. Environmental Science and Technology,
38:4097-4105.

Kumar, K., Gupta, S.C., Baidoo, S.K., Chander, Y., Rosen. C.J. (2005a).
Antibiotic uptake by plants from soil fertilized with animal manure. Journal
of Environmental Quality, 34:2082-2085.

Kumar, K., Gupta, S.C., Chander, Y., Singh, A.K. (2005b). Antibiotic use in
agriculture and their impact on the terrestrial environment. Advances in
Agronomy, 87:1-54.

Kumar, K., Thompson, A., Singh, A.K., Chander, Y., Gupta, S.C. (2004).
Enzyme-linked immunosorbent assay for ultratrace determination of
antibiotics in aqueous samples. Journal of Environmental Quality,
33:797-797.

Langhammer, J.P. (1989). Untursuchungen zum Verbleib antimikrobiell wirksamer
Aezneistoffe als in Gulle und im landwirtschaftlichen Umfeld. Universitat
Bonn, Germany. (In German)

Loke, M-L., Tjornelund, J., Halling-Sorensen, B. (2002). Determination of the

distribution coefficient (logKd) of oxytetracycline, tylosin A, olaquindox and



metronidazole in manure. Chemosphere, 48:351-361.

Lunestad, B.T., Goksoyr, J. (1990). Reduction in the antibacterial effect of
oxytetracycline in sea water complex formation with magnesium and
calcium. Diseases of aquatic organisms, 9:67-72.

Martin, S.R. (1979). Equilibrium and kinetic studies on the interaction of
tetracyclines with calcium and magnesium. Biophysical Chemistry,10:319-326.

Martinez-Carballo, E., Gonzalez-Barreiro, C., Scharf, S., Gans, O. (2007).
Environmental monitoring study of selected veterinary antibiotics in animal
manure and soils in Austria. Environmental Pollution, 148:570-579.

Migliore, L., Brambilla, G., Casoria, P., Civitareale, C., Cozzolino, S., Gaudio,
L. (1996). Effect of sulphadimethoxine contamination on barley
(HordeumdistichumL.,Poaceae,  Liliposida).  Agriculture,  Ecosystems &
Environment, 60:121-128.

Montforts, M.H. (1999). Environmental risk assessment for veterinary medicinal
products. Part 1: Other than GMO-containing and immunological products.
RIVM report 601300 001, N120. National Institute of Public Health and the
Environment, Bithoven, The Netherlands.

NORM/NORM-VET, (2005). Usage of antimicrobial agents and occurrence of
antimicrobial resistance in Norway. Tromso/Oslo2006.ISSN:1502-2307.

Patterson, R., DeSwarte, R., Greenberger, P., Grammer, L., Brown, J., Choy,
C.A. (1995). Drug allergy and protocols for management of drug allergies.
OceanSide Publisher, RI, Providence.

Pawelzick, H.T., Hoper, H., Nau, H., Hamscher, G. (2004). A survey of the
occurrence of various tetracyclines and sulfamethazine in sandy soils in
northwestern Germany fertilized with liquid manure. In SETAC Euro
14® AnnualMeeting.pp18-22,Prague,CzechRepublic.

Rabolle, M., Spliid, N.H. (2000). Sorption and mobility of metronidazole,
olaquindox, oxytetracycline and tylosin in soil. Chemosphere, 40:715-722.
RDA, (2007). Treatment of livestock manures as resources. RDA. Suwon. Korea

(in Korean)

Renner, R. (2002). Do cattle growth hormones pose an environmental risk?
Environmental Science and Technology, 36:194A-197A.

Rose, M.D., Bygrave, W.H.H. (1996). The effect of cooking on veterinary drug
residues in food: IV. Oxytetracycline. Food Addit Contam, 13:275-286.



Sarmah, A.K., Meyer, M.T., Boxall, A.B.A. (2006). A global perspective on the
use, sales, exposure pathways, occurrence, fate and effects of veterinary
antibiotics (VAs) in the environment. Chemosphere, 65:725-759.

SAV, (2005). SVARM 2005 Swedish veterinary antimicrobial resistance
monitoring. available at
http://www.sva.se/upload/pdf/Tj%c3%adnster%200ch%20produkter/Trycksaker/s
varm2005.pdf. Assessed 27 July 2009.

Seborg, T., Ingerslev, F., Halling-Srensen, B. (2004). Chemical stability of
chlortetracycline and chlortetracycline degradation products and epimers in
soil interstitial water. Chemosphere, 57:1515-1524.

Seo, Y.H., Choi, JK., Kim, S.K., Min, H.K., Jung, Y.S. (2007). Prioritizing
environmental risks of veterinary antibiotics based on the use and the
potential to reach environment. Korean Journal of Soil Science and
Fertilizer, 40(1):43-50.

Sithole, B.B., Guy, R.D. (1987). Models for tetracycline in aquatic environments.
Water, Air, & Soil Pollution, 32:315-321.

Soon-Ik Kwon, Gary Owens, Yong Sik Ok, D.B. Lee, W.-T. Jeon, Jeong-Gyu
Kim, Kwon-Rae Kim. 2011. Applicability of the Charm II System for
Monitoring  Antibiotic Residues in Manure-Based Composts. Waste
Management. 31, 39-44

Spaepen, K.R.I., Van Leemput, L.J.J., Wislocki, P.G., Verschueren, C. (1997). A
uniform procedure to estimate the predicted envionmental concentration of
the residues of veterinary medicines in soil. Environmental Toxicology and
Chemistry,16:1977-1982.

Thiele-Bruhn Soren. 2011. Veterinary antibiotics in agricultural soils - fates,
effects and policy regulations. St=-3 24 H3|st3|

Ter Laak, T.L., Gebbink, W.A., Tolls, J. (2006a). The effect of pH and ionic
strength on the sorption of sulfachloropyridazine, tylosin, and oxytetracycline
to soil. Environmental Toxicology and Chemistry,25(4):904-911.

Ter Laak, T.L., Gebbink, W.A., Tolls, J. (2006b). Estimation of soil sorption
coefficients  of veterinary ~ pharmaceuticals from soil  properties.
Environmental Toxicology and Chemistry, 25(4):933-941.

Thiele-Bruhn, S. (2003). Pharmaceutical antibiotic compounds in soils-a review.
Journal of Plant Nutrition and Soil Science, 166:145-167.



US Composting Council, (2000). Field guide to compost use. available via
http://www.compostingcouncil.org/pdf/FGCU 3.pdf. Accessed 25 May 20009.

VICH, (2000). Environmental impact assessment (EIAs) for veterinary medicinal
products (VMPs)-Phase [ at http://www.vichsec.org/pdf/2000/G106_st7.pdf.
Assessed 03 March 2010.

VMD, (2006). Sales of antimicrobial products authorized for use as veterinary
mnedicines, antiprotozoals, antifungals, growth promoters and coccidiostats,
in the UK in 2005. available at
http://www.vmd.gov.uk/Publications/Antibiotic/salesanti05.pdf. ~ Assessed 27
July 2009.

Watts, C.D., Crathorne, B., Fielding, M., Killops, S.D. (1982). Nonvolatile
organic compounds in treated waters. EnvironHealthPerspect,46:87-89.

Webb, K.E., Fontenot, J.P. (1975). Medicinal drug residues in broiler litter and
tissues from cattle fed litter. Journal of Animal Science, 41:1212-1217.
Winckler, C., Grafe, A. (2001). Use of veterinary drugs in intensive animal

production. Journal of Soil sand Sediments, 1:66-70.

Witte, W. (1998). Medical consequences of antibiotic use in agriculture.
Science,279:996-996.

Xian-Gang, H., Yi, L., Qi-xing, Z., Lin, X. (2008). Determination of thirteen
antibiotics residues in manure by solid phase extraction and high
performance liquid chromatogarphy. ChineseJ ournal of Analytical Chemistry,
36(9):1162-1166.

Yong Sik Ok. Sung-Chul Kim. Kwon-Rae Kim, Sang Soo Lee, Deok Hyun
Moon, Kyoung Jae Lim, Jwa-Kyung Sung, Soung-Oh Hur, Jae E Yang.
2011. Monitoring of Selected Veterinary Antibiotics in Environmental
Compartments near a Composting Facility in Gangwon Province, Korea.

Environmental Monitoring and Assessment. 174(1-4): 693-701



	가축분 퇴액비 위험분석 체계 확립 최종보고서

	목차

	제1장 서론

	1. 연구의 배경과 필요성

	2. 국내외 연구동향
	3. 연구방법
	3.1 시료 채취
	3.2 시료 분석
	3.3 항생제의 작물전이 평가

	4. 연구결과
	4.1 가축분 퇴액비의 화학적 특성
	4.2 가축분 퇴액비 내 중금속 함량 분석
	4.3 가축분 퇴액비 내 잔류 항생제 농도
	4.4 항생제의 작물전이 평가

	5. 결론
	6. 정책적 제언
	참고문헌


