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A Review on Environmental Restoration of the Waste Landfills
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? School of Biological Sciences, Seoul National University

ABSTRACT

Waste landfills have been the center of environmental problems and they must be restored due to
environmental pollution, disgusting landscape, and cost of management. It is suggested that they be
recycled urban space as cities expand. Specially, nonsanitary waste landfills which have no pollution
prevention facilities cause serious problems. Restoring the landfills as parks and golf courses, so on
makes more benefits because of cheap use land, closeness to urban area, flat topography applicable
to parks and golf courses, and high land values after restoration and the changes to local recreation
sites. Restoration of waste landfills is a complex, costly, and interdisciplinary work. But, the waste
landfill is a manmade ecosystem. Control, restoration and postmanagement of waste landfills are very
important problems. The role of vegetation prevents soil erosion, reduces soil water storage, and
obstructs leachate seepage. Early restoration makes derelict lands into man park artificially geared to
soil, vegetation, landforms and hydrology. But, Ideal restoration is to make stable ecosystem
nature-friendly and compatible with surrounding landscape without more management. Landscape is
structured hierarchically with patches and stands as small components and forms forest as large
components. Therefore, landscape formation of the waste landfills needs much restoration process.
There are many ecological restoration techniques for the waste landfills. Those are divided into
artificial and natural methods. The artificial method is anthropogenic plantings while the natural
method is to trigger and use succession processes. The most important thing in the restoration of waste
landfills is to consider the final restoration objectives of each waste landfill. According to these
objectives, the depth of covering layer, planting degree, and structural design should be determined.

The effective restoration methods should be selected of artificial and natural options.

Key Words : Covering, Nonsanitary landfill, Planting, Restoration, Waste landfill.
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28 7] wig 2 Ay 7)o} APz 7)o &
Z}o]u} ¥ H| A 2] (composting)oll T & tht o= A
7 dE AMEEe HE WO ti(Ahel T
1998; Manna 5 1999). &3}, 7] & X8 H| &S
1A A7 4 A= WY o] ti(Simmons, 1993).

ojFA e 27 H A= AE A< Y

il

ol HES a2 opA 2 90 287 Helg
le oE 722 o]FolA st
e RE7E o] Fol =5 (cover
layer)o]2}aL 3l EES O] Zlojo} RES E
Fol B - 33tE 5 wet It A
e A EA ] AAHI o] &4 wE 5 &
dol FAETA & & ok fElvEe H7E
R Al (A4 A1 #-) HE 8 F
Z1EAEAIE Y #E7]F 60 cme]de] T
2 HF FEE A Ho| AtkE AR, 2002).
ol¥l A2l ute: oA AEEL2 2d 7|0
HA o A2t} o] 7] FelEA 23t
Y 7| gA A& AAste adld=
oA ZFA 7 Aok 228 7] wiE A i sk 22|
719 Fafjo st tEHE HAEFot Wy A
7F2~(landfill gas or biogas)©= *d 2}
of ¥Ee vz g 27 EAE A
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>
zan

el a5l fle uAe AEelr] W
ol FE7F 3 o] fle AEF dEA
dstel AFste AEFol 2D 287
AL FEES Aol AATEE FH4
7= QAL 7=

°of A9 HHL =AA ZA M A5t
37 BAE doE 2dVMPAE =5t
o H48 & Ade Wk AAstaA S e
AT L sotstn AYE wA AT An
£ vtebehe Aolth

0. el=e Mef|7|0iEA| =
T S

O veke] 2 7lvl R Ao A o] el A g

A= vdstA Ay s ol skt g9 2287

]l Y Aol = A Z(colonization)3t= o= <F
7bo] Alzbo] A ARk oFiEo] Wol & Aol &
walA wEdsiA @ 3 7hE 9 th(Bradshaw
and Chadwick, 1980). o] -, Z7] A2
Z5F(blue-green algae; Nostoc, Oscillatoria), *| 2]
F(lichen), JENF7F WA AAslaL o]ojA 2
o}Z(Poa annua), “§©|(Capsella bursa-pastoris),
N & 7 (Senecio wulgaris), 8 o}5=(Chenopodium
A 2] = o] A ztst Aot
(Bradshaw and Chadwick, 1980). thAA A &= ¥
g vehved 949 &
vulgare), Leontodon, Hieracium 5 =3} ¥} &
ol =AY =3 I AE, BYEFIE
Bske A8, 7IeE72 ARse 4Es0l
@o] WA &}9] th(Bradshaw and Chadwick, 1980).
29 AE AYd 2EBEo| ARE AAEA H
w thd A A Eo] Sd3tHA ddgAES] v&
o] @oJ A A ¥ ch(Bradshaw and Chadwick, 1980).
AHF= 5 99 Lahti®} Hollola ¥ H <]l
A Zol 1lkm, & ImZ A& we} 2 AL
A, A& HEE 25%2 Wi FRRE A
AR skt AHA Bfdo] =g A ol
I AGEGEE 1 ol Al o3 A4
wFI FEZFo] HFetA| Fskr] wWEolth
(Ettala 5 1988). "l %, 143 9] X Padasjoki
YA e AFLUFHR &3 HE(Betula
pubescens)¥ WEUFEZO] &3 HE(Salix
caprea)©| ¥ A H(Ettala 5 1988).
&Z9] Shuen Wan¥ Junk Bay®] 22| 7]v]H
| = BEZF Zol7} 50cme] i 37 A &9 2}
A GFo] o]FoHT} o] XH FAg HiE
o Acacia confisa®} Leucaena leucocephala
7F A F3 o] AA HE F 50%°
& AASHH(Chan 5 1997). 228 7]w) Y X
A AL 7T (landscape)oll FIFTFE v W
olyze} ZwHXik(evapotranspiration)o| = &
LIEil=2

SRR ERS

album) S Z=7]

2 & (Cirsium
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= =

to 2 2

olg 3t FHke 2 ToA wE
W= P (discharge) | = F &S v
ZIthal SHc}(Ettala, 1988).
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o] Husol dedl HAIAIE O] F(earth
worm; Allolobophora calliginosa), “v|& ] ]
F-(rose worm; Eisenia rosea), 1%
enchytraeid, 57| (springtail) 5 °] A=A
o =3 4, 9, 27 §% &3] AU
He S5 He Zu7RE 27| ER 9
zZ 4EHd 554 7AYol tH(Bradshaw  and
Chadwick, 1980). 2:#|7|wl @& E ko] A5}
© TFET oly e WigA FE S itten)dll A
2sle 50 2= = A E(Hemiptera), B € 7Y
Z-(Thysanoptera), 3} 2] & (Diptera), =R
(Hymenoptera), =7 ™ & = (Coleoptera)©ll <3}
TE°] ¥8A4 UtH(Chan 5 1997). 1831
Foll MAstE TFOEA Acrina®t E5o|E
(Collembola)ol] &3}= FEE°] w@ A oA ¢
Agthal S (Wong 5 1992). PR E9 &5
2y 7| A BEEZAA ¢ &dd Ao
& A U THChan 5 1997).

22| 7] B X = ©]&}3d ©](secondary succession)
7 dojube A Golar o] 2718 JNHA A=
o] Eoj9}x Hzslee wAE #ATFHI
(Wong and Yu, 1989), =2, i@ %] 7}~ E
FEE FoE AT AHHI EF AY
(ecological upsets)®]2til = & 4= U TH(Leone 5
1979). 18y, I = 28 7WHA T A
g1 vl AFE T3t 287wy o
27 AGEt A& Aot AEvFAel 2

I, EF U T2 29EE w2 AE A%h

(nematodes),

o 4

B B 2 RGN A BA et
£ AL Byt HolieE fasl T4
3, BEo) AHE 47 dojd oz B

A Hol7t 2T R w2 A 3y
FA = A H(Chan 5 1997). v H A | A
food web)o] @ o] Fd]i FiEo|l &
cEETH, 29 A Helrh dojd

ol2fgt T ol TF o 22¥ 7w H Al

Qi ks A E AT kA= A
Bt st E}(Chan 1997). webA] 2
A7 YR = thekdt A By FE 28 A4
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M. 2[=2 M|7|0hEX] S& A+
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T9lo] 2 7vigA B #™H AF= Bl
&P =)o] gk} v]= Massachusetts=, SaugusA| 2]
Saugus "IHA = 409" 2H7WHAE FA
(marshland) 2 W} of o]t}. Wheelabrator RESCO
3 A= Saugus HIHAIE 19751 o] Z Al A
U2 28 7]1& AR E stAA DA Sk Al(ash)
E B#ste Fa=E AMEStY ghou, migA st
HAEH BN BEZ(trai) S 71 oY T E] o
2 g ES AYES AT ol 3 AEXA A
A BA3|AFQl Great Meadow Farm¥} Massa-
chusetts= Audubon Society?] =+ WUTH
Great Meadow Farm2 A%<l E4& 3l
Audubon Society= A4 2] AAE 3FATE vl P A
FHLE AAFR EFA, 270 shH, AR o]
Fola U0l Sue BAEe] ARG,

fyx 2o FUAE v H X (capped
landfil)®] S A A ofBFES Hagt
¥ A9 F kA adle] 7 & gojopyt

ol
A7} 28= 1 & 7_\3]%13}?1 °lE Z?:X]
40 acre®] &

e olie
&g veghoz
FH3HA & Aot (Anonymous, 1996). H] =9
Fresh Kills Sanitary Landfill> New Yorks,
Staten’d ol 13372 FAEH 2 7| PR ZA
2001 124 319 FR¥ F71H &7 =Y
Hgo] dAld o Aoltt o] widAE Algo]
Al FA AF9o g Adste 3 9P E
go] TEE Fole AA FHE HEsiE=
Ego] ZgPFolth(William, 1994). Fresh Kills
G2 A 1.5 had] ZHAE 2AE A3, o
AGqH o] et it BE oA AgtE 17
o] Hlo *ﬂ%ai Ao AY fF2

2. =18
'! = g
A BEaka ok w3 1079719 BE §AE
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WAL= 95%7F o1& =HAANA & A

Atk °1F 71%E =AY Eoﬂfﬂ Al o] &}
ol d THEA FAMfleshy fruit)oll A N =E
Aotk webx old A= AtE Fx=e
= "R ES feste 98-S = Ao

2 %7 5 %1 H(Robinson and Handel, 1993).
2% HEH #5 TS R o7 #Y
(mycorrhizal infection)S £ A3}, XTH EY
Al 7 w%a, "Zolvh AoAsE Y
ZolR)= A 72319 CHHandel S 1997).

"] =) Virginia5*, Roanoke county, Roanoke Wl &
Ao M= ABS Bdsted ok sty 754l
ATFEATE 71Ed AMEEE X2FSE 2287
Y 2] 58 FA}(standard landfill revegetation
mixture) &} oFA Blo] FALE v P x| B A
7178 A Foll #Fedth o A3, opAst
2 B BTN £ 47 Bk} AEE ¥
F3 FAE B w7 Gol7) A G
o) ATE B A AU AT ] Y
AB SR of il ded wlr

A tH(Sabre 5 1997). %= Cambridge®ll A<= 5
acre®] Z2H 7| HAE FIAR vFded &
Alfﬂ =4 F3h& 20% SN AdE THA Sk
ok 4 godd] ZRE7|o vig Aol thgh ]}
FAH o2 A mAe s Fride
A7t w9 HEFSHA el Wl F 7FA] @A
£ wg Fds AHo] AP ¢4 FEA
o By Ao S g A I 24,
T2 A, AL wg A
AL, G E B71RETE, vASTA,
b ), £, A ==, ofdo] =olH
ol 2 *éili’i‘:} g5 gAZ 549 7
FTdo] 2AHAS HU=A, §4 EY, #7
o, 22Ad Fol] eHE3t Fxof we} vhsof
Z tH(Thompson, 1991). &F 2] A%, 197313 9]
%, 1671 9] 2 7| PR 7} ALEE o et o]
% 1270(F WA 295 hay7} AHE FEEH AT =4
A7t S EHA, old FEHE WP Ae o
EAA Hel x5 A HIlth &S TE HH
o] F7] WZdl, olelgt TEMHAE thA] A
Wated 230l JFH gt old AMSEE

[€)
o] BrEoAT 73

IV. 22| 7|04 2K YEfA 2] EF

@ X = s AgE F3tel sigEg 4
ENA v theFst A2 3 (niche)S A 35}
o Fo. 27 BEZAAY ts 58

3
(flux)> A&o] HAAL o7z & HE3A
5o 4AHEE vA A2 A (micro habitat) S Tt
=0 &+
LI A ]7]9] EAo] wetx HYPAZEH
719l 2 2 Eo] HYste mig Ao A2lg
i Ko Zth(Maurice, 1998). "iH A 242
A ok F(wild species)¥} Q173 AHH
Z(cultured species) 2.2 Y& 4 T} o @]
}\1 %ag}b oﬁxgil-jq. _7,].3:]54 }_oi‘_—. o];
A, Z2F Hol(F2), dd#d £& & F A
(Maurice, 1998). EvlEL} sjulelr]|7 &k A
2t Ax 27 HA G4 £ YEATH
PR A FIHL A Fho) wet t=
v 2Au QIZEA A A A Hol YEe 2
TFZ(ruderal vegetation) s HAFTE EE
(cover layer)2] o]z} wj@ Ao YE}
Z?ihl} Z%——‘?‘—L:_(species richness)°ll <3 3k

Zoll wehA algkol F—Ezﬂ’ﬂi

[r

¢

|
>,
o |

r1r

m[o
i o, ol

l

%‘rol dojupA k= X]Odoﬂ/ﬂ‘: Sk
gttt 2 W] 3do] Ak mig A e
AR NN Yede 2159 f=7F AXA
A sdo] v AAe] kel =
= gloh} AN Uehe A 4
=S 3T} (Maurice, 1998).

gl Q58 A4 ;].ok



60 A -

g =ZA7)A Ha, o] BEFH HE
EESH WEgAZEEH WEHE tEe Y
S e s oA F B ¥ ol
ol2A gk EF wyAY ¢FH
o8] Z%(root tips) WL Al FE=3T o A7}
QT E o)A THEE 1; Maurice, 1998).

I 1. AP [oHRIR] HEfA e £

/o

©713 YT, 1986; Lee
z]g]x} H]— ]%(joﬂ}v]_“—:—_
BOD, CODZ%k ] -‘g_o_tt]

2753} BEZS
WA Sp2ER AR AEF S A8 4R
T

o4 3} 4—/\]-01] o3t EoF A

“H‘j"x]ﬂ/\oﬂ o3 gir|e
HEF FF
WP A7k 9k HAEFo] g3 EY 24

55k A9 R AT A =4 EA e

2GRN BEHE cdde Ay vWHE HTES] FIo wet ggFeta B4
EgE8S fEa 1E & ook WA sp LEFE HRelsa & 5 sithAhel T
27} wbysha A 8o Ago] Astsled 1 1998). ol & Q&) AEFE 2¥7] e A=
hoz g 2 A7 €EA Atk AoA, EdE L9 R v oilE BEg Mse
B U a71duteElolrl CHE Basle B A= LEAZE = 3UtHAhel T 1998; Wong
Ao aE amste] AE e Fye 2k and Yu, 1989). AESFE 2 7]e} 287
2 A @4o) B Ha, B4, cort B F, E B AR, 71F 5 AL 5ol 2
o EALS otk AA, B #rgs Aol gt gt e TA=EEY T
ol e EF W 3% v%0] H&dHe @ /A 5 At (Heméndez 5 1999). Ml H A
e 5 5 doh webd wgA shae vy = EE S0 we AAEhE Ae el =4
2 Aoz BYst=d Fort @ 4 g B0l FAHE F& Atk (Woodbury -5, 1999).
(Tosh 5 1994). BEZo)A o §71828 o SAELE A W S & + dod
o] A7 BaE €% CHO BEE ¥o AL HHE Foted AEA Wl =2 54
F3(Gilman & 1976), H)SU+ NH; & Amine = 242 ATHWoodbury &, 1999).

I} Mercaptane 5 2] TS ZAT o] H g

7hE vlgA] B BE 9ty $37H)
o5 < 3A R FW olF S 3t U&=
F Ade XoZ WiEFHEA A S W
&5l 7] %= STHGilman 5 1976). ©]2]3F QAE
o] A& wXE ogFoz A FES
93t B35 Z(shelter)® Ho]E 2ol H71EA
o] BEL op7)3te] B MAE FE(soil

fauna)e] @ Fxo JFS VT gt
(Wong 5 1992).
UHB‘ ]Oﬂ 1 WA sl= % &S (leachate)ol] 2] 3k

S
o] FHAHAE SEANT =
Aol B A7E A9 91O}, Niagara B30}
(escarpment)ol] AXH TA] 22| 7|l Y ]| A
yors HAE47 Mg A dA4s = ke A
B4t 93FS v HtE A7 9 thDickman
and Rygiel, 1998). Dickman¥} Rygiel(1998)2. &
Al Wz
stream invertebrates)©] ol F-$3= F 2 F
&=J(pollution tolerant invertebrates) > 2 H}H
Aot R ustE T
"’\317]“]1%7(]5 ¥ 717}t
gEr. g2 Fr= oo

=]

2 35 &4 (pollution-sensitive

HOowWA Efo]
Fatu 22| 71H |



Zole 20% A=
(Simmons, 1993). 1&8]31, wj@o] £d &
WA 39 Wl difE FEo] dojdrh 1y
U REAHQ FEL ASEH 297 BES
7ol Fuwho] A 7]al(Gilman 5 1981a) 228 7|7}
UZEm  fdol dojuA dEtk(Morgan T
1993). wetkA A Aol EFFsiA Hal
FEHoR F3F A Yo] vEoA]A Hol #E
o ojzlgo] Aith

2@ 7| @A = o)A H Izto] wEAAW <
T2 Aol o] AL dojue IF
ol e Aot 3, 2y 7P A= EAF
o7 FAFHAA Mol e &9 A
o ZAAQ FarzA =AA oy =4
2 ZAe Bol EXIe= T8I EXH
(Handel 5 1997). wetA], B Aejgrzel v
HE S3te] FH QA oA BEH o]
o & AeiAgty & 4 AUtk

V. felutet M7 [ofEx|e] EA

SEuvete] g 7iPA A AR

ZAbel w2, 2003\ A, 1,170/ A% F v
YL 17,863,000m°, "H &S 173,567,
000 tono. 2 F-1= 31 (F7EF, 2003a), 2002
o ALEF AN TE mPAALe AT 232
MNrzZA 2 wPEZL 28163,800m°, g &
ZO 362,560,700m’ 0.2 ZAE QTHEHA R,
2003b). @A L] AR FAE ZAMGE A, u)
Y 2.370,000m* JE ZE} WA 2 ALLE
AL ATk FTFE T, 1989).

HAE WA wel FESE, 1,000m’ vl
Tke] wj YA E 17.2%, 1,000~5,000m°2] vl g =]
£ 41.1%, 5000~10,000m*e] WP AE 17.8%,
10,000~20,000 m*S] WiPAE 104%S XA 3}
At} webA 1,000~5,000m> RO 2 g
A7F Aol AAES] des & F AThE
24 A A FAF, 1995).

g A e] ARE 7)zke] wEtA e wi g 7]7ke]
59 wRte g 2 Aol 858%F AA3tA 3l
o 19953& V|Eo 2 wyHUE F AFHJASF

Seluer gAY 54 oo
A, SAwAAdel AT WA AR
N AEFT FHOR ¥E mE B A

SHrE L EA7IAL e AR olgts Aolthel,
2000). 89870 Al&FEmHA] F AA ujy
WA 9 37.7%9] AFsE 97/ MPA= A
HI7F Alget Aoty g, ol¥l ngjAln)
HAEe F2 viHZort €1 A7EE BXS

okal Skoh(e], 2000).

VI. R2[L2h A 7|0 2IX] =2k
A Tz

FE et A o] Fol Xl 2y ZIuH A A4 A
T AL AYs dAEd AFHo] o] gk
sk 28 7] wig Ao v FZHA A A7)
A PA <} e TR} FHATAA <)
ol 93t fFEEHE oxxlold tig A+=
Z E -t} (Rebele, 1992). 228 7] vl H x| o)l A 3} 517
A& Bt T A<} ol Uit &7}
AFe AFE A gle Aot} 28 7]
A EF Yol o] FZat7] W&, &

p

R lo oo o

L vh1998)l] 98l M AR ZA A ZH
Atk FAEE Wy ATE S M HEA
Aarste] AejA o)zt =] 7}

< ALY = FAR <
tel B2 Fio] FAHASD Wy F 7dc]
HHE AEL 26009F 02
W E ATk 1998). ©] F ASAEL 85F 0
2

Bty dAEAN dAE HEFEE
OMMAGRE, FEHE, TEUE, AR F
o] AL o] YFEFo] A=A MAAT A
o7 FHHAThE}, 1998). FA T 2AH 7]ul Y
Ao 2EHE AAG WgA SsFR AL
VT FEE FF TEES WS A=
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colez

Ao) Wz} Bl
2 HAHAHT 5,
ol %

3L =11, <7 (Diameter at root collar),
AFHo] dxTRY 3 FFAFHTL FA
o] FolA wigA e Z HF Hd A&=
F AT FATHE 5, 2001).

VIL Ag|7|ojX|e] S 241 ZX
2 7 g A= thrlek &
A3l A Bl o3ty X}iﬂ wHH 219
2l wgto] natxE= <1F AEH Aot o]¥ A

2ol dist Ee)3eA 9l <

of gk AHA KA Yllo] HI, 1 A%
BAHoZ AE F 7 &

Edd o3t
(Wilson, 1988). ©]& wl g ]2 o
A agko] dojd F, 2ol A A Eo] Yk
A28 A == L1 o] (primary succession)7} &
oque wAg E 4 Uth(Robinson and
Handel, 2000). ©]2g W@ A= B4, £
28 A, EA #AFol Eovte ¥ &
o] s AT HA o] &4E A<
THE IEFAY A Fxste HFAY &
o] 275 a1 th(Sabre T 1997). E& wlH A
EH4S BFeta, vlgo] o] 9, IS &
oke] AF7I7L Feddor ste o7 A ]
(Berger, 1990). 281}, A2 Wi A& £ ¥
o A wet FEaFtez Fgof
L77F FoE I Akl &, 1992).
EQ3A =9, o2 7t
DA EAE o] 88 2=
M] 7W7beH, Aol Fdolk

fr r\l _E H

o
o

Zxgon B4 HsAEs BA9 Fejrl B
W, 29 Fol EX9) ARz} 220, AeHel
on
5

FAE AT = AA H(Personal commu-

nication with Gilman). 1 %}ol 9]
Edo) tigk tite = A AAIFH L = AL o
=3 2o A, &, oFEFEAAA &

A

A, A, BxA, 2XE=AA B YG o

= 3

@A, FAFIE, =71 Folth(Bast, 1998;
Morgan 5 1993). %919 4% Azl 44 o
@ B0 2ol AgY g¥e
ol B ] & -3 (soil
water storage)S E 50| FEFFe
FE 98-S &4 drh(Waugh 5 1994). 18] 1L,
YA NA MEEHE 29 2HYL 5, AN
#= wWygA 5dY Fag HAAeH
(Simmoms, 1993).

AR 2 P2 g 4892 3
£ Qe S99 A(FE A2AAE
A HalE o= Aottt AAhe H]EQ]
3 a2 HEA Yol Bag dxolth
Aol 2 (nitrate) A=A ol W} Yo FHE
of Ao 7ldst= Aem delA AtkDolling,
1996). Ao H7be Feld WEFes JYA7|3
T Aol 7] F& A AW A
= %A ¥th(Huenneke 5 1990; Mountford 5
1996). 222 AASAY A2s F2A7A =
A, Hol7k FXH L sk FE°l vl 2 A4
S "= 7HEe e AARAAA HE
F A ¢ TH(Morgahn and Seastedt, 1999).

YA BE & FRo FAE s WY
A B wygoz Jde AMEEY 8
71—& /}_}%2_ o]/ﬂs]_L—_ H]—lﬁt: /\]__Q_Qj_ gln}
(S1mmons 1993). lﬂﬂb} oA FUFQA AR

g nHoez 53 AHS

7‘<1 /\1

(erosion)&-

_O‘L
2

Fl

Edo *]’36} - 9}15 A2 7hs
A TH(Sabre 5 1997). AL ZA 3=
Ao A F2E A3} A7|e 27 @
23] Fasith SYvEe Tl F 3
A5 3 A (seed mixture) S AHE3FAL 17| witol
Az E9] F7He AETEEY A T vWiE
A AeA FFS v 27F Aok wEkA



et L = B

7k AFE ARolT) e Aen AR o
g 27PN E FH ARy FxsE AH
92 Z~(landscape element)©] 3L 7|7t WFX]slHA Q1

7t kAT EANA ME 71E 4 UTH(Robinson
and Handel, 1995). wehx], v =]l 245

at7] flaf =sster, A 249 EAs @
717k A 24 AW, HE FFH
g 28y, ESGA EAste wWEA 7HE,
o] =31 9w 1o}, Fe, Mn, Zn, Cu2)
7F 59 #4000 B AR B
71 2 tH(Gilman 5 1981b).
H 7y A o] A2 & AE
S F2A Fo] AEHIL I
FEF, HAi

& EY Ax, 0y 2=

FHATE, 1995) O]Xd
A& AAS B, A4, =

R

o ot Hr
¥ o% off o2

o oy —l>

2
4
ol
o

4%
A

o

jas)
==

oY dy
e

oo e 30 o

fo

-1m by rE

2

HE Fo] B3,

ol Hﬂ

l'T
e
0&#
°

=
oy gk
HEGC
(hydrology)°] & Ho 2 FEEH = A7te
< vr=x Aol Ath(Drew, 1983). EU4
(restoration ecology)©] <=/3¥ AENA} T3S
I ESIAY o] FxRete Vles LEAIHS
U, 7HE o] 38 HhS O o] & flo]
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273943}, AAE, ALE e, AXE F& weEhete]
5389l HZS ¥R 2 3H(Cairns and Heckman,
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A Bk S HL;qi/q 7 @o] 2oL E
P} FAAole) AL BANAN FAB
& AEATAL TR BolE BAAE HeHE
AL wrEo] W= 3t (Luken, 1990).
A e A-A AT BAE 2497
o A AFEEI Tk E-E(topsoiling)w
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AE BAETAZE ofYet AR ZA HILs)
11 9JthSabre 5 1997).

=2l ol

IX. 227 |0f& X[ 9|

2 7| PR = AHH R wrEojH A QI
T A A oltt. 28 7] vigo] FEEHIL 2287
v 9o Edo g EEVL Fo] njy o FH
ZE3A =W A Q) 7440]7]' JojupA Hoh
gutete] 247 HAE J1F EFE AHET]
o BESI dapH o7t fid Q% =)
ot= g o)A o7t dojubAl "k webA o
W ESS ARESIA vl wet 27] Ao &
g3t BES ES W EAlste HEFSA
(seedbank)$} W Eo}(budbank)ol] 2]dle] wjH %]
o] 7] Aol Adc} SEve} 28 7| g
Aol e oA UFE nTE A A
Z7] Azt RS W] oz e Fol
Hgte] AA-9 Ae 2oz d4#A vt
(Boring and Swank, 1984). T3} o] & F A}

F(nodule)7} 9ol AAE E9F
‘?:]'31 Atk 2, oA <]

29 7)o gowd o] oA

o] Ut} whepx] 228 71 Y

—10 L

[
-

oN,
o

R e

Hol AR 7154
A9 ol A L7 %@ SEE A5 o

o] & P Aol HYst= @‘%oﬂﬂ Fe23 B
A4S AFste 9&S 3= Aoz wodr

2y 7| GA N A ZE] B, AHoE
A€ 2, 2499, TFFAaE & 2
Aoz AYshs EFFEL o|Eo] AHA
Z3 Aol A FsAl Arkd, 2000). 1
YA = B sha Wiy A vhze] gFFo
2 3t AdH oz we UA st A
). o]# UAgAE EFEE 95l Ho|r}
dojd Aoz AAEY I o] UAde %
o] A frdle] Ee] HAL wol b4
 AEAE At F= Aol FFE Aot
HAN EFY A7) salination)= " H A 9

7Nl (open) “FE] ol A 5 #AHevapotranspiration)
of 9Jg Ao|ti(Hernandez 5 1998). E& oA
A718tE E¢ke] AAste AEES ol AH
o] A&E FEY Aolth wig Aol AHgg HE
£ Adste 51 E g4 FaiMe ¢4 3
Z1H o2 g elA 4EL F U= FT& 2
Hojof gtth= Holth. @77t A%} vimvke
2 AL Folzta w3 r= olHoth vy, v

an

0]
‘:}Q‘:]' “H%Z] °ﬂ A
e MHA AAE, E %LZ‘}, HH"F
T= WHA %‘T’_‘r;ﬂl‘ﬂ 71z WAol
UE ER £FY A9 5 nysjord Mol Bt
(Hansen and Druback, 1995). & S A7
3 Holo] AEAQ] AAE F3lee WetE &
dste A= BAFHA EAA A olth(Scully,
2000)

%
% o
)
)
I
o
2
e
Fo
(2
&,
2
-0,
re
By
ir

AR BREAS 9Ae + o}b ;
AT, 199, 3, AU BARE

b H
e
o
[}
d



66 A -

71= 9 a A= ) FZ H
= 4 ¢lTH(Simmons, 1999). ﬁ A5
3 AFE AR Sk 2y 7|y
= FE2 4 MgA
o|AY HEstH =
Ak WA ol F
g astth oA = A
2 o] Hukgh vy Aol A o] &3}
gt oA T2 FEj el THA]

*
rr
5

[e]
TR
235l

2ol B§ LA AT bR
L2 o] AAsicthd )\L/\gq_e o)
o &2 gaEXu oA YRR} FA4 2
19 M7 BoA o}tmug,] nr=
T el 53E vehlo] B £330
2 W 9 th(Alexander, 1989). ] &
}g_
)

loﬁ
Ky}

A

(o)

i \-;U

Lo

B A T8 A3 FA2 5 F(seed pod)
Sk kR FF WH—‘?*‘D] t}(Alexander, 1989).

ofefel m7|¥E =4
HFE=TL gt} g A

Tl ot Eol

ol A A= H E(methane) 2+3} T &
A7l 719 4= ki Maurice 5 1999). u}e}
A 27 g Aol A FolnE HEYREE
HI 3 W EUR (Saliy) & A5 AU WAL
A A e Be e gl I BMER
TH WgA 2o 2grEAE 222 9
#ed 9lal Ak (seed) ] +3°Jo1 g F dE A
o] §17] W&ol 19 H <
AR FAS FmeA 1 K
A= s He 279 el 2o,
et g FAE Hxge HFFES #9
st 5 ¥ A Aol LastrH(Cohen,
1992). 22y W@ Aol BF7F HEske Ao
o1 7] w2l 15l A (perch)S =7 3}
Ft A% D23t (Marton, 1996).

M HA RS wekE A oe] 59 gete =,
Aol & BAH o] EAFAG Z
gto] EAgTH o] Yo dvjE o
o oJste] mPAJo g FAE o] FAIA

fr rle

oy PN e
o du riz AN

of Al &

A BHo] dogd F=
Handel, 1997). Ql58A& A4 2&5S 473t =
Wgolth dA

b glEAE %‘9&24, 512
v, ke, e,

}‘z_ H]‘{'\—EL A s

I T oA Jrrﬁx]z] ororr}. lam]
E£52 Hgd %3 & s el =d
ZFE S tidk BEXAn A} Al7ke] Ay
WA =9 2R AsAs vuxn 9 2
A Aol APgrk= By

37} DTS- 5, 1998).

_ o o =
2R A, dEEds v AL A
=

Yo P Aol gtk BB B9,
SEste $A9 gurke £48 e P
FE o] g F9) AFel fsithn @)

& HuANA 2
AolA s

uf %) 2] A}—? o] &R FE3HH % o, OJ@
3} 71zke] 59 Alzte] HestEE g 24
stedl 59 A7 dXsta #HY)E vl
HoZ gk AP 9] Wste thst AN EA
Ae 9% EYH &4 244 o8 F A=
2 7137} HEE AHF U] 7 5H o
b= Fo] AThA, 1987). 2, R B
& FEL WY F, 39 A 49 T dojy=
2 UF AAe FHE vF= Aol AEd gt



271G A B389 67

Suo 46l 1Y FE A0S s Al =
F BEZ Pt dolgtx T 4 vk AA o
YAE PRo] Be EFoR i Y e
Fol wol £uH7] o] YRE ARshe A
ol EFL 2 Fo] Be EFOE PE

Wigo] ALEI|= fzh:}(Gﬂman 5 1976).
ZA3 EZ9] Zol=
6 inch(= 15.24cm) B Eo|ojok 0}1, HEol}
7] #& ZA37] Y= 3 feet(=
91.44cm) Zolo] BEES 3ojof 511, Aozl ¢
g F e &2 HET] AT 8 feet(=
2.44m)°l A 12 feet(= 3.66m) Z°|e] BEEZ 3}
ook 3tthal gt (Marton, 1996). HY, B E 0|
20cm WA] 30cm S22, ©7] 4] A (shortrotation
plantation) £ A#S A sE Ao] ulgz i)
A $-utol s sz 2y 7| yA =
BAA 71Z@Qh WEH, HAh AE FolE v
Hx7lo= L4m ), vilE T G ARk A
= 4 08m o)A g = Austar Yk
FFEHTAL FE AT, 1995). 2HY, viH A
HE BEE Zlolyl 21 dA3A °—L°‘W 21 )
A o]& a3t o & Aolth UF
Ao izt B pH, N, K, P 5 &l ts
v2l F4& steopnt ity 18y, EY
42 (compaction)S 27| A, UFE Ae A
Aol st Fo 5 7oyt S} s F
1.2g/em’ © 4] 1.5g/em’7} W2 Aol 2 gt}
il 3 (Gilman 5 1976).
MAA= HxE 2EH2E 7] 47] fiel
FE o243 & Xg 2 d 2 #NE 7715
° 2 dfojoiyt g} 13, BEEZo] gF2 v
HAe EEE ZA S igARY 3471 o &
8% Aoty yFof Byt Ahepa] 28 7] B
A BoA 29 7] Jde Fa&Holy vE =54
Aol HEF3t o] JA=o] A 2 7}
o] Slth

o
EASE

Al =
=

ﬂ!

_1

2

o{[‘

oX, H}{U

éLE}(Marton 1996).
sjefol S,
BT 9%
FH "o HE, 958 v E
gt frEEvte 287 gAYl duAE
(energy forest)S A5t 7}x] 9, 37 s
ZQl o]8-S dla AtkNixon 5 2001). ol x]<&
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st oA71A Yo EAle steddie] dsst
=9 dE7 HH, o] £5& BEEFY EYS

Besn d71Fd oltsEas FroE F
ge olg7hA7} ek $edes A4 vAE
£ AEF AT BEPOR WEYL 22870 Y
A% Agon BAstHE ARGy B o
2 WyAE Baste ANZA 488 715
o Et}. Webd, vgpAe] LU FE 5 5
S 4ge welstel B9 AYL FYSHE 2
o] 3% Aotk AusHon HUsn @
S o) A4A) ol AP ARN Belel Ay
AR BPse ol AFY Aol

27| @ A= 228 7] Wl osiA A9
Aoz whEolxl A AARA wfHA7F:
s} FEF Sl s ¥4 29SS dedn
2 7] Fafel] oM A F=o] dojue=
s wdE AR EFEo. old 2 7|v)
HA= HHHIE & 74211240 ol &l
99 deAds

Az
r{o
[o
S
o
>
>
>
e A
1>
o
N
E
o, o
202
mr&rﬁ‘gmmoﬁ°
oo > % oo g M
o £ ogor 2 o oo

ey
i
::’4
jin]
ﬁ
2
>
Q
2
o
L,
N
i
ofs
Qo
&
o
2
ol
QoL
=l



o)
o0
oy
N
£

2 glojth A3 Hdo] aTHA Pt A
ge AgHon FAE ALAAL AT 3
e HANA YHRHOR 4D Holg FE
st Aw mEA e Yere] Ak

o g 2 3

-

ZA=d. 1986, P A A {715 Hghol| #Hg
At AUl gistd AApske =i,
TR - = - 9 - o]t 1998, 22
S o] &3 2 g9 =3 2 A

4 AY. =9 15:19-29.
B.olgdy - ARy - WBS - 59,
1997. YA % #7158 Wiy xo] £Z A

40 09Bd F5 b 5 14

=
=

79

23-32.
A7, 2001. A& FE2d A9 297 i gR
o] Az}l e stE B9 AL

st ALk =&

g
W@FE B T AT
o
=
L

vhEE. 1998, M dAE] Azt Eo] B
AT AFEE 101 : 40-48.

FEANPA eI B 2. 1996. FEATHA
(N EAA 28 A8 9%
FAFR ILA],

9 - ol - AE - AR 2001, AE2
#d7] WEhA JE57 olely xEH9}
A Bl WA= G, =Y
&3] 2] 90(1) : 55-63.

o ZA - L& - AAA. 1997. A E HA ST
Ab o]F AEiA BAS 913 dEA A0
w3k A BAAEETEA 11(1) © 126-
132.

5 - Wg7] - 4% - A
SH - T4 1992, EAH I E

ol B A =

=
AA71ed7d 95 B1A

AEFE. 1987 HAE e 7| 2A . AL
st AU E Y ALY =

29 -9 F - ue . 1989, 228 7] WA
o] 27| A E AT iy Tz A
AT -FHIE FRE FHLE- S
¥ 71 &3] A 6(2) : 115-127.

248g. 1999, $-E|7F A5 28 7] oA ==

Agar. 2AYH 102 49,
SR LA FAL 1995, AHEE W EA ] A
A Bk
AR 2002 7| 2AYHE AFFA. AL S

75, 2003a. AHSFFE WIHA H3 hitp -
J/www.me.go.kr
3735 2003b. AH&-F] WHAIA #E hip :

J/www.me.go.kr

Ahel, M. N., B. Mikac., E. Cosovic., E. Prohic and
V. Soukup. 1998. The impact of contamina-
tion from a municipal solid waste landfill
(Zagreb, Croatia) on underlying soil. Water
Science and Technology 37(8) : 203-210.

Alexander, M. J. 1989. The long-term effect of
eucalyptus plantation on a tin-mine spoil and
its implication for reclamation. Landscape
and Urban Planning 17 : 47-60.

Anonymous. 1996. Turning landfills into wildlife
habitats. American City and County. pp. 16-
19.

Anonymous. 1997. Landfill revegetation with com-
post. Biocycle 38(1) : 27.

Barbour, M. G., J. H. Burk.,, W. D. Pitts., F. S.
Gilliam and M. W. Schwartz. 1999. Terres-
trial plant ecology. New York : Benjamin/

Cummings, Inc.



2 7| A ] #FED 69

Basri, H. 1998. An expert system for planning
landfill Water
Technology 37(8) : 211-217.

Berger, J. J. 1990. Environmental restoration. -

restoration. Science and

Science and strategies for restoring the
earth-. Washington : Island Press.

Booth, D. T., J. K. Gores., G. E. Schuman and R.
A. Olson. 1999. Shrub densities on pre-1985
reclaimed mine lands in Wyoming. Restora-
tion Ecology 7(1) : 24-32.

Boring, L. R. and W. T. Swank. 1984. Symbiotic
nitrogen fixation in regeneration black locust
(Robinia pseudoacacia L.) stands. Forest
Science 30(2) : 528-537.

Bradshaw, A. D. and M. J. Chadwick. 1980. The
restoration of land. Studies in Ecology
Volume 6. London : Blackwell Scientific
Publication.

Cairns, Jr. J. and J. R. Heckman. 1996. Restoration
ecology : The state of an emerging field.
Annual Review of Energy and Environment
21 : 167-189.

Chan, Y. S. G, L. M. Chu and M. H. Wong. 1997.
Influence of landfill factors on plants and
soil fauna-An ecological perspective. Envi-
ronmental Pollution 97(1-2) : 39-44.

Cohen, T. 1992. Ecological restoration. Technology
Review 95(2) : 20-21.

Dickman, M. and G. Rygiel. 1998. Municipal
landfill impacts on a natural stream located
in an urban wetland in regional Niagara,
Ontario. The Canadian Field-Naturalist 112 :
619-630.

M. C. and A. J. Moffat. 1995. A

re-evaluation of objections to tree planting

Dobson,

on containment landfills. Waste Manage-
ment and Research. 13(6) : 579-600.
Dolling, A. 1996. Changes in Pteridium aquilinum
growth and phytotoxicity following treat-
ments with lime, sulphuric acid, wood ash,

glyphosate and ammonium nitrate. Weed

research 36 : 293-301.
Drew, D. 1983.

London : George Allen & Unwin Ltd.
Ettala, M. 1988. Short-rotation tree plantations and

Man-Environment Processes.

hydrological aspects in landfill management.
Ph. D dissertation, Helsinki University of
Technology, Otaniemi.

Ettala, M. O., K. M. Yrjonen and E. J. Rossi. 1988.
Vegetation coverage at sanitary landfills in
Finland. Waste Management and Research
6 : 281-289.

Gilman, E. F., I. A. Leone and F. B. Flower. 1981a.
Critical factors controlling vegetation growth
on completed sanitary landfills. U. S. EPA
project summary. EPA-600/S2-81-164.

Gilman, E. F.,, I. A. Leone and F. B. Flower. 1981b.
The adaptability of 19 woody species in
vegetating a former sanitary landfill. Forest
Science 27(1) : 13-18.

Gilman, E. F., I. A. Leone and F. B. Flower. 1976.
Factors affecting tree growth on resource
recovery residual landfills. - Potential hazards
of the heavy metals to plants and animals.
Proceedings of 1980 national waste process-
ing conference : Resource recovery today
and tomorrow. New York : the American
Society of Mechanical Engineers. pp. 147-
153.

Handel, S. N., G. R. Robinson., W. F. J. Parsons
and J. H. Mattei. 1997. Restoration of
woody plants to capped landfills : root
dynamics on an engineered soil. Restoration
Ecology 5(2) : 178-186.

Hansen, J. M. and G. W. Druback. 1995. Environ-
mental benefit plan for Blydenburgh landfill.
Waste Age. pp. 241-248.

Hernandez, A. J., M. J. Adarve.,, A. Gil and J.
Pastor. 1999. Soil salination from landfill
leachates : Effects on the macronutrient

content and plant growth of four grassland

species. Chemosphere 38(7) : 1693-1711.



70 A7 h

colez

Hernandez, A. J., M. J. Adarve Alcazar and J.
Pastor. 1998. Some impacts of urban waste
landfills on Mediterranean soils. Land Degra-
dation and Development 9 : 21-33.

Huenneke, L. F., S. P. Hamburg., R. Koide., H. A.
Mooney and P. M. Vitousek. 1990. Effects
of soil resources on plant invasion and
community structure in Californian serpentine
grassland. Ecology 71 : 478-491.

Lee, K. K., Y. Y. Kim.,, H W. Chang and S. Y.
Chung. 1997. Hydrogeological studies on
the mechanical behavior of landfill gases
and leachate of the Nanjido Landfill in
Seoul, Korea. Environmental Geology 31
(3/4) : 185-198.

Leone, I. A., F. B. Flower., J. J. Arther and E. F.
Gilman. 1979. Plant damage from sanitary
refuse landfill gases. Proceedings of interna-
tional symposium on environmental pollution
and toxicology. New Delhi. pp. 215-221.

Luken, J. O. 1990. Directing ecological succession.
London : Chapman and Hall.

Manna, L., M. C. Zanetti and G. Genon. 1999.
Modeling biogas production at landfill site.
Resources, Conservation and Recycling 26 :
1-14.

Marchiol, L., C. Mondini., L. Leita and G. Zerbi.
1999. Effects of municipal, waste leachate
on seed germination on soil-compost mixtures.
Restoration Ecology 7(2) : 155-161.

Marton, D. 1996. Hidden opportunities. Landscape
Architecture pp. 42-43.

Mattei, J. H. and S. N. Handel. 1997. Large
variations over three years of seed deposition
in a newly restored urban upland habitat. The
American Journal of Botany 84(6) : pS86(1).

Maurice, C. 1998. Landfill gas emission and landfill
vegetation. Licentiate thesis. Lule University
of Technology, Copenhagen.

Maurice, C., M. Ettala and A. Lagerkvist. 1999.

Effects of leachate irrigation on landfill

vegetation and subsequent methane emis-
sions. Water, Air, and Soil Pollution 113 :
203-216.

Morgan, M. D., J. M. Moran and J. H. Wiersma.
1993. Environmental science. -Managing
biological & physical resources-. Dubuque :
Wm. C. Brown Publisher.

Morghan, K. J. R. and T. R. Seastedt. 1999. Effects
of soil nitrogen reduction on nonnative
plants in restored grasslands. Restoration
Ecology 7(1) : 51-55.

Mountford, J. O., K. H. Lakhani and R. J. Holland.
1996. Reversion of grassland vegetation
following the cessation of fertilizer applica-
tion. Journal of Vegetation Science 7 :
219-228.

Nixon, D. J., W. Stephens., S. F. Tyrrel and E. D.
R. Brierley. 2001. The potential for short
rotation energy forestry on restored landfill
caps. Bioresource Technology 77 : 237-245.

Pianka, E. R. 1994. Evolutionary ecology. New
York : Harper Collins College Publishers.

Rebele, F. 1992. Colonization and early succession
on anthoropogenic soils. Journal of Vegetation
Science 3 : 201-208.

Robinson, G. R. and S. N. Handel. 1993. Forest

landfill : rapid
addition of new species by bird dispersal.
Conservation Biology. 7(2) : 271-278.

Robinson, G. R. and S. N. Handel. 1995. Woody

plant roots fail to penetrate a clay-lined

restoration on a closed

landfill : Management implications. Environ-
mental Management 19(1) : 57-64.
Robinson, G. R. and S. N. Handel. 2000. Direcring
spatial patterns of recruitment during an
experimental urban woodland reclamation.
Ecological Application 10(1) : 174-188.
Sabre, M., K. D. Holl., R. E. Lyons and J. Cairns,
Jr. 1997. Potential use of wildflower species
for landfill
Virginia. HortTechnology 7(4) : 383-387.

restoration in Southwestern



2 7| A ] #FED 71

Sabre, M., K. D. Holl and J. Cairns, Jr. 1996.
Wildflowers as an alternative for landfill
revegetation in Spotsylvania County, VA.
Virginia Journal of Science 47(4) : 281-291.

Scully, M. G. 2000. The ecological revival of a
reviled landfill. The Chronicle of Higher
Education. 46(43) : P. B7.

Simmons, E. 1993. Means to restore. Landscape
Design 219 : 15-17.

Simmons, E. 1999. Restoration of landfill sites for
ecological diversity. Waste Management and
Research 17 : 511-519.

Thompson, S. 1991. Landfill turned into a park.
American City and County 106(1) : 22.

Tosh, J. E., E. Senior., J. E. Smith and I. A.
Watson-Craik. 1994. Landfill site restora-
tion : The inimical challenges of ethylene
and methane. Environmental Pollution 83 :
335-340.

Waugh, W. J., M. E. Thiede., D. J. Bates., L. L.
Cadwell.,, G. W. Gee and C. J. Kemp. 1994.
Plant cover and water balance in gravel
admixtures at an arid waste-burial site.
Journal of Environmental Quality 23 : 676-
685.

1987. Technical

possibilities to minimize leachate quantity.

Wiemer, K. and operational
Proceedings of ISWA international sympo-
sium on process, technology and environ-
mental impact of sanitary landfill. Cagliari,
Sardinia : pp. 19-23.

William, Y. 1994. A tree grows on Fresh Kills.
Garbage 6(2) : 60.

Wilson, E. O. 1988. Biodiversity. Washington, D.
C. : National Academy Press.

Wong, M. H. and C. T. Yu. 1989. Monitoring of
Gin Drinkers’ Bay landfill, Hong Kong II.
Gas contents, soil properties, and vegetation
performance on the side slope. Environmental
Management 13(6) : 753-762.

Wong, M. H,, K. C. Cheung and C. Y. Lan. 1992.
Factors related to the diversity and
distribution of soil fauna on Gin Drinkers’
Bay Landfill, Hong Kong. Waste Manage-
ment and Research 10 : 423-434.

Woodbury, P. B., G. Rubin., D. C. Mccune., L. H.

1999.

Assessing trace element uptake by vegetation

on a coal fly ash landfill. Water, Air and Soil

Pollution 111 : 271-286.

Weinstein and E. F. Neuhauser.

2% 2003%F 7R 29AH



