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Abstract

BACKGROUND: Increase of heavy metals in agricultural
ecosystem has become a social issue nationwide as it is
related to public health. This review was performed to find
out more systematic and integrated future researches on
heavy metals using up to date articles published in the
Korean journals related to agricultural environment.
METHODS AND RESULTS: Researches on heavy metals
in agricultural soils and plant uptake were categorized by the
establishment of criteria, analytical methods, monitoring,
management of source, characteristics and behavior in soil,
plant uptake, bioavailability affecting physico -chemical
properties in soil, risk assessment and soil remediation. In
the early 1990s, the monitoring for heavy metals in soil has
been widely performed. Accumulation of heavy metals in
contaminated soil and availability to plants has also
attracted interests to study the soil remediation using
various physico-chemical methods. The phytoavailability
and phytotoxicity of heavy metals have been mainly studied
to assess the safety of agro-products using risk assessment
techniques in the 2000s.

CONCLUSION: Future direction of research on heavy
metal in agricultural environment must be carried out by
ensuring food safety and sustainability. A steady survey and
proper management for polluted regions should be
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continued. Law and regulation must be modified
systematically. Furthermore, studies should expand on
mitigation of heavy metal uptake by crops and remediation
of polluted fields.

Key Words: Criteria, Heavy metals, Remediation, Risk
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Aol ofdst )= oA FEe] AR o]y
L YA g AFHelM AEHA oot FEEY Fel
w2} o539 Aot Slas RISt
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Lee 5(1986b)S EF & HE dhedo| et 25
F2o] 2jol2 BEPT] o) Eok = HlAE
o] ofgt AL EqkelM= Bl Sl wh
Al VR vhd FAbo] et HEA Eokelx= vl

A

A=}
F S0 ERES R FR49 A5¥g Falol
Eoh) F3459 FAX ol 54T BEAY F7F

2 ) Aol ex)gy} 54 AF7| =l
AEa g5 o)FAel Afol7t S-S FlEith

F545 094 B o FE&5e] FERY LS
7B7ksl7] Sst f71=) Hule] a3E d¥dh=dl, Han &
(1997)% F71% Aol o F2 A& A7 F5 ol
Fe AR 718 AgAl izl vis] A7 7l
AEglon, B2 & o= AF] Fo] arge B
t} o] f7]E2 1A 2]7H=08] humic-% fulvic-acid
24 9% COOHY phenolic-OH7| ¢} 7+ ol &2
ol A A871E 7T o] Tl BEAE 34
=270 EE 4AAZ & StKStevenson, 1982). T&
o] s Tasel vet A= fake] 4T vAe &
Q102 Fe/Mn oxides, CEC, B2, T} 949 & <l
A E A 59 A77F B ¥t Adriano, 1986).

Aubx o EokpH7F oW FE&o] FeE geko]
walste] e fa%rF S7H Nicholson 5(1997)
& B pH7} S FE4 Zn, Ni, Cd 557t 5718t
i A= Ageld] Sug Sl TrieE Hasiglvh L3t
Adriano(1986)= E¥] 54 7kl pHS Eh7t F542
FaT A4 9L nAty Buslded 949 F5
el Jkgo] theS Holth Lim §(1991)2 EREE
3-11% 4% § Egelr e Fa5] 53 9 238 24

o2

I o

sto] pH 6014 Huje] Fatgs gRlepginh Egh, Satwe
B 5, CEC, A71% ave #o] olag Haslel
T} Kim 5(2011e)< 45 17} 8] o] 2] ¥ ofle] &4
% F olFH Tu5 T tEe] EYpHe st
&5 S-S BT Lee $(2009b)& NaOHSF 541
o3 sfetaow WyH YA} w4 5 fEC] T
PIAZEE o= Aol mE W] =
2+ o] w113 g3l © A& SEMC.
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%0 T, A4=2] A5l wet 27 Aol7} glrk Adriano
(1986)= W3+ 7F=Fo] -2} Swiss chard oA H|A7} 45,
B, Rxold Z7 vgEA FFge B3tk Fergusson
(1990)> 228 el whet AR A Fres
ZAFGITE Aol whet 5ol AAE Wol Fres o
AL, Bl AFoME BE A2 F57h =2 ubd
qrE FF7E E5S Belvk &A= 7], §4, 9, 4
2o R Wik Amo] FFo) wet 159 24 el F
TE5E et FHske sYo] dadE A vEE B
Aok Kim 5(2001)> 745, 915, F 5 78 24=e] k=
# SrdTeld A5 7 i iEY FrEEY e
gHolaloith Kim 5(2007d, 2009a)> W #57F 7= 9
B8] 5 WolE ZAleto] 9l =S Bt
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m 5(1978b)> 1 ol W Hrjj7] 5ol FFs v
T RS TRE ZARISIHE Lee 5(1986a, 1986b,
1987, 1988; Lee and Lim, 1987)2 E%% H]4 9] 35 U
e H)AFol ost e e e A5 Fste] Bk
v A& e} dvls viadEae] WA, st Bla S
o MRl G FAAIEAAMY FAE 7I3ARA T2 A
224 8k 9 B B n|X= JF Fol diste] Haskgl
t}. Lee 5(1990) Fwdol #) Aol e el 5
Zo4] mugineic acid9} 71 Al phytosiderophore®]
H|E = BAS AT 3 &5 Ao o3t $549
GS Fol wiE(Moon et al, 1990), 9} “FE(Kim,
199505 Mg Amz sasialth ©wdh ol A T
& eAFHA N &5 (Lee ef al, 1994) X FLee et
al, 1996a)°] 5ol nA= J3FS 2ARISITE Chung 5
(2006)2 QA=A w|AERl Acinetobactors®] Tv% &
3] 2ol ok Asl mapt 7P & AeE RSkl
Kim 5(2010g)¥} Yoo 5(2011) ¢ 7 v]A&2] Aol

>
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G £, pH B 829 5 B4R F240) 3] 9
2R WA AEste] s AR AATYAN
£549)

Faaoll ogt AEAY AU JFOeE Kim &
(2000b)> A|FA|elA] polyamined]] Jet Fh=F2] Ak
= AadE Akl WSR3 AE T
polyamine?] A sHolA tE 552 BYS IRlst
2tk Moon 5(2000)> =kl 7h=H Bl gl whE
7459] polyamine s} frakel vX= Y¢S AE
sigich B Sasell dish 2HE A5 AE)A wkg JEow
amylase &4, 2229 9 @4 3=k {74 9 proline
o g W3ls HusithHan et al, 1998; Kim and
Lee, 1997; Kim ef al, 1998c).

THE 549 F8 /1A 0 7A A AE N(oxidative
stress)ol 71213+ JEFES B3I THShI et al., 2004; Sun
et al., 2006). ABHHAEY AR Qg WHsh= AT
22 ) 24 AE Y 22 &7, AEEREAEIE
stog <l AT Jlss YAl dtKHatata and
Abdel-Aal, 2008). Lee 5(2011f)2 &% H[AZ 999
wulof] ojst MxggE, At a4xgAs, 18al AlSH
2EHAY Y A W i oA o] 549
H7FsFAtE Kim 5(2011c)2 multi-stress A& F-31&1<1
MuSIZ F2Hgd gl s o]gsto] 7t=g 2¢stolx 9
Catalase 4! Ascorbate peroxidase 5 FAFsla o] 24
o] F7t= o] A AEH 2ol Udo] S ERIsIITh

T QFe tigt A= FE ATA A A
93 =l Kim 5(1991b)<2 Aol 7R=F Feafo] ol uf
< BF Al 7tEs FH o B5t Aol FFE 7t
EHS T2 A 2] SRS O JtEF Al gt
719 A= AA Zel7k A ekSkek Rhim(2003, 2005)

AF TR dapekell ] =gl o8l s Al
’d 9 A A tsle] dist Aol ksl 2 7hR g 1
2S5 B33t Nam 5(2004)2 microtox A&7
gl AFEAE YIS ol gato] skrEdA ArId
kel 545 718tk Choigt Kim(2007)2 £ U]
TEEEs o] AU FFHsE] ddoE T 294
o Aole] BEAZFLE ATAS A3tk Ryu &
(2008)-> EeiA ol sHE A3, ofd 9 FF=F o]=9] 54
< INT-Dehydrogenase 2/del 93l &lst3lon] &ei4]
A H(solids retention time)oll W2 A H3loq FA4 o
& HAaskeb] Al dHS dA FAslorE Akt

Lee 5 (2010b)<> $h=, = 9 v]=2] Q1A 21s)/d% 7}
RES o] &sto] B AR A T AMYsta #HEat
I w47 S5 A AFAow Frieslet. #3<l
T FuHoE o9 B9k Ak, W My H gl wE
AAN 3 Brkste] flaEdel A wiAE Hshs
¥AE 4FEslItHLee and Chon, 2005; Lee et al,
2011e). HlAE eAE WEHFER AT AFE AAS
s9 e B71ekltHPaik et al., 2010a, 2010b; Lee et al.,

2011a, 2011c). HAIA] SA45F71=4= 48X 715F, 49,
g 0|20 EofoA Wu|Z o] Ho| 4l HHy} FIFELOE T
T W] QA =Fol| e AT E ARSI tHPark
et al., 2011). T o4 A2 299 ¥ oflg}, A4
o7 v EAEY] witel, AWt FAA EFelA Afuljo]
FEHE SR AFdl mE dAsgTol BTk
TE Al g n|AggT Sl waHE AHEE o
23t v A4 fadS 7kt Choi et al., 2010). 55
5, 75, A (Kim et al., 2000a) 2} FAFA] 9 53
oA Aele FAF O 25 AFEz st AA
& H71EIItHKim et al., 2011b).

o o e

BN S/ ¥ Aa|Wet

Tush LUES gigh £A42Q Hd7|e/ e 19704
o o]% =g FHOE /LA 1980 0% 7 3
ZATtA2 AstE ZAAVdo] T AEE Vel 2759
o} A B B AH(1996) o AAE QAT
WHoRE Eedd tiAV|E odH oA njalg ZEAN),
AN W AR & 8 BEYeY $ErE oA Y
ME AR, AL, AL, F71EAE 9 EREE A
Alekal itk Bt Chung(1999) % Chung?t Yang(2006)->
QAEFe] T dzAl] i WHES AAsH] A
Aol Hewon 09l o¥AE, I, ol5HE U
QFo] gt ety §5-5 e Frpr Beds dx
Sholth Fud SPEg dist Hd7 fste] AESH
TEEE Wlehe Ve 9 A Hde] g FAo)
Kim “5(2007a, 2007b)°l <Jal Ae]wo] k.

Hxo| Tu5 LAESS JEAT ] Bato] dA A
g Jeong ¥} Kim(1971)2 78] 2% 5784/l vk Nz
o] ¥, e ABEJoNEYINFA Q] o]gol B3 A7} D]
FEEo] gh=d], Kim(1987b)< W< FH&% T4 AU
Ak T, 82390m], M3, F3A 2 Ha 5 2 7
WA &tel] thste] A8ty Choi 5(1991)2 7H=H
QTSN ofe] 74A ] o]gsH Al wE Bk F
% gyl SEpAslE el montmorillonite W
zeolite 5 CEC7} =& E9F /EA]9) 91 Bt
zeolite®] 23+ T4 AR E HAzeoliteo] 23t 7
THEY F&s HUs(Kim ef al, 1986a: Kim et al,
1991a), Jung 5(1996a, 1998a)> HH], 43|, 4l 4k 59
ENHAE A7) g8 BEokolA e} o}l BE3E
T8 Fa% F7ke FIsto] o5 FEY o] Eok o]
skt v Srgke] BAlClA Age] mE ] Y ofldt
Fo| S7H Balskl ot dulge] FEs T EklEA
ATt Lee 5(2000a)> 413 Frwg=eolA 9] HEF
Tas AA ALl ESR o] g3t et w55 ddst
th. Han¥ Choi(1992)% peatoll 23t SH42] F2of
Wt AFE FAE I Lee(2010) AR EE thakst 4
gO|EAE  olgst] W s Aftshs AAE
ethylenediamine(EDA)< 41331tk Koot Chung(2005)
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LEE et al

& biosolid el W {74k WA ool whE Fus:
Tt TS &5 AlEelA 18ISt #H, Seo &
(2008)- tha/doln WA} Fo]X|ggske] F =49l
Mg-Al LDH(Layered Double Hydroxide)E ©]&-3ste] =
£ F H)A9e] WHEEAS Pt A AAEA Y] &
g40] vl =2 FoE AEsSIch

A S EEsl EYE TuEY AERY fak
E o= A A7 8= Lee 5(1998)
HAEAE SR o 7z 71 Helste] AZSE AFzeolite
= o] &3 HF T5E S0 Hdzeolitel} EAEH T}
9] FAG 3 ~ 5] TEES A AASIt B1dt -
o9 7] E(Cho et al, 2004), = 3 (Lee et al, 2005), X
3| ZFH(Choi et al, 2005) 529 TAS] FARES 0% &
=@ BAS AEs] 29%3A % £7E AEsSIth
Yoo 5(2005) i385 o] g5t walgAt w49 FalA
ol ¢ 7FsAdS 2usklth Hong 5(2006)> A1€ks]
ARl W ¥ Fa% F5 7FedS HESISITE Moon
51(2009) A37FEst EHAE o]83to] CCA A& W
ZogRE F% n20% Bl B eHYsle] B8
o] ZAFEISIEH o] A3l 2F pHEl Wiste] w
$E7] A7 giEo] 43t W Ca-As FAo
A% SEM-EDX A#E Z2lslgith &3k Choi 5(2011)
& Ao s o] &st AEFMNAHOE AAREE Heo
T2&5 AA AHxA9 a8 RIS

T3k HTolle Tadel uiste] 97 ol & A7t &
W] ZdE 1 QlEd ol GrHde) Atstekddg] wsl
w2 fafataE e FEate] 2HS Fa gk 97 671
] S v]40] =83HYang ef al, 2005, 2008; Yoo
et al, 2007) T°l A&s AyvE Rtk Kim &
(20100)& A& L 55 EE3te] B pHE S7HA
5 ApellA PR foHoR v Fas 4
S5 a1, FARE AelA Moon $(2010a)2 44
3] 9 TEUE AHIE 55 o]g3to] H|A QHESS
I AEFEH e gAste ARHe F7ksk 9
20 &% FUF AES 18ISt Edl Yun 5(2011)
& AREHT L TS 295 Fuse 1
A il

H1 A0 2 T7HS Kol o] A&l
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Kim?} Baek(1984)2 f7]& Hdo® Yol g PHES
ARgste] Wel 7lER FrE A7 AS 98lE Y
4 Qlgith B Kim 5(1998b)> Fa5o) Qe 293¢ 4+
EZ o]gsto] ofdne] AT Es} §71E Alge] wE
2YE Itk Ok 5(2003)2 Al F71HES
olgato] FalxEEy 7] LAEAS FAl AATE 7]
ol gk FHe] A7 U FFIHAE NIt H
F71E 39 9 BEiEAR 24 7Fs4d0] e biochar®
A s o NganE ERlske ATt Es]
1 SltiLee et al, 2011b).

Kim 5(1978a)& TEFEE T &7 AAS s

7 2 A3 3 AgelA A ASTIRE BE Qe 8
PE FAZ drF] FEE TS Az A
Algog G35 Z7MZEL Oh(1981)% 4131854 A8
o B 213 k=S F3] A7) pH 6.0 o)dellA
FatsileRo® Hrgel 7]Qldtthal skt Lee 5
(1984) = A3] Algo] W W] 7tEd & 4= Halst
AL, A3 Algo] whE Hj3(Oh, 1986), LER]F-(Jung et
al, 2002b)°] FH% F5E A A9E Baskich
B AeiA e 9 gk Eeel dfgt A, v 9 A3
49 ais 7Yt Kim et al, 1985; Jung et al,
1999, 2000a, 2002b). Kim 5(2004a)& =Eko] 7}=F &
A5} We| Fgroldle Rl A3] W humic acid] Al
735 A= Jeong(1977)S Lol 23k w52 A5
A3 Y25 sjetsta dsfuiF oz AsAg 2 439} F
Hlo] EgAm] avE i

QARAgo] W] FEf S W B TS AUt
aers Bt Kim, 1987a; Hong et al, 2005).
Kim¥} Kim(1986) 2! Kim 5(1986b, 1986c, 1988)> o]l
et wo F 2 daael Bt AT AMEd T
SR FEA &5 9 Sl njAE g3 A3, aked
g 9 BAEE Q3 BYS W £F A%E Ry,
T S 5 AR g A3 gl Qlite] &gtk AHEAY 9
g A HEEHI Hon,

W Ro] ELA} TIEE QRGN ekl A

aQ

ol .
=
e
Ly

ME
A,

=

to

st 7FEHe] Fsskel] Brke EY pH ¥

of W FFE FF Fuel 7IIgew Huaglry mdl
Oh$} Sedberry(1974)= ¥ 9] H4 H49]8|g)l ofd A2 &
%231 vl 9312 B8al Leest Kim(1985) 2154 9]
FFEE ST ofd AHE#e St wet 7hAags Bas)
Ark.

298 FEA BN FuE AAAT Wk o} 78
Ao A9 Fa% AAsH: WHo]l AEHE, Yang &
(1992, 1993a, 1993b)> 7121w AAFA 2 A=
g olgsto] Fud HuENE FEE YA FEANS
olgato] BIAS A7) o] F sl T4 AAR
45 AN Lee 5(1995¢) FAAkEE4 A3leE
3 vkgol tigh 718 oz E3A Al carboxyl”]
o] #sk= 317} carboxyl 71} phenolic OH7|7} 54l
tolsle T/ 712k AlQrEI3ith Lee 5(1998, 1999,
2000b)> % AFzeolites o83t Tus #E Ast
o] Ta% AAE T3 W FH A A Eels)
Atk FIE olgste] HFFY FuEs FEHNA FEE

Wehs ATE FAEATKPaik ef al, 1996, 1997; Park

T

o

&

& gt 8 Fo] FuE TS 8 1Y
4 SEM(Scanning Electron Microscope) 4] 2% 211

Stk 9, Kim 5(20106)2 #F3d FAakeel F4e4s
ggsto] JtEwe] S5 2 285 Bkl A=A
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2M A% 7he’de A= Yoo 5(2006) F7HdE
olgsto] FgdlofA ] HAAAE, Awad §(2010) Hhie
o YHES 3E8l, ol olgste] g A 67t E
& AASA =3 o9 #EE 712 A58, Joo 5
(2011)& WA 7ot TAAZE AEE o] gato] 7h=F3}
woolg 8 Aol A FRAEAM 2898 HE
a3t

TE4E QAR Ao R n|ASAES] A o]
3t 21 E3H4 5-9(phytoremediation) A5 &3] 3]
3 9tk Kim 5(1989b)& mh]==7h 1ol =g &9

2509 §% FA5e By, FEYOR BN A4S &
FURAIFEA 9] 35,598 Wtk e AR A EA
Y BF AE R FO4Y Qe Rl dug B

At} Jung 5(1993)2 oFdFAL QA oA ApAgsh= A
ool Uist $u5% S-S Akt am), 1l 47
52 Tud AARWL F AEFTOE TSI Kang &
(1996)> 37394 2 AR EZA F2Es AES o, 7}
TH disk Uds 7H A Aukste] E 0 B
Hol| 7| Z2A5 % &4 715 A&E = AT
oA SFUNAE, &, A, Dol AL TFsA S AlAl
3} tHKang et al, 1998; Kim et al, 1999a). =3l Seo
5(2006) #Fak ] HEF AAES votstal 29
EoFe] gk Hi FARe] WolEAS HESISIE Jung &
(2000b, 2002a)> 7F=F W LPES e 2EdHaE¢o]
TFseh AEToR HASAES o ZARste] k8,
AP 59 7hsAE AINBESITE Lee9t Kang(2001)->
ofd Wl FHeq FAA AN AEEHAFToRE Huje o]
7Fs4S HESIIE Og 5(2003b) 3 Ok 5(2004)2 &+
& QARG A |en FAAS A5 o] gl ggt
Ho] S vloksli=d] 1980 ik AE43p|4
TE Tus5 LYESIA AAshs adddE 9 =

AAEF] digk A7E S o]F A AEs
o] g3t AU F4T 5 ol ol s=F HSA ]
FHES FHshe A7 "tk 2t vf 9tk Lee
5(2004)> EE7IRt FHEH AEEAFOR ForES At
£ 7Fs/9S AN I, Kim 5(2008c)> @42 dux
Eoka} e Alo]e] AeA dolvl= 2 7]Ae] olsfigt
O 7 BEAAES A5 B 7S Bk Kim
5(2010b) 21 &3] Ed7|&e nlo|omx YAk Sl
913t biosolidE Alsto] aute}r]e] &8 7hsAS st
Atk Lee(2010b)= ThFst el L0 EAIE o] 83t
BN gl AESY fats /A 1kl | o
Ao AEFER oot Hdo F83 V&R ol TS
e ARSI 8 $9E85Y Su5S AASke AE
82 W 0 7 So9t Kim(1992)L 2133, Park 5(2002)
< uue] Aol 2%t IS U FEE 2959 AESH
S AAEIACh

QAEYG AETH EQlo| o] = v AE2] ATelA
Heo 5(1992; Cho ef al, 1992) 7158 WAddol 93t 7+
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F g o Sheste)] ik A4E el
bgE]ell dhsh g %2 5430 #e A7%(Cho
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Kim et al, 2005)% 3= 2ITh Kim 5(2007¢)> <HA|H)
oF AollX Pseudomanas stuzeri®] & Wl tist ZAS
319101, Kim 5(2008b) H]A QA EF|A Arbuscular
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oh 998 Bl AT FUA 3 A R S
Wito] At Fo% oo AR th2lo] HaiHol
Sk =29 Ol sers Aol et Fa%el 243,
A L ZRAQ AA W] B 5 9e B ok, ¥
A 9918 ek, 544 Az o
WYL TSl Sl BPES ok 5 FAgo] A4
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1OZJ>‘—1_ et 2= T O oy
259l gdle) Aoz AEe Hglo) AFn B B
of Westt). wak WANF, AelE, Delg, FvPA: 5
NS F34 LARA U BN AT9) FF5Y 3
o) ARekE o, 2% 9 B4 IS sk, 7)
71N S ARG EAAk & Zlolt

shbE A e S1E g9 A e e S
df #d WE 9 AR JfAle] st 5, Feadl #
A A 9 FellErEe] BWeA e Ak
HE gHg EYRE RN B 8l Bk § S 9
871 2ol EE AlFsitt. A7, @8N, nAEA,
AoF & WAFAE JZAA FEste] 4TS Eek,
AR wg gl AR sk Fote] FAD 4R S5
& JtaL, 4 SAel e %S Astojof & Slojrk &
&, TEE LARA B PAAlE dAPER ASHoR £
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Z5le] A& 999US 2y T Bk 1Al Ago)
Al&GEofof & Aotk o] & st AR 31 49 oat W 1
shestolof gty 53] AApA2] AYAHET} Sto}
A B BAA S V|Fshs o] WorE £
Ap Fekd el o)A odds e ARAlel Hde Ha
o ALE Foet 7 ol AEA AuE ek e
AEA 07 dA|, HTH Fasel st 2990] St
st} AH|AFEQ] FAREQHA el tist $-27F SkekaL 9le
™, FAO/WHO7I%, EU 715, 1| FDA 49 EPAGS S+
% 3 87E 5 AAFCRE FE5 AT sk al 9l
SAREY A VI AR 72 A6

o ox Jdd

AL
oo}

Bew Frk ol ATE Bolo] OV BAE BULS A
B1E 24 /1% Aus) 1o BReqel Jrt

spetstal tfBasie] ARE
=2 aa]: i}\]"ﬁ ‘I_‘lLZﬂSL 37{
FAFA A F3 B E°o1 aelt e,

zAe =2
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