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ABSTRACT

Long-term continuous application of livestock by-products to agricultural land may
adversely affect the soil characteristics and the crop yield. Five year term study from
2007 was carried out to assess the effects of repeated application of low-concentration
swine slurry on soil chemical properties including phosphate and heavy metal contents
and yield of tomato (Lycopersicon esculentum) and cucumber (Cucumis sativus L.) in a
greenhouse. Treatments were conventional chemical fertilizers and three application rates
of low-concentration swine slurry (Slurry composting and biofiltration, SCB); 50%, 100%,
and 200% of recommended nitrogen fertilization. For swine slurry treatment of 50%
nitrogen, deficient nitrogen was supplemented with urea fertilizer. The soil phosphorus
and heavy metal contents after five year continuous application of swine slurry were not
significantly higher than those of chemical fertilizer use. Repeated application of the
swine slurry alone for five years resulted in relatively high soil exchangeable potassium
and sodium compared with chemical fertilizer treatment. Contents of heavy metals in
leaves of tomato and cucumber did not show significant difference among treatments.
Yields of the crops for the swine slurry were not significantly different from that of
chemical fertilizer. The results imply that continuous application of the swine slurry may
not influence levels of soil phosphate and trace elements in greenhouse soils but could
accumulate potassium and sodium in the soil.

In Korea, 998 Mg of veterinary antibiotics were consumed in 2009. One of the main
routes of veterinary antibiotics entering soil environment is via the application of
antibiotic-containing animal manure to farm land as an organic fertilizer. Some studies
have been conducted to examine the potential risk for the veterinary antibiotics to be
taken up by plants from soil amended with antibiotic-containing animal waste. The

objective of the study was to test whether or not antibiotics are detected from plants

274 % M. Algizzat



grown in soils fertilized with antibiotic-treated swine slurry. Three antibiotics;
chlortetracycline (CTC), tylosin (TYL), and sulfamethazine (SMT), and four vegetables;
lettuce, reddish, tomato, and cucumber were used in the study. Antibiotic concentrations
in lettuce were less than 3.8 ng/g for CIC, less than 50 ng/g for TYL, and less than
157 ng/g for SMT on a fresh weight basis when the antibiotics were treated to swine
slurry at rates of 20~200 mg/m’. For reddish, less than 2.8 ng/g of TYL in shoots, and
less than 63.2 ng/g of SMT in shoots were detected. On the other hand, any antibiotics
was not detected from tomato and cucumber fruits. The results imply that antibiotic
uptake by crops may be dependent on antibiotic type and crop type. Although food
contamination through antibiotic uptake by crops has been one of the main concerns
regarding animal manure application to soils, it is largely unknown if vegetables uptake
antibiotics from soils applied with livestock byproducts. At this time, it is not clear if
consuming antibiotics in agricultural products can result in adverse impacts on health.
Further extensive research deserves to be conducted to examine antibiotic uptake
influenced by other factors including soil type, soil structure, climate, and agricultural

practices.
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9 18875, B4 4097 F, & 2,681 F, A 8,094 F, & 152167HF = S7lsta vk
(Kostat, 2011). 183l 7} AR A FAHE 7FEE=e 20059 7502 A7F 4185
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382 kg, 20051 376 kg, 2009 267 kgo & Hzt Fol=E FAE Holn YEH, tE
gho]] vl obAL w2 ol
SCB(Slurry Composting & Biofiltration, EH @7 H) =& du)(A v =F du)h)= =
B &£8g 5 FHuldo] S3A1A A3 dulg A, A g5 01% AEE HsTola
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Folx gkth SCB HHl= oFFH7F Aol a/do] A flormg, Aldox #u] Aujst= b
SCB dHlE AH8d F AS Aoz Addry a2 SCB HH| o] A A uf 2] o] A €] ﬂ*‘loﬂ
e A7 A= BA won, 53] A&KHoR AV AHEEAS W A

olFolzl uh glvh f-Eluvhete] AJEAulA] WAL 93,416 ha(2011)°]™, ©] 7hEH|
3,357 haolth(Kostat, 2011). AlAAu AN e 1, EvtE, Fo|, @7], FuF Qo]
-‘4'7<H'rr9]r i, A5 59 dAF F2E AuEL vk FLdEdME FE FAFI} X
Ha glon, 53] EvtEet Qo8 WAool z+zt 670 ha®t 313 ha(2011)E ET}.
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20079 624%, 2009 288E o2 Zol=w FAo|ANE 3] - yetel A 71 Bol AS
Hi e Aot 2 4 FAA Bl 998= 7he-Hl HEZMolFY A do] 29%
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ANAF-HA] 2 A 23Ee-2eellA] 7152 Hu)7) feflzhe 5 Eekgd el v
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A= ANAEE 7 E SFEQA 284 %olL (cmol. kg
(1:5) (dS m") (g kg (mg kg™) 2 A 3 18
5.9 1.5 20 570 0.49 49 1.6

SCB rl(As= =& Hu)E AdS wo ALz 45 2 3 273
nAE QTS s EE A Axe Hlwstch SCB Anle) Aele EFHAY di
vl &ke] 50%, 100%, 200% % 3FF2o2 39tk 3, SCB Aule] A& 2E Au) o
EFY VAR S £48 24 AW ES AAE te dule] da RS ayste] 2



AetAth. AHl 50% Al EAEe die SEHlE] 242 HFEor, 100%
200% A= =& A8 A st
A @] 291 SCB ArlE AA7|7F B9 A7=
=, 2 AE FFe 59 <t oa "Holrt jidlen HHd ®
o B8 vl Zg] FdFe 18 g/kgoZ FaHT oF 1
g/kgo® At Zrelel Hlsf wje Witk FEE& FEFe
05 mg/kg, =& 30 mg/kg T2 50 mg/kg, U7 5 mg/kg, = 15 mg/kg, ot 130
mg/kg, F& 02 mg/kg, ¥l& 5 mg/kgRth Witk 7 Ao FEE 79 m’(1.8x44
m)Aom, AP wAE Gy 3wEo R wixGlaL, setH gt = dHlE 2 A
gl gtof 51 d Ft Al&ste] A stk

3® 2. Al 221 SCB HHlo] FE FqF 2 Ta5 THF
& T
A4 3 ZEY NI 1E JI=F AF TE UE @ ofd F& HA
g kg' mg kg’

B 11 011 1.8 012 0.03 002 0.06 17 0.09 005 52 0.001 0.04
=H2 05 008 04 0.04 0.04 002 0.02 04 003 007 23 0.001 0.02

=

B Aol 15 cm Zol7HA AFH S EY pH, AVAEE, §718, FEAM X34
Fol2, £THE FAEANNA FEEAUS 02} FHAHNAAS, 2000 2, pHE A
NAEEE B SRTFE 152 EFT U 44 pH A= EC 52 o83kl SAs
on, BEY f71EY FEJLMR 242 Tyuring ¥ Lancaster'd-S ©]-&3te] st X34
Ze), A3, 1B EYS IN 24Es §99((pH 7)02 523 s fFEdd3gtzr-dap
FE-3H(ICP, GBC Integra XMP, GBC Scientific Equipment Pty Ltd, Victoria, Australia)®.=
SR EY 252 ARE G Ao HA Y3 vs fFEAGS Sk
FH(ICP, GBC Integra XMP, GBC Scientific Equipment Pty Ltd, Victoria, Australia)>.= 1 %
Fe T8N 67 AF2 AR E‘OH%‘—’E% ¥t ddtadlsd 01 M QIR g8
He P wuket &, oH}etal 5 M FAO R pH 752 BHE U, 05% HHE7t2nAE &
7} 10% f%*&% Y31 540nmol A] %%E SRR

HO}"% S5Xtel] EntES} Qo] & AHT
of F2 T vy FEAFEs=A-X
Equipment Pty Ltd, Victoria, Australia)®.2 %*4'3}9\113} EU}E@r Qo] A % TFHFL F5 A
IR AE AT e BARES AdEte] SRS SAS oS, 78 A Yz S
o] T3tk

Azt "HolHe EARAE SAS ZTEIY(v. 92, SAS, Cary, NCO)& o]&3on,
Duncan®] B34 (a= 0.05)5 53 A2 AlelY A% FY8s HESATE
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AzA A L FE FAAL) ABA F 7

AR 2ARI FVBAS FEHEAS Frhs) Gskel, s3ha o] HZ e o FFe
Eds s A4S Fdsdh 4 EFY 354 AdE 3 300 UeRIT =& duld 222
HEHol2Y, Eolzdl, AupiEd 5 A FARAL ASAEH, AHel 2 R dule] g2
AT A =S E 49 YR A
£ 3. AT AHEE B shshy
g ax ANAEE 7% Augde fagu M FE 2=
dS/m g/kg mg/kg mg/kg cmol“/kg
A 7.2 0.21 20 13 264 53 0.34 2.0
B 5.1 0.28 18 15 401 12 0.59 0.7
C 49 1.9 16 212 302 24 0.58 12
D 6.6 0.20 17 10 331 3.3 0.33 0.9
E 4 A7) AT ER qu9 B Fg/L) L IA FHug/)
Ad2 #2712 A% Zd 43 1E HEFHEd A¥uE  Hol=al
2.6 3 004 14 01 vF 199 tr 57

=T AR AlGFS FAHFR1 10aF 20kg@ Aule] AL T4l 26 g/LE 117
3t 10a9 7,700LE ey A9 X FFL F42] 20 mg/m’, 200 mg/m’ & 35E] Atk

B3 A8 A EHE 913le] peptone FEFEHOE FE39T, ABHI & elisa kit
< o]83}e] A (Agar 5, 2003; Kumar 5, 2004; Agar 5, 2005; Dolliver 5, 2008)5}4t}. & A%
St EY 5 g e 42 AEA 5g(8AF) Y peptone ¢F&d 10 mLE FEo| ¥ 1AZF 52t wwt
g o 1083 A2 e ste] 253k BlEee] 219 ELISA 42 A83te o] sle HEZH
o]Zd £44 Z(R-Biopharm AG, Darmstadt, Germany)< ©]-&3}.0H, 4] A2 A ARe] vj

dol| wgkek

EF ANFEAS ZA 5+ oA & at7] $lste], FE22HEGR]EY, EolZE
A, Agegd 5 FAA 35S A3 =8 HHE AET s & ig} 55 BF BEY
of wet AujstAch. FAA ] A FF m’F 100mg(10aT 100g) o &
HAYEES 13g/cm’, FEAL 15cmE 7H489S W, EF 1kgd 05mg TTOIE} B
ARl sE}A L 10a 50kg¥ 200kg 27, A& eelEE 10a% 150kg® 600kg 2% # €
Eigiaas

FAf 7 FAA Fo dol FFS 7] skl ErntES Qo] AAE7] Aol A
A 3F(EFZEZHEHRIFY, Hol22l, dovet)S A =8 duEs AE&SAT:
A Age Al FFFHE, 2 mg/L, 20 mg/L)2=2 3k
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o Ae FE FUNA ER=E AP AMEEGoH, == HEZHNZFH FHFS
21 57 ng/LYTh E7] Ae F 147, 3417, 62413 E7)8h 3

o7 Yt == A F 99, 20, 28Y, 34Y, 42%, 48, 55¢, 62U 7}HA]
S5 AFste] HEZMo|FAR Elo]2AlY] e %!
At EEn0 gEGHZAUAL BAEty] 93 @i{ﬂ 3’»}%‘8 Kumar *‘(2004)9] s
AFESEATE &, 20 mL EE R AEE AAEetaAd Y3, 50 uL 40% F4HE9, 30 mL
<549, 1 g disodium EDTAE %2 T 100 rpm°ﬂ7\1 4/\] 7t &t wwRkegth 045 um
A2 o7sle] O AL HEZHO|ZY HFo| o]&3lth ElojzAale E X &
=g 045 um AR Z g3ste] 1 NS npz Yo AL-83HTh

Jl (M o

3. g1t & 1
ALAF-ZHA] - A dshp-ol| A 7458 Au)7} deflats Q BokR o nx]= 9 F H7t
Ae®: =2 HuE 59§ AlE AFESIAS Wo] EY fU1E, FaL), X8 4
SRS AMESIAS Wt BAIHCR foe zolg HolA &
Q1 SCB HR|(Ase =& HH)Y f71E, 4, A3, 1E ol
Btk & HHY A&l 9 A FHE Hagk AF(NAAS, 1999)¢l A
Hule] oAk gake 331 g kg’ o2 A4 180 g kg'BTk o}, B AT
e o] Qlake 011 g kg'2 A 11 g kg9 1/100] AU eketh 239 3
o M= EE Hule 47 251 g kg'H 06 g kg'o 2, =E Au9] 012 g
003 g kg'oll ®la] vi$ e FFoIUL EY Axd oM A A2 50%L
100% = E% M2 FAL woll= st EY 200% S FAL ol wls) pHZF Ekth A
NAEEE dHE A 7)F 200% FAS dde o2 AR ti =gtk X84 7
= dHIE Bel 55 & ATFS dEhel, 24 7IFE 50%, 100%, 200%9 K/
° 0.17, 0.28, 0.59= Eolxith g9 steH g oA 9] K/+/(CatMg) H
Hle} stshl g g Wik £S wol= gtua e & Aoz AL
dtk ole ATE EE dule Ze
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Seo et al. (2010) A]A 39229 = d

o] EF XA Ao gFo] sl R} vlszsitta st XY YEFS B, o
H S Z4 71F 100% 9 200% A 28t9S wWols 22 0.9 emole kg9t 1.1 cmole kg' O &
33t 29 04 cmole kg'Bth FJsA =tk Lim et al. 20092 AFE =2 AB| S
v 4717 Eot BAgoEw A& A3 EY #71EH F8 AN

Aou YEFE sehulgnn 301 9. mea A%y 8 AHE ASed AL

e Aol Que delshA Qobw HAW P EFo] EF AHY 5 9on
2, olo] Folstelo} Bt Bl el Fol FohAW, EvtE, MF, 1%, 59 5 AF
o N3] FEE ANl 43 AW ol dehinl, Bxe 1E F5 L AW 0P A
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Aot Bzl & FAe BRA Hol oF 4A 2E 24 2F4 A% Ve W
gkt (McLean & Carbonell, 1972; Stout & Baker, 1981).
3 5. A|AA Aol A SCB Hr|¢} F}etHl g o] 51 A8 F AE EF e
A8 YT aass aow xp e gelE
(H20, 1:5) Za 43y 31E YEF
ds m g kg’ mg kg cmol” kg
SCB N50% 6.3a 13 b 20a 529a 043c 48a 15a 0.5b
SCB N100% 6.6a 1.6ab 19a 527a 0.70b 48a 16a 09a
SCB N200% 6.0b 21 a 20a 565a 152a 49a 17a 1la
s}stel 5 5.6b 1.4ab 19a 540a 046c 48a 15a 04b

'SCB: Slurry Composting & Bio-filtration, A& % =& <iH]

_?l_[
it
o
i

T ot oS xFsI EY FEE5 TS =8 gnle} IR Abolo] {Jgh zole
Holz QTHE 6). Lim et al (2009 S AsE =8 dHE EAFLEZN 4775 AHE-St

RS W Bk 7o ol ko] Fen| g}l HISzElTaL 3O H, Seo et al. (2010)

’
WAgo R A%E EF Au 533 EF Aug 54 1047 5% A8l B F
3% Ugel Hebinol W EA GAAD e, & 122 22 54 0912

A&sto] AMEste BEY T4 o] senlget Blulst] A v mEkA %

v dHE A& A& EY TF A de Aem Algdn: T\’J‘/]’E]' "]
AR EFe =, 78, , o4, Blie FF FFe 247 021 mg kg, 3.7 mg
kg', 25 mg kg, 23 mg kg, 0.65 mg kg’ FEH (Jung et al, 1997), o] 01 N @ite=
F=d FH 7IEolth wEA A TS BAS 2 A7 ZAHe AR Hud Fe Qo=
HAZ 52 FF0] ofdS & F Atk AE AF A4dTFE vF F A St=EH ok
o] &S Z7F 10~20 mg kg’ 100~500 mg kg™ ©] ™ (Macnicol and Beckett, 1985), 2] &
25~40 mg kg'o| = Z(Baker et al, 1994), A% =& HHZS 2ujE A% A E3lox FE
Ao G JFS vAAE G5 Aeg AgdHn

F 6. AlAAu A A SCB R|¢} 33tHl g o] 5 A8 & AE EY & I
2 g cd cr’ Cu Ni Pb Zn Hg As
mg kg’
SCB N50% 0.29a 1.9a 2la 24a 9.0a 8la 0.05a 3.6a
SCB N100% 0.30a 1.9a 19a 24a 9.1a 75a 0.05a 3.7a
SCB N200% 0.30a 1.8a 21a 24a 8.9a 80a 0.06a 3.8a
sevl g 0.31a 1.9a 19a 24a 9.1a 75a 0.07a 3.8a




Egol sl Az, EriEs 2o do FE& FHE A Aold fel@ o)t
HolA] ¢FTHE 7). Jung et al. (1997)2 Al 2ol 9 7l=H, &, |, otde FHFe
7+zt 054 mg kg, 11.5 mg kg’, 3.6 mg kg', 734 mg kg’ oW, Ha et al
(1997)& F3RA o] Qo] 9] ol e 64 mg kg'et e, o9 Hws) B E
Aol X $34 TS i G dolth dA 79t o}de AFe] 54290y, %
2 oM HFY FF& 747t 5-30 mg kg'F 27~150 mg kg'o] = E(Jones, 1991;
Kabata-Pendias, 2011), & AFo]A e T8¢} ofd e Hgdl 3o gt & 4 itk

3 7. SCB ul9} s}stHl g o] 5d A8 F A EvtES} Qo] oo Fu& I

zZ B S - Cd Cr Cu Ni Pb Zn Hg As
mg kg’
EvlE SCB N50% 0.16a 1.6a 21a 1l1la 1.7a 72a  0.077a 0.10a

SCB N100%  0.16a 1.9a 22a 1.0a 1l.6a 70a  0.085a 0.09a
SCB N200%  0.17a 1.9a 21a 1.0a 15a 74a  0.077a 0.07a
s}stel 5 0.13a 1.6a 22a 09a 13a 70a  0.073a 0.10a

2 9 SCB N50% 0.14a 1.1a 27a 0.74a 1.1a 60a 0.077a 0.16a
SCB N100% 0.11a 1.2a 26a 0.79a 1.4a 63a 0.075a 0.15a

SCB N200% 0.10a 1.1a 26a  0.7la 1.2a 64a 0.080a 0.16a

sl g 0.14a 1.0a 25a 0.77a 13a  56a 0.080a 0.13a

EntES} Qo] FiFE 18 19 YENI=H, g Aloldll felg Aole glitk 2 A
BoE Avk v HHE AHESAL RAELS SEHIEE ARESRS W v F EvtE, @

ole] o] geHlge} dEstte A7 AUt JA=dl(Lim et al, 2009; Seo et al.,
2010), & 01?0111\1% ZAEMA SEHIEE At A& AMEStHE AEe FEAS
Wolmel A e ASE UEhdth b A EF A Agdols satulgs) v
st EvtES} Qoo FiFo] oA A e WS o ATHT

El m

oTomato

oCucumber
100 + + —I—

Marketable vield, Masha
= [ o0
(] o (=]

el
[l
T

a . . .
SCB MEO%  SCB N100%  SCB N200% Fertilizer

29 1. SCB Auls} ez 59 4§ F Al ErpEs Qoo 4F %
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Al
BEE B F 2790l FEst A% Ade 1 29 Zrh S48 FAAE At
A g2 =8 dHE AYAs dele EE ELAA AT AEHA °~‘°)ft‘r gAA S
E& Ao 200 mg/m® A2 P W FFoM FAA AEHACY, pHIF =& EF A
o} DME AESHA FUuth AEH IWAY Hu == FZEHEIH 1%%10] 3.8
ng/g, Etol=4l°] 50 ng/g, BIHERZ] 157 ng/go R, Sib=o ZfF 7IEA HESHR
o] &% 100~1,200 ng/g, EFo]24l 200 ng/g, AEolvte]= 100 ng/g¥ Bl F S we
FEOIAT wFAAM Y] FHFERo e zHF J1EXQ] SAHEZGH]ZH 350 ng/gH =
EgErle]al 250 ng/gd Hlusld® Bhe Fo] itk Kumar 5(20052)2 F2 28 EeH
olFUS FFI EF E=E EFAd Agsy i F 5 A =S Ads o 2-17
ng/gol AZEH Ut 393, Dolliver 5(2007)2 AdHElANS AL wl, S5+ 5 A
2HE o A 8~100 ng/gel AEHUTL A, o5 Anel HSE FFEoIATh
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a9 2. 35 AA 52749 FAA P (ng/g fresh weight)
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gz avEol2U Hol2ale 2R o] pHYL B £ Atk Dl HIste] Eskor, HsuE

o B9 Abolo] Fd AFo] HolA] Rtk F, EF pHt 2255 EY) AR 2E=dED
Wl 293} Blol AL HolE A% Hou, Al QT AR HolA gt ol 2

ZEH ER|ZUR Bo|2Ae ol wso 7 HEJE AYH ] pHIF FS5E Al
7] W] Ao Z2 ATGEH(Essington 5, 2010), AIHERE pH 6 o] FolA = AstE wA &=
4] Fe2 AfetnE pHeHY] #Hge] B7] wEl Zajt
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AT Foll AolME, dF F 82l Y o FoF 7], o FEA FAEe 24
3 23, FollM= ﬂiEHlEE‘r’%PO]%%TJr Ay erle] AEHA F%or, Bolzile E
F AAMRE Pl HAESHAHIEH 4). FHAA= SE2HEIH|FHF Eo|2Al0] HE
=2 ggton, HamEerzlS 632 ng/g °©latE HEHAUTH Ol% FEEHEZo]F U
ElolZ Al Ayvepxlel] ®ls) g A get=olzt AEAW dAFrh HA F3 ZeiE AL
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a9 4. 57 3% 5 82¢9 A FHng/g BAS)

B} SEEHE d e B4 F 339, 499, 61 T 3 A 2 A
2l % 33w u]%k(039 ng/g fw oldh) HEHAHZE 5). 3} HZE XS wol
£ 024~028 ng/go®, EFANLAS A stA @ fjrTo] ve) wgron], ALeolE
AP FAAE F 57 2F FRodEeilelZdcl AEHA got 5 Ay map} ¥
Fe FAsA AL Ex Fol LA EFo] A1 (B0emol’/kg o) FEZE EL Aol
29 F2 Fole NP Bl EF YAl FAFLL, AgetolEr} FREHEHAC]
29 FA3] 437 FEAA BoA @ Ao BHE Holue BE AT
ZAEZIZE Hell AEHA F%+.

Aapretle Algbo] A E o] vrolAl= AdS HIJAtH(E 5). Ao AR
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FFE FES e ES Rcste A FES %42‘5 A7, H3tA Ao F2
2E EZNlFY TS 3.0~51 ug/kgo & thET 9 35 ug/kgel Hlsl Az a7t F3
A ekgto}, AlSetolEE 1.9~21 ug/kglE Eokoﬂ AF3E F22HEZA)|Z 9
FHFS 39~45% EFATHLH 6). ol FE Fol2 A&S T3 EG A& AFste &
Z2HEZA o] o] Fo]XggFo] F A LTo|Eo FaEo] HE 4FEA FET
= ZAAY d= gl Ao = Addn

CTC

®

o

0
Fxe| EES o 5441 et H22to|E1 M 22t0|E2

a9 6. 45 7 F Edo IRste FEEHEHNFHY T ng/g dry weight).

Bolzilel A%l EdATAS E} FRA FAKAL 7). F 2T 37 u
g/kgoll Hlal EGMLA A2 T 2448 ng/kg AEHAT ATEA w3 Elolz Az
vlRANA R B AL S FElEkA 2™ 9).

100 400
TYL SMT

80
300

60

200

40

Ll

0
£xel ES o 3HA{ 1 matM2  HM22lo|E1 H22to|E2 £xel EES

shA1 a2 HE2to|E1 H22jo|E2

af

a9 7. 45 78 T EYQ FRste Hel2A(3)H A ER(9) Y] FFHng/g dry weight).

EntEs A4 & 68U MY, 2ol A F 59¢¥ 80¥ 7 F A A 23,
FAA 3F(EFEEZHESHOIZY, B2, HuE) E5F ASHA U EG
Fole A FFS E4% A3, A Ao FAA 2mg/L AP TN FRE
B Egol S} Blo]24lo] HEHA &%kal, 20mg/L A2 ol Awt zkz; 13.8 ng/g¥t
109 ng/gd=HATGE 8). AAWEIS FA oA HEHA FU, 2mg/L AT+
46.6 ng/g, 20mg/LA 8] 7= 233 ng/g HEH AT



i 8. EY 7 A T (ng/g dry weight)
CTC TYL SMT
0 EAE BEHE BHE
2 mg/L EHE =HE 46.6
20 mg/L 13.8 109 233

EERE dnEse BAHAAN F7) M= A H9 "HEZAIFYTO)H ez
(TYL)®] E—‘H w7l ZAHAHE 8). 7] AN AF 2¥¢] HEZHR|FHL
48%7F AE A=, 3 1413, 3A1ZL, 6AIZE 7] M EE Fo=M Z+zt 78%, 85%, 89%
Zas Aok olol whal 13 & ZI(C = Cote™)ol £ AFERE F7) A9
0.01191 B8] Z7] 1Ak, 3A1%L, 62178 9ol Z+zE 0.022, 0.026, 0.037% 2.0~3.4% =
ZFFATHEE 9). wEtA ER = HEgMo|FY o] woz Zol=s AlVIQ W=
634l A Z+7F 329, 269, 199 = ZFolEQUTh Elo]24le] Agole 62¥el 36% 7HAg d
v &), &% 1A17h, 3217, 612 £7) A2 242} 54%, 66%, 80% HAEJTHE 8). &%
Arke F71 FAE 000740 HIE F7] 1A17E 3A1%E 6417 Aol= ZHZE 0.014,
0.018, 0.031Z 1.9~4 ZHH #7}0}931:}(4 10). 2P =8O Eolg4al ko] Wlog =

rlm

rr ol

60

40

TYL, na/L

O 1 Il 1 ] O
0 20 40 &0 80 0 20 40 alt] 80

a9 8. 37 Ao HEZo|FHU )T Efo]ZA()e wall 3 57
¥ 1,3 6: 3% 1,3, 6A7F 7]

# 9. =i HEZAo|E- e 14} 8 =I(dC/dt = -kQ)9] B
A g &z A5, k d? FBAT, ¢ W70, typ, d
4 2] 0.011+0.00056 0.931 63.0
%7] 1h/d 0.022+0.00109 0.975 315
%7] 3h/d 0.0263+0.00142 0.972 26.3
Z7] 6h/d 0.0369+0.00139 0.984 18.8

¥t = -0.693/k
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¥ 10. EE%=9] glo]g2alo] the 13} £ Zd(dC/dt = -kC)e] B
g £% A5, k d7 FBAF, ¢ wkzh7), tp, d
42 0.0074+0.00069 0.369 93.6
Z7] 1h/d 0.014+0.0008 0.915 495
Z7] 3h/d 0.018+0.0012 0.910 38.5
Z7] 6h/d 0.031+0.0012 0.978 224

® = -0.693/k

>
1
FO

off
b1
rift
Shd

2
Iz
O
o

ot A rx

=S A& ALEYS v EvfES) Q09 FHy ES
] stazl 20079 FH 597 A1ES
3+od 50%, 100%, 200%°) 3H

>
m>~
il o
b :‘{;
[
=2
o

o 38

°

o fo
o o

M g
oty % w0

o
-

ofy
ME i
0,
_I_?L'
ox
2,

ok
12 ©
s
il

N,

[

Y,
o
>
s

)
o
N
AN of,
o
fru

O

Borr
u
o
%
2
O
a1

o
85
b
2
he)
o
R
oo
-
b
Z g
Kl
_O|L
32
o
2
R
Z
B
R
AC)
-
o
dr
Iy
ol
i)
B

el
3}

U.?i';
ol
2
Hir
N
°
o

AN B
oV i
ol o
o2
& o e

& GE MEF St HBAY TS @

4 W ErEsH Qoo 3

8 oo Ago] A4g

A AAE A AR ER

dt glon, ErtEs 2ol &

W R dAse] A%

o geol ¥old & ek
1S
H

I AgFolA FAATE %
= =
=

o
=

4o
s
32
o
rht
o M
2
o =
it

o,

°o o
o
k
©
N
&
O
[
L
it
N
M1 ol
b
dr g 2

L
12 o o

pov)
o
fru
e
e
)
)
=)
L)

]

PR

o

fu

el

i -
)

£ o

=

b orE o b
& ]
o
il
A
B
W
o]

offt X
ofy
ol
Ipr
o
Ay
»
i

o ok
o o N

t2

=2

rir

fm

o

lo

"

)

'S

i

oy

£ o g

T

¢

2 % X T oM T orx fo O o

jug

o r\.n
Mo
2
=
i
>
oo
ol
ol
8
o
=)
2

(R

al
Fz 2 EgHolF
g Agsitsis E
& &

2|

b1
x2
> T
el
o
)
i
lo
ft
O
2
>
e
-
N
W
rlo

o
O

o
o
.
rz,

)

fm

0‘2 B
off

B
_E‘
M r
o2
=2
X
o
i
e[
ot
)
AL
;3

o
o o
52
1>
i
—_>‘ﬂ,
=2
ol
&
n
2o

Ju

o

= £
o,

o o

U oz
2

o 4

Fz=HEgNo|FHY MAuvezle] A
AEE AT FAHANAE FE2HESGHR O]

: NFAQA Ao Eg} b
o] Yol e, 53] A&e}olE] H
ME A&l EVF st Rt A7 a3t o
FZEZHEHRK|ZHY FFS ASTY)E A

P
T

™ g e
2,

o P
i)
off X
N

2
.?{_'4

ol ol
H

Hir

0

i T\

ﬁ
32

e L kofo
Qﬁ

0o i

¢

£x
d

oog
o
o
o
e
i
R
52
fach
H
=,
o,
™
fo
o
e
i
32,
v
fm
oS
(e}

o

2 org
Rl
ull
il
[
=
[t
k)
S
_0‘
il
r
Lo
it
ol

oy, 2

Lo e

o
paod
Fr R

o5 W

o=

foMi 2 1x & X oo
2
e
ol
fr

5

K-

> &2

SR

W —{o{r —El ﬁ

ﬁ'ﬁl i

LS

oo =

2 o
™
2
X0,
9

4
{m
L)
=,
o
lu
[
Auj
o
fu
2
il
%)
£
o,
™,
o
Ny
S
3
aQ
~
—
o

7hA A

A2HA g

o AN M JF Jo M e b ogd 2 Bt

rit
i AT
M o
4
oz
L
2 >
sl
Z
W %
Brog Ao
o I
o =2
x>
[ooR
QL
K
fm
o
=)
fm
i
to
S
il
2
=
e
.
"
otk
0%
2
N
N

1

= 7} Zy 7}

N,
rr
N
N
(o))
(6%]
o
2
>
[l
O
e
Lt
\O
=~
e
>
N
N
e
fru
(U
He



5. 21&

MO
r

Baker, A.J.M., S.P. McGrath, CM.D. Sidoli, and R.D. Reevers. 1994. The possibility of in
situ heavy metal decontamination of polluted soils using crops of
metal-accumulating plants. Res. Conserv. Recycling. 11:41-49.

Ha, H-S, M-S. Yang, H. Lee, Y-B. Lee, B-K. Sohn, and U-G. Kang. 1997. Soil chemical
properties and plant mineral contents in plastic film house in southern part of
Korea. Korean J. Soil Sci. Fert. 30:272-279.

James, D.W., ]. Jotuby-Amacher, G.L. Anderson, and D.A. Huber. 1996. Phosphorus
mobility in calcareous soils under heavy manuring. J. Environ. Qual
25:770-775.

Jensen, M.B., P.R. Jorgensen, H.C.B. Hansen, and N.E. Nielsen. 1998. Biopore mediated
subsurface transport of dissolved orthophosphate. ]. Environ. Qual
27:1130-1137.

Jones, J.B. 1991. Plant tissue analysis in micronutrients. p. 477-521. In Mortvedt, J.J. et
al. (ed.) Micronutrient in agriculture (2nd ed.). Soil Science Society of America
book series 4, Madison, WI, USA.

Jung, G-B., K-Y. Jung, G-H. Cho, B-G. Jung, and K-S5. Kim. 1997. Heavy metal contents
in soils and vegetables in the plastic film house. Korean ]. Soil Sci. Fert.
30:152-160.

Kabata-Pendias, A. 2011. Trace Elements in Soils and Plants (4th ed.). CRC Press. Boca
Raton, FL, USA.

Kostat. 2011. http://kosis.kr/abroad/abroad_01List.jsp. Staticstics Korea. Daejeon, Korea.

Kunkle, W.E.,, L.EE. Carr, T.A. Carter, and E.H. Bossard. 1981. Effect of flock and floor
type of the levels of nutrient and heavy metals in broiler litter. Poultry Sci.
60:1160-1164.

Lee, Y. 2006. Nitrogen management in Korean agriculture. In Nitrogen Behavior and
Effective Management in Agro-Ecosystem. Korea-Japan Joint International
Symposium. Rural Development Administration. Suwon. Rep. of Korea.

Lim, D-K,, S-B. Lee, S-I. Kwon, S-H. Lee, K-H. So, K-5. Sung, and M-H. Koh. 2004.
Effect of pharmaceutical byproduct and cosmetic industry waste water sludge
as raw materials of compost on damage of red pepper cultivation. Korean J.
Environ. Agr. 23:211-219.

Lim, T-J.,, I-B. Lee, S-B. Kang, J-M. Park, and S-D. Hong. 2009. Effects of continual
pre-plant application of pig slurry on soil mineral nutrients and yield of
Chinese cabbage. Korean J. Environ. Agr. 28:227-232.

Lloveras, J., M. Aran, P. Villar, A. Ballesta, and A. Arcaya. 2004. Effect of swine slurry

288 % M, AEHTZD



on alfalfa production and on tissue and soil nutrient concentration. Agron. J.
96:986-991.

Macnicol, R.D. and P.H.T. Beckett. 1985. Critical tissue concentrations of potentially toxic
elements. Plant Soil. 85:107-129.

Marschner, H. 2002. Mineral nutrition of higher plants (2nd ed.). pp 333-364. Academic
Press. London. UK.

McLean, E.O. and M.D. Carbonell. 1972. Calcium, magnesium, and potassium saturation
ratios in two soils and their effects upon yields and nutrient contents of
German millet and alfalfa. Soil Sci. Soc. Am. J. 36:927-930.

Moreno-Caselles, J., R. Moral, M.D. Perez-Murcia, A. Perez-Espinosa, C. Paredes, and E.
Agullo. 2005. Fe, Cu, Mn, and Zn input and availability in calcareous soils
amended with the solid phase pig slurry. Commun. Soil Sci. Plant Anal
36:525-534.

Morrison, J.L. 1969. Distribution of arsenic from poultry litter in broiler chickens, soil
and crops. J. Agric. Food Chem. 17:1288-1290.

National Academy of Agricultural Science (NAAS). 1999. Annual Report of Research
and Development for Agricultural Environment in 1998. National Academy of
Agricultural Science, RDA, Suwon, Korea.

National Academy of Agricultural Science (NAAS). 2000. Methods of soil chemical
analysis. National Academy of Agricultural Science, RDA, Suwon, Korea.

Scott, C., L.D. Geohring, and M.F. Walter. 1998. Water quality impacts of tile drains in
shallow, sloping, structured soils as affected by manure applications. Appl.
Eng. Agric. 14:593-603.

Seo, Y.H.,, B.O. Cho, J K. Choi, AS. Kang, B.C. Jeong, and Y.S. Jung. 2010. Impact of
continuous application of swine slurry on changes in soil properties and
yields of tomatoes and cucumbers in a greenhouse. Korean J. Soil Sci. Fert.
43:446-452.

Seo, Y., J. Lee, W.E. Hart, HP. Denton, D.C. Yoder, M.E. Essington, and E. Perfect.
2005. Sediment loss and nutrient runoff from three fertilizer application
methods. Trans. ASABE. 48:2155-2162.

Stout, W.L. and D.E. Baker. 1981. Effect of differential adsorption of potassium and
magnesium in soils on magnesium uptake by corn. Soil Sci. Soc. Am. J.
45:996-1002.

Tufft, LS. and C.F. Nockels. 1991. The effects of stress, Escherichia coli, dietary EDTA,
and their interaction of tissue trace elements in chicks. Poultry Sci.
70:2439-2449.



6. A7Zu &

ALARA © A5 AR sk Qs 3 EAel] vl 9% Bt

A= (@A) |[EETE A

AL |FE EHHIE AES Ase dgu AdE D Ad
FELE ATE guE o] &3 AAAMA et AT

T

i

2008(2'A =})

2000397 | GFBE AFE AUARAN B TR AFE Aul] AGIA £F

+=1%) Impact of continuous application of swine slurry on changes in

9 = =
201044 AA soil properties and yields of tomatoes and cucumbers in a greenhouse

8 (45E £ dule] dgo] AdAE B £ B0 mAE G
AR [=RH) ARSS20N ASE ER Aule) Ago] B 2L &
PESH Qole] S vAE JF

3 &
201159 ah) | =8

AZARAA : Fg FAA) AEA T T

d= (@& (B&TE A &
2009232} | FEEE |(Aug A Z7) A FAA B £ &
FEEE | MR QAT AA ASelES S8 YA T A
2011432l | s EE =8 AR FAF AMA YA - i
=EAA [=ER) EGH 2= HEGHoEY B4 3o FEW e Hlu

7. A7E B

ALAEA A skl A5 izl Qs 9 ERAel vl 9% B}

Fod=
T ad A5 | 9% FYAF
07/08/09 10|11
a4sd | % _ ]
j o) ve° © ] Byl 2=
A Cagm | aga | 1PE Aot e 0
YA | LAdTH | | 2SS ARaha 2 O|0|0|0
oz A% = .
A o\;ﬁf oaofz & AT F 44 olo|0|0]|0
w4 . i
’ ’ gy | BAE AT Pz O
e : At | was| =4 wd 5 A7 9= |0|0|0|0|0

200 % M. Algeizzat



O

O]O010]|0O
O]O010]|0

0809|1011

U
=

=

(<)

AR A
SEES

”

2]

ke

_Z_._.C
4o
ﬁ

A A 2]

[e]

o,

2g

V4

g

- =2

=

A
<

of A4~

Rl

2

I

A 2 A - 3}A]

by

V4

VA

Fab & 291

Bl
ol
Ho

__ot



