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SUMMARY

Title of Project
Development of green technology of greenhouse gas reduction and enhancement of

agricultural productivity for reclaimed tidal soils and low productive quality soils.

Bottom ash is byproduct from thermal power plant and there’s no way to dispose except
landfill. However, bottom ash has neutral pH, low heavy metal contents and large grain
size than fly ash due to silicon/ aluminium oxides as its major constituents. Because
of these properties can contribute to adsorption/stabilization of organic matter in
soil and growth of soil microbial community, expected to reduce emissions of greenhouse
gases following soil carbon stabilization. Accordingly, we study about properties of
bottom ash, soil carbon stabilization, and reduction in greenhouse gases in this paper.
At reclaimed soil in both aerobic/anaerobic condition, bottom ash treatment effective
to reducing greenhouse gases and reducing greenhouse gas effect growing when bottom ash
treatment increases. However, in case of mixed organic matter treatment, effective in
reducing CO; emissions but there was no significant effect of reducing CHs, N0
emission. In general, as increasing of bottom ash treatment, also increasing the level
of microbial biomass. Incubation experiments using common farmland soil in the
laboratory conditions, CO; emission generally decreases when mixing higher rate of
different physicochemical bottom ash to eco-friendly materials/organic materials. When
bottom ash treated to paddy soil in general conditions, there are advantage to reducing
greenhouse gas effect and also microbial biomass increases. However, in case of mixing
bottom ash and organic matter, according to C/N ratio property, difference occurs in
carbon stabilization effects and greenhouse gas reduce by bottom ash. In soil microbial
community changes by bottom ash treatment, shows more microbial community increases

than bottom ash untreated soil and it’s especially effective to bacteria communities.

II. Goals and Need of Research

* The total area of a reclaimed tidal soil distributed on the south-west coast is
approximately 156600 ha, and the soil contains high contents of sand and silt as
well as highly saline. And drainage is very poor due to high groundwater level,
resulting in easy accumulation of salts on the soil surface. Therefore,
resalinization may occur because of rise of groundwater table after
desalinization.

e The researches related to the reclaimed tidal soil mainly focused on
desalinazation while most of the researches completed were limited to yields of

crop based on desalinazation.



e Most of the reclaimed tidal soils are used as a paddy due to bad permeability
because the vertical drainage was difficult. On the other hand, the yield of rice
is less than average of rice produced from conventional paddy although the amount
of N-fertilizer to raise yield was twice as much as that in the conventional
paddy.

e pH of old reclaimed tidal soil is neutral or less than 7 while that of newly
developed reclaimed tidal soils is greater than 7, that cause N-fertilizer to be
volatile as ammonia. however, the researches related to application of liquid
fertilizer as N-source in the reclaimed tidal soil of which pH is greater than 7
are rare,

e We need measures to make soils grow crops normally by identifying problems
related to reclaimed tidal soils because the development of agricultural
industries in a large scale reclaimed tidal land was changed toward production of
export-oriented high wvalue agricultural products as production base of

environmental ly-sound agricul ture.

Scope and Contents of Investigation

initiated this investigation to develop the modified soil structure for green

technology of green growth and improved biomass production of energy crops. To do

these, this investigation has one subsection and three cooperative sections.

One subsection(Chungnam National University) conducted to develop soil structure in
preventing salinization and rise of groundwater. To achieve these goals we carried out the
experiments such as selection of materials for soil structure modification, simulation

tests in laboratory and field, crop cultivation with establishment in the field.

1st Cooperative section(National Institute of Crop Science) carried out the experiments
such as evaluation of effect of rotational crop system depending on application of organic
and 1inorganic fertilizers as well as yield and cultivation methods of energy crops

depending on the modified soil structures in the reclaimed tidal land.

2nd. Cooperative section (Chungbuk National University) carried out the experiment
such as evaluation of reduction of greenhouse gas depending on mixing ratios of
environmentally-sound agricultural materials and organic materials with amendment of
coal bottom ash, as well as reduction of greenhouse gas by soil factors in the
reclaimed tidal soils amended with the coal bottom ash.

Participating company(SEWA Co. Ltd.) aimed to develop a prototype product which is

environmentally-sound and controlled with low emission of nitrogen gas by



investigating physical and chemical properties of recycled environmentally-sound

agricultural byproducts.

IV. Results of Research

Section Results of Research

Development of Soil structure modification for reduction of greenhouse gas
and Improved crop productivity.

Selection of materials utilized to develop soil structure for Desalinization and
Salinization Desalinization) : Treatment rate and particle sizes

Selection of materials and Development of operation processes for Soil
structure modification

Ist Guideline of soil structure for desalinization and salinization
(Chungnam & Depth of surface layer and soil structure of intermediate layer based on
National EC and theory of capillary rise
Univ. ) & Design of soil structure and its simulation test depending on height of
capillary rise and distribution of water content
Field test of developed soil structure - Establishment of soil structureand

crop cultivation
& 1% year : Saemangeun(rice and miscanthus) : Yield variation for treatment
e o year : Saemangeun(rice, soybean, and miscanthus) : Yield variation for treatment
& 30 year @ Yougsan river (chinese cabbage, sorghum, cabbage, green onion et al.

Test of yield and cultivation methods depending on developed soil structure
Evaluation of rotational cropping system and application rates of organic and

1st Coop. ] ] .
inorganic fertilizers
(NICS) Application for a patent : Expedited desalization method in a reclaimed tidal
soil using reclaimed tidal soil
Reduction of greenhouse gas (C0;) evolution using different application rates
of coal bottom ash in the reclaimed tidal land
Increase in population of microorganisms with application of the coal bottom ash
Decrease in amount of COs; evolution with increased application rates of coal
2nd Coop. bottom ash amended with different amount of environmentally -sound
(Chungbuk agriculture /organic amendment in upland and paddy soils
National With application of coal bottom ash the microbial population, especially in
Univ. ) bacteria, was significantly increased. However, carbon stabilization and
reduction of greenhouse gas were varied with C/N ratio depending upon
mixing rates of coal bottom ash and compost.
Application for a patent : Reductant made with coal bottom ash used for
reduction of greenhouse gas as soil treatment
Physical and chemical properties of envirommentally-sound recycled agricultural materials
Safety of coal bottom ash : levels of heavy metals on coal bottom ash
Participa Capacities of water and nutrient : Plant available water content (20% * 6.2),
t Buffer water (12% + 2.8)
Leaching patterns of coal bottom ash coated with amino acid and micronutrient
(SEWA Co. . . . .
Ltd.) slow-release characteristics of micronutrient and reduction of N-gas

from N-sources with treatment of coal bottom ash
Prototype environmentally-sound recycled agricultural materials low in
denitrification and slow-release used with for storage of pig slurry




V. Research Achievement and Plans for Future uses

1.

Articles published

Published Yr

Title of Article

Author

1°* Author

Correspondence

Journal

Vol,

2010

of
Distribution of Cations in Reclaimed

Soil to

Patterns Leaching and

according Gypsum

Incorporation Rate

Ryu, J.H

Chung, D.Y

KSSSF

43(5)

2010

Leaching and Distribution of Cation
in Multi-Layered Reclaimed Soil
Column with Intermediate Macroporous

Layer

Ryu, J.H

Chung, D.Y

KSSSF

43(5)

2010

Application of Stable Isotopes in
Studies of Gas Exchange Processes

Between Biosphere and the Atmosphere

Han, K.H

Han, K.H

KSSSF

43(2)

2011

Effect of Soil Water Contents on
Urea Hydrolysis and Nitrification

in a Newly Reclaimed Tidal Soils

Park, M.S

Chung, D.Y

KSSSF

44(1)

2011

Breakthrough Curves and Miscible
Displacement of Cadmium Through
Double- Layered Soils of Reclaimed

soils Macroporous Granule

Chung, D.Y

Chung, D.Y

KSSSF

44(1)

2011

Fate of Nitrogen Influenced by
Circumstances of a Reclaimed Tidal

Soils

Han, S.G

Chung, D.Y

KSSSF

44(6)

2012

Effects

soil an respiration and microbial

of bottom ash amendment

biomass under anaerobic conditions

Park, J.C

Han, K.H

KSSSF

45(2)

2012

Effects of soil-amended bottom ash
on decomposition rates of organic
matter as investigated by an

enforced-aeration respirometer

Jung, S. H

Han, K.H
Chung, D.Y

KSSSF

45(2)

2012

Division of Soil Properties in
Reclaimed Land of the Mangyeong
and Dongjin River Basin and Their
Agricultural Engineering

Management

Hwang, S.VW

Chung, D.Y et

KSSSF

45(3)




2. Applicant for a patent

Year of Country for | Application
Title of patent Applicant for a patent
submission a patent No.

Reductant made RDA
with coal bottom
ash used for Chungnam National Univ., -

2010 reduction of Industry Collaboration Foundation korea 102010010861
greenhouse gas | Chyngbuk National Univ. -
as soil Industry Collaboration Foundation
treatment
Expedited RDA
desalization
method in a Chungnam National Univ. Industry

2011 reclaimed tidal | Collaboration Foundation korea 10-2011-0010090
soil using Chungbuk National Univ, Industry
re?ialmed tidal Collaboration Foundation
soi

3. Proceedings

Greenhouse Gas Emissions evaluation in Rice Paddy by SCB Fertilizer. KSSSF. 2010

Mitigation of greenhouse gases emissions and enhancement of soil carbon storage by
bottom ash amendment. KSSSF. 2010,

Capillary Rise of Salts
Media, KSSSF. 2010

in Multi-Layered Reclaimed Soil Column treated with Porous

Characteristics of Hydraulic Conductivity in Multi-Layered Reclaimed Soil Amended with

Porous Media and Gypsum. KSSSF. 2010
Resalinization Control of Saline Soil in Reclaimed Upland KSSSF. 2010
The Assessment of Scoil Properties to Saemangeum Reclaimed Land KSSSF. 2010

3. Symposium

Strategies to

improve soil properties for

reclaimed tidal soils. 2011. Symposium for a reclaimed soils. NICS

4 Workshop

Status of Saemangeum reclaimed land and its use for agricultural soils.

rural community Corporation(KRCC).

4, Plans for Future uses

The purposes of this

investigation were to develop the

increasing efficiency of N-sources in

2011.

improved soil structure by

Korean

modification of soil layers with macroporous media such as coal bottom ash which is produced
from a thermoelectric power plant for reduction of greenhouse gas throughout increased crop

productivity. With these goals, we developed several soil structures which can be applied to

- 10 -



the reclaimed tidal land, as well as soil amendment as environmentally sound materials.
Therefore, these soil structures and materials can be used in the reclaimed tidals land such
as newly completed Saemangeum and Youngsan-river. However, it need to be approved by
government agencies such as MAF(Ministries of Agriculture and Fisheries) and ME(Ministry of
Environment) because the porous media used in this investigation is classified as general

waste which can not be used in any general uses without special permission from ME,

if these matters can be resolved, the results can significantly contribute the reduction of
greenhouse gases throughout increased crop yields. Especially, the techniques and operation
processes of soil structure modification for desalinization and protection of
resalinization can be used in general greenhouse systems in which salt accumulation is most

serious problem to be solved.
Also RDA and KRCC that are main government related agencies can recommend the guidelines of
soil modification even in general agriculture areas such as infertile soils and paddy soils

of which MAF strongly urges to change their uses.

And the participating company may commercialize the slow-release soil amendment that can

increased yield and reduce carbon emission into air.

Finally, MAF can use the results of soil structure modification in improving soil quality of

the reclaimed tidal soil.

- 11 -
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3], 2001; Y&, 2002; 2TA), 2008).
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14. Variation of ammonia volatilization with
pH
incorporation of 100 kg N ha™ as urea. Floodwater
depth 5 cm. (Vlek and Craswell, 1989)

Fig.

temperature  and following broadcast and

Table 20. Effect of moisture saturation on volatile losses of
ammonia from applied urea (60 ppm N), reaction coefficient (k) and
t12 for alkali soil at field capacity. (Vlek and Craswell, 1989)

Treatment N loss (%) k (days™) ti2 (days)
50% 62. 66 0.299 2.32
75% 49. 33 0.233 2.97
100% 44. 40 0.195 3.56
Water logged 34.90 0. 066 10. 46
Rao and Batra(1983) ARt @4z Zlold dURUop| U= AIS MR A
AFAA A1F 7.5 on BEZ ZolWol el LEUCHILTE oF 60 w4l 10% o
&3hs B¥ES K5l ork(Fig. 5).

- K1 -



Fig. 15. Effect of depth of urea application
(60 ppm-N) on ammonia volatilization from
alkali soil at field capacity. (Rao and
Batra, 1983)

Fig. 16. Capillary rise from a water
table depends on soil texture. Capillary
rise will extend higher in a silt loam,
silty clay loam and a very fine sandy
loam than in a clay, clay loam or sand.
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r(n=13)
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g% AThEEE 5~15¢ F7istel AT B ERZUae] 10~18% ZaHTh oo
+ERE B¢ Astrel AL (FUAG)0 sl x5kl ol A ARAA
& WY 4+ ot
Open site drain Enclosed drain with Enclosed drain with Moale drain
logs providing the pipe providng the
drainage drainage
i Cround surface
% %/
| .
Parous A JZ’/ Q
cOvVering B Breng _T
Emvelope o Pe'ﬁ-l:ted
Logs porous material PP
Fig. 20. Various types of drains
L E -] o & & :;}\\T? : (ronmd ourfac e I
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- - L I I
Parallel Herringbone
T c— e rl o — b '____;____“_'_-\ "1_ /‘:Z////%
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} % -] Movvement -
s of excess Envelope
—9—-—4;""' ———a— s soil modshoe [ material
— d:“ = )(' !
= S L. pipedran
‘]\ Rl
Double Main “Targeted
Fig. 21. Various drainage system layout alternatives
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(sordic water)2 = HJH

o]giC}(Frenkel et al, 1978).

o d%E 27
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(Pupisky et al, 1979).
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(ESP) =t

Rhoades and Ingvalson(1969)
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CH(Alperovitch et al, 1985).
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220r
SH

Ay
At

K= ((

7] A

S = a function dependent on the geometry of the hole, the static depth of water, and
the average depth of water during the test

K = hydraulic conductivity (in/hr)

H = depth of hole below the ground water table (in)

r = radius of auger hole (in)

y = distance between ground water level and the average level of water in the hole
(in) for the time interval t (s)

Ay = rise of water (in) in auger hole during At

t = time interval (s)

G = depth of the impermeable layer below the bottom of the hole (in). Impermeable
layer is defined as a layer that has the permeability of no more than a tenth of
the permeability of the layers above.

d = average depth of water in auger hole during test(in)

aela 45l

e

sheelAEE ghe ofel B4 o83t Tatgrt.

g3l wi4Al4=(Drainage coefficient) T3t 2 A& o] &3te] 3loirl.

Q(ft* sec ) * 1,036,800
Length/(ft)* spacing (ft)

D (in day™) =

ol-&ste] =& (ditch)ut F3dS AA|st7] 9% A2 vhaxt 22 A

flo

4K, m(2d+m)
q

Sy=1 R =& 7tA(Ellipse eq. 3-& A])
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4K, m(2d,+m
Si=[— (q‘ )]“ 9= 247 (Hooghoudt eq. 3-& A])

Sd = ditch or drain spacing needed for drainage, ft

Ke = equivalent lateral hydraulic conductivity, in/hr

m — height of water table above ditch or drain (gradient), ft

d = distance from bottom of ditch or tubing to impermeable layer, ft

g = required drainage coefficient, in‘/hr

de = equivalent distance from bottom of tubing to impermeable layer, ft

1+ d [§I7L(i)—3.4]
™ T,

Fig. 27 Estimating ditch or tubing spacing
for drainage only using the ellipse equation

Fig. 28 Determining the ditch spacing needed for controlled drainage
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1973 Lobacz o] #|A]3t

o 71 A

capillary rise (cm)

he

C = constant (can range from 0.1 to 0.5 cm®)

e = void ratio

soil particle size, 10 percent finer passing (cm)
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obel Eorel FHHE AAE3}
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Brooks and Corey(1964)
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o 71 A
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o|Btetd 4 (Soil column) A@e] A&-stTt
B SEINZTHY EYIFREAHE(1988)0] £ote] ABE AP EAJ(Soil
texture)2 XEoF2 5% Sodium hexameta- phosphate -8-<¥o] ]3] FEAHA|Zl F ASTM #1562

Hydrometer& ©|-&-3f 533} 5, pHet EC= =ol 23t 1:5 &EHOE FASIATE o]
J

=
212 2F(cation exchange capacity, CEC)< 1N-Ammonium acetate® 0.2 A3l 3, F7]1&5%

=

2¥(organic matter, OM)< TyurinH &2 EAsloivt Eoke] T oko| 222 Eokx|Fof
8% oSS 1:102] HIEE sbshn 027 AW 5 uRelste] AEAS A A
o 33 MAste] FH8A Woleg AAT T EAS IN WOl BUH 7.0) 28 A&t
R Qo] &L ICP(Varian Vista-MPX)E AHE-ste] A5ttt

Table 312} 320 ABES2 =] - #3AE S et APESS JAETF ] Ha, nlx}
2] #efo] W2 n|AMASE(Silt loam)E B2 pHe EE 7.7, AE 7.80]93%, A=
(Electric conductivity; EC)= ZE 33.9 dS n!, AE 14.7 dS n'8 =gton, xTFAHAE
Wl B 2 (Exchangeable sodium percentage; ESP)2 HEE 45 1%, AE 56.2%5 LIEIfo] A|HE

)

oS

rlo

A7l =7 2|34 Na'8taFo] =& saline-sodic soilo] it}

Table 31. Physico-chemical properties of the soil collected from the Saemangeum reclaimed land

pH EC* oM CEC® ESp* Particle Size Distribution

Soil . a1 1 " . . Soil
(1:5) dSm g kg™ cmol, kg % Clay Silt Sand Texture
Surface 7.7 33.9 1.5 7.11 45.1 ———— % -

6.1 56.1 37.8 SiL

Subsurface 7.8 14.7 1.5 7.19 56.2 -
5.4 57.1 37.5 SiL
Notes) ' : Electric conductivity: . Organic Matter: % . Cation exchange capacity

Exchangeable Na™ (cmol, kg™ ')

— x 100
CEC (cmol kg™ ")

Exchangeable sodium percentage(ESP) =
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Table 32. Distribution of soluble and exchangeable phases of cation in soils collected

from the Saemangeum reclaimed land

Cations
Exchangeable Soluble Total
K Ca Mg Na K Ca Mg Na K Ca Mg Na
——————————————————— cmols kg™t —----mmmmm e

0.7 0.84 201 3.06 | 1.29 1.40 7.55 19.30  2.04 2.24 956 22.36

0.50 0.8 1.69 2.17 | 1.17 1.07 4,19 13.45 | 1.67 1.92 5.88 15.62

(2) Aehifeb 2
Metglelze] 31etd 22 A|Z82} LilB.0,8] H| S 1:102.F E35}o] micro processing
system. T B§A|F plated BtE F X-A SLEA7](PW 2400, Phillips)® A5ttt X-
A 3] - EA(D/Max-B, Rigaku)2 Ni-filter?} CuKa X-radiationS A}-&3}o] powderH 2F 100
KV, 40 mA, scanning speed 4°/min®] XL ZE 5~40°2] HE ZA5lYc). AJMAEREMS
A|Z2} KBr& 1:992] H|&=ZE Z335}o] KBr diskE& ®M=9o] Fourrier Transmittance Infrared
spectrophotometer (MB104, Bomen)Z 400004 500 cm™” He|E A st}

2gska, of ARE
o zApstelTh olel
=gt WH O T lbar, 3bar, 5 bar, 10 bar, 15 bar YHorx] £E3ekS. Zi}5lo] o=y
1= |

o thgt EAuZ ZAbstgc),

x)5to] e ufsA]

A FE
Z3&rF(Field capacity)& st
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(1) $4UEY SeA=E H3
R 2] SHUES] WE FHHL WlnA SHUEY EFE V5o FEYL 2
ot
(7} E3+(Soil Column) &7
EFLE= AA 40cn?] Acryl column(I.D 4.9cm)of 2mm]E E2}A|Z1 EEE Table 332} Zo] 5
A BHUER FHstel WEUL EF2] Foli 20 e shadrh
Table 33. Bulk densities for measuring hydraulic conductitivities(K)
of the top soil
Bulk Density Pore volume Porosity
(g om™) (cm®) (%)
1.30 192.13 50.94
1.35 185.02 49. 06
1.40 177.90 47.17
1.45 170.78 45. 28
1.50 163. 67 43. 40
(2) 83U AT

&3
2] =% (hydraulic conductivity, K)& &AL EF FTrE >
EF2] Avtio] 10cmZlo]lE Ud42](Constant head method)E [-X|SPHA ZA}steict,
B79 ulguol ] 8545 skl A0 B34 (Pore volune)o] THE KZke] W3}
5

f
ZAtstedet. o] wf K& Darcy’s Lawoll mhe} Al4tsteith(Hillel, 1998).

R
T
olN

o|u]

il

7|14, K : Fe]|dA =% (Hydraulic conductivity)

a(flu) L2 Belze el BRse Bt Bel o

(@: &% A B3 whd)
AH o] Eo¥Zlo] ©t 4=F%}o](Hydraulic gradient)
T L7l —o=& o T
3) A5l EH| S mE AR HE g o|28F 5
AR Bt 41 Tulge] ntE Bofel 44 W SholE e wWIlIA Yol FY
HEEE BEFE BEel Borel Kt 3t U ol 8 HAE ZAbstar
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Table 34. Chemical properties of coal bottom ash.

pH Cations'
(1:5) EC CEC K Ca Mg Na
dS m™ cmol, kg --------- cmol, kgt ----————-
9.2 2.83 0.64 0.09 0.42 0.51 1.27

"IN NH40Ac extraction

Table 35. Particle composition of coal bottom ash.

Particle size (mm) Ratio (%)
4.0 < 15.5
2.0 ~ 4.0 30.0
1.0 ~ 2.0 32.0
0.5 ~ 1.0 11.3
< 0.5 11.4
Total 100.0
@ Mt e] s W o285 54

=
S5 52 10m QolE WA ASBA Ak
olef EFe] utwel s §248 Fstel ANBINel W KPS Darcy’s Lavef whel Axrshel

I (Hillel, 1998), 8=42] EC2} ofo]2&ICP(Varian Vista-MPX)& A}8-35}o] 2A1351¢ict.
® t}EEeF(Multi-layered soil)?] FR|AERE W o282 EA

=
Macroporous layerZ& 7}2 ZFHZ| rtlZEokoa] 422} 0|22 o|EEAMS FWH3l7| 95t =E

E shpol th3 3 (uhteAE) & 7K T ER(Fie 32)8 AAstel K e ZA skt

Fig. 32 Multi-layered soil columns used for
measurement of hydraulic conductivity
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IE3E ClZEFoA Ko AA A2 4 Jury?} Gardner(1991)o] 2] H|tH effective
hydraulic conductivity(Kers) AAHAE 835l WA ESZ 2] KEFE TISESL] AA KE Al

Al A& e} vl et

7|4 L : ‘1 Eofel Zlo]
L+ 7 %o] ot 2ol
Kers ¢ Effective hydraulic conductivity

Ko 7 39 FeHEE

(th A== 9 o]22] &&54
D EF(Soil Column)?] |2
TISEFE RS AES ¥ MehlyAEE £ 372 22 &3Ue =A% A5ty
=Tt
e RTEZ EZX : omE EI8H HEoS| (CaS04- 2H,0 5cmolks™S A ZEelste] Acryl
Column(1D4. 9cmxL50cm)of] €AWEE 1.30 g cn°F 30cm Zo|7 ZA35}adc}.
e AEZ BEZX . AMEE 1 (ID4.9cn)2] Acryl Columnol] 20, 30cm Zo]ZE Z=Aslodct o|uf
LW E (Bulk density)= 1.45 g em 22 23T}
o AEMlUz]= EF : AMeHHlez]E WA (ID 4.9cm)2] Acryl Columnol 10, 20, 30cm Zlo]=
ZA35}oc}. o] & T (Bulk density): 0.96 g cn 2 ZA5}oic).
. oz Ex
o EEZATNIEAS BFE BE B (300l 10, 20ms] ATig £FE Azs
of 10, S0cne] CHEEFE A 2stedr)
s EEZ TSRS AES EFE EE £(30m)o] 20, 0cne] AThbeh) E3E
AAstaL stete] 20cm HE EFE AAste 70, 80cn?] ths EFE AF stalch
> EEE BERL EEEZ(30m)o] 30 AEEZES AZAslo 60cne] CHEEZE 23
st
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Table 36. Physico-chemical properties of the top soil used for elution

experiment of multi-layered soil column

Cations

Total

Ca

Na

Mg

Soluble

Ca

Na

Mg

1.10 7.37 24.72 |2.22 2.39 10.16 28.20

1.40

Exchangeable

EC!

pH

(1:5)

Na
————————————- cmol. kg'1 e

Mg
0.82 1.29 2.79 3.48

Ca

ds m™

33.9

7.7

Electric conductivity

Notes) ! :

in soil columns for measuring hydraulic

Soil bulk densities
conductivity(K) and ion elution pattern.

Table 37.
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10en= <A
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=

3 7] 2L $F(water head)?] o]

(Hillel, 1998) =

okl

= At

k

4

o] Darcy’s Lawo] uw}lel K

Mﬁ

o

+

ol

e
~0

[+)

2} 4 3} (resalinization)

gt

1:52] Hl&Z 7}

=
=

of 1IN NH;0Ac

o8

4e vrehhalrh

LIElf el Tl (Table 38).

to = o thFE2] Fol2o] A" 23S

5
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Table 38. Chemical properties of the soil used for capillary rise

experiment,
Water-soluble Cations Extractable cations'
pH EC
K Ca Mg Na K Ca Mg Na
R T — cmol, kg™ —----m-mmmm-

5.5 7.53 0,05 0,10 0.13 0.18 0.09 0.31 0.36 0.21
: 1IN NH40Ac extraction

1

O E=F(Soil Column)

EF+= A7 5em?] Acryl columno] EFzt MemjezjE £ 3-8 2 SALUEE FH3LY
Sop3} ATHIYAS f0mE FAT EFet EEZ Nemst AEE 10m Aolo] ATl
S ztzt 5, 10, 20, 30cm Zol® &=A

%

[
NN
i

2

)

_?L

2

a

F - EZF 30cm EFo] 5 10, 20, 30cm2]

)
3, 3 sigte] MEZ 10cm EFE QA3 45, 50,
=

Table 39. Bulk densities of multi-layered soil columns used for
cap illary rise experiment.

Bulk densities  Pore Volume Porosity

Soil column 3
(g cm™) (cu') (%)
IS 30cn 1.47 262. 3 44,53
60cn 1.47 524.6 44,53
Hen 0.96 47.7 48.58
10cn 0.96 95.4 48.58
CBA 200 0.96 190.8 48.58
30cn 0.96 286.1 48.58
60cn 0.96 572.3 48.58
SS 10cm 1.47 87.43 44,53

SAZEG] RAF 4 54
SdZE Qe RAYS 54 7HSDA 2mE A EES 47 4.9me Acryl
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columno]] £AWCE 71z} 1.30, 1.45 g cn "2 2R3} Im &o0]9
1
b |

BEZE 7tz #5125l ct.
S ol g3tel 1an Zole #9418 F2 S4UE

ey s BARYS

)
fu
N
lo
_?L
L
2,

jus)

acroporous layer)E 7} Z1AE x| tlEEokoA] AF2] BAH A

5] m I}
33tz MEHIER|S-S i3 SoE g tSEF(multi-layered soil

Fig. 33. Soil columns used for capillary rise experiment for mono- and multi-layered soils,

EFARS EFe stele] s14 lm Zoldl A4S T ARAI W se] BAH
eSS Fstart. ERAH A8R st A% AAA AEYA Ak, 4
o] F8 o]l L Table 407} 7t}

Table 40. Major cation concentrations in sea water used for capillary rise

experiment,
Sampling oH EC Cations of sea water
site K Ca Mg Na
dsmnt - cmol, L™ ------
Simpo port 8.17 41.8 1.13 1.80 8.60 35. 67
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ICP(Varian Vista-MPX)
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Tz

od
)=

=

gt

2ol BF v BFuEE Aol 2]

-
34

wr

ok
=

H

JAFRFE(Silt loam)9l 3, 30~60cm

o
ol A 20em7H=] 2]

ol

i
o

o] olife] Eoke 1.35 g ecn°E H|Z

10cm Zo|H=E

1.54 g cm°%

O SelAE 150 g am® Ule]l §HWEE Uehiolrt

ot 2 sFE-2] 10cm~20cm Zlo]ofl A

(Table 41).

C}(Hwang et al., 1991).
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Table 41. Physico-chemical properties of the soil collected from the Semangeum reclaimed

land through the soil profile

EC?

pH

(1:5)

Soil
Texture

Particle Size Distribution

Depth
(cm)

Sand

Silt

Clay

ds m™

cm

X

40.6

1.35 7.8

Sil

53.3 35.0

11.7

0~10

22.5

1.54 7.6

Sil

01.7 38.3

10.0

10~20

7.5

Sil

6.7

20~30

19.0

1.51

40.0

53.3

7.5 16.5

1.50

48.3 45.0 SL

6.7

30~40

17.8

1.49 7.8

46.7 46.7 SL

6.7

40~ 50

7.8

SL

6.7

50~60

14.8

1.47

50.0

43.3

: Electric conductivity

2

© Bulk density

1

=N
)

30cmo| Lol A

| &

H

ECE Uehyic),

o
)

o

EZAe] EoFzlo[ ECE: 14.8~40.6 dS m ' 2 1j

BH

a2

F49ch

H 2432

27

2] A&y x| ®H s7tolo A

H

SEREATS P

o
T

deEs 4T Hel=

A2 m oA BAE

o] AJ7= 4.3%F A4 ©f

ojglom,

76. 6%
ESH 0.1 mm o]

0.25~2.0 mm A}o]7}

Aehutetzy el

i=]
T

5

19. 1224 4=127|7} v 2 o= UEiyThH

40).

=
=1

o] R ke Az FEd o2 Uriyrt (2

=]
AL
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25 - 224

20 - ' ) 17.4

MM aR—

4.3

>4 2-4 1-2 0.5-1 0.25-0.5 0.1-0.25 <0.1

X 3AI| (mm)

BE 0AA BETEANAE ST ATuieiael BEIY ST olshuy S48 2
o gumiee] AAsty B4E 2l slstel X4 HARAY A7 quartz, mllite
felspsrs7} & AAAS T Zz)3l9c}. Quartz= 4.26, 3.35, 2.29 W 2.13 A, mullite
5.39, 2.70, 2.55 W 2.21 AZ2] d-spaceollA] peakZ} UElYITE ARIA S F quartzs A
dHE FolME vl R ZoT e glom, FIH HAbRoN = & UeptA| U=

3.

felspar®] peakZ} 4.08 %! 3.20 AoflA Eelxjodci( g 38).

Q
Q : Quartz
M : Mullite
F: Felspars
Q
F
F
M
M M QM
10 20 30 40 50

2 Theta (degree)

I3 39, Mrhabe=ie] X-4d FEEA =id.

AMehaleizje] 7%A 228 sty 95te] FT-1IRS o]435le] 2Alst Az} 343031l 1600
cm! B9 Z4 band: 0-H®| stretchingZ} bendingo] 2]t Z10]1108 cm™ §22] &4 band

= quartzol] 217 o2 WE T} (23 39).
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Fig. 40. FT-IR spectra of bottom ash

Aehatetfe] FQ FddE2 Si0;, Al 03 Fe03 W Cald & ol2em

48.1%, 17.1%, 19.1% ¥ 7.3% o]t} olet T2 A= 7|Eo B

o] 3t RAE Si0; > Als > Fe0s > Cal ollen}, & AFo] AREH Aghdajelz

Si0, > Fes0s > Al03 > Cad 2O.% Fe03 I Ca0 Fedo] &1, Al0; 3edo] Atfjyos ut

S Uehidnt (% 42). ol9 2 AT WRY o, Hue FF W d42d 5
'

AT
e Aeiuleiaiel BESE 9 olzhaty Sl A

tE53ty gl o|stx| R, & AFoA HEH ArhHlEz|=
Fe 03 &rafo] =31, Al,0; &8 & pHrl Arfd oz w2 HAoF glvhHr]

£ 42, Mehieie ge 24

Composition | SiO; Al,03 Fes03 MnO Cal MgO K50 Ti0, Trace
(%) 48.1 17.1 19.1 0.2 7.3 1.7 1.8 1.4 3.3

AEehlEzie] pHE EAle 8.1 @ Zhat
ezl (pH 8.5-10.0)¢] H|3f ofzh 2
0.3 2

[e]
31% W S0q 2.38%2A o] ko] rha &S A0 UElr) (X 43),

™

T 43, MEehgjetzje] o] 3etEA

pH (1:5) EC T-N 0.M Av-P,05
Active Residual (dS m™) (g kg™) (mg kg™)
8.1 8.5 2.46 0.43 13.2 13.1

SIS FR4 01N KCIE ol §3te] FEHL R4S 2R 2 847 2BY B

P3|
<!
T EBARAAe] $8 JER) i g How AT (£ 4)

o
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Table 44, Amount of heavy metals recovered as soluble and exchangeable from

coal bottom ash

Extraction methods Cd ‘ Cu ‘ Pb ‘ in ﬂ‘ Ni ‘ Cr ‘ As
(mg kg™ )
Soluble(Distilled water) - 10.473 |0.025 - 10.012 - 10.006
Exchangeable(0. 1IN HC1) 0.018 [0.004 [0.266 |0.942 10.328 [0.184 |0.023
Threshhold 1.5 50 100 300 40 4 6

Table 45. Changes in chemical properties of the bottom ash with sequential washing

No, PH EC  NOsN NHeV Avail PiDs EXChiﬁiﬁiﬁ}igfﬁflons cl
Vashing 1 o) d4s ™ mg kg’ K Ca Mg %
None  8.76  6.98 10.21 2.05  11.9 0.12  3.57 202  0.04
1 8.83 215 553 213  9.93 0.06  3.55 1.31 0.0l
2 8.96 208 473 1.92  9.12 0.05  3.47  1.26 < 0.0l
3 8.90 1.68 4.05 1.59  8.53 0.05  3.42  1.23 < 0.0
4 8.89 1.68 3.84 143  8.33 0.06  3.22 1.16 < 0.0
5 8.77 1.63 3.60 1.39  7.67 0.04 331 1.13 <0.01

AR A7 gAs P WP vl BAW F24
A gt aela ol vpeA et FR4e HE 152 A% A
FRE o ol ARSold FE4S AEHA Ukt (F 46).

o
_O|L
ol

o BN o

Table 46. Amount of heavy metals remained on the bottom ash after sequential

washing with distilled water

No. Heavy metals (mg Lq)
Washing Cd As Cu Cr Pb Ni Zn
None 0.018 0.029 1.24 0.18 1.26 0.42 4,34
1 0.010 0.023 0.85 0.09 0.47 0.24 0.89
2 0.008 0.011 0.62 0.06 0.11 0.16 0.67
3 0. 005 0.009 0.41 0.03 0.05 0.08 0.22
4 0.002 0. 005 0.26 0.01 0.01 0.04 0.12
5 < 0.001 0. 005 0.19 0.01 0.01 0.04 0.12
Threshhold 1.5 6.0 50.0 4.0 100.0 40.0 300.0
(2) Eel B4 B4
DA Eere] WA S 0 3barol A barzbAl ARl Z7jo] uheh ZA 7astdon} Sbar ~












(5) AZ|AEE2] W}

EGE&AFY ECe &due] Exfst= dRol=2 wXo vl#Esty] wf&el e BES&AFY
dEsEe] &7l vt HilEY EF(soil culumn) &&48 ECE AT ol thsto] RAL
gt T2 829 EC= 5.7A17H0.24 pore volume)ol mi-¢ &2

=
el o}, o]lF wlEA ZrAE o] 284]7H1.02 pore volume)
A1 ZH(1.80 pore volume) ol 0.57 dS m™'7kx] Zt43HATh

0
30.4% ZQAAw EF2] £ EC: %7] 123.5 dS m oA 28x]7H(1.76 pore volume)

4o A

o
0.43 dS m'® A3l 1414 7H(6.05 pore volume) 3 0.12 dS m'7}x] Z+4s}eict.

Z%7] (0.48 pore volume) 106 dS mofA] 284]7+(2.09 pore
dS m'® ﬁé%}%l, 141A]2H(7.18 pore volume) Foll= 0.10 dS m'7}=] 7
= Z o ECx 27](0.5 pore volume) 104.2 dS mof]A] 2847}
(2.16 pore volume) J-of 3.07dSm 7]-1] 7t A5t 2 141A]7H(8.08 pore volume)o] 73z}t -

0.09 dS m'7}=] Z+AS}Ect (22 45),

Fig. 45 Changes of EC of effluent collected at the bottom of the soil columns packed
with top soil as affected by gypsum application rate.
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A3} Table 45) BE EFoA 27|

ol A=

98.8% o]’ A HE=IgTh

2 0.26~0.42 dS m'e] HeJo] ol

47).

Uehidrt (&

k=

bl 4

5

ECZEe] 0.30 dS mt o]

Table 47. EC measured at each depth after leaching

Amount of Gypsum incorporated (%)

Soil depth

(cm)

0.8

0.6

0.4
e S Y e

0.2

0.26
0.33
0.34
0.34
0.37
0.42

0.21
0.22
0.23
0.25
0.26
0.25

0.21
0.22
0.23
0.25
0.25
0.26

0.22
0.23
0.24
0.25
0.25
0.27

5~10
10~15
15~20
20~25
25~30

B ol

LA

ol g EhJCHFig. 45).

, Mg%, K', Na” o] 22 0.10 cmol, kg'o]5}2]

£ gelstelnh,

o3

1

[+}

A

2!
ol

~
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Fig. 46. Cation distribution with soil depth after elution by water.

wr

(7}) wtd=(Single-Layered Soil) Eore] Fg|IAEx

= 0.25cm hr™

71 K

=

ZARE 43 2R

ﬂ_ﬂ

2] ]2 (deflocculation) £}

&} 0.45 pore volumeol| A 2.8dSm™

ol 1, 0.5 pore volumeollA] 5.41 dS m ' 7}=] ThA] Z7}

B 8&49 ECE X7] 194.5 dS m ol A

H

of »j

LEL

bdm o] Fofi

5

o

meb A}

It (Fig. 47).

2 Bobe T4 Aol A=
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Fig. 47 Changes of saturated hydraulic conductivities(K) and EC in top soil and subsoil.

ctdZ Eoke] K &4 F EoF Zlo|H ECE XA A2 Table 48) HELJIEC =0.30 .83
ds n'! WPlE EFe| EWoAYE ool ntet Kk hAE wolt ZFE Uehisict
MPlE EESHe Wel F47b 57 o AR shEyelof

7t Aol me He EORe tehigct

Table 48. Soil EC through the single-layered soil columns after elution experiment.

Soil Soil depth (dgﬂiq) Soil Soil depth (déﬂ;4)
0 ~5cm 0.30 0 ~5cm 0.58

5 ~ 10 cm 0.36

5 ~ 10 1.62
10 ~ 15 cm 0.46 o

Surface Subsoil

15 ~ 20 cm 0.44 10 ~ 15 cm 6.83

20 ~ 25 cm 0.56

25 ~ 30 cm 0.83 15 ~ 20 cm 39.62

$3 F EES ol REE 2 AHFig 48) BT ubeleld Hr] el 3.7cmolc ke

1 ' mrh getout \a ol
A

—_— OH-
My
il
Loy
o,
=

2
r
n)
rTr
H r
0
i‘.i
ol
1o
e
ah)
°
lo
°
m
N



o3l 1T A4S B HEE Ushidrt

Fig. 48. Distribution of cations through the soil column packed with surface and

subsurface soil after elution experiment,

@ Hehleae seldEE

Mehafeiz o] K #3lE ZARE A3 (Fig. 49) Aghlg=] 20cm EFE 27] 19cm min™ofl A
A7 7astol 58 Fol 11.8m hrle] B K Uehale, Mghiietdg o BFE 2
7] 5.8cm min"'ol A Hx} Zhaste] 18% A3 F 4.1cm minT9] ¢HHEH KE UeRfgich A
Aol ujct 2afe] K ko] 0.0lcm sec ' A=Y ZHotsl wj(Brady and Weil, 2002), A etujet
o) K& 200 BFE Relol ulsh 200) A Fvh wakT, 0o BRE AL 7 A ¥

7wzt

.

Fig. 49 Saturated hydraulic conductivity of coal bottom ash
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) TFZ(multi-Layered Soil) B2 A EE
43 Aol ThEEze £UdEE

o] A31.(CaS04 + 2H,0)E Ca® 7] 5emol, kg' o2 Zol8l vTZEoF(Multi-layered soil) K=

i

M O

=
E 30cm, FEE30+BA10cm EFoA] 1.1x107%cm sec?] KZrS UEh|Q T, ZEE30+BA20cm EF =

selziEe) A7 E7hgol meb ki thi AMskele] 0.64x10"n sec’] KZhE UekAolch

Fig. 50). E3E= 0.39x107cm sec?] KZkS UEhJ o, FE30+BA30+A E20cmnEFLE 0.31x10™

1%

—

m sec'?] KZFS UERJct ey ZE3+AE0mEFRE o222 (macro- porous layer)

g 717 tizEoko| vls] F4d0] FA3] At o] 0.064x10™" em sec™d] KZES LEhf LT,

Q

Fig. 50 Saturated hydraulic conductivities of single- andmulti- layered soil

columns.
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® EAMZR gool oE EFW £8&4 Yol 22

TSEFY BAR 45 70d 7 EFE 2.5m T E F435te] B 484 Yol TS
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o
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Table 49. Mean effects of manure application treatments on soil aggregation in

trials conducted on two sites at UN-L Havelock Agronomy Laboratory in 2005

Aggregate size (mm)
Treatment
> 2 0.25-2 0.053-0.25 < 0.053m
Manure 2.4 37.3 34.9 25.4
Compost 3.2 34.5 36.8 25.4
Control 0.8 33.2 39.8 26.2

Table 50. Mean effects of manure treatments for two soil types at 30 days after

manure and compost application on Bray-Pl in the 0-to 2.5-cm soil

Havelock Agronomy Laboratory in 2005

depth at UN-L

Aggregate size (mm)
Treatment
> 2 0.25-2 0.053-0.25 < 0.053m

Manure 326.9 110.5 82.4 28.3

Compost 753.9 182.8 107.5 81.4

Control 32.4 49.9 51.7 5.3
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Ky = hydraulic conductivity of the soil below drain level (m/day)
D; = depth of the impermeable layer below drain level (m)
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A%e Bt del AARETAN 4F D 2ol 7Y Atk GHATE  FExFEacks
AAFS £UAT 35 0kg/Toll HIste] ThARTL 42.5 ke/ PREA 2t ko] F7tstRle
u, ol7lo] 4% Eg AAEF 7 Tt o Atk AAA 2 A% 278 B AT
HIE AE ASYI} FUY AAE el BEY AT BS4T 4% L o] wr
ol4te] AT uFol 2 o Mghuieil At AAHY D AR Yxlo] == T}
gglont Uzt 4% 1 B3 o it

3 AEE A TS A $3A @& AFY SU € 2uH A A

AR A rget

LT
7. Hel7

EoF Ul Bottom ash 2 A g| ol 23t AIM|WLE 2Is) 2iRts A= 8] Eof Wl Uyt B
2 2} 27} Soil, Soil +Bottom ash 10%, Soil +Bottom ash 30%Z =] 2|5}9l 2, Bottom ash
£t BEUFAL 10%, 30%2 A elstolet. E3t B f §7]& R 39} Bottom ash A 2] kzhe]
B IZE 93] Soil +0M, Soil +OM+Bottom ash 10%, Soil +0M +Bottom ash 30% A|Z}Z] =] g
T5 2ASIETE B RUIES =Eok AHeE HE, wWEk] AQoe=
FUFS B Wl 7l #ol 2%71 5 =5 5ol o] of, B =
3 mm ©]3t7} =& AHe[siart ol&e, =/ BEY o ARG =3

=

(o]
¥}2} Bottom ash®] J"I}E v ZAZES 3] AJgt FAib HEE Soil +Compost, Soil

Abgsd

s

Q.
=
Z Fajste] o

aud

g f718 oA

LY

jon
w
o
X
il
S
ALY
ol
=X
2
i)

+Compost +Bottom ash 10%, Scil + Compost +Bottom as

EE AEE 0T 2304 BEY 2T 2FstAA 20y & F, 2o AR 3
A& ol &3] ARE 100l INY, F 33 HET sl 5= STl A WE FHAE A
Arstadth. 223 AR F 0, 5= wERto]A S A}R3be] CH, 2} A GC FID & o] &35}

52

(1) pH

(7}) A% B AE 5 g & 50 ml HIEFH Yot}

(W) 22 7 25 ml (1:5) & 71’ ¥ X®I|E ©]-&5te] 180 rpm oA 303 RE SIS
t}.
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715 ©o]-&3to] 180 rpmollA 3027+ X E ST

oo

th) ¥4 Eg|7] (HANIL MEGA 17R, korea) & o|£3}od 3000 rpmoflA] 3E7F ¢4 Hg|stad

o,
(2}) Whatman No.42 o2}z = o Z}3}ict.

(n}) ofz}H 8-oof 0.1 M Sodium hexamataphosphate 1%}22 dalr}
(Bh) 7PEA &S TEWA] EC meter & o] &3}e] ZA st

3) gdREuolef] H4 (NH-N) - Colormetric method

(

(7 7 Ee 4.5 5 & 50 nl BT Frol Yor}

(Lh) 2 MKC1 45 ml (1:10) & 7I]t ¥ FB7IE o]-83}o] 180 rpmoll A 1417t ¢t R EIsHAT]
(Tt} Whatman No.42 A== oF}5l] B A BE F=319T}

(e}h) = 50 mL TBE EHo] Yot} (Calibration & HEZE

1:10 2M KCL Eok F&8-o 2 gL
Hol= ZtZF 2M KC1 2 mL & Y or}).
(n}) ] b1 ml o] EDTA €& 713t F "l ZEo|AM & E3stydri(Calibration & %
‘A& 11310} | Qtakrt.

(vh) )\]E w4 ml 2] salicylate-nitroprusside £o& 7}3t

ot
"y
ot
iy
<2
N
32
k)

(Calibration 8 FHol= 2Z+7Z} Working standard solution 1, 2, 3, 5, 10 mL 2! 7}sic}.

(4} ZF4 o 20 nl & 71V T % S5l T
(o}) A]& @ 2 ml hypochlorite reagent buffered & 7}3t3, HlZ ZFH4=E 25 nL 7}A]

Fol Fort. I F, 1027 &4 siaich

(Zh) 37 C 2 o|dH F2,Z Oﬂ}ﬂ 302 Tt WAAZl F Aol oF 10+ FoF A Ech
(%}) Standard curve = 18] & Reagent blank (2M KC1) , Sample <=2 % ZA3}t}.

(5) ¢REu]olef] &4 (NH,-N) - Distillation method
(7} 3 EY AE 4.5 g & LI FHE FH3ch
(L}) 2 M KCL 45 ml (1:10) & 713t 7 ARI|S o]-&3to] 180 rpmollA 12t FF & sHS
t}.
(th 734 Hd Zuj7]1E ARESto] No. 42 IR Z of Isteict.
o

(2h) oA=zt" £ 30 nl & ZAYFHY 7|3 Mg0 0.5 g & 7t
UDK-130, Italy) & Z&star},

"
)
e
olN
il
et
N
=
o
S
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(nh) F7H dEUYol:= 2% w4t 10 ml & EZH3E o], XFE A X (Com- 450, Hiranuma,
o]

(7} 912 ¢dRyole] AAE ZFHstY U AL o7 A3l F Devarda‘s alloy
(Merk) 0.2 g & 7Igt 5 Axtel AE dREUole] AR FHAAZ F F-F/siact.

(W) ZFE GRUK:E 2¢ ¥4 10 1l £ Y 0}, AFARRAS ol&sto] 0.0025 N
gares Hysigr)

(7) 5-%.¢l (Available Phosphate)

7d
HIFHo| Y2 F Mixed reagent A|eF 8 ml & YiL %

(}) 2 F, Mixed reagent & 8 ml Y3l 2|EF3] 50 ml 7} E&F 2% 745 Y42 & 4
e}
(1) 30T F2Zolld 102 FF UM 7, 880nmollH FH=E FE 5T
(A 5 B E o] 835} Standard curve Jef=E 13T}
5

(8) & 2l (Total Phosphate)

(7 E& A& 0.5 g (100mesh F2} A FE)S T8 FHol @i A4t 5nl (1:10)F 7Fsisich
(L) &3 FEE 80CoA 1412 7t staArTt.

(th 4H7ba A5 The Tt 2.5 0l & shshEalch

(2h) ThA] 130Toll A 1A1ZF 7 steict,

(ah) A%, deos Ay F seladt 2.5l

e Aol AbeHlE Zlo] Blo] o H9lg B
2 751 1807Cold Rahelo] Holxlt 212 HAY wizkx stastairt
(u}) siejo] molrl F 2301TolH 2027 7HAT F AR LE AsFaArt
(2}) A7 golo] ZREES 50 nl =274 A9l 3]4staic,

A)
(o}) =3hed 40 ml = 100 ml H]o|AZ FZith
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(2}) 0.25% p-nitropheno Z|A]ef 58-S Woj s},
(x}) =ghdlo] WAE uwf 7}2] 5 M NaOHE 2 @3dlo] L2 pHE 5~6 A& 3Tt

(7}) Ascorbic acid H¥MHO T FHEE FHslct

9) oFo|-2x|#-8&aF (Cation Exchange Capacity, CEC)
(71) FA71 U0l N-free pulp
ZZAEY (2mm A =3})
(L}) 1 N CH3COONH; 25 ml & 7| S Ao
(Th extractor o 2|3t F 1 FAl7|o] LFRFEHE AAsiolrt. 2 F, olefFo] LFuf
Zol &Rl 3 FAZIE 28 FA17]9]2} AAstACL
(2h) 33 F=Ab7]oll 1 N CH3COONH; 25 ml
(nh) 2 7] RS JI2E AAT F ASATA2A S AT 7, 2%FF AL

237t BEFHAS o A91HE AT

(

il
<
32
a

(vh) @S W F HJEF] U2 "—'u‘é He[ AL AR Fol2fd FHof o] &stalrh

(A}) Extractor & TRA] AA|stal 1 FA71& A3 st

(oF) 2 FA}7]2] 7] 80% ethyl alcohol (A1E-&) 20 ml & Alo] ujz|n daich

(2h) &A% 627t 2 st 292 & Zch

(z}) 1X]7F 302 F (80% ethyl alcohole] T} w&E uwlj) tix] 80% ethyl alcohol 20 ml &
Qoirh(ol 38e 3 wasiArh.

71 AEol BREAS o £9AE 1L FAIS Eelsturt

EP) 28 718 Earg AALE ol &stel 250 i AWFE] Yalrk

)

) 2 o

) FA] 2] EeoFE N-free pulp & HojuA U2 Eokg ol g A=Y daT),
) AFHol 23} ZF4 70 ml, Mg 1.5 g & ¥ F,. Ad

Tecator™ Technology) & o]&3}o 35 Z2Fo] UYL 7|HE 2% BA1oF

7
E3ste] 0.5 N 4t EFGo g HAsIT

(10) %]32d oFo]& (Exchangable Cation)

(7} 2 mn HE S S EY 5 g & 50 ml BEFHo| dalrt.

(Lh) 1 M NH0Ac 25 ml & ¥ F, 180 rpm 01]/\1 302 &t st

(th HAEe7IE ol&3te 3000 rpmof| A 3&7H ¥4l Eelstalct

(g2}) A 52 A5entE Whatman No. 42 OII-J-ZIE AEr}.

(np) (b, (th), (2h) FHFES 3 H o 53 5 2471e] A ElE 50 ml HEFH Wil 1
& o|-&sto FFH-IE 50ml 2 BHFACE

M NH40Ac

(uh) flollA d2
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(11) B4

= alA3a 250 ml o ©elcl.

Abel4 42 25 ml B 713 ¥, RE7|o]

ﬂ_ﬂ

2] 160 rpmof| 4] 3027}

I

(e}

Firt,

e

AL JtstolTh

]

[+]
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L.
=

i 90 CH=2l @
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[ele]
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~ 142
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=]
AL

o] 7= 2pAEEbEAE 5 nl A 30

NNAW
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Rh-3-0]

A AxlE AR E o] &5l

5}7]

sttt

7t

(np) ¢Fo] AHAAH AlZFo] ZHz 0.1 N HCl 10 m1 2 Y3 5% Sodium hexamataphosphate 10

]

=l

(9}) 1000 ml HAAdZ

JA]Z+S Stock’s law HEeZE At gt T 25 ml ¥ Z 10 cm A& oA

2
Z

(2} s =4

(o}) 105 T & odd Q2B
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(14) Bottom ash Z}&=

olch

s

Al (Daiki - Push-cone, A- 1214)

s}2) € 71747 o]

=
=

(7H) v]==%} =.7]2] Bottom ash

(th)

SRER

A=
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—

15) n]JAlE dlo]ujA (Chloroform Fumigation Extraction)

Eon| P E dlo] oA FA2 Chloroform Fumigation - Extraction & uwigton, Aldz}d

< Fumination ©HA|9} M4 W BIAFHTIAZ Lro] AAJsHTE

(7}) Chloroformg A 2|stx] ¢ 52 AZXEY 8 g & 50 nl HEZFHo| T3 0.5 M K80,
40 ml & 7Fgt F 180 rpm ofA] 1A 7+ &t XIEISIQITE

(L}) 3000 rpm ofA] 37t €A F&l¥t F, Whatman No. 2 o{ZX|ZE oIsle] B AEE F+
=35ttt (Unfumigation Extraction)

(th 52 Ax3 B 8 g & 50 ml H]FHo] &3k,

(2h) diAlFlole 23t 2o EFS ©2 50 nl HAS Y2 F, vXAelE F43 24 A

ol 2elAE et F717F AfelurbA] =S shalrh

T oesolx] el ¥ -760 mmHg olef7tx] WiE 7t AARE 247 B
ol

-

2

(up) FelZuf7lo] Chloroform 45 ml &

k-3
Chloroforn & Fstich. o o AL Fshx] A T alo] o 4 ~ 5 nl AL
# o)

Chloroform 2] Zako] <F 80 ml 7} = A stAct.

(AD) "X FHelEE dFuolEol] Wil 25 C oA 3d7t 253 Fumigation ¥Fgo] dojul=
5 stolct

(o}) Fumigation REg 7]Zto] vt F tlAlAo]E] Lf&] Chloroform o] Zol& HIAE wi
3, B %ol 2= Chloroform & A A7 laf AFS At

(=}) Chloroform # 2|3t o} A|EE 50 nl BEFHo| K73, 0.5 M K80, 40 ml % Y2 F
180 rpm ofl A 14|12t &<t REstgict

(1) 3000 rpm oA 3E7 44l Bg|gt & Whatman No. 2 AT o] sl B A BE F
Z3}odct (Fumigation Extraction)

(7}) Unfugation ¥t EoF F+Z o137} Fumigation 3t F+ZF 82 TOC Analyzer & EA35}gic].

=
EC (H71ARE) 9] A9ole A 28] Egol o &2 3& Uehirh. 24 ditEee] &4
2 oAb ER CEC (Yol X 87) = 3.99 cmol+ kg™, FEQ, fRUolefEs, Aat
B} AAE 72472 45.27 mg kg™, 6.5 mg kg” , 7.9 mg kgTo] ZAF ATt (F 65, 66, 67)

Bottom ash 2] 7%, 24| ¥l BEekurls =x|gt 2| 72| EofH = L
ol
=

AEjgoern EC & 1.145 ds n" 28 F4]
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e

8.65 mg kg T Y Lxjodom T-P 2 145.03 mg kg 2% JE}YT}. Bottom ash 2]
1 cmol+ kg & ZAEF|gdo, Hg &} Zn o] ztzt 22.64 mg kg™ 2F 17.09 ng kg™ =

= 0.
|23 &2 staks UElICH (£ 61, 62).

B
(@))
o
ofl
>,
s
B
N
[
o2
1o
(i
Ry
i
i
oX,

pH EC(ds m™)
8.54 0.18

B
3
ol
>,

URt B2 =2l Ee

EC CEC Avail. P NH4 NO3
(ds m™) (cmol+ kg™) ____________ gl e S —

pH

6.2 0.02 3.99 45.27 6.5 7.9 AL O E

X 67 Bottom ash 2] Z=&|&}etAd

EC CEC Avail. P NH4 NOj !
(ds m") (cmol+ kg™ ——— mg kg ---——- (g c

7.89 1.145 0.1 8.65 6.52 8.12

k1

pH

B
.

Bottom ash o] E-alstetad (Al<)

%

2
2,

TR T-P K Ca Mg
(% 0.1kpa™) (mg kg') ----- cmol+ kgt ——---—-
3.2 5YR 4/1 8. 66 145.03 0.025 0.05 0.13

—

m

L}. Bottom ash 2] C0, &8 A7+ &3}

(1) 87122 (=EoF Z71) 3lollA Bottom ash &] C0, WA A4 &z}
EoF?] Bottom ash A 2] (2§ 84, a) = C0; W=HES ¢ F3SHA &
o|e} Z+E €0, A Zr&EI}= A ] Bottom ash =] ]| =Fe] v 5l Z7}51
et 7, 0, YEH2 vff B2 FT2E SUI6IPL (28 87, b, ¢
NETAN 7Y B 0 SH2st ZAHA chEel $71B0] FYUHE B9, Botton

ashe] C0, A7 EFHe olof ulelste] o AL 2o yehdrh

kﬁl i

1:1& flo 1.
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23 87 @IIERZolM 7|AIA] W Bottom ash A 2]eofl mE C0; AT, (a) B, (b) &, (c)EM]

(2) 271 273 (FEY £2) stollA Bottom ash?] CO, A A &2}

[e]
EoF2] Bottom ash H | C0; WEHS FISIA Zar

¥7] ZABANE, 1Ze S 4
88), CompostZ} A e|H EoFe] 7ol oF 10%2] Bottom ash AR EE F

73 88 I EolA #77]A 2t Bottom ash A 2[of] whE C0, WA, (a)EY, (b)F, (cEMH|

ERE =H](F)8] AR7 EHIE AHelste BETt B2 54 0 WSS Hon, 37
XA Bk tiake] F71&ES AHE|stEs 7 9o Bottom ash./] C0, A2+ &Z}= Bottom ash®]
1]

Hel4E W % 0,0 ol ulelstel APAIA ARS Haustart

Cl. Bottom ash &] w|&F ol ofpxtz} A Wb A7t &3}

(1) #71Z71 (=EoF Z7) 5}lollA Bottom ash 2] wgt 2Al ol & 7}

Co. o A7t A2, #7lEo]l FUEHR 42 Eofol thgt Bottom ash e (L3 89)

LT SlA WERS BAAE A0 Urhrom, oleh & v WA AZEIE A2
=

Bottom ash 2|l Hl#ste] F7lstalet. Eool #7les A2t o mg 7t& ¥Exe
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WS He $EOE F7ten, thael 97180l $USE 2P, Botton ash o HEh U

o Z3H= 0, of uls) wlulstgem, ol Bottom ash7h HEH AFE AAH AT W A

ZRAg b5y WELE ARHCH S71E TPl oy T L RrIgel A
S

=

Bottom ash 2] wgt ubAl oix] 3} AZo] Wastr)

I3 89 @r|=olA 7712 & Bottom ash A 2| wgt WA, (a)EY, (b)BE, (c) =M

(2)Z7127 (REY 27) stolA Bottom ash®] W& WA =] &z}

%71 2= drIEAel vls] wg Aol R3] YA AU, 7=l FUH
2] 2 Eol thgt Bottom ash A (23 90)= wE 7tA& WEFSE TaATS FHASHA
A, oot 72 wigt WA A AEIH= A el Bottom ash A 2ol Hl#Esle] FIlske e 1}
Etytrt. 3t Zr|2A B #IlES Alstdetz, wgt A& WERS Bottom ash®] A
glof] ZA TS WA e ZoE Hrt

a3 90 Z|ZZeA F-7|XFxH2t Bottom ash *elof] wlE wgt vbAZF (a)Ee, (b)E, (c) EH]

(3) F712A (=EY £7) stollA Bottom ash &] oprtebd s g o= &3}
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}>d Bottom ash

5

off i
o2 UEtyitt

bl 271

712 &,

p- 3
L

Wgh sl st np

ol
P

COq

olo} 2

A ZaA71e

5

ohe
Bottom ash & 2]=Fo] Bl

5

2=

opatstal s Al X7k

o
)

o

e

ol
i

CO, o w|grof H]

L
)

Bottom ash 2] o}xts}a A A =7t F 3}

~a

2 gt Agdo] Ut A9, Bottom ash 2] opatspa 4

-

g A

) Stofl A Bottom ash o] opitspa A AE A &}

zA

oF
]

1=
s

1= (¢

27

(4)

§ Bottom ash A& (2

3

of cf

oF
]

iy

2] Bottom ash *

L=
)

,oloh e opatsbEs WA AREI

ER IR/

¢}
h

SEREES

10

(

Coz of migho] WSt A zstglom, ol

L
)

7-%-o] Bottom ash?] opitap& A ubd 27+ Fz}

, Bottom ash®] o}4t

s

sas w A
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3 92 F7| 270 7122 X Bottom ash Az ofxls} A wbAzk (a)EeF (b)Z, (c)EH]

2}. Incubation 7|7} £ % Gas Alk

(1) A7|2A (=5 Z7) slollA] Bottom ash®] o|Ats}eks wbAl oz Fz}

Eoke] Botton ash el C0p WAL ZaAZIET 0 WALE Botton ashS 104 A zlo]
X 40%, Bottom ash & 30% A g|ofA 66% 7} ZHAES HOsIPTtHRE 62). Eoo] §7]&S
Helgr 7ol 0, WY 897 g O RE AT F 7Y wkom, olwl Botton ash
2] C0, W A7t F3H= Bottom ash 10%3 8]of|A] 18%, Bottom ash 30%*] 2o A 38%2] CO, =
Aol ZaFE AT Ushdth Eopel SHuE A A§7 AP 0 YAFE 2l g ©
E Ael7 ¥ J7F Yok, Bottom ash®] Z3H= Bottom ash 10%*] 2]of|A 31%, Bottom ash
30%H 2o Al 62%8] ZHALE ZATE|o] €0, WA AEIII} JP S23re Folstdrt, o] 9}
2 C0; A kA= A 2] Bottom ash A 8| &ko] ] sl F7}steict.

) 27121 (RAEY £7) stoll A Bottom ash 8] o]4teigbs g o= &3}
3.7 RSl E, Eok2] Bottom ash A 2| & 2}= Bottom ash 10%*] 2]of|A] 25%, Bottom ash
30 glof| Al 31%2] CO;, WS FIIA LA E HUSIAHE 62). =v] (F) ¢ B¢
£ 588 g, EHIE HeElshke ZRole 112 g 22 =u] (F) o 297t 9 &2 +59 00,
e Byrh 37 272 Eoof vl 78S Hz|slEs 2%, Bottom ashe] EIbe
Bottom ash 10%o]|A] 6%, Bottom ash 30%of| A 46%2] C0, AR }E Felslodl 2.

0

lr

(3) B7127 (=E% 27) slollA Bottom ash®] vgt T opitstd 4 b o= 73}
|71=F0] FAEA o2 Eoko] tfs] Bottom ash * 8] Bottom ash 10 uj 44%, Bottom
ash 30 ] 66%2] WElZ}A AREIIL Q= o7 ZAEYTHE 64). EYo] F71ES

|
HeR F, WEhAY BABS Ulg 22 S B FFELE Frbsldon, QU o)
2 Az ol wlsh MErha] wAwe]l e 0F AT A9, olbstusel LS

705mg 0% ThE Aol W3] w2 Jlom AFF L
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F7180] AR ke Eok] Bottom ash AT oA= olxtd}A A HWlZaFo] Bottom ash 10%
] 2|oflA] 68%, Bottom ash 30% = z|oflA] 78%% A ZE =], o|Z Q3] Bottom ash?] o}xtz}
Ya ALEIT} ol BHRIAS} HErtanT) o £ AOT HARTh Eolel 4712 A
G AP opUB ALY WATS 705 ng O HIBS Aelsh U Bokel uls) R @
= 5} ] Zastiletl, ol th¥e RIE FYel &3 BEdEAL F53, W oo 23t of
WS4 o] Bolstol Aate) Aol FFol AT ACT o AW obustALe W

(]
< B3R ol&sld wII=el F l=*&l‘ﬂ'l A 2|7 9] 3% 1581 mg , A A7 H¥

[e]

. =

FrIZA R vt AAFo] o g2 ZIo2 BT (£ 68). & Ao of
EH] A2lF2] 9 70 mg , =H| (F) A2 F5 52 ng &2 FHH|

HE 77 Sl A Pol ulste] HlnH B T BPBS wack

F71&°] FUE A 92 EoFo ths] Bottom ash * 2]+ Bottom ash 10%*]2|ol| 4] 68%, Bottom
ash 30%4 gloflA 78%2] ofitsid A WA AZAFINE Hodon, 0}’1‘_}3}2‘—’-’:9] A er2 gy
Ao ol&dld FrlEel A2 EH| A2 BF 664 mg, =H] (F) AHel7-8 A9 2042 ng
oz s Aot Sl (B) ATl ulel WA %e hsHEA YADo] ST

X 68 Gas = WA3sF n|L

= &= @ T
COq CHy N;0 COz CH4 N;0
yd yd 7EA8 yd? yd yd
I R R I
Soil 296 92 1929 42 126 826
Soil+BA1(¥ 175 41 51 -4 612 68 31 -2 71 -4 264 -68
Soil+BA3(v 101  -66 32 -6 432 -8 29 -31 57 -5 179 -78
Soi 1+0M 1098 141974 705 538 52 2042

Soil+OM+BA1(% 837 -18 103296 -27 231 67 553 -6 32 -3 1223 40

Soi 1+0M+BA30%s 680 -38 74786 47 169 -76 320 46 18 -66 206 -90

Soi [+Compost 241 19 1581 112 70 664
Soil+Compost+BA10»% 166 -3l 16 -18 948 -4 8 -28 3B -4 508 40
Soil+Compost+BA30% 92 -62 10 47 849 46 74 -3 P -HM4 473 46

ub, @7 270l A Botton ash Helol &g SuBlA YA W Eosiebd W BUES
(1) CO, W87 Bk pH, EC she] ARUA
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(28! 93. a), A

E
o

Co, w

=N
)

Bottom ash A 2|0l whalA

Foll A CO, whA8=Fz} pH, EC £}

5

_.EO
;OD

Uotel, Zitel)

Aol 7}

gt

o= f2u
Co, Wdzfo] Zrhal AH

Holz] ¢fgken, Bottom ash # |

I

il

A

=RE

TR R

)
i

B
ol

=N
)

A$ (28 94, b)of

o
w
-
,_]_,_

5
T

o] o]FolR ZOT AR} o]
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w_e

AN 0 Bottom ash AHe] =& Ztoes 72

sl

A 271

5

W EF] flux7} m]A|

o

w_L

m®
=0

<

281} Bottom ash # ]

ok,

ol

telebs it

A
L

F7Ex| 2 2| v o]

p- 3
L

2

=4
Co, Aol &

2k

4

=
[}

o g flux 7}

=
=

5.
5

o

2} wIgre] A ErES Bottom ash *| ]

e

8

E

3}
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bl Thas &7 ZgEAch

5

ofof H]#

%.7] Z7Ao| A Bottom ash A &]of] ]38t 2y I3}rlA v ol

u.

ol
P

AL (2% 96. b) o

o

e
ol

N

off mhet o] 4+a}

Z7he

IESE Bottom ash #|g]4=5o]

ot
Urehhalrt

[e]
= K

&

%

EbA 0] fluxy} ZHAs)
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e

RS (28 94, b) 5 CO,

o

ol

o Aprsr}

3}Et2 wbaako Bottom ash A @] 4o ud|

8

o]/\

2 AlRHTh
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—_—

b=
)

(2% 98. b)

flux7t Z718tel uiel

o ot ol4
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27 98 WEClA 0, A B FEI

o

RE Dt

Ab 2718 B 818 2704 2] Bottom ash HE|o whE CO, AR} n|dE BAF

d Z A2 EoFoA Bottom ash & A 2|57 ¢S A o= CO, WFEro] 296g, 10% =] 2]
e Aol 175g, 30% A | A-PollE 10lg 2 F Bottom ash Hz|o 2|3to] of 2 5u)
Co, WA ZF2E VIEWCHIE 69). ©o]of Bottom ash A g|=Fof v sl A LRI S}
Hi Ao Ueshith @4 249 QA 8712 AU ASAAE flsh s
Bottom ash # 2]4=3o] Z7lgte] wel A7 Z7tEE Ao 2 Uit #7144 2Ad
A 2] ndE AP Bottom ash A 2lof whel 2vh 92% F7HEIQAL, COp o] Aol

et = n S BAFS SIEE B8S 2T

Q

3714 2718 EdoAE= (0; Z24ASL Bottom ash ¢F0] Z71%te] ulel FHcf 2wizpx] A7
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m

£ ZE Uetdch ole AuiFHolx] x|t n]dE AAF] FUHE wetA C0, U
HEe Zeg AtgHrt olF F3f 0 WA A2z nAE A" AdBATL
Ho{Z|5L, Bottom ash A 2] o] S7Hdr,SF AR o njds A 71
l= gt o] Bottom ash 7} Thg7d vj&ol7] wfio] njd=o] AT 4 g

Hgoy] R o AR

far o

fr 1 3o oY

ok
)
filo

£ 69 21 2 @Y 270N 2] €0, WA AR} nAE BAY

Unaerobic Aerobic
. CO Biomass CO Biomass
o g 27E}(i)?% mgsg i % A 8 27Dl(?/}:‘)% mgsg i % A

Soil 296 1409.3 42 -
Soil+BA10% 175 -41 2230.8 31 -25 -
Soil+BA30% 101 -66 16059. 2 29 -31 -

Soil+0M 1098 1702.2 588 24530. 4

Soil+0OM+BA10% 897 -18 5069. 5 553 -6 35269.9

Soi l+0OM+BA30% 680 -38 22258.6 320 -46 18546. 2

of. AR FAE W A7 Helo] T G Y PN Susrta WE A7 B 7

J
]
(1) Az 2 Uy
(7}) £54E Bottom ash A L A+ 24

Bottom ash = pH % EC & 7|&LoZF A, wA

™

o¥ o HI oX

=2 Gl , B st sos AYHE 4 FFRE A
di, AHeed BEY FAE VLR 44 B FAL 105, 30x2 A e[St FA|
= A Zj#1steict. Bottom ash o] FF7F W He|pEo] wiE

2= (sofal¥lAl (O ¥l 11),

2t
L)
ot
do
N
R
2
rr
I
=

Botton ash HFoll ThE 0, WHHS ZAH7] gIste] A4V LURRAE APl =
o Aastel ANNOE (0, BBFS F73 stk DHTLuLFAL AW A] P
FE7 3A70] a2 ok Rastgrt @esze LR BUE AAsAL, 24

Al S22 1 L mint o2 s}ydc).
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% 70 sevjrdy AeT
el
Soil + &ojg[Hx], Soil + FEE], Soil + fHMHIE
Soil + Bottom ash 10% (TF3) + o] 2] W %]
Soil + Bottom ash 30% (TF3) + 3o 2]w| %]
Soil + Bottom ash 10% (XR.3) + 3o 2] ¥ %]
Soil + Bottom ash 30% (XR.3) + 3o 2]w|X]
Soil + Bottom ash 10% (A 3) + 3o 2] ¥ %]
Soil + Bottom ash 30% (A 3) + 3o 2]w| %]
Soil + Bottom ash 10% (&321) + R
Soil + Bottom ash 30% (&321) + R
Soil + Bottom ash 10% (K.3) + R
Soil + Bottom ash 30% (X.3) + H X
Soil + Bottom ash 10% (A *) + FEe]
Soil + Bottom ash 30% (A *) + FEe]
Soil + Bottom ash 10% (&3) + {2 H|E
Soil + Bottom ash 30% (&321) + 73} H| &
Soil + Bottom ash 10% (H.=) + /-3 v &
Soil + Bottom ash 30% (H.=) + |3 v &
Soil + Bottom ash 10% (A3) + 73} H| &
Soil + Bottom ash 30% (A3) + 73} H| &
27 99 A&E2ufrR] Ha 2E
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Air compressor oflA] 1}QE Air &
Bubbler & E3dl] L£EOT IZIWF|L
38Ce] Air & EEHORE FISHct
EokA=l S wpAL}2 Air &= Dehumidifier
of] 2J5l] 22 #|A I, Mess flow
controller of 2]l A&t Jako] (O,
Analyzer of ZFFo] C0, WoHS 3
Sh= Aot 28 99, 100).

-

=
=
FAEYY Z-F pH 71 8.1 235 gdon, EC & 0.1 & ¥ $£F03 ZAFrt. gL o
el AAE 10.7 mg kg™, Fate] AaE 22.6 ng kg $EOT UEIYTHE 72). SR U
4.4

=2 -
mg kg™ 2 T4 B $F0F UElyrh EALS GEZ ZAEHYCH

oy

Botton ash ] pH & 8 ~ 9 Aol X|ojof mle} Thfdt $F02 Uehds, EC E Botton
ash o HE TRl 42 Uehdon, naold 449
73). REQ WY EW A4 APET Aol 2 FFH U GRUoe) Wast A

s Aojol Aol Y $FLE Urhyrt

B
Bottom ash 7]- 713 =9ltH( FE
At

el &

l:I

EC Avail. P NH4 NOz

o (ds ™) (mg kg™)  (mgkg')  (mg kg™) =8
8.1 0.10 394. 4 10.7 22.6 oFE (loam)
X 73 Bottom ash®| Z}3}d
oH EC_ M, NOs Avail. P
(ds m™) (mg kg™) (mg kg™) (mg kg™)
el 8.0 0.16 5.1 1.9 297.6
R 7.8 1.37 - 3.4 749.3
A A 9.0 0.53 2.0 1.2 502.9
A AB 8.4 0.78 1.9 1.6 274.2
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(uh) Botton ash o] EF B HelsEol BAHe SulHE @ FIQuR 00, WAl vl
€ @ 2t

(1) SH|2E (Fo]g|wx]) A]&of u}2 Bottom ash ZF H C0, UJeF v

A #-A BA (Bottom ash) 2] 7% slojg|uix]&te] ZgA| LA 10%, 30% 25 C0; Udrol

B
HaFE Zo® Ueldrh sERIR 10 A28} 30% A 27l FIet 2ol ¢lE FoE e}
I3 101. a). AA-B BA & slojz|wx|2te] EPABollA th-2f B3t 00, WA

I3 101 A3d AR FAtE3te] 0, WA vl

P2 BA o] A-f 10% AHelol|A COp AR th27-2} vl +Fo2 UElRton}, 30% A e
TolM = WKL 535 4AH Z1e® yeiynt (28l 202. ¢). E¥ BA & 10%, 30%3]

T xR FE} Co, whAggko] Lt o2 Llelyict (27! 102, d). £5F H Bottom ash
9} ol gwx|ote] ZatA|RoA Ha BA 9 A3-A BA 2] (0, wAafo] thRILHT} u
ZFelstalrt. E3E, H]LLA BA 10% Rt BA 30% A elollA CO0, UgTFo] Z4st=

10% A2l Bk 30 227} 00, 2 A7kl glol A Tl% ol Wo] Qrk FhekE ek,

Q.
=

Iz o

-

PO

(e}

o=

Olf

-

I8 102 B3, HY AR F4HEZe] C0, A% vl
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(2) ZH|3= (Zé 2]) A]-&of mtZ Bottom ash &FE C0; WA vl

A H-A BA o] B9 10% HelolAe] o, Ug2 Uﬁ?ﬁ—?ﬁ} H|28t -FE 0% LIElyTh A3 -B
BA 2] % = *1 F-A BA o Zo| H|xg o2 UEIWTE (28 103. a). AH-A, AH-B
BA B 30%x oA COp A ero] tizFETE W2 Ao FHFrt (23 103. b). o=
2le] Aztel o] 10% AR} 30% X e|7p Co, WA Zatol] o]Fo] AZFE Uehl= A

SERECEEES

I3 103 Ad AR FAtE3te] 0, WA vl

@2l BA o R BA RE FRel EYAGolN thETECH 0, W] G HOoT el
ATt (2 104, c). olef Azts} o] FrHz| A RHE Botton ash 30% Hel& Fis}
A 0; W] RFRT We Ao HalEe] (0, AR BIAHY Holet AlwE

I8 104 B3, By AR FAHE3e] €0, A% vl
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(3) F7188= (52}) Ao mE Bottom ash FFH C0, AT WL
AR, ARD B BE SIS SRALGA sl A0 SE0l 0 WARE ek
73 105. a,b), thRFo WIsH Tha ATH €0, WIS UERWch of&a 10%,

(
30% Hz] £EINE S8 Fol Qi Ao UEhyrt

a2l 105 AHH S AE FarE7ZHe] 0, wWAdEF v

szl w3l BA o B BA o 9ol (23 106, d) 30% Aelold thETECH O Lol
Sol 318t APEINE BY 20T ke, 10xol 4 ulesiALut C0, Aol ThET
B} W ZoE HalFgir)

I3 106 A3 AR FAlE3te] 0, WA vl

(4) =u| 22 (slojelw]x]) Aol T}E Bottom ash F5 ¥ (0, Lol AA| = sj 2
Aol mE o, WATE BE AF-A BA o A9 30%Helol A FBT 0, LAY AN 7E I
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S UERATH (I8 107, a). SR 10%ol X = Aeshr] o2
Th AM3-B BA 2] A AH-A BA o npRVIRE 30xollA FIT UAAAEINE EHIATE
(3% 107. b).

I8 107 A3 AR FAEZE 0, W] FAIF #g

@3 BA o] - 10% A 2ol ZRte] ThA COp Wd®ro] ol izt A zto] Zztgle] whel ut
olxl= 73S UEch. 30% AHeloMe FE% AR A2 Letyth (23 108, c). E
BA o] 79 30% AHelolld FEF AZLEI}E HAoU, 10xM = thR7-9} H[x3 5L

UElYt (23 108. d). RE X g oA Bottom ash 30% X 2] Alejl €0, ®FAizko]

A
o =1
25 &g Hlstgon, 10x Aol vlad el vt £ YaRe Hols A

b
2

o2 Jepsich

2% 108 DR, BE HAAR PAEZ 0, WALl FAH s}

(5) HH|2tE (FHe]) Aol ulZ Bottom ash &/ H CO; UBHL] A2 HIH|L

Hueloke] ERAelol T2 0, BT BE AW B ¢ A 10% of A wlulskAR L
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gro] HolZ A& FHlstald, 30% AHeloMe= F3lo] Zhad AL FHeolsiadrt (23 109,
3% a b

S 10%, 30% BF wpdAZEIE Uehfoch (

w7l BA 2] 73—% 10% Hals Algto] =|uto] mhet ZAEE AR Bk alw 30% Hzlo]
a3 110, c¢). 53] E& BA o] A% 10%,
Bl 2T ofe} Aztet ol 30% Az ol A
F3lo] 0, WAl FAHE AL TSGR, solelWixiels tlEA Axele AS
Bottom ash 10% A oA 3oz BTt & ¢ C0, Wdeko] vA] HAZHo uiel §7]1& =

BA18olA R 7L sloj 2wl x| ETt Co, A o] o]Ho] 9le Ao AlEHrt

23 110 DR, B AR FALEZ 00, WAde] FAH At

(6) 77138 &E (2) A]-8o u}E Bottom ash £5F H C0, Algke] A& wHzig|
] 2.2} Bottom ash o] A/ glo] miE C0, WAL Al WIS HA A3H-A BA ¢
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w
o
X
rr
4
%,
ol
o
)
(@p]
s
e,
oX
!
v
°
N,
P>
ol
o
rr
Y,
filo
o
o
¥
lo
L
=
N
=2
>
rr
2,
N
4
)
R
of M)
<

I3 111 Ad SN AR FAtE3 0, 2] FA13 st

A - 30% AHglolM e Cop WAARL] LTt F3lo] ekt (I 112, ¢). K
BA o] % 10 AglolA nlustx|qt €O, AR 7t uveigten (2@ 112, d), A[Zto]
I

=
mheb 0, Mol BAHOE PAHE AP

lo
oy

p

2 12 93, BE AR PAEZ 0, W] FAH s}

(7) Bottom ash &7 ¥ C0, ¥ +3 U dzr Wl Bottom ash Fapdz}e] A4
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Bl5td 5ol Afolgt 4572 Bottom ash & R7IEX} TYA e stAE wfe] €0, F AU
ABRE BR(E 74), 10% ARt 30% A7t C0; F F& LALS of IMFE TaAT=
ZOoZ ALEX™, Bottom ash 2] o|¥3FA Bzt 0, UAA A} Fongt dABAE=
gl ZALE wintE|gdrt. §71F EFol wEld® €0, ¥ 3 UAdRe] J4AB/AE = A
S % ALEE|W, Bottom ash He|¢FEo] F7t HPEE C0, WAl Zaste 4AUATL de
ZOZ LiEbytC
3F 74 pH, ECe} F & C0; WY
Z 73 C0 AT
Botton " (mg COz hr  100g soil )
ash P (dsm™)  slolelmiA+BA 32 +BA §-2hH] 2.4
10% 30% 10% 30% 10% 30%
@3l 8.0 0.16 1248.0 447.5 2031.1 589.5 1626.5 397.1
A 8.1 1.37 1460.1  393.5 1303.6 522.1 1127.1 646.9
A A 9.0 0.53 1504.6  586.9  1275.9 472.1 1572.0 269.0
A B 8.4 0.78 1953.4  418.4 1230.2 459.5 1233.1 472.6

AL, 7174 A=Al it 24EIEA b A 7t

= 7
Bottom ash 10%, Bottom ash 30% ¢} F7]&S T A= stdct FUH f71&E2 BF 24X
ST U271 0.5 m ~ 2 m olstel Hrel, sloleMAS 1g 4 Azl sheith Aol A
TR T IMERe] EEere AZW JE 100 e 5%

B FEUNL SAAWBRA 2
WAAzAS FA] fstod 2t Ah WAL | 2 97 shalrh Zzel Aelpi

Soil, Soil+Bottom ash 10%, Soil+Bottom ash 30%, Soil+Bottom ash 10%+3 X.

ash 30%+3 K.2], Soil+Bottom ash 10%+3|o] 2] ¥|%], Soil+Bottom ash 30%+3]o] 2] ¥|%], Soil+3]

fd

s
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ATMAL % 874 Hel 72 405y zystelch

(2) 242 =EQ(@7I2)olAM 2] F2uiddd

F71ZZ0l A Bottom ash W #7]&2] C/N H| o 23t C0, U HIE HAUSII] 2|5t
AREE ZHHA] Eofo AFKHe], Fojg|HA] X Bottom ash 20% & Z¥A | stalch. FUH &
7NES BEF AX —Erfﬂfﬂ A=t37] 0.5 mm ~ 2 mm ©|3}e] FKHa], oW ZS 0.6 g & =
2] sttt Zbzte] A= Soil+E B8], Soil+Bottom ash 20%+3 E.2] Soil+3d|o] g]w|x],
Soil+Bottom ash 20%+&|o]2|HIX| 2 & 47] A |5 3utE2] Zdstac)

U stesjel @ evsizhe 2

Peujobe T BE ARE 35T 2ol B 42uwe 2dsigon, 347 UL 77
2 Bastadr Deln nauedegHel BIANRNNTE AAse] A1 ABS A3
2 Fl, GC FID & ol &) CHy & 245tdx, 6C B § olgstel N0 & % 43] 79 7712

Phospholipid Fatty Acid, PLFA)

= o3
=3 42 BEY F AYS Teste @A (Fh~nh 2} AAFH FETA (HE~)

g
)

ghe

d

(7}) &2 A2H EGAE o 5 g & 30 nl HE
B

P-Buffer 4.5 ml, Chloroform 5 ml , Methanol 10 ml & <x}3&

rfu
nt
|
2
<
o ¥
a
[J

(L) 20% Tl = 35C 257t Sonicating 3ttt
(th) 250 rpmofld 1X]7t Fqt & F 5000 rpm, 0CoA 10%
(2}) Seperation funnel 2] ArFof Zuf7] Whatman No.42 o 2}=]
Seperation funnel of &7 walc}.
(n}) A58 B2 Seperation funnelof Chloroform 15ml & 713t ¥
- =

7}stedct. %, Seperation funnel B}7jE ©@31 oleiE M A

Z]E}

LY

i
e,
n>,
o
_(?L
¥
a

CT'
o
—r
—r
(]
=
f—
w
a1
=]
—

off Ax|ste] ¢t AL (25Co]8}) of oF 1447t ZoF Foir}
(W}) Seperation funnel 2] ofef&S He|gr & AL ARSI Azt Zub Az, AZRH A
T FBH o}lefZo] Chloroform 0.5 ml & 7}5te] =[Al FAEES X9t 2 F,

(

Transfer A o|EE o] &35lo] FHQ £42 15 nl I FEE AT

S, A= BEFHl &AF &4 HF¥II 2 nl 7t HA stgTh. 2 F, A
Fool 97 §e4g Ah Azste] BT FUAATH
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(Ah) AHES AFH3L7] 98] Chloroform 5 ml, Acetone 7 ml & £XIHLoE 713t ¥, ZEZE
3 ml & 7}5le] Conditioning 3leict 22 F ZARXRH ARJ @A od= FHo
Chloroform 1.5 ml (500 £ 2 A ¥H) & 715l A|RE Hcl

(o}) TtAE|EI|H S o] &3to] MelS SPE JFHEZ|A R &2 F, SPE 7HEe|X|e] Chloroform 5
ml, Acetone 5 mlE =xlAoZF 7}5tdt}. , 7IE2]#] olgfoll 8 ml Screw-cap vial

5.
=
& #5191, Methanol 5 ml & 7}slo] BF &2 A|ZiTh,
2 =1

(Z}) 8 ml Screw-cap vial o] 2 223 A5 A=k AL AXAZAT). AXRH AT
Methanol : Toluene 1:1 €8 1 ml, KOH1 nl & ¥4 3 unE &3 Z€Alsiolr}

(#h) vial & 35C F2,RolA 302 A F, F2olA of 102 FE A3t

(7}) Hexane : Chloroform 4:1-8¢ 2 ml, Acetic acid 200 ¢ & Yt}

(E}) 2B A ZFo|Z pHZ} 6~7 Alo|7} EH 9=z Eelstadr].

(3h) &84 F, 32t FFF 20l & Y3, FIAF Ho|EF tH] 18 = =45t O
T, 2T S0 AYIE o gstel 0TOIN 2000 rpnO % 527 €4l Belsteln,
5ol S A 8 ml Screw-cap vial of GC& A|BIX|E o] &35l ZHZic)

2 BEAg W QuR e 3 F oA o

st F, ALTIAR Z‘j%‘: 5 é)\]M_L, 21z2H 8 ml FHo] Internal standard -8}

100 £ & 718t ARE X9F ThS Transfer AXEO|E=EE o|£31o] Vial insert of A
=

A &A Walrh. o] F, GC mass B &EAstArh

il

7 . FXEY U Bottom ash 2| E&|&}std
A}-2-3F Bottom ash &] A% pH & 7.89 & &Aoo 7}7t$- g';_;':__gi Uehdon], EC ¢ A<
1.28 = BAEF] Hstd e &

o
A2 A ZAESFI} Bottom ash B

"
t

e,
o8
rr
B
2,
Y
lo
k!

C
rlo
ot
%
flo
b
¥
i)
fr
o
Jdo
fo
0,
?1-1’
%
1o
od
o

3 75 ZA] d¥l EoF ol Bottom ash 2] E&|3}stAd

H EC NHs - N NO;~ - N Avail. P

P (ds m™") mg kg™ (mg kg™) (mg kg™)
LA E ok 6.40 0.04 13.01 0.06 47.82
Bottom ash 7.89 1.28 12.49 6.05 8.24

Lt 71270l A Bottom ash B #7|= AH2|o mtE B2 o|33}d vl

Bottom ash & A 2|s}9lS 7H-$, Bottom ash & H|slx] ¢S vz Er}l w2 NH . -N,



NOs™-N, 8¢ &S uvEelyitt. o] 88t ZA3l= Bottom ash & A g 39S uf B nAAEE
o] Bottom ash 2] 3o AMAlGIHAA E
Bottom ash 10%, 30% of R7]1&ES A elstd

Bottom ash 30% A 2| oA Eo|H o3 QrRL|ole] drafo]

£ 76 Bottom ash Az] & @ 9§78 Azlo] mE Eore] o|sjaty

el ] EC NH, "N NO5 -N Avail, P
-1

v P (dSm")  (mg kg™) (mg kg™) (mg kg™)

Control 7.42 0.09 14. 38 9.38 10.53
Hairy vetch 7.64 0.20 36.05 12.31 16.53

Bottom ash 10% 7.88 0.13 2.52 0.80 4,91

Bottom ash 30% 7.64 0.15 2.69 9.52 5.46

BO“EO“B]&??QYIO% 7.49 0.22 12. 67 12. 84 12. 45

Bottom ash 30% 7.30 0.17 14.21 11.78 11.30
+ Barley

Bottom ash 10% 7.79 0.27 21.61 8. 45 12.08

+ Hairy vetch

Bottom ash 30% 7.80 0.27 38. 80 9.38 13.56

+ Hairy vetch

th. @727 A Bottom ash A glof] whE 2y tertA dbggke] A3 wst

Eofo Bottom ash & AHe|gt B-F, ZHA|HA o]atdgts wbgg) wWIleA] 27} Bottom

sh & Aelgt AelFETh 0 &2 YRS BAL(29 113) FAHLE §S uf, C02 =

ZHbHe] Lo Wiz EMS Jix3 o= ZAoR AIRFYrt. AA ™l wel whAlake)] glo] ]
S tRFol vlste] w2 g AR E UE}

Helg Helpold WA =4 sglon,

o)

=
32
i)
ke
%
o
£
r
ot
i)
B~
me,
o,
o
12,
>,
(w]
@]
S
o
@]
=]
ah)
[43]
=
il
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23 113 7| Z 7oA Bottom ash A g|of w}&
(a) o]itstgtsi:, (b) H

2t. @7|2ZollA Bottom ash ¥ f71& ZE&A 2o wE 2ts7kA WALl FA1H 3

B2, slofgHA])

2d= o= %}S'] ‘t’:’]c’dt} SEA|gt x| Zto] A2} 4= Bottom ash & A 2]gt A g|FolA
olatstehs Aol R Mrh 2t 2R UEhdthId 114). ol: 3R CN
H|S (O 20) B4 A x7|o] 4A gz &Aoo okEao] o] Ro|x|x] okaty] uwf
oz AmHETl oEF W opatstA ] Ax|RQl whAlake] AL Bottom ash = 10% A 2| &}
A @] KU} Bottom ash = 30% 2|8t Ha| o] AWt og ] Yo £Zog =4 o

t}.

I3 114 ¥7]Z0lAM Bottom ash E FEeE ZE&A 2ol ohE 2d3PrtLe] FAH A
(a) o]4t3tgts:, (b) Mg, (c) opitshd 4
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Eoko] Fojg|Hx]E A e|5td S A-$ Bottom ash & * 2|3t A 2|37} Bottom ash & * 2|35}

Al 42 Al Hroh @2 0, WS Ko, Bottom ash A 2] #FEo] ol A4F C
L

o
o2

greajotzolol 713 w0, 7t & Fde

OAZt Az A= ©F 20 ~ 30 mg CO; day™ 100 g

Hx]2] C/N H[& (2 9.7) 584 A&EH o2 B

of ofFol FFEol EY ulAd=o] Bottom ash 2] F= WollA n|dEo] FHdelE ARE A

dnl BFsil7] wiE o2 AtEHTE ERE CHy W N0 3ol QloJ A% Bottom ash & *| 2]
o

LR F-ET} Bottom ash & A 2|3t A g oA W2 wABzrE Bk 27l 115).

)
lo
k!
M
1%
i)
¥
_V.L
[
o
X i

2% 115 BIIZAA Bottom ash L slojelulal E&ATe] WE Lutsiriae] AN
A (a) olAbBbElA, (b) WEL, (c) obrtsbaL

|m)
=3
¥

7] Z 7oA Bottom ash A ]o] w}E 2utd}rae] =2 ubaiak
2HfF27] o] Fof Bottom ash & A 2|¥ A g|FollA CO, WAAZo] ZAstr] AlRfsiaion,
P& wleke] AR 2 EFH O F Bottom ash & A |3t A g|FollA CO, Alafo] Lt2 710

2 A= CHy 2 N0 73 U7 oA Bottom ash & A 2] sl¥& of of U2 &2
1

H 116).

i
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116 @712 704 Bottom ash *| glof miE 2 4Etr7tAe] w3 by
(a) o]4tzterA, (b) WEH (c) ofitsta 4

df, @72 7oA Bottom ash W {7]& Z-&Aglol mpE 2u3rtae]l 73 hgwr (FHe

sflo 2= )

Eoko] K U Bottom ash & EL Ha|gt He|e] AL srujoerx7y] o|FHE Bottom
ash & 2|3t He|FoA CO, ‘:Q" o] ZtAsle], 2|EHOSF Bottom ash & A& A
o] =& (0, WAlako] Bottom ash & Ha|sl#] 9L He|LECLl W £Fo08 B lorc)
CHs @ N,O 33 WhAleke Bottom ash H @30 wlela] 72243 Ao Vel 23 117).

=

o

21 117 ¥ 7| Z 7oA Bottom ash % AXR 7] ELA g o}lE 2 t3rpAL]

A WA (a) o|4EEERNA, (D) MR (c) opabEbE L

[4

ool Fo] 2| x]2} Bottom ash & &8 Hg|qt Hg| o= =& C02 WAdako] Bottom ash
He|stx] ¢ AHe|FHEroh =4 53 Hodcok (28l 118). ol= slolg|wx| 7} EfollA
7lof ol 3l E AR, FHvf C0; LS Hel A o|For x&HOE FaljEo] EF

B mm H
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23 118 @7IZZANA Bottom ash ¥ Fefe|wA] E&A o] WE 2 teirhae]

A WA (a) o|4HEERNA, (b) MR (c) oMibEHE L

Ah. @712 A 2] Bottom ash A 2lof whE n|PE LA W}

223ty mEo® AEHc). oo wlal CHy, N0 =3 ubaer

Eofof Bottom ash & A e|&ol miet n|dE AdAzfo] J71sts &S Ry o, Bottom ash

o Hel $Fol Hobd4E W ulgEgAFel Uehdtt (23 119). ol 0, WU
]

HIt] 2 Bottom ash & EoFo A 2|3 Bottom ash 2] F2o] n|JFEo] AJAl&

2
T

A= =7

3 7IRbe AZE £ ohzt M ndES2FYH B3 FHo| njdEo] ESuidA Fr3 H
o

2] ofal Ex & 4 7] F o= ALRHCL ulglr] Eoko]| Bottom ash & ¥

FF Shachstel FlYORA SUst sha WA ] T Ak How B

221 119 #7727 (=E9 o4 Bottom ash

Helolmte A A},

of. @7|xZolA Bottom ash B #7I& Z& Helol wiE v d=3A4% »I3} (BHe,
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2ol ek,

=, 3 2B
2| & 2|83t Eoof Bottom ash & 1131?8 A5 &g ABA|Rro] F7} 51912, Bottom ash iir’/l
ol mwel n|BERAT A FUlste Zo® EAEIACHIE 120). ol Hu|RHEQ FEE
o] B B ol A& FEFFol ol FoRRA] k7] whFoll Bottom ash F= Lol n] ¥
o] FME|E Ex[5197] wlElE AlEHT) webd FHEe]E A3t EoFo] Bottom ash * |3}
A EYF vrAA AR FriElo] 2utErkA g o] mt ol e R wiehdrt
23 120 BUIRA(=E) A FEe AelouaS
Bottom ash H2|4& ¥ n]4EAx % W}

slojelix g Helgt B 79 Cop 3% 3z [-AISHA Bottom ash * 2]ef olsf w]d
= BA" A wA 53 =HAdew, Bottom ash A 2] £FEo] wold4E W2 nds AA
& HArh( g 121). ol slofe[Hlx]e] C/N (o} 9.7) 544 AEHALoRE B FO07 o
o] FFEol ndEe] FRNHE ARER] Yol AEHH o7 PSHFS T o2 zictHT}
upetr] 24l 7tA ‘%*” o"% A ZEA 7171 g5kl ARl 7182 HA ] ON of miE A g A

23 121 @712 (=E plA sloje|HA] Azl
T}l2 Bottom ash *]2|4~& ¥ n|dEJH2r M3}
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Eofo]l Bottom ash & A e|3ef uiel n|dE BA o] Frlste FHES 2P 2w, Bottom ash
o] Al o] oSS W2 ndEgM7ke] Ueldtt (9 122). o] C0, AR =
HIt) = Bottom ash & EoFoll 2|5l Bottom ash & FFo| n|gEo] MAd 4 A= Ee

A 7INbE AFYE Brt ozl HA nBEZEFE KIE Eo| ndgo] EQUolA 7713
2] ot Ez) & 4 ol vjELo 2 AR ¥} ulgld Eofo] Bottom ash & &3 Hestd E
2

UE oSl VYo RN 2ust kA HF o] 3} Qe ZIe R sk

2

2}, Bottom ash W 8-7]& Ao u}E: Eor n|PE R ake] w3}

Bottom ashE He|sl& A% F7IE(FleiwA]) TH& A2 Aol Hop T L] F
7te= ZleR uetyten, deelof @ Fo] EZF Bottom ash A o] FIHE4E +H
o] Z7lsElE= Z1oZ Uiyt olggt AT Kol fU|E Fdol 25ty EoF nAEL &
7t7F QL%5L, Bottom ash 7} B&F u|AEEY AAAZE &3] mel F7H B ndES
o] Bottom ash® I HE= ZoE AREEF Tl ZFHo| Hrle= vlgglolrl n|AAE 3 FFollA
Z HlFE 2Aste 2o UEiktEd (28 123), ot oR Futol: HlaA dolg|rt 2

— =

#71&S welste 9ES s, I 23d /UlES

olof FFolol 2|sh
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-
+R &

22! 123 Bottom ash & #7115 Hglo] o}E njAE
(A) F nd= 3=, (B) 2felelol, (C) FHo]

%}, Bottom ash X 2] WS EoF nAE ZAWM3Ie] E4
W F(Actinomycetes), ZHo](Fungi), ®leglo} BF R7]ERHS A 2slad S uji
ash o} Zo] Az stde wj Z712S Uehigla, Bottom ash o] ZF/lE4F EoF nPE

b B % %o} Bottom
ash A2lofl Slste] = n4E F delelotel 2AYe] 2A FAHE AT Uehuirh 2
124). o]l AMAIZ|Z 2] Bottom ash 7} TS EoF n|AE Hrlx ubgejofe] Malx|EA 2}

£3ict= Z o= wmivtE| gt

T} Bottom

oF 3 F7hEe vehdnh 1 %

2! 124 Bottom ash Hglo] wE EUn|AAE

3 Fael as

§

7t @727 L] ZHEX|Eoko A Bottom ash U F7|& =8 Aol S C0, WAIRFe] HAH W3}

B-71Z3} Bottom ash 20% & E&F Hg|gt A g]LollA 8(}%3]]001: = 7] (8reujok 1004]7H o] €O,
7b 7¥E wol wAdstdlen €O, i Hd A7 A F, 0
He|gt 79 HAWH O F Bottom ash & Helslx] ¢S vf

[t

B 2]2} Bottom ash 20% & =&t
< B

o X
Z7 RO e (0, WA
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t}. &lo] 2w 2} Bottom ash 20% = Z3} Hg|3t He]Fe] ALY C0, 2cf B A7) 7F 2|yt
F-ol|= Bottom ash & A g|stx] 2 thxF- wo (0, BdEEe Barh o]t M a9}
slofeuiz]2] C/N vl & zlelof 7] Zlew

=~
A AZI7E 2t o] FollE AKHOR ESu Pl Y2

sllof 2[w=] 2] - CO; Z[th &

o
3sh7] WEoE A=ETh

2 125 B 2AL] HE X B A Bottom ash ¥ §-7]5 & Helo] o2 AAF 0,
AR (a) FEe], (b) slofzHA|

Bl @rizZe] HHAEY Oﬂ A Bottom ash ¥ #7]& & Azlol whE +3 C0, LA W3}

FEe2} Bottom ash & T AHe|g A7 A F2uid 271 (9F 100x]2F) o] FF
Bottom ash & A 2|8t Az +3 C02 ‘:Q*"E*O] Bottom ash & A g|3}7] ¢}& X g FEC}
SA &3 =k ols AHelY BF N HlE (9 20) 54 #71E 7Y 7o A &
SSlo] Bom AR GRS B 4 YAW, A0 Azl met A4 BRI
o ZaAe Falstel Botton ash W Eorel AASHE nl4Ee] FRANE ABY Ao
AEHTH W slolelmA s Botton ash & EUH T AT AP BLuj 27 o] Fof
4 00, WPl & FEOT ZFs A

% Bottom ash & Hg|slx] ¢ He|FET}t &
ol FlofElwix]] C/N H]& (¢} 9.7) &
o] o¥Eol BF Fol uldBe] Aol Yol Few AL}
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3. Az} gof
®7], 7] 2742 78x EodelA Bottom ash Azlo] mel SAvtA AZAINS Qdgon
Bottom ash 2] X240 mel A7EI} EF Zrbsts Ao Ueigrth sixw S-S
23 He otdS A 0, WA Azrel TIFrF AQYAT CH, N0 A Zhol= Eeig
#7}7F glQth 283 Bottom ash M ]43o] Zrbgol whel AntH o n[ME Ak o4

ZRte 202 Ukt Relerdne Bolol Qi wEer 2N ol3fstdel Aol
Bottom ash & |2}/ 572212} =3HAe|gt H-F AWEA O 2 Bottom ash AHg|¢Fo] &
7t mhel Co; Aol FAsts R A E ATt URt =8 XA Bottom ash &
A2l S © SUsle WA Aol olHel Yt AT Uehtow], uAE AN w3
S7tste ZloZ UeElsith. SEX|RE Bottom ash o #7lEs A I B+

of wie} Bottom ash 2] ®ha b3St A3 9 247EA AZAAATL T2 AL o
Bottom ash A g|of 2]gF EoF n|AEA 3 W 3loA = Bottom ash AHelo] 2|3l E
2 290l Azlsh 2oke w nr} Z7Shs 2T Urhges, =of nluE 23

elot 2he] Frlol AAHOT Agste O Urhyrh,
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8 EE UAAE = 2(ash)E o

St A gke) 2] %*g—?lilﬁl mtet Fefolof Al (fly ash), HERojA[(bottom ash), AlIT{ofA|

dletzjs AElo] stEwbd A Hodd uold dAE of

B 2 YslEs ZIoE ARy WAy F

ok 10% o]AP% ;‘:]-z]%]-ﬁ{:]-' *45; 1 cﬁi,i_g Aelz] A 2| %o vfglste] $Eort, 1982 F-H
Y2 ATt 33Ee] Sttt Hlakxje] H-fol=

01 Ao}, AMghatetai=

X,
o
2
rr
X,
o
fllo
2
o
_?L
fr
o
3
mE,
2
>
2,
X
g
1
filo
%
B~
o
—1u:

)
]
Q.
[Q]
=
ah)
[4)]
=z
Hﬂ
nﬁ’l
-+
c,
i)
B
114’

FAFEOE TIRE shduieol GlESha ol AMolth  5(1996) HAUALN A
AL AUAE Bl A8 A Earel pHrt @A *g%s}saznq. SO fEAIN,
B Q7] W Baol el FrAStAoM, Al ABold F4EAS Ushhgltin sttt
o} 5(1991) 2 bRl 23

AR Eodel 4

=
g HlER 3 “3}01 %17}&2]1&/\1 ‘H%LE N 7hs/d S BIbshal 2Ad7tA A A A
S

r2
-4
ok
i

b sds paE
S Hgol AT TEE A AR AR E A
sl5ll Q7o ALgstITh Auhuieael shebd z
AL X-A HPEAMZ](PW 2400, Phillips)E &AJs}
ort HAHdZFEHS AR} KBr& 1:999] H[E=
Z3}5}o] KBr diskE& wHEo] Fourrier Transmittance

Infrared spectrophotometer(MB104, Bomen)Z. 40009]
A 500 cn” WIS ZAstelct. o7 127 AR FAE

o

U 7% olsfd - pH, EC, CEC, TlelRs, SEQA D AW ool S| nety 54
71& F7)12|&E Vermiculite, Perlite, Zeolite, ZE 52} H|i EJ}5l3 bottom ash®]
3 24

2]

)
B S ARtk il =R 54 24 g2 44X ved dAEE,

ol
=

e 2

St des 2 BHeEy) 7|AR Y (air volume), ©]-84(easily available water),

g

5
F-(water buffering capacity), %% 4538l (optimum matric potential) 52 & &

4 5 IS YERELE ASTH BEAE o] §3te] 5 SFOE REES ZASIAT

|



T3 128 2SR ASEAENT B Ak @Eg Adtel =2 TR k) @3 AR

T2 -8
. 1) Helre A8wEA 150°(1, 50¢10m)
ARFE
2) =X|oflA d2fujx|He] 3HtEoT 438

tRA-(H|3Y) 0 FAEY + FHEAM[FE A]

Wkl o ZAJEQF + ACBA FHA 3 50% + FAAW| T
A 2| )& - AR 0 FAIESF + ACBA AR 100% + FA AT

T 0 ZAESF + ACBA FA AT TF 150% + FAX|H|F

% F2 A8 2F(kg/10a) : N:P:K:Ca = 10:5.9:6.4:150

AZN Q. 22 A2 @ 20cm X 15cm

#

A/ | sEAERe AT BRG] T2 dATe BE A
3 0
A

o

7
A4 59l 20109 79 159 7|u] % HuIZ Helste] JEaol

3
A 2.547F FE% ZAF TS BA ABAS 7t HepEE Az Ay ¥
o MU AL 22 ASE 7 2090 FAF The v 159 7HAL

2 B ABAE 7L ARt EYEH JHAvuE A
L8717 2 ACBAS A 2]gt 3 20d=xfel 2010 8¢ 10, 8 25¢, 9
- 4 109, 99 20, 109 5U0] HHE 7hzh 174" YoE F 53]

AR5 xH#|5te] A A5t Leaf Area Index(LAL)ol &3t B AA|FL
2 A,
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].

Z
4, 3%

1

Al

s
.

#7138 MEE

el 27

o] N-P-KZ 10-5.9-6.4
[e]

tdom,

stgoul, uf 3~59 uje}

°

(vt A 12.5 cm, o] 15 cm,
AJH|

Autetalzt @Rsh =Y AR Eopol

=

=

EZH 0.1 mm o]

718l (KC1)

ol
=
13

et
o CaCl,Z EFe] ECE 6.0 dS/mlo.Z ™

°

1

ZA2} 0.25~2.0 mm Afo]7} 76.6% o]¥ e, 2 mm ©]

AH(g2 Q1)

15

[e]
pil

Jeokchima)
3

At

YT 19 1924 A=A 7|7} v 2 AOT LEWT]

O

°

3.0 kg® =2z
cv.
(84),

b1 sl

o
4

ok

°

1

2

o 3=

1500 kg/10a $=F0 % AJu]3}
=

12l 98s 241

Ay (Lactuca sativa,
kg/10a2] H| S =

A ghupeta] o]

]
2

®O

3
A4

AR A

2A tfF-o]l R ke X AEU o= uelynh X-A FHAEIA 9

=

S|
S03 2. 38%

| -

)

ol
P

el 0.31%

s "HAZ AMEY F

[«

=

=

dgre] AnzFE LA
=

chabelale] Fabul % 3% ulwry

2.46 dS/m,
Ehube

g wt
. 3.
P
1
P
1

Kl

= Uetgth meby
78, 79, 80).

pr
T
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iz

Azt ar 9] HelFol

felspsrsZ}
=

i) 3

&

ol
P

ot
H

3

¥

B

6.2 °]

| -

)

5.5 kPaZ. A

[e]

EXAL2 quartz, mullite
uketaeh Ax A el

T

%% 4t=2] pH

E

i)

=3 Ed
217 +104nVE 2FEPAE R S-X)F 2 QT (

> Al403 > Fe03 > Cald S=oltl.

tzf pH 8.5-10.00] H]

il
b |
E
j Sy
AL
)



X 78.¢1FE 7wt Jhs/d HI7F-AACBA 3 79. AA-PCBA 71% 7]%5d H7}
T  pH EC(dS m-1) AR | B34 | 5 | 25 xT
B2 | EF94 | 3% | EF9A i A%t
7 571 AABRE 006 AP1 | 6.29 | 0.75 | 1.13 | 0.06
2 7.5 0.07 | 2 38 0.1 AY1 | 7.03 | 0.29 |2.30 | 0.11
AC2  6.05 0.46 | 1.64 0.27 ACL 16.03 ] 052 1.7 | 0.31
A M2 658 0.24 | 3.43 0.03 AMI 16.30 ] 011 j3.51 | 0.05
RP2 6.29 Los | 18 0.57 BP1 | 6.84 | 0.86 | 2.36 | 0.58
B-Y-2 7.34 0.09 2.6 012 BY1 6.76 | 0.26 | 2.71 0.09
B-C-2 7.18 0.08 | 1.71 0.18 BC1 | 7.09 | 0.07 | 1.86 | 0.17
B-M-27.04 0.1 | 2.36 0.16 BM1 | 6.85 | 0.03 | 2.55 | 0.17
CP2 7.1 0.04 | 1.42 0.14 CPl | 6.96 | 0.11 | 1.41 | 0.14
CY-2 7.3 0.07 2.3 0.15 oY1 | 7.01 | 0.10 | 2.21 | 0.14
C-C-2  6.67 0.23 | 1.94 0.0 CCl | 6.69 | 0.16 | 1.95 | 0.04
C-M-2  7.01 0.06 | 3.48 0.06 CMl | 6.28 | 0.08 |3.53 | 0.07
X 80 AA-CBA X 2] A3 Eof o|3}3}d w3}
- )
o (1Pg) EC | T-N | oM ﬁ;g? Excha?%iiﬁifkg?tlons CEC
' dS/m % mg/kg | Ca® | Mg® K" | Na" |cmole/kg
Eu]/ACBA A2 A 6.58 | 0.61 |0.11 ' 1.75 | 69.8 |655.8 | 84.4 | 59.6 |11.6 8.1
A2 pgA(A]EX e 2 | 6.21 | 0.81 0.13 |2.46 | 155.3 | 688.8 |124.40 |115.9 |11.8 | 16.9
TR (H8E) 1 6.33 1 0.45 [0.18 | 2.48 | 135.3 |633.2 |111.3 |119.8 [10.9 | 17.4
2010. BiarL 6.24 1 0.32 |0.16 | 2.39 | 142.4 |678.5 |118.6 |122.1 [12.4 | 18.6
9.10 ESE e 6.18 1 0.29 |0.14 ' 2.44 | 138.3 |692.4 |122.4 |118.9 |12.8 = 18.4
w2 6.11 | 0.24 | 0.17 | 2.37 | 145.9 | 702.5 |126.9 |115.4 [12.8 | 18.2
TR (H8E) | 6.44 | 0.17 [0.17 [ 2.36 | 93.8 |586.2 |101.42 | 95.9 |13.6 | 17.04
2010. BiarL 6.31 | 0.22 |0.17 |2.62 | 178.1 |657.7 |116.67 |143.6 |14.8 | 19.69
10.20 ESE e 6.19 | 0.17 |0.13 | 2.47 | 178.3 | 715.3 |128.10 | 100.7 |14.3 | 18.05
w2 6.33 1 0.19 |0.21 12.27 | 179.7 |718.8 |124.80 | 114.8 |13.9 | 17.65

q o 2 T 7 & N A F
T (kg/ ) 2| 4 (g/10EA) 2|4
CiR - (H3E) 1.99° 100 57. 7 100
T2 digpr 2.01% 101 58. 3 101
e 2.13" 107 62.9° 106
T3 g 2.04% 103 58.9° 102
*DMRT at 5% level
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I 82.AA-CBA AHglof mE A5 54

3] q 7 = o A o = Chlorophyll &2k
(cm) | A (cm) A4 | (g/100cm) | A5

iz (|e) | 10.6™ | 100 9.5% 100 1.2° 100

2010 ZA Wz | 10.5° 99 8.9 94 1.2° 101
9 15 Zd ey | 8.4 79 7.8 82 1.1° 93
ZH wpsr | 5.9% 56 7.3° 77 1.1° 91

TR (B3Y) 16.9 100 12.1% 100 1.8 100

2008 Zd wlery | 14.8% | 88 12.1° 100 1.8° 99
10.5 ZA Hapr | 17.8° 105 12.5° 104 1.9° 107
Zd wjary | 17.2° | 102 12.2° 101 1.9° 103
fR(T) | 23.9" | 100 14.1 100 2,23 100

2008 Z3 Wik | 23.6° 99 14.3° 101 2.28" 102
10.25 | F# #H=kp | 25.4° | 106 15.9 113 2.37° 106
ZA w2k | 24.4° | 102 15.4° 109 2.31° 104

*DMRT at 5% level
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Table 87. Coal Combustion Product (CCP) Production
and Use Survey (ACAA, 2003)
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