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AT 5 A,

2 dgoa fof 'EFRde' = E2¥ & (Chlorella sp.)& X33IE ZXFE o|Fofx] AESA JHFAR
A7) 298k (Chlorella sp.) ExFoe F292k ol Egte}(Chlorella anitrata), F=2g}l Q23 E 7}
(Chlorella antarctica), =@z} o}$-#dlon|zltj~(Chlorella aureoviridis), FZ@# 7Acth(Chlorella
Candida), Z29g 8<% dteb(Chlorella capsulata), F=Zz} o2 7}El(Chlorella desiccata), F=#Az} A
Zoldlo}(Chlorella ellipsoidea), SE@et o241 o] (Chlorella emersonii), =2t F27}(Chlorella
fusca), ZF=Ae} F29} var. ©H-FLE}(Chlorella fusca var. vacuolata), Z=2@Ad ZFFIE=Z}
(Chlorella glucotropha), EZZ&} ¢15FA| 2% (Chlorella infusionum), EZ@Ag AFALF var. SEZ:E
(Chlorella infusionum var. Actophila), SZ#z} AFAIF var. oF-A|l=Z & (Chlorella infusionum var.
Auxenophila), EZ#g A&EH2](Chlorella kessleri), 22} FHH| Y2 (Chlorella luteoviridis),
=gl Feougts var. obf-#leH|EltjX&(Chlorella luteoviridis var. aureoviridis), S=Z@e} FE|
enY 2 var. FHAA(Chlorella luteoviridis var. Lutescens), ZFZ @&} wjyo}lel(Chlorella miniata),
Sz 42} nFEAuk(Chlorella minutissima), FZZg} FElFE] 2~ (Chlorella mutabilis), 22 HF=24
(Chlorella nocturna), SZ 22 3}Zn}(Chlorella parva), =2 @2 XEHZ(Chlorella photophila), S=ZZ
2} Z3Aoju]o](Chlorella pringsheimii), S2#@2} T2 EH Fo]=(Chlorella protothecoides), EZZe}
o] EAF(Chlorella pyrenoidosa), E=#et #l=ete]~(Chlorella regularis), S22z #lgga] 2 var.
vywl(Chlorella regularis var. minima), 2@} dE&adl2 var. B EJFEH(Chlorella regularis var.
umbricata), FZAe} dojAlZg o] (Chlorella reisiglii), F=@gt Al7FEZ 2 (Chlorella saccharophila),
S=zdegl A7tz Fe var. 2y Aoldlol(Chlorella saccharophila var. ellipsoidea), ZZ#z} 2y
(Chlorella salina), F=9z AZ2(Chlorella simplex), F=2#g} A=7|Yol}(Chlorella sorokiniana),
Z=z49g}l F(Chlorella sp.), F2#e} A3l 2]7F(Chlorella sphaerica), F=Z@e} ~E]aulE¥ g (Chlorella
stigmatophora), ZZ#g} "kjdg]o](Chlorella vanniellii), F=Z@e} nlg|olllg] 2~ (Chlorella variabilis),
Z=dg} B7Fg]2(Chlorella vulgaris), F=#Ag E71g]l~ o3, ElZE]o}(Chlorella vulgaris f. tertia),
=49l E71gls var. ololg|t]z(Chlorella vulgaris var. airidis), E2Z#g} E7lg8]& var. &7~
(Chlorella vulgaris var. vulgaris), 222 E7}g]2 var. E7M8]2 o, HZFo}(Chlorella vulgaris
var. vulgaris f. tertia), =€} E7lglx var. E7Fgla o2, d]gltyX(Chlorella vulgaris var.
vulgaris f. viridis), Z=29z} A9z} (Chlorella xanthella), Z=ZZg ZAX QA2 (Chlorella
zofingiensis)® o]Folxl o ZHEH HEH = o= shy oS X3k AY 4 vk, vpEAsHA 2 ¢
e T AL e w98 FEAT AFolgH SHs AEA gon, FAAoR FELA APLE(99

20, WEFtE", s, Vg, Z2EE5) 3 vEEC 1 $39%8 238t AS ARgsR e, 7 wke
AstAE FEEUCZRE T S2EgEES A8 5 .

i

2 oA go] 'EM(Effective Microorganisms)'-> &7 AZEMIAELZ, FEAES Ro} FAAA
wolt}, EM2 1980 d el FFuist(the University of the Ryukyus Japan) 385 Higa gl 2|3}
%, Walle WA & SRR 200099F9 HAES T8t 2 5 53 105 804F] Folg nAE
o= 7H‘”% Aol mAE &3} agdew F{A M, Ak, a7 ENE TAEE T4 87

qo = I dgo A EME FEACA dE] AMEEH= EM AlAEH 583 AgE A ko, g
28k Al %7] ENE 105 olde wAES E¥ste AS ARSI, A7l 1089 WAES Vacillus

Laterosporus, Bacillus Megaterium, Paenilbacillus Polymyxa, Bacillus Licheniformis, Bacillus Punilus,

Z

Bacillus Subtills, Trichoderma Virde, Trichoderma Harzianum, Trichoderma Polysporum, Trchoderma
Koningiid 4 Ath. BT} vlgh2stAl A7) BN ZEIoLZEH 3 EM AALD = St

olh, ¥ o] ddo] wE Efe] Q43| EWH diste ¢ FAls] HEH]
Qo= AFAY QYA AY) (in-situ) B2lo] oiygl S HELS =23 T i
1 2e])(ex-situ) AL F A,

8] (E91 =
EgHH oz Aslet lES FHect. olu) 7] EXAM A (soil washing)S tEAQ nYYx &
o7 FUAME v Tud QLAEGRHd A& s Wyelrt.

2y

i
oZ
n:E N

Bodyged EANe AR ANSEE Agstel G AT fAF odBAe EWFHS kA
A 35S APoR WA EFUYARTE RAAA Qs oA PUAT §7] L B0 ¥
AL AAT Aok ) EPARS FYANA ASHE BFHD EPAN Yol 588 AEA %
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o, FAFOZ A M F o ot e HeElHd ¢ vk

A7) ASEE SHEE EGAFYOR s Aoja, Y] SHEE F 59 FEHoE 2H9W LYET} of
YHolx thekdt edEde &5 2¢9E LUES X8 & Ut oA D EYARHoe R AHslrt 7Mest
09EZ 2 0PARE zt= oYdEFHH o] ofd vE dEAR o9y At A 5 o, mg
AsAE FoR 09 5 LUEY F vk

A7) AJERRE FEHGEH(WHC), EA (texture), pH, n3HA o] (Na, K, Ca, Mg), <Fol2>u3ks(CEC),

o
Y,
B

71 &= (S0, (T-N), AAFEA A (NO3-N), FaelitAv. P) 2 FA(B-glucosidase, N-acetyl-B-
glucosaminidase, urease, acid phosphate, alkaline phosphate, dehydrogenase)Z& ¥ 3l= EYAZTE SA

G

2 Ao A A7) AstEe BEUEAE wEER HUIs &, A7k w2159 EYARE & A3,
ERFE(WHC), EA (texture), pH, 3HA %ol 2(Na, K, Ca, Mg), o]2w3sts(CEC), F71&3rak(soM), &4
2(T-N), A2AeEA(N03-N), FEIAHAv. P) = &A(B-glucosidase, N-acetyl-B-glucosaminidase,
urease, acid phosphate, alkaline phosphate, dehydrogenase)?] 18%9] EYAFoNA E3l7} S AL
geletgint. o5 AAAY ok 7EA O XV AE FAE e AoRE IRIHATT. &S EYAEPLRE F
std AStEE TS5 AAHNSY, T8 EYARE EslHo oy sAFAR &8HA Kite AS
o g Ut

53] FEHEFEHWHC), EAd(texture), pH, nEdFol(Na, K, Ca, Mg), Fol2n35(CEC), F71=8%
(SoM), FAAT-N), HAAEAANO-N), F&EAMNMAv. P) =L FA(B-glucosidase, N-acetyl-B-
glucosaminidase, urease, acid phosphate, alkaline phosphate, dehydrogenase): &% Z}&9] dol& A%
& 9 mAE @Yo Fo3 JFS VAE FEEO|BR, oF F o= IR VES RS XE A9,

BAA A FgAdo] HolXA Hi= Aot

ro

C& o

SO

mebr EGAIAHE QHERYEH S5 29 AAT & dod, FREFHWHO), B/ (texture), pH, i

g Fol=(Na, K, Ca, Mg), ol2nds(CEC), F7]1=F2(S0), FHAL(T-N), HAFAANNO3-N), Falit

(Av. P) % #&A(B-glucosidase, N-acetyl-B-glucosaminidase, urease, acid phosphate, alkaline

phosphate, dehydrogenase)®| F&5 A2A 7IE olet= EslAl7lE £A7F Aok, ESFANHE HEsiegs 4

st EGARE] 35S odeH, Fd S¥HE o EMNEAE I AT Feode FEsts 24
OO

oMt o] dgte A B FREFH, YA, Ca, SO R EFare] fgart opyld 4 gt

Weby B oagel At EHOR dstEt EYAE 49 Bargla, ool oja Felus
A3 B¥o] o] Fold F AET Ao EPNPAT ATse], EPdon 4oy Ashze] dsd A%
e s ABA e a0l . olF g8 Y] EPAEEe] MePES NFos FaufeA, 24

(Av. P) % #&A(B-glucosidase, N-acetyl-B-glucosaminidase, urease, acid phosphate, alkaline
phosphate, dehydrogenase))E& SASH(2 &A]).
A7) AES EYAFR(FEEFHWIC), EA(texture), pH, FAUol2>(Na, K, Ca, Mg), ¥Foluslts
(CEC), H71&3= (SN, F-AA(T-N), HAAHEAWNN03-N), FaEAM(Av. P) = &A(B-glucosidase, N-
acetyl- B -glucosaminidase, urease, acid phosphate, alkaline phosphate, dehydrogenase))® ZdWH2
3 FokellA dE AbeEE SAwoletd 53] AlghE A o wigrAsHAl Fi R A9 (WHC) S 0ECD 574
H(OECD, 2008. OECD Guideline for the Testing of Chemicals No. 314-Simulation Tests to Assess the
Biodegradability of Chemicals Discharged in Wastewater. Organisation for Economic Cooperation and
Development (OECD), Paris, France)2 A& 4 9L, EAL S A% A WH 2 BESE9A EXKSF
2302, =7PlEREd; EGEYY 2P0 2 24, 205 T HEd ) (KS F 2032 Standard test

method for particle size distribution of soils, 2017. Korean Agency for Technology and Standards, 1-

f

18.; Investigation and analysis methods for physical properties of soil, 2017. Rural Development
Administration National Academy of Agricultural Science, 13-31.)= A& 4= 9o, pHE PH HIHE A}
43t SAHT 4 o A Yol Na, K, Ca, Mg Brix(2008)2] 1M ammonium acetate W (Brix, H.,
2008. Soil Exchangeable Bases (ammonium acetate method). Retrieved May, 2, 2013. 1-4)& A& &= 3o
H, %o]2w3t5(CEC)S EPA Method 9081¢] 1M sodium acetate (SW-846 Test Method 9081: Cation-

_10_
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Exchange Capacity of Soils (Sodium Acetate), 1986. United States Environmental Protection Agency, 1-
4.)& gt SAHE = glon, ESRIE(SO)S EGaeEA M Valkely & BlackH (ES3eEA4Y, &
ENEH FH5LHATY; Methods of Soil Chemical Analysis, 2010. Rural Development Administration
National Academy of Agricultural Science, 55-58)& A}&3}o] &A= 4 glo, FAAL(T-N)E& Eosisty
A 9] Kjeldahl B(EQSESHEAY 522354 ZH5AdHAeY; Methods of Soil Chemical Analysis, 2010.
Rural Development Administration National Academy of Agricultural Science, 62-66.)= Al&3le] SHE
G ogom, AMHALN0A)E EFRSFEAE Kjeldahl FHH(EFHFLAY, $2A5H FY5nst
¥; Methods of Soil Chemical Analysis, 2010. Rural Development Administration National Academy of
Agricultural Science, 81-82.)& AFg&3le] A3 & 9om,  HEA4(Av. P)S E%sIsHEIA M Bray
No.1 (=) 9 SnClel 93 =B d(Mo) FH (=) (EFSsHEAY, 52334 TH59 33, Nethods
of Soil Chemical Analysis, 2010. Rural Development Administration National Academy of Agricultural
Science, 114-119.)& Al&3te] ZAHE 4 o™, Urease™ Kandeler and Gerber(1988)2] ¥ (Kandeler, E.
and Gerber, H., 1988. Short-term assay of soil urease activity using colorimetric determination of
ammonium. Biology and fertility of Soils, 6(1), 68-72.)S Al&3l FHAHST 4 oy, B-
glucosidase(BG), N-acetyl-B-glucosaminidase(NAG), acid phosphatase(ACS), alkaline phosphatase(ALS),
Aryl sulfatase(ARS), Urease(Ure) ™ Dehydrogenase(DHA)-2> AdHbH 11 WX 13 7]x1® #HHoz ZHAst

.03 wAs A7) AR EdAm FAVE vz we] gasAY BAH ZEE ek Kehe
AFele SERS, ], wpelexk, Mar, IR, AgEelE, IR W SWE FoM duEs o=
shte] EGNFAE Aelste] &t

DA 2 BHA, Aok BEF o5 9

B ogdd o] MoE'Y eduA g B & don, 2
i o

271 3) GACA 7] AstEe EGAR FAVE HedEe] EYAR A Hl& dAHAY BEA VES
kA sk A, A7) AstES FREFHOHC), EA (texture), pH, w3Hddol=(Na, K, Ca, Mg), &
235 (CEC), #7128 (S0, FHA(T-N),  HAFERAAN03-N), fFadit(av. P) 2 &4(B-
glucosidase, N-acetyl-B-glucosaminidase, urease, acid phosphate, alkaline phosphate, dehydrogenase)
FAA AFste EGAEE d3ld AR #dd 4 9.

f

A7) A Ee EgAEr) diz A4EE e, A7) HIES ELAAE £V} HOUES ESAE G4
Hla] wAY, A 7S WSk Reke Ao, BAA Ve sPATHAA Awsts w84 veH
SRS AlEshs Aokl B 7lEeld, T 7] o8 AT

5 g
3§34 71 ok AlFe] FEsE AolE ¥EA NES

@ , e EGAE FA7 MedEY EFAE A
Hlal oF 16 ol 7tad A4S dsE Aow #AT & Ad

Ak, v sHAE A7) AstEe ESAR FA7F
SAES EFAFE A vl 1% o], 2% o, 5% o, 10% °l, 11% °F, 12% ], 13% °17F, 14% ©]
%, 16% o7, 16% o]/, 17% ©l/, 18% o7, 19% o7, 20% o1 g 49d & dou, ofd A= A

& oput},

doome 0N
ol < Wi
o ofy It

3-1) A7) BES] FEEAFHWHC) o] HI S HE Hl&) A

o ) A7) A3tES EA (texture)©]
= WA 3-3) 7] AstEe] b wAA 9
THE 2 Fadg FolA o s oS A
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o
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A7) 3-5) @A EdNEAE AV AIE 100 THEZ VIFo® 1 WA 10 THE Agste Aol vtk
star, B} vl A= 1 UlA 5 S5 AHEshe o] g sy, 7h H}%‘ﬂé}ﬂl% 1 YA 2.5 SR
g Atk A7) 3-5) @AlA EdEAs SRS ALESE Aol nlgF s,

A7) 3-6) SAlCA EGANZALE A7) AIE 100 THERE VTR 10 FHE Ashs Zlo] nigAsit. A
7] EgNEAZE HIaE AL AA ABIE 100 FHFE JFoR 10 FHF IIHE Ao
ek sttt A7) BEYARAZE Ao, Fh], ERE A A HIE 100 THEE VTR 1 T
ulgk, w2 S A= 0.5 TR vk 23dE 4= 9low, 71 wiglElAlE 0.01 WA 0.5 FEE A 5 o A
7] A3, ), BE¥EE ASuERT e steFo g wity o]l (a9 3RS FEI 4 glom HUl A
AAoltt, 7] 3-6) AT FA7|ZE 25 WX 65 &7t $55ke 65 o= A §3k= o] upEA sttt
7] 3-7) dANA ENEAE 7] AIE 100 THEE 7IFoR 7.5 WA 10 THF AHYshe Aol nutg
AsH | H£A4717k0] 6 WA 10 91 Ao] ntFA . A7) 3-7) @AM EYAFEAE HIue, Fzdg,
FH] FoA AEEE o sk oY 2 J7ZFo= 7.5 4

F ar, FHHel ALolE HAA HIE 100 -
% |

A 10 S35 A7k Aol migrasit. 47] 3-7) @AE %4717k0] 6 WA 1059 Ao
= o

271 3-8) AN EYNEAE A7) BIE 100 FHHE VIFo® 1 A 10 FEE Ash, uEA s
= EHHlE 5 WA 10 TR Agsie, 471kl 6 WA 10 U F Ark. 4] 3-8) A BN A
Aa, HH], BHE, JER2~ 9 AIuE FoA HEYEE ofn sk o & gl AuE HSE 100 F
FHE VFOR 1 FHY olUlR ol &dtelx qlof Ede] VEd] WEEy] wjite] wig- $-53ke, Hels 54
71Zke] A= GAE S FSE 100 TFHE VTR 5 T WA 10 FFN-E HUtsloF v s}
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°
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1-18.;
Development Administration National
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No.
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Chemicals
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aLsteq

FaL 18213 o]

o

)
=4

s

1=

el

Foth B¢ AR 100 g
the Testing of
BMgo
o=
H
FHEAHYU)(KS F 2032 Standard test method for

[e}
2017. Korean Agency for Technology and Standards,

for

Jo] Ao} dmel gEe =4

15 ml7FA] A9 oL
[¢)

g

=

H-1 82 (Water holding capacity, WHC)

QI & (Aggregate stability)

=

=

EA(Soil texture)
A17]

2.

OECD Guideline
Biodegradability of Chemicals Discharged

3

[<]
Qe

H

4

analysis methods for physical properties of soil,

OECD ZAWS Faste] 4

Development (OECD), Paris, France).
Academy of Agricultural Science, 13-31.).
AR 3.

A (0.1 M NaOH)
distribution of soils,

2008.
J

2

S
=

[0080]
[0081]
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Kemper and Rosenau(1986)¢] WS Hasle] =3§5tAct. EY A8 4 g& A No.60(0.25 mm)ol] Ho} =HFHF
oA &2 Ad 38 [P & Aelr FEAS 55 TollA AFRAA 7153k, A 9o §2 EYS 0.1 M
NaOHoll Al &4 AAS 883 Ayt & Aejxl dgdS 55 CoA ARAA EYS FAE 545t FHF Arky

o telste] JutAHEE F3kth(Kemper, W.D., Rosenau, R.C., 1986. Aggregate stability and size
distribution. In: Klute, A. (Ed.), Methods of Soil Analysis, Part 1. Physical and Mineralogical
Methods, 425-442.).

A 4. pH E A7|AE=(electrical conductivity, EC)
1:5 0 S48 Fuste] =883k, 50 ml FH EX A8 5 g, =75 25 nbe 7189 30~60% S+ o

Whek & pH, EC meterE &-&3lo] SAMHELSSEAY, $E2XTH FHEHAEY; Methods of Soil
Chemical Analysis, 2010. Rural Development Administration National Academy of Agricultural Science,
23-29.).

Ay

Ay 5, agA ko] 2 (Exchangeable cation Na, K, Ca, Mg)(Ex-Na, K, Ca, Mg)

Brix(2008)2] IM ammonium acetate "}HS 7|Fo & 317|¢F o] FaEFTE. 50ml FHo| EX A8 5 g
z, M ammonium acetate 25 mlE 7}3tch(azole] 1:5), F2FHIE7]Z 100 rpm, 30 CTolA 60 & ot
gl & AR E ALgste] ety 57 k&) w2k 10, 100 H] 84 &, ICP 7|72 &A% (Brix, H.,
2008. Soil Exchangeable Bases (ammonium acetate method). Retrieved May, 2, 2013. 1-4).

I:J rlo

A 6. %ol e 5 (Cation exchange capacity, CEC)

EPA Method 9081¢] 1M sodium acetate WS Falsle] 33l tt. EF AR 0.5g% 15 ml FHo| €= &, WM

sodium acetate 3 mlE @il 5%-7F wukslt}, QA E 7S AFE3Ee] 2000 rpmoll A 28F<F 9 3 & 1

F&HE WA, o] AL 43 WHEg & 95% ethanol 3 mlE Y1 <7 Y3 A o= 33 yhEgt}. o
% IM ammonium acetate 3 mlE ¥ai Wk = YA B3 & BRHRAS 2L FH %A Hol By

3
§] HFEST} . 28 ammonium acetate?) za’kol 10 mlo] HE= w51 o] gHS 1000 3|Ad = ICP 7|7
AFg38te] Na9] S =A3oH(SW-846 Test Method 9081: Cation-Exchange Capacity of Soils (Sodium
Acetate), 1986. United States Environmental Protection Agency, 1-4.).

ALY 7. EFH71E(Soil organic matter, SOM)

B 9] Walkely & Black® & 3ratsto] =asigivt. Aldd =¥ A5 (No.200 A Hﬂlﬂg%me
AepEehsaze] A 109 0,167 KCr0& 7btel £50 & F 3 2mlE W AAE S50 wuh.
108 F 75 1nLs 7Fstal &5 e ofd AR 3. FE8& A2 glucosed] ¥& dfdte] AHEIIH
(glucose 12.5, 25, 37.5, 50 mg & C 5, 10, 15, 20 mgell 31%). UV/Vis &3 F=A (spectrophotometer )
ARg-ste] T 610mmell A Bl AFSTH(ESSIEEAY, wEXEA THE59HY; Methods of Soil
Chemical Analysis, 2010. Rural Development Administration National Academy of Agricultural Science,
55-58).

)J

AuH 8, §A 4k (Available phosphate)(Av. P)
H

Bt Mo Bray No.1 (&) ¥ SnClyol 98 =8 2d(Mo) AW () S st Fd3180t. BEY Al
2 1 g% 50 ml FHo| F3te] Bray No.1 FZ 7 ml S 7beta 157 S5 5 o3git), 50 ml §FZ ek
2~40 pgo P7} SHHH = A1BNS ¥ & ammonium molybdate 10 ml€} SnCl, 1 mlE 713 & ZF2 X4

2 WE F 4 TGV 5-10% Abolo] Y 660 mol A FFEE SHHM, EEFAS A5 fAstel A4
¥ = 3 SN ESISTEAT | 52T 2H5YHY; Methods of Soil Chemical Analysis,
2010. Rural Development Administration National Academy of Agricultural Science, 114-119.)

APH 9. FAX(Ttotal nitrogen, T-N)

Boraat AW o] Kjeldahl S #1ate] sttt B AR 3 g ATl dm A EIdRu 5

g¥ Tt 15 nlEs ¥ %ﬂgéﬁﬂﬂ.ﬂ?~%ﬂéi%%%ﬂ%@7gﬂﬁ,ﬂ% 0 & v 2xx 7}

defar &3P ehnd ¥ 1A AR adelA Feldith. ol Als Ao gl S mw @RI e
ol Eehadd #eEds ¥u AE SHFAACN w4

Kol
5 Z=F5 70 ml, 45% NaOH 60 m
AdE FEF Eolle EFX

2L
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Y& 2% HBO; 30 mlE 250 ml AHZbEeh2==e) 7hsle] AR, Az-EeksFe F/FAo] ¢F 70~100 ml
AL =W gojjaz fE&ES 0.1IN I,S0,0.2 HFAe] FHdo] F3Moz uty= H7kx] AA o (EGsIshEA
W, wEATH FHEAHY;  Methods of Soil Chemical Analysis, 2010. Rural Development

Administration National Academy of Agricultural Science, 62-66.).

o

Adu 10, AAE)AA(Nitrate nitrogen, NO:-N)

EgstetE Aol Kjeldahl SRFHS Farste]l st EY AR 10 g& AH2bEek==0 FHskar 20 KC1 50
mlE 7}ele] 3087F JAEsta X2 ofxstt}, o 25 mlof sulfamic acid 1 mlE 7}8le] & EE5o|511
MgOS 0.1~0.2 g Yo, o] AR N devarda's alloy 0.2 g& "] Y3l steam cockE B2 & F44&
Kjeldah1® 3 FdatAl SFete] AAIH(ESSSTENY, $ENEH FHEGHAH: Methods of Soil
Chemical Analysis, 2010. Rural Development Administration National Academy of Agricultural Science,
81-82.).

AYdud 11, B-glucosidase(BG), N-acetyl-B-glucosaminidase(NAG), acid phosphatase(ACS), alkaline
phosphatase(ALS), Aryl sulfatase(ARS) &3

B-glucosidase(BG) el 7o ks 71F2 . EdmQABAIW Yspoldd A pp 396-398 L R.W. Weaver et
al. Methods of Soil analysis Part2. pp 823-826°] 7]Z|%¥ 'Eivazi and Tabatabai, 1988'®eol| u}z} £45}

-acetyl-B-glucosaminidase(NAG), acid phosphatase(ACS) @ alkaline phosphatase(ALS)< Stott(2019)<]
e Faste] st EY AR 0.5 g 25 ml ek @Eth@ueR FHleka A, B, C2 3E7]).
Zakaz(A, B, Ool AlFE=AIE 2.0 m1S 93, 0.5 mle 712 A9} Bolwt Y=}, mpAE 2 #F B
=t Wl 37 T, 60t widR. ol % Z; ZekA(A, B, Ol CaCly &< 0.5 mlS& ¥+
dx] e Bo gl 2.0 mlS A9 Boll WA YolFu Fo=2 Co ¥tk ¢ ZgkxAd 71d &9
5 ml ¥t 89 % 5.0 mlo] HEF oAFRA=E oﬁ}z& T} Spectrometer @ #41Hc}H(Stott, D.E.,

2019. Recommended Soil Health Indicators and Associated Laboratory Procedures. Soil Health Technical

i_l}ioﬂiz'ﬂ

W

<
9

-

Note No. 450-03. U.S. Department of Agriculture, Natural Resources Conservation Service.).

Aryl sulfatase(ARS):= R.W. Weaver et al. Methods of Soil analysis Part2. pp 814-818.9] ~7]A¥
Tabatabai and Bremner, 1988l ulz} 43} T}.

A 12. Urease(Ure) 3

Kandeler and Gerber(1988)¢] HWIHS Hmsle] $3)sltt. EYF A8 5 g5 100 ml AZZelrdo] 22
0.72M Urea solution 2.5 ml9} Borate buffer(0.06M, pH 10) 20 mlE Y+=rtHEE 2L 3uj¢=z 3

Control WFH§-Z+ Urea solution T4l & 2.5 mlol] Borate buffer 20 ml& ¥ WHsAIZ). A&t~ 3E v}
A2 Bz S8 Ae o2 wYdrlelA 37 €, 120 EE< wheFditl. o]%F 1.0M KCl to 0.01M HCI &
(KC1/HC1 €9%) 30 mlE YL, Controloli= Urea solution 2.5 mlE& ¥ &¥l= KCI/HCI €98 ¥ 5 wyt
7)ol A 303 uLRkgket, iﬂtL 5 AR dFEtT WAM o T ofwi|ol2 ZAET} ool ZRSEZ 1198
Ao gt HFELAS 10.0 mlZ THE F Na-salicylate €9 5.0 ml2} 0.1% Na-dichlorisocyanurate &<
2.0 mlE =ANE ¥e=u. A2 308 A7 vk, UV/Vis SpectrophotometerS AR&3}o] 33 690nmol]

A EFEE ZA3}(Kandeler, E. and Gerber, H., 1988. Short-term assay of soil urease activity using

colorimetric determination of ammonium. Biology and fertility of Soils, 6(1), 68-72.).
A4 13 Dehydrogenase(DHA) =4

Pepper and Gerba(2004)2] WFH-S Fudte] 35ttt WdE 15 ml FHO EY AR 6
A2l 7, EX AR 6 gt Y AR 2/, E¥ AR 6 gF 0.5% glucose(glucose %@.‘% =
Alg 22 Fd). ou, EY FEEHe] t2ng dER IS SANEHETHS HE DHAY 24
ARE) . Zbzbe] FHel 3% TIC € 1 ml2 & 2.5 ml& ¥ § S E<fo] Z "“ﬂ-rﬁ}(glucose g9 9
B, B 49X %), Shaking incubatorellA 150 rpm, 25 C, 159zt widgtth, o] 7} FHo] 10 ml9
HPLC grade methanolS Yil vortex mixer® 419l & S 50 mlFH oJFHX 2 o 73t} (Methanol &2l A
& Aol glojd w7hx] 3~5% ¥HE). 50 ml FH 1% £NE 50 ml7HA] methanol 2 A|$-31 2 Alof Fr}.
UV/Vis Spectrophotometer & AF&3}lo] 3% 485mmol| A &3 =5 =43t} (Pepper 1.L. and Gerba, C.P., 2004,
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Environmental Microbiology: A Laboratory Manual, 2nd Ed., Elsevier Academic Press, MA, USA.).
A 1. EGAF7HOE Aol QLFEYY Ax € EGAE 4

B o] ol g8 oREY
A 9y <K ESA 2t
2 A7 299 AMAAEY LYPEE ﬂﬁl%}ili %‘&8}3, 75 m ©]3Fe] MM ERRS &
75~2000 mme] LPETFS ALE3IT. AV SFE 3% FAF £aS 1

rpm)3t o | AlZ&dS AA] Yt AR 3H AlFH e 13 Al tH(AHIIE Alx).

o
AP o= %

(l ol
ot
ol
ol
2
S
!
24
a2
O
HU
B
[S)
rf
L
O+
R
i
2
)
h=)
(.
-
ofe
o
S,
=)

A
2,

w o il
ol
ot

}o

dedt AAE T3 Axd FES] dstEl EAS otetr] fla S9dFAY 2] HedE(dHET), 24
E, AEE AFHslon, AFHATF Ed diE] EFATHAEHA Wb @el FE(ICP-0ES WMoz 4
sHE vEe 87738ty EAe 7 5 (SR A2 (vater holding capacity, WHC), B, duekd =
(Aggregate stability), pH, EC, X¥4 <ol 4% (exchangeable cation Na, K, Mg, Ca), o]2n$tsH
(cation exchangable capacity, CEC)), H|2% EA9] 47) 3% (H7]% 3 (soil organic matter, SOM), &2

2 (total nitrogen, T-N), ZAFe] ZAANO3-N), fFa&d4H(available P), EXar EA9 7/ S&E(B-
glucosidase, N-acetyl-[B-glucosaminidase, urease, acid phosphate, alkaline phosphate, arylsulfatase,
dehydrogenase) # &2 EYARZE #Alste] 43t SAS vla Frtedltt. o %=, =gy, Alss 54
of EARL =y AN FariddA Algeta = WS oA, AVl EGAREE Al 1A
# U= Sgsgon, Azl SguEe % 10 gesdch,

Z 1
EdA R AV (RS E)
2o g I EEREL
=78}t a1 -2 (WHC) Gravity drainage (OECD, 2008)
EA(Soil texture) KS F 2032 (KATS, 2017)
Soil physical property analysis (NASS, 2017)
g Kemper and Rosenau, 1986
(Aggregate stability)
pH 1 : 5 H,0 (NAAS, 2010)
EC
X8k ol 1M ammonium acetate (H. Brix, 2008)
(Exchangeable cation)
ol g5 1M sodium acetate (US EPA, 1986)
(CEC)
H &% EdH7] & (S0M) Walkely & black (NAAS, 2010)
A4 (T-N) Kjeldahl (NAAS, 2010)
A2 A A (NOs-N) Kjeldahl distillation (NAAS, 2010)
R A Bray No.1 (NAAS, 2010)
(Available P)
Edas B-glucosidase Stott, 2019
N-acetyl-
B-glucosaminidase
Urease Kandeler and Gerber, 1988
Acid phosphatase Stott, 2019
Alkaline phosphatase
Arylsulfatase
Dehydrogenase Pepper and Gerba, 200415

¥ 25 EYANZ EJdo EAWMIE =AH3I Aoz NS(non-contaminated soil)E B|LAE(HET),
CS(contaminated soil)E= 29X, RS(remediated soil)E E¥AZ 7Moo R A3ty AHIEo|t}, 7] & 204
xFAA 71F, #xgok 7ol
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* 2
[0112] ©% 54 MledE| eE | ASE | (Meq | (29E Ak A ABY 7
(NS) E-As | -AH3E) | 44 3=
@ ® 12 Zell Fel | man
= |WHC (%) 24.31 19.94 [18.85 |-5.47 -1.09 0 NS
;i EA Sandy Sandy |Loamy |- - 0 NS
= loam loam sand
B Aot = 20.2 32.3 23.2 3 -9.1 X NS
pH 5.35 6.34 [3.26 [-2.09 -3.08 0 5.5-7.0
4.58.0
EC (uS/cm) 89.89 | 18.73 | 353.67 | 263.78 | 334.94 X 9. 0000] 5
1,000 ©]&}
XA Fol& Na 0.072 0.089 |0.048 |-0.02 -0.04 0 NS
(mg/kg) 0.15-0.50
A8 Fol2 K 0.157 |0.155 |0.088 |-0.07 [-0.07 |0 0.20-0.80
(mg/kg) »
ne/xe 0.25-5.00
A8 Fol2 Ca 1.467  [3.929 |0.412 |-1.06 |-3.52 |0 5.0-6.0"

k kk
(mg/kg) L5 o)A
A8 Fol2 Mg [0.332  [0.859 [0.892 |0.56 0.03 0 1.52.0
(mg/kg) »
ne/xe 0.25-5.00
Fol 235 5.93 7.83 |6.29 |0.36 -1.54 0 NS
(cmolc/kg) 19-90"

H [ ESF71E 116.45 (28.29 |18.94 [-97.51 |-9.35 0 20-35
= | (g/ke)
FAx 656.44 |224 197.56 |-458.89 |-26.44 |0 NS
(mg/kg) 250 o4
Ak A 300.35 [30.61 |50.21 |-250.13 [19.6 0 NS
(mg/kg)
FEA 31.86 8.68 [4.85 |-27.02 |-3.83 0 80-550"
P'Os, mg/k ) o
( P )( 8/ Kg 100 o])g-
Ei B-glucosidase 34.07 14.8 4.84 -29.23 -9.96 0 NS
(]
é; (ug-PNP/g-soil-hr)
. [N-acetyl- 15.71 13.36 |11.2 |-4.51 -2.16 0 NS
B-glucosaminidase
(ug-PNP/g-soil-hr)
Urease 10.31 1.51 1.33  [-8.98 -0.18 0 NS
(Nprroduced/g—DW
soil - hr)
Acid phosphatase 51.74 46.56 [18.96 |-32.78 |-27.6 0 NS
(yg-PNP/g-so0il-hr)
Alkaline 45.08 30.81 |[9.77 |-35.31 |-21.04 |0 NS
phosphatase
(ug-PNP/g-soil-hr)

Arylsulfatase 6.47 8.21 6.32 -0.15 -1.89 X NS
(ug-PNP/g-soil-hr)

Dehydrogenase 5.83 2,04 4.51 -1.32 2.47 0 NS
(pn gTPF/g-DW Soil)
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g vE BY243, BdEWNS), 2LAEWS), HAIJERDAA o sE HLIAENS) A= nzkol ALy A
o AEHA FPar, QLAE(CS)E 1,034 mg/kg A=HPon, AIJE(RS)INAHE 170 mg/kgl® el Q. E
FAH AT AS B3 LEYECS)ZFH d g2 T35 AAY addolgt= AS s,

3 woukeh o], i 9l Bk diteES ofst] Ho}o% % 2] EGAEE det
ATk, ol %%i%‘ﬂﬁﬂri%@r Fx 2o 3lol A Algetes w44 B Aok EYY 5A4E 2FIE

0% 3 ‘A 71 Fay. a2 A, 217H4 EGAE oA 3/ AxE Al
s gk, AR EYsidt dAtdM e FRERE, B4, pH, A ol
(Na, K, Ca, Mg), CECel™, wW|SX <z} % H3=HY. a8a EYasd AA F arylsulfataseS A|9]3h
B-glucosidase, N-acetyl PB-glucosaminidase, urease, acid phosphatase, alkaline phosphatase %
dehydrogenase©] &3}¥ AT},

2+ % pH, W% A=A, B-glucosidase, N-acetyl B-glucosaminidase, urease, acid phosphatase”}
AR EF J1 LA iz Bl A 2 G A DAl MG
2 AFE A ER, AAARAY 8IS WE JoR dUHAY. EdasE

E¥ l!i“/l s el AR B S Soir7IE T8 Qx|
eat kel o], Fo del el EAAHY Gl
g Eee UmA 187 EGA R IEEX
Eope A, B4 Fol AAd PasuE B9
2 AAAE AAH AR JE AL % 5 Ak
g As

&= 3
SAIAL, olslel Fo BN A4S 2
ieh o

hait mo

EL
[

1R ok

ot

tn

rr

Y

[

J

‘O,

EL

ftllo

5t EAAE AT & Jd= da des)

2 dge] 843 ET|E AMEE bt AAES FU1E AA 3F(FERZ, FH], bho]loat), F71E AlA 3
F(ALeoE, Ma, AIuE), AESH A 3F(RAE, F=2de NAAD), S8 155 A9,
A7) AAELS BF oA Airbsetds FAHe AFER AAgstgen, 24 AAEe Z3ted 2 n
S BEAS #4357 39 YERNRIT
¥ 3
=4 F714 A A F718 AA H & A=A AA
JE | #lo]L | EH| AL | M| A3 2| FE2 | EM
Lt 2} glo] E aE = B A A
| B | = - - - 69.10 [ 72.11]56.87| - - - -
=) AE - - - 28.79 |25.34]38.30| - - - -
g} HE - - - 2.11 | 255 4.84| - - - -
3} pH 3.91 | 10.14 | 6.98 | 6.91 | 5.69 | 10.09| 7.16 | 6.40 | 6.73 | 7.52
EC 0.17 | 1.43 | 4.47 | 0.12 | 8.55| 2.05 |110.40| 3.30 | 3.51 | 6.35
(mS/cm)
X34 oFol | 0.27 | 0.35 | 11.24 | 8.46 | 2.28| 1.95|23.56| 5.75| 3.62| -
Na (mg/kg)
X 8kA kol | 0.27 | 13.88 | 4.26 | 6.44 | 4.42| 0.14 [149.36| 4.44 | 24.49| -
K (mg/kg)
X8 ol | 3.92 | 0.51 | 18.04 | 9.92 [19.31| 1.62 | 0.59 |18.21|18.21| -
Ca (mg/kg)
X3k kol | 4.45 | 1.01 | 41.75| 21.37 |19.43| 112.3| 10.93 |57.88] 6.28 | -
Mg (mg/kg) 8
CEC (cmolc/kg) - - 10.83 | 44.82 | 2.87 | 2.50 | 8.84 |65.61] 9.67 | -
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H] Q=R 44,06 11.00 | 51.78 | 1.79 [12.43|35.93| 19.21|47.09|72.23| 3.36

% (g/kg)

T | F84 (mg/kg) - 0.20 | 1.69 - - - 110.49] 2.35| 8.53] 0.01
A A A - 0.39 | 0.70 - - - 119.82|3.64|9.25| 0.15
(mg/kg)
fFaclat - 2.66 | 5.34 - - - | 52.08|0.69| 7.66| 0.00
(mg/kg)

oo, Rf Sl ole olfE B AT B

= F(HEAMN) 11%, S12HP) 7%, ZE(K) 10%, LEgO) 2%,
Hom 958 £A8 vehie u, 9% AR B PP

Y] 3. ARERS 84382 FEotd 398 BAERI)Y A=
b AHelE B3 FHERDY A4S AAA FEo HEAIY] AT ERARPHBOE FEIA
ks 2 sk, ool JHERS)S A A FEoz FBAYY S8, ¥ wyel answ
Hgatagt .

2 AfdeAs EAF R AHstd AIERS A e AAES s FFH(AHSE 1500 g& 100 THFF*
2 39, 1.0 TZF5, 2.5 TFHF, 5.0 TZF5, 7.5 TFH, 10.0 TFH)o2 AHesta, FE3] wisle] &5
MVHC 50%2] uts FoJsta s § 10575 43519, st AAEed o H98 HAERDS)E A|%3F

&
Stk 471 A7) RARRE OH BEPARE BN, A2k BARRE 5ol Uehisis. Ame

AHAE F 33 o|FofFon, AAE Folgh AP RFE 25(1%; 1st), 65(22F; 2nd), 105(32k; 3rd) AH
3o l"i:*d 3ATHn=3). A7) E%o SFEIFOUWHC 50%)S AAEXES MWHC FA 40-60%2  ILe]dho]
Asgink. olw ASFE(RS)ol E&jol ojw gt AA = FolatA] e e tRaToR s, ASFERS)C &
FHl s (Fertilizer) & A & FAHETORE S8t 549 EE ESA R digh #4434 = 1 A
% 21 YERHISITE.
Z 4
£ 718 AA 718 AA v = A EEA AA
JE | #lo] | EH] | A& | M3 | 43 BEHE| F2 | EM
=P 2=} glol E A= A} | AA
& WHC @) @) O ©) O ©) O @) @)
g EA @) @) O
3} Pt = @) @) @) ©) O ©) O @) @)
8l pH O @) @) @) @) @) @) O @)
EC @) @) O ©) O ©) O @) @)
A 3Hd Fol @) @) @) @) @) @) @) O @)
CEC @) @) @) ©) O ©) O @) @)
H] ESRIE @) @) @) @) @) @) @) O @) O
X3 e @) @) O ©) O @)
= AAE E A O O @) O @) @)
a2l @) @) O ©) O O
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E | B-glucosidase @) @) @) @) @) @) @) @) @)
oF N-acetyl-- O O O O O O O O O
& | glucosaminidase
2~ Urease @) @) O @) O o @) o o
Alkaline O O O O O O O O O
Phosphatase
Acid phosphatase O O O O O O O O O
Arylsulfatase @) @) @) @) @) @) @) @) @)
Dehydrogenase O O O @) O @) O @) @)

=1 WA =2l EAFeR 12 HUE AERS)C GFE AAE G

F(1), 67(20), 1073 E A8E AFste] 744 EGARE S48
E A &, EFARY IEFES BASE slow, FEY EGAR T HAEY] EYAR FAE
W Ao}, gehde F4 A (cultivated land) 77749 sk 715 (upper limit)ol™, &t HML 54X
A7 shet vlEAdeln, witAe ok E(field soil) AZAAL g 7|EAdolw, F3A MM Qof B
& A8 &g 7EAdS rdt. = 12 FEEFHEOHO), & 25 B, & 32 dUddE, = 4= pH,
T by MAVHELE(EC), &= 62 w3 Yol Na T 78 wdkA Yol K, & 82 I Fol Mg, & 9+
WA do] Ca, & 102 CEC, & 112 EFF7IE(SMN), = 12& FAR(T-N), & 132 FAaE 4 (N03-N),
% 14+ H@c<l%H(available P), = 15% B-glucosidase, &= 162 N-acetyl-B-glucosaminidase, &= 17
, = 2 acid phosphatase, %= 19% alkaline phosphatase, &= 202 arylsulfatase, = 212

% 1o UER uhe} o], ASE(RS)S] FREAH O 14 ﬁfmz HA¥A7)E AAE F72 A F

IN% sERs, velest 2 FRddehs A Slskdrt. 53 A4 ARERS)S FEL 100 FFIL

W, ERxsh vleloat @ FmAehe] Wikl FAUSH FREGHAGHOS 5% &3} oA 5 =

A9l e AAE ma FolHow ¥ AL FAsAT. FA AAA ALolE, Hu, 4 »

oS ke A Helstlth. BEHE 94 FRRA 9 FBEtE s e

EGAH Yo ohd AHERD)Y FRRAY RS AL JERS EE vlolox wi FRu}
= o] wpgraekel, woh wpRAelE 7.5 WA 10 SR, 10 FUR A2

H
X
(e}
ofy
ot
4
my
N
)
i

”

20 vERd nRe} o], B FUE AA (A&l E, Aa, AIuE)Tre] fojgt aE vEUY. T
A AA AeA AES B steFo] &S Loamy sandol A R ko] A& Sandy loame ® W
AL ol r). olFoME ALeto|EVF 7H adtyolete AL Folsitt.

3ol vpebd wpel o], Skt (aggregate stability)o] 35S fair = S-S AHEste Zlo] nig
JE2 dEMAEE Fodo= EUﬂ HAaATNAY B4 a3E YE

GA PRt 2Fom gadvla QAR 3PS FEsE AL Fsgenz, qu

ro 2y
_|Zi
o
u
—d
TN
Y

o= XN M
o 2

A e s gol, ) e Ak
2 7)ol kol wel phe s o

= 2.5 3P wrﬂ—z Aol wigAsln, AgnEE 1.0 3%, 22
WA si. dur 2madee] 49 10 F o4 48R Ageln FAX
A7 AHgANE AL e Aol A, olFolE HH] 2.5 FEEE St Zo] Qo] e
NEAA BF WSS g WAE FBANTGE HelA A uhEA s,

fr &k
M s
A
[o
o
0,

ol
?

3]
a}
/11

o‘:o i
o [Um
e
)

= 5ol VERd dlel go), madkel H/NEE(EC) /1FS WA Zelw Azel A% W Az Qe v
Ae § RS FA AT WAL Ak, webd £ AIAEEEOE AT FEOE FAsE Aol
Fostth, B ANES EFAHoR 45 AHERD H4F 23 Hush BPHE: de gomw
$AASH ool AREe 2AFmE due FS Wrshs ol mEAS. =9 Zzdest 43nEs
olgat= Aol Jbg mEAstE A2 HAAsgon, W) Fudest NAnEs ARE 100 FVE 1EL
214 1 3, WgABAE 1A 7.5 S AHEE S gdon, wd weEsls 1

0 T da
WA 5 TFF AREE S vk ol9le] g AAES ARERS) N HEA STtEATE SAY ke wet =
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o
o,
o2
S
o
=

= 7o) Eht kg o], w3 © A JlFoR voleasl AN ARHolg, weAs
Ae FRae A2 4 5 gk, ) FRAGE JHE 100 FFRE NFOR 5 U4 10 FFP A7HEE
Aol vhgrdeteh. Bgulne Aol Ao FomE FAW /S UEme Hrie wdol &

b By nRt SRdeE A8ss Ao v,

Cat= 547 % odof Eoke] slFel Mu, Hu], NHnE, P}
= A gahs gl masithe
Aoz fgdnt. FAHCR A3aEE
Hu), BREE 5o g

t
1 E35 v, s 0.5 FHY
A3 a1
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oo oYl o
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T 110 vepbd mpep o] EFRTI= (S0 F71d AlAeE AEsHA AAZE a3l Aem vehd=d, o
o

b HlESE FARE EhE ehgom, Hulsh BHERE $4
gerol F7kahd, Aol WE w3 el w3

|
@ Aoz At d
Bhp el
% 139 uvERd vbe} Zol, FAH

deRten, EAEAe) g n
oz gl BipAe Ak ekl

i

A(NO-N)= Bl sl s vhas whxnt S2Eetel Hul7p g344Ql Zow

Fol UERIA @it} oy B U] w4 W mARe] @

y
o
pit
e

2
+

& 140 dEbe wkel o], RN AV, P)2 SR, EHy], SHEZE g9l Aow yeyta, Sz

b s e Hssit. 339 Bl A AA F% 100 FRLE /FE0E 5.0 F
ool AU S AAAY FANG Zuslel, od Aue] wolgn vy DY P v
et goBR, 1WA 2.5 FFRE AsE Rol g s

Egasd s EYHSES MYgsta BESES 3UE ¢ e T8 AeAFed. = 15 WA = 21
ol =

el mheh o], Egaid d4Es /M7 AsidE 228, Hul, 2WET feHoR TP 5
T ga9E Uehiddt. e s Bk W Aol okd@ol A Arylsulfatased Al9jetal 65 ¥ 4
o

dEe. SR 2 a3t sk, £3]  B-glucosidase, N-acetyl B-glucosaminidase,
dehydrogenase®] &322l Ao w g}, EH|:= alkaline phosphataseo] &322l Aoz velyga, B9
Ex Fzdgke} FHH)d B8] £%8 WA acid phosphatase®} alkaline phosphatased] &3A<¢l Aoz
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