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Research on the value and evaluation method of groundwater

Lee Chungki

4 53 >
[ A8 V. 42
I. A 75 9 744 2EA ]
. Ask2] 7HA8 7 & =ExE
IV.

s ATk 24}

[. A&

e AARAOR A7) A%, BA, AAGE, AEA Auls ol G v A3, R )
Fuslel fste] FoF AT drh ATAel EAE AA SR F GrE ok 5%
dhshel, 1 g5 F o 30%E AASH: Astrl A A E 3F FoE PR FARTHET
A RAE, 2021). ABS W) AstrE TRt B WREst Ax, NEo| AsE
HEHe] Atz B2t o AdRow Fho] FRHE B AHEH FAACEA A}
FAOl FT AsrE AWR AU GO S0 A B UetlH £ 85 BHEH I 9
o, &§5 oldelE BHEF, TUEF, FoIYET 5 HFH $EE AgHT At

Askrt 459 50% ol 4T B §5 40% o4& AFHE AOo= FeiA ArkSicbert et

al, 2010). thi-38] =7telA F = o]&F tiy] A8t o] &2 vl&L 20% oldlolH, 53] of

=

[e)
Zeh SAR FAGAEE R o8B 60%0l4E Aol dEay QALY EAF,
2014). 29 Ao A Aakse] FeAel thet Q4o Holx 1 Yok, BAAY AL of
3 AL Aol vla) Aae] ARNAAE e e ATE vEe Aol A /%
* o] = 20228Md % S SAIU S Sk XS ol A4dE A
o GEYSEAGSE FA P



R ORIM A KB TKNOU +=3%, (2023. 8.)

& T olarst s=y Askre JhA g el it dado] wobAaL ik

A Et AL ARl dig =art Frbekar, olel whE Askare] 3 FEY 29
o7 & AHTbEet FES doMths A e THIGRAC, 2016). f4l 37 A &
e opLE|gkel AxA Ao AT Tt M= Aee wHEFE AskrE AR W
FaL, B PRSI E g Ashke ARG O R Aok 3mA A sk o] vrobA A gtk
H
=9 @E‘ﬂ] et 1dE R Qs AYoR ojn vyt Hor FER Qld A5
]E]-(Margat and van der Gun, 2013). &-+# 2] H]
AEE Aetge] HEgh FE0 9S WA AL S
A

7 & ?'5}\:}(T1tenberg, 2002).
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BAshe e4n #HT A8k o4 %@%Xﬂi W FE, BA AHsh, AMEE}, Ak o9, A8t
T 2= A e Al (groundwater-dependent ecosystems)2] 3] Fo] XA Q. A sk AYE| A
A Fst= Auj o] thsh T2 BA W P Xlé}fr 7hA el thgk o & golskAl &kar, A
st AAlA 9 AEery ZHA S ARsteled =] ¥7] wizel AskyE B v Fas)
=R
ARbA o7 AEA My~ F7PEHels A dEAgS &85 713 7HEA
How 2 & vk e AZ7IMS A7HA, o@n g, Hdnlg, 7134 &
=4 743 A ol E ol gste] Al Mu e BAA TS SAHH 7
ZAFNASAER AN o] s Fall A=dAE a2 AuiA Aulxe BAA A=
stot, vl =ro] A9 Ak A HIbel A F A A4 7FX|(total economic values, TEV) 7] ]
Hal Itk TEV &2 st 0450 oz A= 544 7HX 2 ZAlske s &
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el B AR A9 WA Hhu}%'s}ﬂ mEo] A AH LA 7| Fuse] djushi )
do AW A9 g9 K8 BET F A2 Aotk

olF o] ATE thewt 2ol FAAUL 2N A5 F W Aol sl Asin, 33

ANM = A8kl 7HAE 7 W 2ol tiel =tk 4ol = A sk THAE AT S o

1) AEA Ar)Asels fo= 1970d Y] %ol % 31T} Daily et al.(1997)x= Rl 385l Wy oz Izt 48 W
shar SdA1717] Sls AEiAIZE AlFshs AE Mui~e) #2084 deloR Aotk Constanza et al.(1997) =
24 AeAE 1778 52 Esta, vk “P NS E, =, iﬂ A, 25, A, A sE 9 B A9S 23k
10714 3¢ *ﬂ%ﬂ@ FEA L M E s d9 = Z%ﬂ"a}?iﬁ}.



A8k 7hal g F7pel wd A

TAF S AESL, vhA ) 52 A ETHsE Askr delE AT AdY dEoRw dofdit

. Z3te] 7)1 2 713

AREE BAS AFES A5, 5 94, GAA B YA vz AT 5 ARSI v
& Felw vhore dEe AT AR W TR @ NPEA 43 LGP
stob Al 9 Aot kel B FAAoR BRT 5 ek e L B o
§7hsaha, it E Aol golskA shob AU RN A5Gl AR AFskhn ek e
42 2 vx wAg /e 5o JFow Aas Aol dE TR ANy gL A%
HsAe Adea Qe ek oheh g leE 2w GekEe] A ot

Asky QA ARl A QHAES A R AR ﬂ%é w objeh A4l A
BAN AFAL $9 AL AL A QA A A ALl e} A

GO AEA, AskE Wl o8 AdHe A, 1o}T FEOR FAHE AUA 5 A

7}21 HWFEE s 4 QIth(Eamus et al., 2006).

UNS| Adste] A3e A4 A5 Z=AEQl WY AeiA 7K Millennium  Ecosystem
Assessment, MEA)S] 17 A3 5 AelAIS] A2 74X 5 7H(valuation) ol #3l] AAE 4
S MEAS HuA &3 ol% @e AF Ag5ol o] &5 Itk MEA7F Q1A 8l50] AAL A
AAE o ZA Az AL, 1A AE, AR A AR T3 | RIZMALE VL FEe BAE A4 s

S Qo

A AEHAREEH A4 BRer Astel §9& dFoz2AN BAE AT
MEA® AejAI7F Algsks o 7HA Zﬂﬁrﬂr g AEA Aviagta sk, O]E‘e‘ A &
(provisioning) A1H] 2, Z=74 (regulating) A1 H] 2, & 3H(cultural) AJH] 2, %] ¢ (supporting) A H] 2~ 5 47

gojo g PRI THMEA, 2005). ©] 4l 7FA] 9] Au|Ad= A AFE Qdar HW A
%= QITh MEA7F Aljtels 4 SolA & o, X8t v 7HXE F4 8k EAl= Askr

b= AEAIZE Algshe 47l 99 Anla S uAE At 7R E FA sk EA7E Eok
AF Au| el gk 7HASAS s9E, P8, AYE AR e THHE S84 F
Atk 5 AA A A AG vA@AN AG@AE Ao UE S Ak Aske] @A )
A= AR o5 FRE0] Fof e A EstuAl st Ao w AFste] FP AT AR 9
oA WA Aol AEEE £ 1N Gl et FHEH, F o] F I a1 E9
ztol & YEbdTh =, 598 dIelA @] A8k 7HAE dA 713F s AR ool A st
bE 3 9 oud A9 4] ol&el whet 24 4 Qlvk 28 7oy Ak el A A8k
o] AAA 7= = 8w AR A6t JolE AFE-Eto] %ﬂﬂﬁ} M)A} o] F7e] 3
A e TE = AT R Muller(1985)7F 758 =4 23 w21 A skr2] At
A4 7HA = Hit A BJAF e AHRF oJo] ThA e Jh7ke Ao R YERRh dhE X5 d2 2
S Frda AGEAAE S8 A2 HEEHAY Y 5 o7 AH AL

o, o]gfst AP HE AlF AMU|AZAM A2 7FAE AU UH(Griebler and Avramov, 2015).
Astre = BE = 43, 94 J&, A AA s 2 2 Auast #4849 VX E
& 4R Iz BE Aol AR = gla wid 35 5 e AsE §59

of
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PR RER: TKNOU =& (2023. 8.)

Fow Aty midgy Zol sk fFETFe T5E AT, £H, BES AW A Sl
7HAE Ado 283 A3k FHo] £ A BEY wE 9 F2, AR s 2 WAYUE
< Tl S ul AekredA 9 eLd=dE AASE 5 FAAS] JHAE 7HY Yskd
Aste] 7FA = o Al gs El F4E 7 Sk

T3 A5t JFhols UEF, ZHE, 9, 24 Fol oH, Ay, AEF, F4, 5 5%
Zol At wFel oEshs ALY S ES AR kst JIFLE ATttt o
gt Mu| A0 7R = g8tnls o] FHat JhAC] wel F2AE ¢ vk 2ela AskE A A oA
A= =SS FAR s HAdadg A7 AY v SE 3l AIAE & vk A skrol
A EE 217709 =43 vre gl #2 B T 20% o]l A K12 752 A4S oA
A0 %2 ¥3] F tH(Griebler and Avramov, 2015). 22t} WA AALL 22 A 6| A~2] AAZ 7=
ZZAQ HrtRFo] glo] dAEAME &gl A7 Ut

)

2oL Ak Aol #ehd ZRA7F 2 A3 afFo] FE-e] wiel Ask dad A

T oEAed UE 422 B AskE AHA B8 Ausd o AANE 248 5 Ao
(Gibert and Culver, 2009).

QIZto] AstrrFE FEg Wil 7HAE 7= A2 Asks AEHAZE Algshs Au o],

A5l B oleld Adke AUAL Auag o Fgach At AU 2 A

M2 f9E BFIE 08 < 159 g
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AT

mel

<E 1> Xate MEfAH 2 MulA S35

IEEEE 9l 79 NS T
= TR, A, s 9 Es)
A Z(Provisioning) (W{ater supply (domestic, 1ndu§tr1al,
AekE] A ope agricultural and power generation
e e activities))
X] ’3}—}\ ,Kg EH 7;“ T—o:ﬂ} 7}‘—%—/:]:41
( Gro—,u_n dwater = AdgA = X.E(Water conservation)
ecosystems) (Unconfined aquifer 7] Z3(Air regulation)
and karst cave %74 (Regulating) = 7 3K(Water purification)
ccosystems) F71E S5Z(Organic matter deposition)
WY1 A A(Elimination of pathogens)
F3}(Cultural) ¥}8+4 A H(Scientific research)
Ne dg e =
I o . . -1 0, T, T T o
A8 (Provisioning) (Food, raw materials, water resources, etc.)
j ?‘;}—’FLHJ ?EE S, 24, %< ZA(Flood control)
]EE]C thH A e 7] ZZH(Air regulation)
s(u;:(iisejlgsy (River ecosystem Z7d(Regulating) | & “J8H(Water purification)
groundwater Wetland ecosystems EoF HZ(Soil conservation)
overflows) Bay ecosystem) 71% ZA(Climate regulation)
N 78+ AK(Scientific research
- 3K(Cultural) — ( )
%% (Recreation)
A& (Provisioning) | 21%, ¥ F(Food and raw materials)
& %% (Flood control)
t}7] ZA(Air regulation)
RABpe =0 & 8 e A #H7]1E 2] (Waste treatment)
SxE= A fgﬂ}ﬁ] ) %7 (Regulating) E<F HE(Soil conservation)
(Terrestrial vegetation PN
(Ecosystems “r(Pollination)
maintained by the ccosystems ook =3} i
dwat i, | Near-shore vegetation S o = 2(Nutrient cycle)
groundwater level) ecosystem) 7]1% Z%(Climate regulation)
} )8k A K(Scientific research
- 3}(Cultural) L ( )
F¥(Recreation)
A H(Supporting) | A12] ] (Habitats)

X2: Yang(2020).

A3k HAE A el o tido] Hi=
A d 712 o2 EFe7E IhEEA-
AHA A THAEA AstrE B 2
o] g 7teA S 7HAAL Ut 53] s 7 &, 4
Al BE 32 30~40%= A8 il
Xlo}TJ 7NAFE gal oEstt. Ty A A ] B oA B Axmgo 2 F 7hHA
st 71AFrEHel aeE ¥ Aske] AU AU E v E A Kshs Ao] dAo|t) -
% T4 A FES Astg 7 AFEe] 7shs W Ao AdE vhAE HorE u A

AsA melEolol & Rl

ot



R ORIM A KB TKNOU +=3%, (2023. 8.)

a8al A g &S S22 AN ] Fos g rolth Aty ARFE E B
24, steta] S-S AU aL glolA Askare] SAdo] vy AR 22 7hx g A 7k E )
AL Q@ EY TABT, 2014). Askys Aot G4 S DA A Gl A The A = ek ol

gl P o Tl A NS Fustn 9ol Ak ks ol §& A5kl Fate g
= whol A W AIEE A she
2 olgetA sriehe Al AP

1=
2E A IS FANA FE BAY AN L
. Z:]_ = 2= A

= r

, o) AAaE YA, S FA BRI 73
& BRUL 58 ARFGE LA Aol BE ARt Ao} 54 Fow fEuY
A GARE BEEE Folthecotone) A BETFFHO] 2 EER As NAFES

L S QEA] el 4] 9] &

3] Fia= S A= 1) 216‘}
Zlol ofgjo A= oF13~15C o ®E o
® A st & Fate] o] ks A EA o F é%ﬂ

A<
Aok 5 glo] Mgt AdUA BE 5 AUAgdoRA e

LL

1. As5e) ARG gE e

Ansink et al(2008) BehA ¢l 71X E BksHE W Qo) AEAL ) (functions)ell e 7121
7hsh AEAZL AF e Aulzel o APk F A H el 9eE sk ek e
o Jseld QAT AzAbEe] A HHACE HOS AT 5 Yt o Tcapacity) % H 9]
Ak QA 7)5o] AEA kel FEE A sl AEA Aulas YA} A0

of AT Assh §A T2 Aotk AeAL A YHA Auag APHoR A
9 5 gk

T

Eal

2y AEA 7sd AEiAl MRl A olBy "4 HRtska, e Y)so] o
7HA e Au ek ddbd R Qv AdE 5o B8 AFdte Ve 9 AdoAM A5E =2
HEZ 5839 ws A o A4 R Lvjshe 499 ddd B olE SAE s =8
B S7IAY ZolM 4% dadelold &5 st & L34 avdk ddadn uE A2
= otue] AEiAl Au el v e A V]sol AddEHAY e v A M ATE g
o) BEA s sAH R dvd s vk A 7153 BEA Ao A= A
A 713 A el AE g A Adsk=rtel WAs] B E o] Ve shrt

Ansink et al.(2008)<> EIAIS] V5ol whEt ZFASF 7RG AEA e Mu] el thgk ZEAE 7}
A HelM {F82 F A5& #WelaL vk 1 o= AL 7RIS 2 ol AE
MU AE T d3to] 3de A= 7hEela, A 7}?4%7}4 o] BEAE Algehs vk
s *1H1if"‘— %ﬂ%o HIE o]l Hlaske= Zlol7] wtolvh A= AEAS] 7HAE 1 XPX‘J]EH

g I
ofet HEAE Fall d7to] A= &89 Avlel & AdAva = 5 Aok
o

2HE de 282 #4554 o] wEel Az & %Ol Al



A8k 7hal g F7pel wd A

e 289 = HuduAd & A 589 = vE AP 283 Rlad S gk 19
olf % AT AME a8 AVIE Blust] AT HEER 28R o, A=A = 5t
# = (surrogate measures)= 2| HEe WA AL, ol 55 FAS = WHES NEE stok A3

= Hog Jdust gz Hxo

AEAl 7]s o] ok el BEjA AMujxe) g8 285 do |
MAEE A Este] 7HASH sk g AeA 7srRots AEA AulArE o 2 &st.
Ansink et al.(2008)°] A& o], A 75l thst 7Fx]E 7= AAAE ] A& (stock)oll gk
7FA G 7E1 HbE e Al A Bl e o st 7FX] g b Ak Ao Al gt E2F-(flow)ell tiEk 7t
2B 7rekE 5ol ok HATE o]B2 A 0w o AR oA AARE AE THAE Y Al

A olF AdRpEe] gashs YHA AHx B2 b 552 AAMNE FAF g} 22
Zlo|t}.

ol s FHSA ddshd ZHxE Y] wide]l AEA Yeolu Al M sk Sl @
8] A" EAlolxF W] EAlY % Tt Ansink et al.(2008)% oW Zo] A o= 3
g And QA Ak oty sk s Aske goo] Fi age Avlel d@ de
AR50 AT BAVES Qe Jsuoks Qe vzl get A5 o f-gdhohs
e odd] fasttt

Akl ZhAle] ti@ 2 Ak A, e9E s N, A FES FAEH
flal grejgt v o] 2o %] wiEel FastA thFolAek vy 5 Aste] FAY A AF
seiw AbElH W B3F ME TR A F AAY A BAE AR JFEe] A
23tk Zelt A4 AHgTbsE Bk e Assd & AAE NS FPedE A 9

2) Askeel BAA ANE AFsSE RS ZARAAZPY, ARGAAY Fo| AgHTE 2ARAASPY S
MRS Fal AN AR 2kl Aotk ATSE Bolel Fhab] Ss) AlgiEe] ARatud s o
2 Bruk e A skl it AT oftel guglel A% 2wl A B Askee 7

2 =990
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<I 2> X|ot MefHof chEh HoF wHE F

Ao

Ayl 53 37} oy M 7 B2} e
‘ A7
3L dH) A L= ST R Al A 7}x
AE A = & (Water supply) A7 (Market value approach)
= HE.<&(Water conservation) A =2 A E ML
t)7] Z3(Air regulation) (Shadow project approach)

- Ay B_;HEL
& “J3H(Water purification) AR

ZA AH| A ZFAALE TR (Replacement cost approach)
w7l <% R
(Organic matter deposition) (Surrogate approach)

gl AA

(Elimination of pathogens)

_ _ o] H]| LA L
2oh quls | BEHA Q(Scientific rescarch) | AHAHE7HA 180|831
(Travel cost approach)

RZ: Yang(2020)2 Eust0| A

SR e B A HIE RS Foldl AU FATE WelM Folel thet B SowE

= jE. =
FAT =4 B4 Thmoly ndR s AAldso] AT wf dAsks T AREA Hl ol
ggate A NS FAL Tt B RES 9] 98 FAR Adre] AAE F
Bk U e AAH gavo] obde FA3 Bast gk

FA Al AeEs Anize] dis anjArE AaR Aqujie] d AMHEREE YRS Sk
Az oAiks et =S fdhs Zlo] dubaolnt. A8k A4 7HA % 7]& %%XHQ 7HA 5
Aell AFEH = el 4849 5 vk

A st AEA Mu el digh § BAA ThA = ARAxk Bl s Ak v A st FAA Fsel
EgAoR A= Mol AAAAY FAA THA = E, %%, AL ei A S Akl 2
2l gt BA7F 9o m(Field, 2001), HgAbele] AAA 7hA = AdAbel o] 9 WA WA
] ] 9\ THField and Field, 2002).

UREA O 2 TEV H7h= A 8trE ol &3t AlFALT o7teds 52 d=-dE AFE7FX] (use value)
o} 1 9] A4l AFE-I= &3 BAFE- 71X (non-use value)Z -3 3 7}SHch(Brouwer et al.,
2009). o= 747y A3 AR AdrE AEF 7hA S} AR AMEE A= AR 21 E1 54
tfst ZhA e sigE T AFE TR = A AR 7EAR] 52, &85, 40 a9 AR AlE ol
A A A A8l Ak S A sk ATt ﬂ%iﬁoltﬂ 3]
WAl e HiEo] F ortEs s 3rE ok Bsk Fxpel sk *EEH@‘{ 715 7HAZFE doA]

LAY ARoR AZH AL 449 F AES FF2A /1%, A A% % 4HA o
B9 % AFEh MAETNE SN A BAHL EYOR A FAAN B B
FAAY @A AHeIAE AAOR BAL YW A EAE A2 gl weh vl o)A el
2ed 5 Qr EARA AR SRt

Pearce and Warford(1993)2] A+ o]|% 317 T= A Al £ AAA 7FX(TEV)E 248 A7)

Z|(direct use value), FF4 A}F-&7}*|(indirect use value), +417}X](option value), <=4 7}X](existance
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value) . TEIL, EAZFNE ARSI dA A S AR TReH S0 Awy
otk MEAR olel@ B3 S83hu ek

A AGAAE 22H AGAASL 2R A AN FREG, 222 2H0) ALgold A
HARRE Qi 2 98] SHshs A, B4, by URE, APEY AR 59 A TR
o owlanA %40 AL o X A HAow e 5 Sashs 99

!

7} ok 9 AFES BEth RlARA AR E AR Al W st A
ZFA el S kY

B AT B A A RS AR FAE 3
= o

1]-
=<
=, B o FA(soil nutrients), 5= (pollination), Y= &4

=

2 ojgdn. 9

= =9 d o AR I
of olgdtt tE AMHlAe AbgEel aRlsts HAFTAE Fske deol AR dFS vA
s &4, = 43 9w 55 oY 22 Ve ARE 319 29 vue F AlEEY
A7he SXske adE et ofd A ARETHAE dAR Ay B 2 Au|Ae Al
-

A

k)
N
I
N
To
2
N
N
2
o
z
S
=
=
=

value)E Zte=ttal shoh

EA 7 A = RE7FX] (conservation value) = 5752 AFE-7}X](passive use value)2til® S} &
A7 A= Q1zro] AEAZTE Mu|AE A AR FHeA A7 SAst= 2 AATE
AA 07T 7 E Zhethe #AoA Aozl sidolth o= 7hAE] o] Al An| A7 7HA]
I = QIR He| vk FElF A 7| Fojo] Aol Hlojup glom oji WA=
AEH7IE St OdeE 296t B AR AHAVE 243 A E steves dds

TEVE o] &8 7kxH7ke] WS thekeh TEV Q45 AHEe] /go s AAste] Hrishs 2
o7 HAANHT 9 AEATE FEHEH(Young, 2005). AAHTHLE Fuj5HS 3 AHjAte] 8
el 7Ivbs FAR, A2 Awoly Muls 5= AMEshs avjAbelAl A3 AF= =«
g olth Young(2005)2 AHE B7tetr] flgte]l TEV 24% o] &% F5vs Atts f1E 7t
A5G 7ol Abg-E = dainl g, A Aol mE He) HUHE f1% A o] H(benefit transfer) B

b F7kel mE =9 Frlel o] &5 = =A7F W T AAbst
FAAATA F2 AFEEE A 71X 7F 712 Haab and McConnell(2002)° 2] 3] A A|

e, o71ell= 23 7k E el i E A o]tk Brouwer et al.(2009) TEV H7} %A e u}
B e A A0 A ke g FrIMe 212 £ HASAs ad
B 58 1A AT A, Al 2o Ads vlg AR MR SE

Aol AEel oa) B Gu Sol GF A AA FAAY ANE AFAL 5 Ytk E
aH B o 3

= %)
LA ol gl Fold ARAE FA W WHAAY £ FA F A xFe] B

3) AT wEb = AR AFETEAE Al ARE- 71| (consumptive use value) @} AYAFE] ARE-71X](productive use value) =
TEE|E Stk o|g A FEehe A AHA AR FEE AHES FEe fde] An|stal AlS F A
HE oA ohe A BASE ARTIRIE Tetka, A ARSI FEEE AMERS AIANE oA BAlstE
AT QJulgit) o]# G2 MEAQ003)o14 AASHE AR 9 wAR A AR tha Aolsit

4) AFEl| WA E BlARA AMTIRE A ARRVIX R ERSE §th
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ojs= A ow wi-g o AAolnk AlA, dWtAo® ApARl A& A ATl
e = S50 JA T 2 ddo] Rk wiEe] FAAAYA 4 lnh

TEV 7171 A&7 A 9F vlAI A7 A& 235 & A2 7HA & A8 F e T8
o] th(Bergkamp and Sadoff, 2008). o]# st H WA Y 99 dgHGdo] Fox F4HO
2 8= AS gusith. O o] A #HEe AlFEHE AvlXe] giE] &nRke] A &AL
(willingness to pay, WIP)E WE == Fedlof s, dAd#ow st dHgAe] v &2 F
A B39 =] AgA H:’JR@ TAY AHE S Zol7] f% AMA A E Adste=d %
Aol gtFojdqof gttt wl=¢] A #H7 = Ao 5 FrtE 26k Ak ALdB@ e oy F

TEV 7]®¥o] &&= %U}(Natlonal Research Council, 1997).
o]’d3 o] TEVE vkt A S 913t Aske] 7Fx 9 Askel o Alsu s 2744

ol Auj2d] tet AAA Xz F7rE 4 don, AHA A4 AFEo R WMAEE 7}
Agbel whe ¥ gw £ 5 Aokl AFHQ] AL Asks AARD oft o] o] &)
o] AEE FE ALAA AT AHE 5 Qon, A shA 9 Ak W #5854
ul g A AA o FE35HA F8E 5 dthke=E Aol
V. 57U 8] A 24

SR BAR FAH A S AT AT AL B ok, Al A gEt dfe &
ot v aelu ekl ZhA g A w4 ek AASAY B AAsh: B e A ek dAshe o
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gl(olst Aol Arl| “AAGZzAPA I Fo] 9l SHE T AR Al S5H Q=
AezAt AnArs APl ArE A,

ALl = ATE A=EAALGAA AZEA 3 T FHRASEH(525) ol F HAAE o
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Far itk gHE o] AAARR O WERY A 92 RS 014919 ofE
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= Al 5 Zb= dlolE] EAe Age BAolt R Pl tE
mgAad Wy =4 e ek =9]i= Goldstein(2003), Hox(2002), Hox and de Leeuw(2003),
Raudenbush and Bryk(2002), Peugh(2010), Snijders and Bosker(1999) s ol AAM|SHAl tohF3 St}
ATl nEets VR EES owdt Mak FolekA] o RP o R vt o]l FA S
i (BYoyoleta F=7|2 st}

MEZALFZ (level 1) : Yij = ﬂoj + €
T (level 2) : ﬂoy = Yoo T Uy,
TVREE Y, =0+ oug; F ey - (F0)

(i = WE AL, j= 2=A7] )

y 5 Aeola, AW o AERAL 9 o
N jo BE AE A, 71@5& FE B ey E G golrh B ZAIR 2
ALSl A H AF B ()t A AR &3

= Ao 17} &3 2A}

3l
rln
M
1%
;‘.:
PN

(ug)el Tz =] At

Z| &R A= AEZXAL oS AITS Aot T WEelA Aol A skE MR b
4, ICC(intra-class correlation, 3 W/ ¥AI5)E dhetstal, o] Ao thE5Ed F4o] Folu|shA]
kst

100 = A i A7 A
B THE (=AM A + N AP )

S
2
O

ICCE= T 2(&A1H F5)el &l dYE= A2 o] W& YR, A # Yol
A A9z FE2HE T O NEERA Y A3 AEER AT 4 tk((Hox 2010; Snijders and
Bosker 2012). ICCi= URFA S 2 0olA] 1.0 Ato]9] S 7AW gho]l 2% 1% 1 Ws/dol #A
Ath= w2 ZAPZI# 3R] Aol 7t ks o2 A E 4 it

_]

L

s
GgoR, 4YNARYT GEuge vandch AR dgased dalAs 1o

A, 1 W] A5 e viAle adE wAHo e AR AAse] ta 2ol
3

301

Y’ij: ﬁ0+ﬁ1X1]+52X2]+ +ﬁpX .+ e.. (51_6511)
eij”N(0702),i:1,--',ni,j:1,"',14

7} obd WY & Y (random effect)® 7}g 3t} Ea2+=
Folm, AA| Holy #4 #A M A HEIE
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RS AN, BANBE A 18

kgt dy7bA] HEEE o] glo] W9l (range)= 1240l o] 7]zt

AeE 713 T whre] Al7loln A B2 2AE A

‘u.}o] g\_/\};\]z%oﬂ [q_g]_ oq]_z_ zﬁﬂ-/ﬂoﬂ Oﬂtfk ] 9,)\{;]] ;Q-O o] rﬂgg}
l

%— i 120°‘°ﬂ O}L

F

S @,Eaﬁ% A3}, L-@} HZAY 63.5%% 7Hd Wi, 1 thS O 2= ARSTF 29.2%,

FEAHARSSE ASAH A W7 7.3%A T 7HIHEE AFESE A 91.7%E oS AHA|

o FEES AFAE R AR A9 93.8%E veE AARA, AR AR
=

(2.1%) T AFE-SE A(4.2%)= 2T

<E 1> MHO{E Al Hlo|Efof TSt 7|=SHEAN ZIoHAEY )
AW N ot EFHA; Hxwk HAAzk
AR 96 112 3.7 7.0 18.0
AT 96 19.0 11.3 4.0 42.5
7V (79 E: ) 96 0.9 0.1 0.7 1.1
7HEA(7H:0143) 96 1.1 0.2 0.9 1.6
7HsA](21%:20th) 96 1.2 0.3 0.8 1.9
7He A (A %:30t) 96 12 0.2 0.9 2.0
7 A(217:40th) 96 1.1 0.1 0.8 1.4
7He = (A %:50t) 96 0.9 0.1 0.6 1.1
7FEX (A H:600] ©%h 96 0.9 0.1 0.6 1.3
BRI 96 850.7 99.9 505.0 1026.0
SHE 96 13.4 7.4 0.8 26.0
S&Ee N Bt EFHA Hxwk Az
A 96 0.2 0.3 0.5 0.9
|A] 96 0.3 0.2 0.0 0.9
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<E 2> MHO{Z=Al Hlo|Eof st 7|25HEN ZiHFTE HE)
il H% H]E(%)
ARS 28 292
ZAPTH Azt 61 63.5
ARS+7H 3 7 7.3
piRAL 2 2.1
FEE 4 4 4.2
&3t 90 93.8
s *}%a% 88 91.7
AHE-QHS 8 8.3

<¥E 3>e A HE AS |z BAARE B BN oJE AR A AR 0.2300] 9
th & AA 53 w8, JEF2A AX &S HE 1A o e o w Ak
GRS gudttt A gEzE HEoA 0465 FEolA 0381, F-akelA 0.280, A7114 0277
TOoR o]F AlkolA ko] HEgo] A or Eurh
, ARSZAF7} 0.016%1 dlof Hs|

i‘l
FE.
5

A7} 0.326, ARSSF A 34

NS o A3

AZEAF B2l S T3 A A E 02497 HEAWFY W] \1%01 o ZsHA YEbsTh 8hA)
T AP SHelA B AR {4 sel ARSEALSY] HE ALY HAPF tids] AA BE A
W el 2 Al Hlue vEAEA] o, thE QJAES FAS st A4 Fode A
HE a7t s Aol

FEEOA NS AFESE AL Hl& FARS AFESE A Ze fA 3 BAS S ALE
St AL A HEoulEy ko] Heko] o Ak vYEeElg oy, BAH R Fo% 52 oy
Ath e JPAHTE AFES FAE PSS AFREHA] 2 ZAbe HlE] U EolnFg Wk
o] AZFo]l ¥ HetA YERAIR, SAIAOE [ost FFol ottt TMIRMEE ARESHA] @S
AR B4 TF A ko, HE A8 (419 Abol7t At FAE 1Eldtd TP E AFE o Fo
et 54 A W] #@o] A @At Gy = ogdg Aotk AT E AL
ZFAbE AZANAAS} 2o 9 @9 AAEZAIS 53T uw AFHow QFHE AEFH
A2 B 4 oS ot
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<IE 3> {EXAL EMo| E dESYHL(HEA

AEZAL 54 A Al n F
A 0.230 0.280 96
A 0.465 0.465 11
-4k 0.280 0.416 8
o 0.198 0.198 3
o1 0.202 0.246 8
Bkl 0.156 0.205 7
s 0.223 0.223 4
MF 0.174 0.281 4 2.631%*
A& 371 0.277 0.309 13 (0.003)
R 0.410 0.410 1
=5 0.381 0.381 4
el 0.091 0.214 9
A5 0.848 0.848 1
s 0.011 0.068 3
A 0.222 0.266 12
A5 -0.006 0.041 8
A 0.176 0.205 17
B 0.380 0.390 11
C 0.394 0.394 11
D 0.399 0.408 10
E 0.254 0.260 9
F 0.295 0.295 7
2172 G -0.184 0.214 5 5.841 %%
H 0.283 0.283 5 (0.000)
I 0.257 0.263 4
J 0.027 0.058 4
K 0.358 0.358 4
L 0.037 0.063 3
M -0.073 0.073 3
N -0.235 0.235 3
o irg -0.002 0.025 2 0.837
FZE Tl 0.257 0.263 4 0.436)
&3t 0.234 0.287 90 ’
ARS 0.016 0.170 28 -
AP Az 0.326 0.335 61 (0' 000)
ARS+H 3 A 0.249 0.249 7 :
e AHE-SE 0.243 0.281 88 2.588
AHE Qe 0.090 0.274 8 (0.111)

* p—value < 0.1, ** p—value < 0.05, *** p—value < 0.001
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<E 4> MdHO{EZALS] o E H&Mo| st ctE2d M8 2ot
Hp 28 1-0 23 1-1 oy 12
s -0.153* -0.098
o -0.372%%% -0.323 %%
Ad -0.182%* -0.181%*
o -0.279%** -0.271%%*
<k -0.352%%* -0.316%**
2 AE -0.300%** -0.303 %%
(A ) 7371 -0.112 -0.100
5 -0.084 -0.102
e -0.420%%* -0.392%%*
A -0.433 %% -0.419%%*
A -0.215%* -0.192%*
A F -0.608%** -0.606%**
A7) (EAET) 0.019%** 0.016%**
AP Aehd 0.219* 0.280*
ARS+H 3 0.185%* 0.109
iR ALg- kgk -0.215%* -0.238%*
SHE 0.010 0.005
e 0.179 -0.006 0.021
Ay BREAP|H) A5 0.037 0.006
Ko 0.037 0.014
Z 1 $%(Log Likelihood) 21.192 25.737
21 954 %R test) 9.090%* (1EEE)
Aol F 92 92 92
A1 14 14 14

* p—value < 0.1, ** p—value < 0.05, *** p—value < 0.001

o 4 Fde Frbeta, Byl F A EA k= HolE ] 5A o] A @AE] 9
af By zvks AAskalvt 2hxpe] mHA 7hgo] QARbE A kgka, AEA I} SEAMS A 4
Rl R I A RS S e
Ch ZAMEE 29

oA Akl AAERALY] FAPIHE A A3pAFH FALY ARSEALE UE S QT
M B oA A AL ARSEANE AE O A S el 7 2APTHEE =Y
= TASY T FAAoE HES 2k A AFE vkl o] A 24 S iR
AAHZALE 7R 2 7PEH S E o] 83 ZAbolY] wjiol] 5A4do] AAl vE ARSEARSE A3}
AP ZALE et R A st Al ghoh

At A 3Ry <2y 2-2>7 WA Ry <2y 2-1>5 vlusE 439, 21 ¢ %
v 773k 2.4320] 3 p-valueZ} 0.11991t}. ole] whe} dsbdd Z2AS 18t S o, A3
Fre 1Y oI Y dhistdP g e AWEE xolrt gl AoE ddsiglth <1y
2-1>5 HES A3, ZARA7]8E 7P S ARR o 2] W AStHA ALY oSG o 4
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)

R <2 31> -valueZ} 0.170©] 31t} ARS
ZAPS BlaskS W ASpEA AR B9k v R 2AS S 1Ed e R d T
dnrshd g e Ay Aol AA Ak
<B¥ 3-1>5 HES 43, A7 SHE HEE ARSZALY] oS Aol d&F=
R Ao yEst 2AR 7] 7F ’\174 A2 HH 19 Hold of 0.035%F o WEFow Hiko
=]

<E 5> MHOEZAte] o & Fatdol et thE2d HE ZoHTEHZY =AY

T 23 2.0 23 2-1 23 22
-k -0.053 -0.038
o)+ -0.344% %% -0.319%**
el -0.253 %% -0.229%*
o -0.257%%* -0.236%**
Ak -0.280%** -0.265%**
A& -0.107 -0.084
=] o1 77 -0.084 -0.068
(&A W) s -0.073 -0.037
=5 0.053 0.060
=4 -0.381%** -0.364%%*
A5 0.336%* 0.345%*
A5 -0.501%** -0.481%**
e -0.263%** -0.255%**
AT -0.557 %% -0.550%**
ZAAZ1(CEARET) 0.010% 0.008*
Adds | AHg bt -0.177%* -0.158*
SH9E -0.007 -0.009
A 0.323 0.596% %+ 0.622% %%
Ay B (A7) A 0.000 0.002
izl 0.051 0.008
21 9% (Log Likelihood) 22.460 23.676
271 51 AR test) 2432 ()
Aol 61 61 61
AP 10 10 10

* p—value < 0.1, ** p—value < 0.05, *** p—value < 0.001
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% ABSTRACT =

The election polls can be a useful tool when it comes to predicting the will of the people and
realizing the interests of the voters. Along with the criticism of the failure to predict the election polls,
there have been constant research and improvement of methodology to improve public opinion polls. As
an extension of these efforts, this study was conducted to evaluate the forecasts accuracy of the 7th
Local Election Polls and to seek implications for improving the poll. For the governors election polls
from the time of candidate registration to the period just before the ban on publication of polls, Martin
et el.(2005)'s accuracy scale A was used to evaluate the forecasts accuracy of the poll.

In order to consider not only the characteristics of each individual poll, but also the impact of the
survey agency that conducted this poll, the analysis model was composed of a multilevel model by
setting the 'individual poll level' to 'level 1' and 'survey agency level' to 'level 2'. As a result of
comparing and analyzing the model with only the fixed effect and the model with the fixed effect and
the random effect at the level of the survey agency, it was confirmed that the multilevel model has
more explanatory power.

A review of the model divided the election polls into telephone interview surveys and ARS surveys
showed that the use of the virtual number did not affect predictive accuracy in ARS surveys, but added
positive bias in telephone interview surveys.

With the possibility of bias in the positive direction of election poll, that is, the bias in favor of the
ruling party, the survey should be carefully designed and implemented. Furthermore, institutional

guarantees are also needed to enable more active research on poll.



@ﬁéf&lﬂx {5 KB TKNOU =3, #576##(2023. 8.).
KNOU JOURNAL vol. 76. pp. 37-58

A AFEAY T 45 L9EF A

A Study on Petroleum Contaminated Soil Treatment
by In-situ Biostimulation

Sooyoul Kwon

q B2 >
[. A& V. 4%
o. g 2 Fawd
m. Ay 9 vz Abstract
[.A &

AstA ALY FHd T2 o8 rFEE FRAES A 5,
el 5o vheket welA, stehA, A=shA 717kl oel 1 7150l X]‘ﬂ]ﬂ‘jr e Aol &
THER(BE Cp-Cl; ZE74 30-2000)3 EE=70] 160-250TCH =41

200-370°C Q! 7 F-(t1 A (Cio- ng))i T 9o ol5S %‘0‘6}0% T A 1:Jr§1r¢i(TPH
Total Petroleum Hydrocarbon)@® 37 $FThH(Leahy®], 1990). 18]y ARtd 2 TPH:= UARFE 9y
st AA YA 2H%E TPHY $EXEE o|&dtt 457 gk &3] BEYe S op/AYE
T TolA 7P WS vlEE AAst e A F ostur gAY iAo ® I 9 838
T 7 ol @ &9 Filo] ‘—FJU% <= non-aqueous phase liquid(NAPL) Y EHZ EF E¥ 35S
ol A olwate] Askrd Qo FAEE AE¥S Holeth o] B oA vl tldo] BAH

e

kel o3l Exsts Bk = Aol ZFsho] ZHF3E3K(residual saturation)ElE A 7 5
HET e Aot 72}7]31‘{] edYdo=r LA HArt
S5, B3 tAo] AR E EF BXsE0 At b wo| o) By|eT B
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AWl A4 AEZXR(In-Situ Biostimulation)S o] o]&&ta Qvl AF BEZAHLE £
YR 234 dFvAYES] GeAS FIAA AESHORE 29ES wilste HAVIEE,
FHa S v AR sollA FEE 54 ARsstEds AAsH] A8 FE AR EE
A=A 54 dHoR, o9dds F&etA] dowA AR AAES ol &atr] wEel 3
Aojm AAAYL ¥ oty 7|EA o w tlAdto] A ow AR ETF 2 v 3oy
fal|do] W] wiEo] th(Pichtel, 2005).

A e dESES] BESHA A o 7 a3 91 Folxl ZxstelA ed=He] 4

Q]lo] FARIZFE fyetal ol Q1A o®E HE L= HA g st A

= AEFS st A o] th(Tampier?], 2008, Vishwakarma, 2019).

< HAR oY dFAEYs A% AESAMoE AYshr] A xAEE

A= Z,:‘g—s]-giu]-, = APAgA Az 299 ALESU rAES &8t
icrocosme A&, FAsIGloH, EGLE, EGFE, A w5, A

> mi
Aro] @ vgE) PUE 0 G0 B0l W JFE FE A

Az edd B¢ mAEdoR o]&dte REE-7]Ql microcosm= A|Zste] &%, F5%, T
A = 3] o

4 s 9 AAFEATE g el nAE GFS Feotete] HA Agxids =
o 2 Aol AR A% B %i}io]%\qi =4l gAe 7Es
diesel/kg soil? 3Fth AAFEA R AAE o] &350 o ZF ¥EE-7]&= 190 rpm@] rotary shaker
2 =F3sk9lar, k9] diesel, TPH, n-alkane, isoprenoid?} O,i= GC(HP 6890 plus)= 2] 3}t

A,‘L

1. EYO| =e|=tety dd

_—

Microcosm A Zbol] AF&3 Bk d /4 A THOZHE | m AdoloA AT & &7
AZ AA 2 mm AR AME AT sand, siltet claye] H]E2> 710, 194, 9.6%°|H o=
USGS(United States Geological Survey)oll &J3F EqfFito M= FH A E ko] st

Ao AFLE Eeko] 7]E Aol Eg]ﬂ_-&x%cd JAF-S- é?@ﬁ_} qu. Eoko] pH‘E‘ 7.09, EoF S8
SheF S 13%, B9k HlF FH|Fo] 2.19 kg/L, &= E+ 41%. CEC(Cation Exchange Capacity) %k
21 meq/100g dry matter, Moisture field capacity:= 24.8%, ESFF71 =2 53%, vAES] FUd4
¢] NO;-N+= 8.5 mg/L, PO,-P %S 0.76 mg/L 2 & A& 2 A By FAE ghs HojFa
Rom, B FuEAFE vl & At 2 JEE ofY

.

rl

3

2. Microcosm M|&H & 2%

T 7R L9E Ade ESF 150 g& AFEEFY, 250 mL serum bottle®] Bo} Microcosm=

A &bsto] ekl oju 3] ot E&AS Fo]7] $|El| Teflon-line¥ septa’} F-2He 7S



A Al T 77 LAES
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AL

o]-gato] 3ol ot &S HAasskloh
A A9 100 mLE] headspace® T oM, Bid EYS 2T E ARSIt =3 A
A AFEE fal 2 2o R 2E e Ao # APA TN BojA = ARe

=
2708 #Akg o] Htghs ARSI Y 1% 12 Microcosm 2] o]t}

F Teflonbutyl rubber

—f———————————— Headspace

Soil
A: Serum hottle 25mL
Soil-10y
B: Serum hottle 250mL
Soil 150g

Fig. 1. Diagram of Microcosm

diesel/kg s0il~15,000 mg diesel/kg soil® <& A Qlth & Ao =
7l FEE 5,000 mg dieselkg soil 2 SFATH $HH 7F ALt FEEE T A HAU|
I FAFESO SRS 13T, 23%E AYPeF=d 4 SAxAL ofy %

Table 1. Microcosm operating conditions.

.. Diesel concentration Moisture Temperature
Condition (me/ke) contents(%) (C) 0x(%)

500 13 13 21

Diesel concentration 2,000 13 13 21
5,000 13 13 21

10,000 13 13 21

5,000 5 13 21

Moisture contents 5,000 15 13 21
5,000 25 13 21

5,000 13 13 21

Temperature

5,000 13 23 21

5,000 13 13 0
O, Percentage 5,000 13 13 10
5,000 13 13 20
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2 AFgqAME A 2 oA FAAAAREQ Alkanedt 4

R

2] NarEEE S48 o, B8 GC(Gas
Chromatograph, HP 6890 plus)E ©]&stith T =49 =4S WA 98l Teflon/rubber
septa 40 mL vialoll 23 WO ZRE 10 g0 ESS AFH S & vl Z methylene chloride 10 mLE
W3l 12A7HE<E 190 rpme] £ wRkA oW IFEL Hat 98%3th FF &9 syringe®
AFH ko] HEE ZE(Whatman.Co)E ZHE 5 GCol 1 wE T3t £33l st oA 9
Alkane> Z}7} A2 v13 W 97F 27 wiEe] sk 2xielA fEElstr] Qe 27 W 2%
(A0CT)IM HF &5 (250~300C)7HA MM 38] Gz om of Ede 45 fl8 AHSE GC

o
® 29 2o 3 v Ee] s 4 =Ho] AAR wEt AR s A2 TCD

|

—

BAazAL

S0 &
AEE Aol Bostn
Table 2. GC condition for Diesel, TPH & Alkanes
Parameter Condition
GC model HP 6890 plus
Oven Initial temperature : 40 C
Column HP-5 5% Phenyl Methyl Siloxane Capillary 30 m X 32 mm X 0.25 um

FID detector
Detector Heater : 300°C, H2 flow : 40.0 mL/min
Air flow : 400 mL/min Makeup flow : 30.0 ml/min

Mode : Split

nlet Heater : 300C, Pressure : 5.11 psi

L}, Diesel 2! AlkaneQ GC =AMZA1} of

2= U4 5% 8720 mg/LE GCE & = Yebdl Aoz AFAIZF 30-46 minZ7hA]

Agk 4
peak®] O ZHH diesel®] FEE T8I

A
=1
=
-

9 =

FID1 A, (SUMSTDOZO015.0)
pa ]
180
180
140
120

100 o

B0 o
80 o
a0 4
20 _,__,_AJ .

o T T T T T 1
20 30 40 &0 mir

Fig.2. GC analysis of diesel



% 3% alkanes F% 6244 mg/LE GCE A3 A5 vekd Zlojth ol z+zte] 4 &
A A el whep UrER Sl

FID1 &, (SUNVSTDO2021.0)
pA

250 o

2
=
. o
o
200
150
100 o E
E E
s0 o L I

Fig.3. GC analysis of alkanes
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OAag o9y dFESS d3 YEF(In-Situ Biostimulation) 2.2 ] 2]317] 98 7|45
g 47 95t Bt BEYSE, UA &, AAFEA 5] 7 dakEe] @4 nAEe] g4
T 9 oA 2ol oust g = AE gotatr] flste] A A4 soil microcosms 43t
Stk 2 AT A= soil microcosm A3 S Foko] 1) oA A S 2) TPH A8 & 3) Alkane 2
n

£ 4) AEa &l A3E7F ¥ = n-alkane(Cs-Cx) @ isoprenoid(pristane, phytane)2] H|E &3+ A&
5

A

& 5) n-alkane¥} TPHS] #EH] A& 2 FE A3 % 6) microcosmU] headspace2H-E 0,5 =7
sto] SAE FEE PR ORE 3 ARAE & Toete] A EdmAEe ok tA Hael
At 7 A= A7

A% ANSGLA etk B AT Av AR £GP S AT oz
9% stgort, AR Balel €% A%E st 93

%
2 & PuE ohiold TAdx A%E mEHLh

LR 13T, AAFEA Adas W] ArsER 283 FREES 13%2 A fA
3]

w4 A3 gale] BEs TPHY $EE A= Ao dgon e 2ag 9o
TPHE] A& %® #Esqdc
Hl LA Al 500 9 2,000 mgkg O ® &

o e
rlr N
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e
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L e
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5,000 %
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] o= 500 mg/kgll AF 27.9 mgkeZtAl A8 2w 2,000 mgkge] 7-$-%E 28.4 mg/kgZhAl
FAch A 5000 2 10,000 mgkgd 5% oF 50%2 AAEES 45 & ASS HAG &

Diesel(mg/kg)

0 20 40 60 80
Time(Day)
(a) Diesel degradation
12000
S 10000 —é\ﬁ;\\h
=
‘g: 8000 |
~ 6000
s
2000 F
0 LF—t—r——+ + 1 SR
0 20 40 60 80
Time(Day)
(b) TPH degradation
—e— 500 mg/kg —+—sterile 500 mg/kg
2000 mg/kg sterile 2000 mg/kg
—¥— 5000 mg/kg —e—sterile 5000 mg/kg
—8— 10000 mg/kg —8— Moisture controled 25%
sterile 10000mg/kg

Fig.4. Diesel and TPH degradation with respect to concentration

otr 7] f8ke] 34 ¥+ 1F%<Q1 10,000 mg/kg L.

S itsheo] Tl Al R m = JFgS &
2 LAAZ F e microcosmz dLbel TS Thele] SRS 25%E F7F A F s
S At wekth 1 A3 R8RS 7M7) microcosmol A 9] T Al R go] RS RS =
AobAl ok Aol vls 19 49 (a), (b)lAAH 20 H = BH}—E— TAEES Holw USS &
QEd FETF W 5000 mekel] AR O & FESEE UERL ol g nAE
of 9% Eok Al Rajo] Z JFAAYS HojFE ol ik FRege tAR Tt TPH
Aol o & 9%E v A

= Z Yebt=d 29 49 (9 b))l & 5
o]7del A¥e] Ay} 29 7IFQ 2,000 mgkeoldte] FEolME 13T 2



£9] a7t HgHE e9SelslEelste] A

o A9 50%e] ARAES AL S S

ko7t Sle= & UATh

st 3ol o3k 1,084 diesel mg/ soil kgo] @ FH Efo] JLE HIE vAE HF, 37
Te AT AT 88U F 2 mgkgl ® AEHSUL 53] HEH Z7|7F TPH Frae] @z oleh=
Ay} =gk B o] Qlth(Dass], 2011, 2019).

dtr oz {79 AWl AEXZE  n-alkane, isoprenoid 5©| A& TH(Mohan, 2016). °©]=
n-alkane(Cy-C)°] W2 542 2 dF34 isoprenoidE M| £ & F7|2x5d U2 F4 &3l
7Fest7] wiiolth webA 2 Ao A= Cs-CnOl alkane} pristane(Ci7), phytane(Ci5)2] isoprenoid
AFE-3Fo] alkane®] #3l|l& 3 Cys/pristane, Cig/phytanes T3l AENEE dolr gkt 13 59
4o YA-F 500, 2000, 5000, 10000 diesel mg/soil kgoll ¥+ alkane®] W3S 3} alkane/TPHE
e AT
% 504 Hol= alkane®] #3ll &> tyAoly TPHE #aliet A A A s e
th vl A AFES 500 W 2,000 mgkgl E 2 AH A9 ok 17U7HA], 44~55Y Afo]of wE
7F dolwt ot vzt TPHE] T elM ghe 2] 0~17U Rtk 44~559 ¢ T] wE g7t Ao
=2 & F QA% ol B A AMEE Eo] o dAFEJoIERE AFEJ] FES}H
¥ k¥ BTEX(Benzene, Toleune, Ethylbenzen, Xylene)’d 2] 3] @tulit-Ql 7102 Az H T},
le)

=
=

3T

R

B

rLooff il &R ORI Sb 30

b A ©F7Fe] n-hexane?t BTEXE E9tstn] dWbA o ® BTEX® L+ HAWE tE 245
Hl s Al A & 7FA] 3L QI TH(Prakash$], 2020). wheba] o] A o] E3E wEe] g 24
of FwElol ¥ Tl vt Fasr] Wi YRl @ gask ofet 3ol o3
L7 g Aolgar & 4 lom ¥ o] FE 44~55U Alolof] wE AZro] b A A ek
Ag % & 9l
4000

g‘, \'_4——1—_—

~ 2000 T

©

c

IS

= 1000

<

O i W SRR ¥ } 1
0 20 40 60 80
Time(Day)
—— 500 mg/kg —+—sterile 500 mg/kg
2000 mg/kg sterile 2000 mg/kg

—¥— 5000 mg/kg —e&— sterile 5000 mg/kg

—B— 10000 mg/kg —8— Moisture controled 25%

—=—gsterile 10000mg/kg

Fig. 5. Alkanes degradation with respect to concentration
3% 32 F5ol WE n-alkane WAl &S WERH A O E oA 500 2 2,000 mg/kgS] #kel 091 A

& 559 ¥ 549 alkane?] Ftol 0 o]U7] wiEol™ 5,000 mgkgel A-F tlA3} TPHO| &3l el
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A 17~449 0l 7HE Fal7h wEA YEelbd A3 2] alkanel] A9 0~17U AkolellA TS E ABE
7 dAtsS & F AT o)A AFmelAAT U B ot 3ol Ty AE
o vlal 10, 2vf o]/l vlAo] ghfrEo] Q17| wjel tlAle] x3hE A= AT o
27] wjiel Ao At ETh 10,000 mgkg® 29 E AS e

Lo Bl AAY 1744 Afolof wE F-3)

o ¢
ftlo

f

32 o
5

Table 3. n—alkane degradation rate with respect to concentration

Time(d)
2 5 10 17 24 34 44 55 65 75

concentration

500 mg/kg 0.2297 | 0.2537 | 0.1075 | 0.0873 | 0.0720 | 0.0673 | 0.0457 | 0.0000

sterile 500 mg/kg | 0.2777 | 0.1350 | 0.0964 | 0.0988 | 0.0944 | 0.0918 | 0.0913 | 0.1054

2000 mg/kg 0.3501 | 0.3965 | 0.4888 | 0.5626 | 0.5635 | 0.3532 | 0.3142 | 0.0000

sterile 2000 mg/kg| 0.2625 | 0.2642 | 0.3128 | 0.3234 | 0.3233 | 0.3321 | 0.3338 | 0.6311

5000 mg/kg 0.1967 | 0.1986 | 0.1997 | 0.1996 | 0.2009 | 0.2046 | 0.2081 | 0.2129 | 0.2141 | 0.2181

sterile 5000 mg/kg| 0.1964 | 0.1837 | 0.1863 | 0.1905 | 0.2010 | 0.2013 | 0.2044 | 0.2095 | 0.2111 | 0.2175

10000 mg/kg 0.3722 | 03781 | 0.3678 | 0.3859 | 0.3614 | 0.2700 | 0.1814 | 0.1842 | 0.1787 | 0.1835

water ratio 25% 0.2700 | 0.1740 | 0.1925 | 0.2311 | 0.2644

sterile 10000mg/kg| 0.3429 | 0.3786 | 0.3647 | 0.3750 | 0.3820 | 0.3838 | 0.3913 | 0.3706 | 0.3586 | 0.3661

a9 60l 7} s&e] mE Cyq/pristane, Cig/phytanes YEFU ST Cy/pristane, Cig/phytane®] k-
500 mg/kg? 7% 0~0.68°1™ 10,000 mg/kgs 0.9~1.25 YEFASITE Alkane/isoprenoidS WERH 1
6ol 7HF Ak dojd A7 alkane®] A7 e Zou; 1 gko] g o® #e s
ek 4= Qlt}. o]+ n-Alkane® .U} branched chain alkanes® 37} © =¥]7] w&Eo|t}, TESH
Cys/pristane, Cig/phytane~ U]AES| n-alkanes AH oz HA EIsEZ A7ko] Xd+5H

n-alkane®| 7FA3}7] wiito] 1 gto] Aoz ZHolx|i= o7 Fkw th(Al-Saleh, 2017).
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TETH 15%2] 4% tA el S 5=7F TPH &3l
5% A5 271 0~24%9 Alelell TPHE H A2 &
T7F A9 "Hio=® 7%/\01_03‘:‘ ] o] ] o L= A 9aAA R IA S =
7HEve Riser-Roberts, 1992)A]7]17] wjZoll TPHU 2] 3] #E0]
71 e FEs Hole Zow AHHdET. 1Yy 15%2] 4
I3t 2Folr) Qle=dl o]E 15% microcosm® FUE EoFo] ¢ A
Ern @4 77 wolnh Edlel fstd B 71w ZUIAH AREAE BE field
capacity®] 50~70% oAl 7} & A o7 & A t(Pramer and Bartha, 1972). & AT+ A 3]st
TETFE field capacity®™ 14, 42, 69% =t o4l H 2 42% N B} 69%lA o &77
P & F QAT 25%8 FEIdEE T A Bl A9 AHFAHE ASFo] HAlo] ek
F2ete]l AdiAew FE29 A <ol Ao a1E Az E vk 2Ey SUtE
Ao FzE o Aoty HEFEY T Fad LAEYS] 5
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THE2 15, 25%°] Skl us)
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Fig. 8. C17/pristane, C18/phytane ratio with respect to soil moisture contents



X 4 FESFo]| digh alkane/TPHO] ks AlAb gt Aojth. w23 5, 15%2] 45 A
0.27~0.259] gto® Z W37b gloloyt 25%°] -9 0.56~0.062] #t= YERHSITE 53] 24~92<
Atolefl= 1 gtol A WEFRLC ™ alkane/isoprenoid®] LR OA A § AEd 7F F A A dojuh=
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Table 4. Alkane/TPH ratio with respect to soil moisture contents

S Time elapsed(d)
content 2 5 10 17 24 34 44 72 82 92 102 112
5% 0.2748 | 0.2566 | 0.1993 | 0.2083 | 0.2278 | 0.2318 | 0.2350 | 0.2448 | 0.2452 | 0.2481 | 0.2514 | 0.2581
5%->25% 0.2481 | 0.2889 | 0.3912
sterile 5% | 0.1931 [ 0.1899 | 0.2052 | 0.2102 | 0.2210 | 0.2230 | 0.2253 | 0.2330 | 0.2330 | 0.2328 | 0.2316 | 0.2316
15% 0.1967 | 0.1986 | 0.1997 | 0.1996 | 0.2009 | 0.2046 | 0.2081 | 0.2182 | 0.2271 | 0.2272 | 0.2285 | 0.2297
15%->25% 0.2272 | 0.4561 | 0.2373
sterile15% | 0.1964 | 0.1837 | 0.1863 | 0.1905 | 0.2010 | 0.2013 | 0.2044 | 0.2196 | 0.2252 | 0.2217 | 0.2232 | 0.2264
25% 0.2892 | 0.3299 | 0.3533 | 0.3922 | 0.4488 | 0.4678 | 0.4858 | 0.5519 | 0.5521 | 0.5671 | 0.0785 | 0.0612
sterile 25% | 0.1976 | 0.1995 | 0.2405 | 0.2363 | 0.2348 | 0.2488 | 0.2628 | 0.2835 | 0.2862 | 0.2872 | 0.2862 | 0.2867

2% 9= 247 O] microcosmOl Al 1129 9] chromatograph®] W35 YERU L 9l o™

RGP B4 alkane FE7b A7 Fastn Gk A& 95 ok
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Fig. 9. Alkane chromatogram with respect to soil moisture contents
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9 112 %o W& Cyy/pristane, Cg/phytane F3tE YEH Zox &%= ¢4, TPH,
alkane?} o] 23T 97} 13CE] ARt HalEE7F w5 & F AUTh ¥t o= w3
T vAE o] &L 2 ~ 70CA LAsH A= 5TA LAs= o] WA AA T o
S exoA &3l at ml$ =g &8 ¥ ok(Bhatia®], 2019). tHE2] Bk n] W E LS mesophiles
olm Ho AF2LEE 20 ~ 35CE YEh o] gsfaea Eaixbrt o] WMol 7 s
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% ABSTRACT =

In-situ  Biostimulation was considered to be a feasible approach to remediate petroleum
hydrocarbon-contaminated soil from a site near gas station.

The purpose of this study is to evaluate the effects of physical parameters on diesel biodegradation
in diesel contaminated soil. The parameters observed are concentration, temperature, moisture contents,
and electron acceptor(O;). The amounts of diesel compounds remaining in soil were analyzed by GC.

The results showed that diesel were degraded faster at a higher temperature and moisture contents
than at a lower temperature and moisture contents. However, concentration effect study indicates that
diesel were faster degraded at a low concentration than at a high concentration. An unexpected result
was that the optimal concentration of oxygen for the diesel-degrading microorganism in these soils was
only 10%.

The optimal conditions for biodegradation of diesel contaminated soils observed during diesel
degradation experiments were under oxygen concentration of 10%, mosture content of field capacity of

69% and a temperature of 23C.
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South Korea and the U.S.
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ol BRIF] ¥A W wFE AIAA JiRle] By F At Vst eS il & ¢ gl
S 7HALE AARTHE (&Aoo bR AQd A EA(trait) . (HEetE ATAE0] 9loH,

o] =
olyst EHZAMC A= A (dispositional gratitude)= o] v] sk}, o %4

O % Watkins &
(Watkins, Woodward, Stone & Kolts, 2003)<> A &S S olo Ut unta& Asts IS
N 3}ekA . =3k McCullough, Emmons$} Tsang(2002)2 7Ad &S 2FAalo] G2 FA A1 43 3
Aol thE AbEe] HE HdoE IAEtY SHA Q) AH o ® whEete Atstd AP0
BB, ol AT A B Aol Aol 7w Qi 29 A 9k 2|2 ok 7+
AR RIS 1A BkE A AT 1A S, YAdelA LrkgE 7= A A S, vk vk
< X293t A SUS 2T 1H T e AS(Y7 &, 20100 AAFSETE

2 e

Al YERA R ALS] o] mhet T2 A R E 3L QT o] of wh
g} @ @ ol 2}E(Bono, Emmons, & McCullough, 2012; Wang, Wang, & Tudge, 2015)2 7FAbel tf 3t

] 2to] 7F QA gk Agdol ettt Fskith Esthel wE b d 2
2ol S o E AFE A K, Boehm 5 (Boehm, Lyubomirsky, & Sheldon, 2011)2 FojzpE0] 71
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2. et=1} O|= Otszt FAH9| ZAL B2 7Y

=7k, 9, Aol W2 Sy w5 obm 3 FAde] A Bl §¥S Avny] g8 2Axg
AR S AAE Ao < 2>of AlAFHo] Sl

WA Z7h= 7Rabe) A 68, = odolF] AL TA|E AL BAE DAl BT SoF Fi
B2 morh v olEy Yadel Ao oA AN B=-1.50, eB=22, p<.001), a2 7FA}
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AR 2 HlES A FIheeh L 10410 5% Y == ekebek F 18% W =] HIE&Rl 12~ 134 Al
715 AA 14495 A 6% =] W vl &= YErkth v)5r o] Aol 7Hed 28%E YR
Aol ZhAl EH o] Hloﬂ 45%° ST} o] F A% Zrastd 144 wels ThAl 43% A=
, 104] o] %7€ F vyt IA7IAEL] AdojF AL v &S &A%
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8% FAA Fhake]l B v &S 1140l 80%7HA] A KA o2 ST}
¥ SSNAER FAHE ARE Wtk wFY el 749
E@o] 134l 48%7HA FET F7HE H ot 1446 2% Fad

37.0%). 3o
skt 124
15%% YHEbd A
= Sl b}E‘r‘;kD}.

o}LL

<E 2> F7} A, do| e SR 0|3 ot Fado AL EH 7

A 58
Aoj A AL TA A A HAA A
oA ki B SE B e? B SE B e’ B SE B e?
=7} 1,50 18 22 - 8Qk .09 41 5%k 11 233
1 A .19 96 1.02 -.05 .04 96 0.15%* 04 1.16
] -20 .16 82 14 17 1.15 -24 16 79
Z7F x AE 2k .83 1.13 39 37 1.48 6%k 94 1.17
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* ABSTRACT =

Gratitude is a socially desirable virtue that is related to well-being at both personal and societal level.
The present study took a developmental perspective to examine changes with age in types of wishes
and gratitude in two nations. The sample consisted of 229 children from Seoul and Kimpo of South
Korea and 357 children from Greensboro of the United States.

Results showed that the expression of connective gratitude, which is considered the most sophisticated
form of gratitude, increased with age regardless of society. Nevertheless, the proportion of connective
gratitude was much higher in Korean children and adolescents than their US counterparts. Korean
Children and adolescents in Korea, a nation considered to emphasize collectivism and relatedness more
than does the United States, were more likely to express connective gratitude and less likely to expreess
verbal and concrete gratitude than their US counterparts. The results of this study suggest that gratitude

is a developmental virtue which is affected by dominant socio-cultural values.
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