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SUMMARY

We selected the indigenous and pioneer tree species through assessing the
physiological damage level and tolerance of native tree species for successful
restoration and revegetation of the abandoned coal mine spoils in Taebaek,
Kangwon Province, Korea and investigated effects on the physiological response
of pioneer tree species selected at the coal-mine spoils to the application of the
composted sewage sludge in tailings.

The number of plant species in the abandoned coal mine land was smaller than
the surrounding forest. The common species of the coal mine lands and the
surrounding forest were 6 species(Betula schimidtii etc.) in Sododong and 4
species(B. costata etc.) in Sarijae. It was considered that the species in the coal
mine lands introduced from the species of top layer in the surrounding forest.
Especially, B. costata in Sarijae showed the edge effect, which regenerates the
vegetative community from the boundary area of coal mine land and surrounding
forest. Natural revegetation in Sododong was also progressing by the invasion of
tree species in surrounding forest, such as B. schmidtii.

Trees in the abandoned coal-mine spoils have been influenced by inadequate
factors, because MDA and HzO: content in the leaves of two species were higher
at the coal-mine spoils than at the surrounding forest. Low NR activity indirectly
represented nitrogen deficiency in the soil of the coal-mine spoils, an
unmanageable SOD activity implied that tolerant functions didn’t act against a
certain stress of the coal-mine spoils. Especially the decreased glucose and the
increased starch concentration showed the inhibition of the carbohydrate
metabolism by inadequate factors.

Growth responses were significantly different among soil compositions. Dry

weights were greatest for seedlings on the composted soil and smallest for

seedlings in tailings, the ratio of shoot to root for seedlings on the composted



soil was higher than their ratios in tailings and nursery soil. Chlorophyll content
in the leaves of seedlings on the composted soil was twice higher in comparison
with the nursery soil and tailings, chlorophyll fluorescence (Fv/Fm) of seedlings
on the nursery soil and tailings were lower than seedlings on the composted soil.
Seedlings on the nursery soils and tailings showed higher starch concentration in
the stem in contrast to the composted soil, whereas carbohydrate content of
seedlings on the composted soil was highest in the leaf, followed by stem and
root. Carbohydrate allocation of seedlings on three types of soil except tailings,
was the highest in the leaves.

Consequently, natural revegetation in the disturbed coal mine lands may be
related to the species composition of the surrounding forest, low nitrogen content
in the coal-mine soils might increased the damage of trees as a result from
inhibiting the expression of tolerance against a certain stress. Trees in the
coal-mine spoils need more than nitrogen to use as a energy source of several
metabolism in order to prevent a damage and to increase tolerance against
several stress. Therefore the composted soil can supply appropriate nutrient for
trees in tailings and improve growth and physiological and biochemical properties

of trees.

The optimum composting process using sewage sludge and sawdust was
developed to produce soil amendment for the revegetation of heavy-metal
contaminated area. The optimum range of water content was 65~67% in the
uncomposted mixture of sludge and sawdust. The optimum aeration rate was 0.2
¢ /min per mixture volume( ¢ ) for the first-stage of composting and 0.1 ¢ /min -
¢ for the second-stage of composting. The soil amendment made of sludge and
sawdust had high nutrient(N, P) content(2~3%). Due to the high nutrient content
yvoung trees showed better growing pattern at the smaller mixture ratio(below
than 20%) of soil amendment with artificial soil(perlite).

During the composting period one bacterial species and one fungal species,

which had the highest population at the temperature range of 30~60TC, were



selected to enhance the composting efficiency by seeding with the inocula. The
microbial inoculation enhanced the composting rate as indicated by higher
composting temperature, faster temperature change, and lower moisture content of
compost. Lignin-degradation fungus was used as an additional inoculum to
increase the composting rate for the mixture with high sawdust content(above
70%). The fungus seeded compost showed the higher temperature at
second-stage composting period and post-composting period than the unseeded
control. The 5% of total sawdust volume was inoculated by seeding of mesophilic
microorganisms and lignin—degrading fungus and then the seeded sawdust was
mixed with sewage sludge.

Finally the large producing(100m’/day) process for the soil amendment was

developed using the optimum parameters based on the results of the experiment.

Soil conditioner(improver) made with sewage sludge produced in local
wastewater treatment facility plays an important role in the restoration of dump
substrate into a biologically active and sustainable soil by establishing soil
microbial flora and thus inducing soil microbial activities. Their positive effects
on the restoration of coal-mine waste dump substrate into a biologically active
and sustainable soil are followings;

Analysis of soil properties in coal-mine waste dump soil showed that
characteristics of the coal-mine dump soil were inhospitable to soil biota growth;
high levels of heavy metals, low value of soil pH and lack of microbial activity.

Compared with mature forest soil, coal-mine waste soil showed simple micro
flora and low number of microorganism. This resulted in low activity of
microbial metabolic capacity. Lack of organic materials was responsible for low
microbial activity in coal-mine waste soil. Thus, addition of organic material such
as composted sewage sludge can improve the biological activity and
consequently, restore soil ecosystem in the dump waste soil

Addition of the compost stimulated the growth of tolerant trees selected for

restoration of the coal-mine soil. The enhanced growth was partly contributed to

_10_



increase in physiological activity such as chlorophyll synthesis and soluble protein
synthesis. Addition of the composit into the coal-mine soil also significantly
increased microbial enzyme activity involved in C and N mineralization and
nutrient cycle in soil. All these improvements induced phytoremediation activity
of the trees by stimulating heavy metal uptake. Optimum ratio of amended
composit was found to be 25% (v/v) in short term response.

Cellulose fabric assay with use of cotten strip was found to be very effective
and simple method to evaluate restoration progress in coal-mine soil after
amendment of the compost. Standardization of the assay for coal-mine waste
dump soil was completed in this study.

Field trial in coal-mine waste dump site confirmed all the findings in lab scale.
Amendment of sewage sludge compost stimulated the tree growth, soil microbial
activity and accumulation of heavy metal in the trees. Cellulose fabric assay was
also proved to be very simple and reliable method for the evaluation of
restoration progress in the filed.

For the reconstruction of ecosystems and ecological functions in a coal-mine
refuse dump soil, the reorganization of dump substrate into a biologically active
and sustainable soil i1s of foremost interest. This study demonstrated that
amendment of the compost made with sewage sludge is very attractive treatment

for the purpose.

_11_
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L, AdNE Adveet FoAE obget 22 Hom AFEsAtHCurtis and
Mclntoshi, 1951).

IV (Importance value) = RD + RC + RF
RD (Relative Density) = t’d5¢ 4x/ dAET DEFA x 100 (%)
RC (Relative Coverage) = Wl’d59 %/ AAFT A=A x 100 (%)
RF (Relative Frequency) = W& W%/ AAFTe] W34 x 100 (%)
Bzo & 24 WdFYolA Im x Im 2WIATE Jgz HAA o] £33

71948t WEst 9w AL,

P

=
]

o
&-J

o AAAN A FE A fAAs T

ZANAAE FAE WA 2EFE A A AT Y ANAR o] AL
Agols mRd AU gelgdth W4 £FL AR AN 4D ogH
F FAA 107] $3 Ausgon, gaTE B A4 Fd Hgow g
Tk ANANN 747 AR L AR, HAE A

S A
Fsted FA U Faldae] B4 o] &3ttt AMAS A= Ax F s
2 o] &
At 107) 29 AW F3ld4iE Al As, Cd, Cr, Cu, Hg, Mn, Ni, Ph, Zn
=

= e olgete] ghd Bald ¥ ICPE

AA
ol&ste] Fraldre] FrE FASL £33 ZolE HlusHh

D EANAE

B ozAbE 200240 B e BAAFA A4 Belo] o &3] 9la)
of ov] Mg AAFUTe AT E o StHLee e al, 2002). EA
o888 9 AnE A e, ﬂ]“ﬂlﬂﬂ ANA A AUl £ @ 2

b A S AdAsta, 89 Tl AAdsue Braus didsor FE <l
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ARE AASAT. AR D ARE 4T mse] AP Lurd ¥ A4
s} 54 $Ale] o] §8lh

2) AYH 54 24
FhHol Agte EF W A4 s Hofsty] fsiA AAlg oo Aarstdas
(nitrate reductase; NR) &4 =74 Hogherg et al.(1936)9] WS W sl 2
skl o, 540nmel A F3=E FAste] AA s

% ¢] Malondialdehyde(MDA) ¢ H:0; 32 59 dla 58 3hofatr] 9134
A5kt MDA &2 45T oA N-methyl-2-phenylindole (NMPI)®} MDA 2} 9]

S< 7122 3 Esterbauer®} Cheeseman(1990)¢] W& we} 586nmol Al F4%
g3t A4ttt HiOp 2 436nmoll A A= F3 59 HO, TEZH
£ st 2 A3 HBernte} Bergmeyer, 1974).

S ety e BAs 9 U 34kl E A (superoxide
dismutase, SOD) &4 nitro blue tetrazolium(NBT)-xanthine oxidase® ol <73}
e FAE TUME SAHSY ZAA At (Beauchamp and
Fridovich, 1971). &3t% #24& methanol/chloroform/E& 12/5/3¢ v &= &3

=

01ge ¥ ¥4 +83 ¥, glucose oxidase™ (Hendry

i
Ao
>~1

2
o]
[IS]
o
=]

3

=
.
—
[\l
ja]
B

9} Price, 1993)°] @z} 460nmol A EF =S A sl AA3S
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L5 Aol wrgbi(100.39), AuH(50.15), E3uHE(50.76), S W(26.73) &
N F=For T dden, A= AAFUH(975), A2UHF829), TS

s 671 FFol st Uy olE F AGelAM FA

1
D
(@)}
(@]
z
L
>
=
j <=
—
EB

AEZ A9 2AETS G5 UF(52.88), FEHEUT(16.64), ZAUE(1661), E&E

Fsbar AL, AP As L2 YF(24.96), THE(2659), %

2(18.66) & 31F0] X3 Y& Ao FAEJOH, T AR A FEOR

293 T uRAUY, AHE g, AZ2UE, AAGUE, Ui, AxdA,
U, BFdUE 9552 2AE

2EFoA @EFF(30.81), MIHE(1878), WALZR(17.09) 5 23F, Azl A

A= ©FH1A3.38), =F2F(12.31), WobE(36.3), W29 d%(1231) T 24F°] 4

Bt 7 Aol FEer Yetts $2 953, M9E, =FFE, WelkE, A

o] ugty wF #HAA A Zd3= TS UEhd Aottt AEF
#H(31.17), F2](24.59), A2 UH5F+(20.14), &~v+(14.63),
O A (13.84), EFHVH(12.94), A& F#(1294) 5 18%F0] Zdsd i, A Aol
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AAFU-(117.42), #8H5-(35.15), W EH+(27.23),

< au, =AY
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pu
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wj 7](21.44), @2l %(17.8),
1A dA zRo] $4

291 2143(16.59)

L

L

B

S

(19.47), 4l
g A
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atlem, A Aol A

A} E(64.69), ©] L
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oliL, ¥l Abgel N $£3 FdsE Fom B vl gl
% Loy Me A3 FH AdHY 3 T8
Sododong Sarijae
Layer Scientific name
RF RD RC IV RF RD RC 1V
Pinus densiflora 10.53 14.29 25.33 50.15
Betula costata 526 204 396 11.26 21.05 24.07 52.38 975
Betula schmidtii 21.05 46.94 32.4 100.39
Brtula davurica 1053 6.12 6.70 23.35
Carpinus laxiflora 1053 4.08 394 1855
Tree Quercus serrata 21.05 10.20 19.51 50.76
Quercus mongolica 526 4.08 1.34 10.68 21.05 40.74 21.11 829
Acer mono 526 204 082 812
Meliosma oldhami 526 185 150 &.61
Tilia amurensis 21.05 1296 6.12 40.13
Cornus controversa 1053 10.20 6.00 26.73 21.05 9.26 6.20 66.51
Fraxinus rhynchophylla 1053 11.11 12.69 34.33
Pinus densiflora 769 789 6.17 21.75
Abies holophylla 571 339 436 13.46
Betula schmidtii 7.69 1578 17.16 40.63
Betula davurica 769 526 625 19.2
Carpinus laxiflora 769 526 5.89 18.84
Corylus sieboldiana 384 263 042 6.89
Corylus sieboldiana 571 5.08 0.11 10.90
Quercus serrata 769 526 919 2214
Quercus mongolica 769 1053 994 2816 571 847 14.13 28.31
Morus bombysis 384 263 372 10.19
Magnolia sieboldii 1142 11.86 558 28.86
Subtree Sorbus commixta 857 11.86 0.59 21.02
Prunus padus 286 169 134 5.89
Maackia amurensis 769 789 755 23.13
Euonymus oxyphyllus 286 339 325 950
FEuonymus sachalinensis 286 169 060 5.15
Acer mono 1154 789 65 2593 1142 1356 156 2654
Acer tegmentosum 571 339 124 10.34
Acer pseudo-sieboldianum 769 789 248 1806 857 6.78 3.81 19.16
Tilia amurensis 769 789 85 24.08 857 11.86 4597 664
Cornus controversa 1154 1316 162 409 857 847 13.40 30.44
Rhododendron schiippenbachii 571 339 029 9.39
Fraxinus rhynchophylla 857 10.17 3.78 22.52
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¥ 1. A%
Sododong Sarijae
Layer Scientific name
RF RC v RF RC v

Betula schmidtii 233 138 3.71
Corylus sieboldiana 465 092 557 263 244 5.07
Quercus serrata 233 138 3.71
Quercus mongolica 465 275 74 526 488 1014
Clematis heracleifolia 526 3.25 851
Magnolia sieboldii 930 734 1664 526 163 6.89
Schizandra chinensis 233 138 3.71
Lindera obtusiloba 465 275 7.4
Deutzia parviflora 2.63 244 5.07
Stephanandra incisa 930 4358 52.88
Pyrus ussuriensis 263 650 9.13
Sorbus commixta 2.63 244 5.07
Rubus crataegifolius 233 046 2.79
Lespedeza maximowiczii 233 046 2.79
Rhus trichocarpa 6.98 321 10.19
Tripterygium regelii 526 3.25 851

Shrub  Euonymus oxyphyllus 526 650 11.76
Acer mono 465 275 74 789 1707 2496
Acer pseudo-sieboldianum 698 596 1294 789 1870 2659
Rhamnus yoshinoi 233 0.46 2.79
Tilia amurensis 465 275 74 526 325 851
Kalopanax pictus 233 046 2.79
Aralia elata 526 3.25 851
Cornus controversa 526 1.63 6.89
Rhododendron schlippenbachii 930 459 1389 526 488 1014
Rhododendron schiippenbachii 233 2.29 4.62
Vaccinium koreanum 526 1.63 6.89
Symplocos paniculata 233 046 279 526 325 8.51
Fraxinus rhynchophylla 233 0.46 279 526 483 10.14
Fraxinus sieboldiana 6.98 321 10.19
Callicarpa japonica 698 963 16.61
Weigela subsessilis 233 138 3.71
Sasa borealis 1053 813 1866
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¥ 1. A%
L Sododong Sarijae
Layer Scientific name
RF RC IV RF RC 1V
Quercus serrata 244 2.26 45
Aristolochia contorta 244 226 470
Asarum sieboldii 6.38 323 961
Melandryum firmum 213 054 267
Hepatica asiatica 426 323 749
Schizandra chinensis 488 6.02 109 426 431 857
Lindera obtusiloba 4838 451 939
Astilbe chinensis var. davidii 4838 3.00 788 6338 593 1231
Hydrangea serrata var. acuminata 244 2.26 4.7
Agrimonia pilosa 488 3.00 7.88
Rhus trichocarpa 244 300 544
Fuonymus alatus 213 162 375
Tripterygium regelii 976 9.02 1878 426 216 642
Vitis flexuosa 244 075 319
Rhododendron schlippenbachii 488 451  9.39
Lysimachia barystachys 488 3.00 7.88
Pedicularis resupinata 213 162 375
Rubia okane 426 108 534
Ainsliaea acerifolia 9.76 21.1 30.81 638 7.00 13.38
Herb Eupatorium fortunei 2.44 2.26 45
Solidago virga—aurea var. asiatica 213 162 375
Aster scaber 488 451 939 426 323 749
Artemisia stolonifera 6.38 593 1231
Adenocaulon himalaicum 426 217 643
Saussurea pulchella 426 217 643
Saussurea pulchella 213 162 375
Synurus deltoides 213 162 375
Calamagrostis arundinacea 4838 451 939 213 269 482
Arisaema amurense var. serratum 213 054 267
Hosta longipes 2.44 2.26 45
Polygonatum odoratum var. pluriflorum 2.44 2.26 4.7
Disporum smilacinum 488 3.00 7.88
Carex ciliato-marginata 732 977 1709 426 431 857
Artemisia keiskeana 488 451 939
Isodon japonicus 2.44 2.26 45 6382992 363
Dryopteris crassirhizoma 6.38 4.85 11.23
Cacalia auriculata var. kamtschatica 213 162 375
Rubia cordifolia var. pratensis 244 075 319
Silene jenisseensis 426 323 749
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E 2 HY A AR HuARA AsHE Aedolq FEW FaA

o Sododong Sarijae
Scientific name
RF RD RC IV RF RD RC 1V
Pinus densiflora 833 394 236 1463 263 06 0.23 3.46
Larix leptolepis 833 3.15 236 13.84
Populus davidiana 2.08 0.79 118 4.05
Salix hultenii 208 315 118 641 1053 7.23 2.77 20.53
Salix gracilistyla 526 1.20 0.46 6.92
Betula costata 13.15 452 57.1 11742
Betula schmidtii 1042 315 70,8 112.79
Betula davurica 417 079 079 575
Corylus sieboldiana 2.63 1.20 0.23 4.06
Quercus serrata 263 06 023 346
Quercus mongolica 833 7.09 472 20.14
Magnolia sieboldii 2.08 315 118 641
Lindera obtusiloba 417 079 079 575
Sorbaria sorbifolia var. stellipila 789 145 128 3515
Sorbus commixta 2.63 1.81 0.69 513
Rubus crataegifolius 526 241 1.38 9.05
Rubus phoenicolasius 263 06 0.23 3.46
Lespedeza crytobotrya 1042 11.0 3.15 24.59
Rhus chinensis 2.08 0.79 118 4.05
Rhus trichocarpa 2.08 236 039 4.83
Euonymus oxyphyllus 526 241 092 8.59
Tripterygium regelii 2.63 1.81 0.69 5.13
Acer pseudo-sieboldianum 417 157 039 613 263 06 0.23 3.46
Rhododendron mucronulatum 833 189 394 3117 263 06 0.23 3.46
Rhododendron schlippenbachii 6.25 236 157 1018 7.89 482 128 2551
Fraxinus rhynchophylla 6.25 472 197 1294 1053 361 1.85 1599
Fraxinus sieboliana 6.25 236 118 1294 263 0.6 0.69 3.92
Weigelia subsessilis 417 157 079 653 1053 10.2 646 27.23
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32 8 4 A} (Dale, 1985; Nakashizuka et al., 1993; Walker et al., 1986;
Tsuyuzaki, 1995).

%3 Al A A AAe e 2R FaA

o Sododong Sarijae
Scientific name
RF RC v RF RC v
Melandryum firmum 3.45 0.57 4.02
Schizandra chinensis 5.26 545 1071
Oenothera odorata 10.53 727  17.80 3.45 1.70 5.15
Pedicularis resupinata 5.26 1.82 7.08
Melampyrum roseum 5.26 1.82 7.08
Plantago asiatica 3.45 0.57 4.02
Patrinia scabiosaefolia 3.45 0.57 4.02
Valeriana fauriei 13.79 568 1947
Ambrosia artemisiifolia 5.26 364 890
FEupatorium lindleyanum 10.53 3.64 1417
Artemisia stolonifera 5.26 545 1071 10.34 6.25 16.59
Artemisia princeps var. orientalis 3.45 1.70 5.15
Saussurea pulchella 17.24 739 2463
Youngia denticulata 10.53 1091 2144 1379 6.82  20.61
Calamagrostis arundinacea 21.05 4364 6469 1724 6477 82.01
Miscanthus sinensis 3.45 0.57 4.02
Artemisia keiskeana 5.26 1.82 7.08
Pimpinella brachycarpa 5.26 3.64 8.90
Boehmeria spicata 5.26 545 10.71
Youngia chelidoniifolia 5.26 1.82 7.08
Aster yomena 6.90 341 1031
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Ueh o delZl4u AolwAel mAt tddd #4 2 /¥ el U 44

3} Agle] Fasolor & Aot

G AN A olg) FE FA W FAAL T

g M A A ANFE FE A W FAdA F M S sEE UEY A
< Mno® 111.3mg/kgollen, 71 ¥ x5 Yedl 945 As®E 0.2lmg/kg
OJATHIE 4). 1071 94 F Cde A WollA A=A esk

129244 A 5 FA W fFalldr T dEz2T7e 7P FRle AolE o
bW A2 Asob Nioldth AstE dizol ula] s A=A 23 e =
fom, Nie tiz=7 4 A= A
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S

3095me/kg o2 7H3 ek ETek AN ARG A W FFo] Fdk
Aolg el FFe BulEby, BFALR, HEURgon, o5 mE A4
oA HETRY ¥ FEE UEh ANAdA AHH 55 As FEE U
GRS AR 030mg/keo® g Bgrow, BFAGTA g g, wE

L
%9 As BEE dETR AAN6A ke Hge AAA o) vrengrs}
2 F%9 1.06mg/kgs YElW oY EFHUFE7E 7 vbe 0.04mg/kgS LHERW
2ol T3t AolE Kol FFL wd , EFHUFA

Mnél s== HAA F5 F HHo] 7P =2 24476mg/kgS YEHWH oM, EF

N
N
o

P~ —Z
sz
=
L
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<
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N
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kv
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SE7E b e 1lAmg/kgd thebdth AAFUE, BEUR, 2479 Mn FE
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EfWlom HZEo] 7bg w2 0.12mg/kgsS YEFWUTH Pho FEE HAA Q] AAGFY
F7F 12.0dmg/kg o2 7 =gkonm HEZUYEI) 0.18mg/kg o2 7HE vkt A
A 5o Zn FEv AAFTUF EubduFoE Zb7F 116.27, 115.59mg/kg o= 7t
T Edon, ddFol 7 v 168Img/kgs YERUTh ey HA A A S
EE 59 O Cu == dxz=79 2 2ozt giidth

=5

4 dEixelo] SR ANA FA ARl AR FEe) xAY T

(¢+49: mg/kg)

4
B

&

T AEF+ Al As Cd Cr Cu Hg Mn Ni Pb Zn
o 3995 030 - 283 213 1.06 32.19 2.05 1.90 54.73

wpgpr M
C 66.05 014 - 267 254 0.05 136.01 - 2.88 76.60
CRORE SR M 69.13 025 - 282 217 0.42 7394 287 414 11559
= e C 3853 009 - 264 332 0.65 146.38 - 5.04 91.68
7 A Z= 1} M 66.68 015 - 295 377 057 153.87 0.98 12.04 116.27
C 5417 003 - 29 297 0.24 98.15 - 11.31 94.77
AL M 4363 030 - 287 273 0.35 19655 1.30 575 109.10
- C 3857 004 - 258 318 0.38 254.53 - 0.88 115.35
S PR M 50.72 010 - 265 058 0.04 1140 0.18 - 20.90
=T T C 29.07 0.01 - 263 234 - 39.62 - 2.08 12.44
EERSR M 16152 016 - 318 243 034 23217 195 0.18 65.27
o T C 91.17 - - 265 3.18 032 164.94 - 3.01 51.35
smopm = M 4540 016 - 308 223 0.39 18.05 1.68 3.04 93.89
= C 4429 005 - 286 3.01 0.29 80.61 - 0.11 10459
= = M 8275 027 - 294 0.39 - 24476 0.12 2.65 17.41
=7 C 7951 018 - 278 2.00 041 27048 - 9.31 18.84
FRIR-] M 20452 013 - 343 1.75 - 9299 3.48 0.51 18.53
C 182.15 - - 302 1.90 - 43.87 - 0.43 14.36
EREPS M 90.28 022 - 303 266 0.27 160.71 1.39 1.71 15.81
B °© C 343.18 0.08 - 313 449 055  200.89 - 2.33 24.64
w17 M 85.46 0.21 - 297 208 0.34 111.30 1.60 3.19 62.75
° = C 96.57 006 - 281 2.89 0.29 133.12 - 3.74 60.46

- : not detected, M : &% #HAA, C: P2AIHMA F4 45)

1) & W MDA} H.O, $HaF Aol
MDAT AA Wl A Ao Hitsiubgo] o8] Ay = EZZ oe 7HA] 2EY X
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FH
i

of 93t ¥ F=L YElHE A o] £ 9 tHKim and Lee, 1994; Davis and

Swanson, 2001).

ARG sl vhael QoA 4% MDA $9e +F Mg ohe 497t
% & AolE mol FAUTHE 5). 53] AMA A Aok AA SR vheh
P AAES] MDA $FE 47 Fu A" Yol Ak AAERT EFehd
3. o] Avhe ANA U B7e] ole] X 2EAL 295 AAE dov, A4

AW FEES A 7 2EHS 29Edd o8 FAE T des BoEh

E 5 BuAde] ANAGT FAAAN Ak AAFUHTSE BT 9
;‘é_])\

W A8 4A(NR) 2 SOD 24, H03 MDA shakel] oist S A4 23
F values
Source
MDA Hy0O2 NR SOD
Species 52.86% %% 40.54 %% 336.1 %% 15.69%x*
Sites 35.57 %% 8.12% 10.1* 0.79
SpeciesxSites 0.09 3.52 2 2.09
ok ekx = 9= 0.01, 0.001, 0.0001°1A4 =Fol7F A 97

A ¥l (Cadenas, 1989), AEAoA] H.O, X+ catalase®t peroxidase] & =
Hol AH FFEor fAHEH AEoy B xFe AF  ascorbate

peroxidase(APX)7} 71 o2 EAsH, E3] o] a4t FFA 7172 ASA A

HO, AA Fogk da8& fiﬂr(Foyer 1993). T3t 0= EA A =HFzp4d 3

HlwA 71 4 PSIZ} PSIIE 2338t A7 BEE A ddbe 93-S

)z 4= o E3] APXO| o3 HEE WA E35}= PSIY A9 Hx0.2] =4
=

& Aztsk &4 e ¢ I (Prasad et al, 1994). & 4 W H.0:9
H0.7F Al Wl 4 =0 Yepd Aoz B ARG A G

=
w
O 931 U 2 A4S B2 & ST &+ AU F AAFUHRE Py



200
O Surrounding forest
B Coal waste piles a
150
°
(@]
= 100
<Q
T
50 -
0
B. costata B. schmidtii B. costata B. schmidtii

a9 3. A oA HAR G FEAE A A S AAST S vhd
o] 9 Y4 MDA, H.0, 3

2) U A daaet dakstaae &4 Aol
Ay ZisEd g g4 ol A EY T i o (availability) &
PR o E AAstE VToR AEHY, 3 2Eg s o *—].%9] S-S o

e RS A8REe BAE FEGE EE AQQE 2 AolR
et 5). AARARse @4e wEuyRsl AAFUTRT RS 1295
mol/gel om], AAA Ful A Vel A Aeks wbEReh AAFUT A

N7 gl A Aehe AR FHo] ¥A et 4), $E1 AARU a4

24 Aolsk 2 o Ae 74 FFol A EF 249 Aolsh Ak of§ HEo|

i
o

A B Ae Aa FEH #AVE dor, HAA Bl RAGS 3 27
A2 A g A Agts FEo| 2EHAE Z8dte] G4 A JTFS v HI] WE
ol Ao ® FIukH t}(Srivastava, 1980).

FArst a9l SOD 42 5 ol Zhol7b AJAA R A Gkl = AHol7t §191
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A, 9 A= JheRsE § Ador dEEHo FEF(sink)E FEFET
gy Ay & BrsEe] wEvt S7tste ddel % HAE=,
olelgt At HILo rheiaet A FHol edEdl o AaH7] ufiol
t}(Samarakoon and Rauser, 1979). &3] A& &FFo] w$ HL 2

wol T ARt oo dES o Bo] FAste 2oz d¥A Jvh(Ericsson,

1979; Balsberg-Pahlsson, 1989)).

< A EqAE A4 F

% 6 HMAe) AAA AT FARAlN A Aol wge] 9
U 229, AL F @532 (TNC) g#Eo 3t A4 23
F values
Source
Glucose Starch TNC
Species 6.33 6.11 7.03
Sites 10.9% 8.04 9.52%
SpeciesxSites 0.91 13.0%x= 0.51

#3} iz §-95E 001, 000104 Aol QgL o]

40 10 40
0O Surrounding forest
a 8 [ ElCoal waste piles
= 30 + —
; —
© 3 2
(@) | ©
®) > o
1S c o
oy S
3 5 4t °©
o o O
o 5 =
=] — —
0] n a
2 -
0
B. costata  B. schmialtii B. costata  B. schmidtii B. costata B. schmidtii

WA e A AAEE AR EUHESE s

ol
-
AE L F BREE G Aol

TH = o, HAXA

2ozl AAA FEEA dEhd o bx A4ES
= o Az shAH el 33

=
g sEd2d o8 4% WALE 2 Uy ud
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A2 AT Y WY BY 7Y

7h WA ZHALS] 7

WA A A e AAAW A olgE £F F felRde ot
N SRR FEOR AwE AAFUTY BT oo o]

F9) S5 S Awas) fske] b AATAN 4G AES At

oA bS] - ke B4 A

Ank 7HAY] A AsteE EA BAS 98te] 47hA A TS AAs A, 47t
A AT E2TFE A9 wEY ANA BEY HEES AN 23 EY YEE
TR B AL yERA HolE TS 10 1 17 &7
EF 50%5 7IEo® shed, Aol ubeh Ak WE 50% A, AN ES 50%
A, BeE 25%¢F #HA S EF 25% AT, BaE 50% A T2 st
Al EAL 159 tdow Fu AFS =45 Ay FuAFES IR
T HES FIo deHEs S5t AuFaddeEy g
A 22 %S SPADE o] 835t =4d S
(e}
o

Z4ste] Q@ WA dojup= Ao 3
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= L
gk A

_38_



AW NEE B BE AAE F 49 5 AR ddom Ax AW AF
g zAsgom, AFEe /b AY 540 e 2ol AR RHEY

g etd ¢ QRS WA, AAN 9A 21S nt

Zy 7HAE R 3708 Al TrE AAskal 1] Al Tel AdE AR 1570 A7 <
Ao MAHER gt Ae= TAYTE, £ RaEd g A" 5= 1
T 5 i

7h WA ZHAlS] 7 A

WA e WA AAAY 4D oldE £F F s
w2 ggor s o F

A 9w FEom Awd AdFUrel vdy =
o S5 Mg Away) dstel 44 AN G ABES A AT
EgETE Q9w REY AN EF PHES AN BF EY PEEFOR T

[e]
palgon, 7 Ayl A8 BERe AAEE A% 54L FHoR 5 M
7

(e 2

>
o1

U Al A - st S 2

f wEE sbAe) A SAS AYEs 2 AelE me] FTHE 7,
)9, E7), W R F ARSI AUNARES BEG 24 1 Fol7} ta

3). & , =
deow, 9 #7], Rele] AFFe PEE/ £gE EFA 4w ok by
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-2
4 7 2 5 9 10 6 3 8 1
e % 1 =
I 7 Al AT A A A AFHE HEu 107HA1 9] A e A

£ 7ANEY, ANEY, FREANEY, FEEGAAM A dEyR fRo
Q, =71, el AdFEd 2 SR&ES H]
Treatment Dry Weight(g) SR ratio
Leaf Stem Root Total
N(50) 0.25+0.08°  0.11£0.03°  0.26£0.05°  0.62+0.15°  1.35+0.26"
T(50) 0.08+0.02°  0.02+0.01°  0.08+0.02°  0.19+0.03°  1.28+0.24"
T(25)+S(25)  1.08+0.33  0.58+0.17°  0.65+0.31°  231+0.74°  2.73+0.69"
S(50) 1.10£027*  0.70+0.24"  0.63+0.18"  244+064* 2924057
Pr > F 0.0001 0.0001 0.0001 0.0001 0.0001
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sanfen Qvds

0.3

olay Jo Yoy

T(50) T(25)+8(25) S(50)

N(50)

T(50) T(25)+S(25) S(50)

N(50)

a9 8 ARk EYWN), HAHEHT), F5EOS)+ HHEHT) 3 FmEEOS) A

(SPAD-502 value)2] H]xL

o

olo
et

o
o

b Rkl A A upERe] QoA H ALY duk v EgRT 2

i = e (2 8).

]

!

LEFI AA EFelA e A FaeeaS 25%9 50% FaE

oA AR UEERTE WA thepsteh(

i# 8).

=)
™ 0
o

1
wr
3o

o))
A

N

o))

N

el
ojn
R

A EGN), HAEXHT), F5EO)+ HAHEEFET) F F5EEFOS)AA

2

Fo/Fn

0.699+0.034"

Fin

480.6+51.0

Fo
1431+13.9°
124.5+16.8"

131.5+ 9.4°

Treatment

337.5+48.7"
291.3+51.2¢

N(50)

0.697+0.042"

415.8+59.3°

T(50)
T(25)+5(25)

594.9+43.7° 0.778+0.015"

463.4+39.2"

571.1+45.6" 0.775+0.021"

4435+44.8"

127.6+ 89°

S(50)
Pr > F

0.0001 0.0001 0.0001

0.0011
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A A wegR frel o o BEE el walel )% b wi)

o @AW A AdE =24

A0 AR B BAE AAE F 29
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dojHoz MAHEE o, F 4508 AAs A A= FALT, A
of AAstr] Aol FxES E3ste] B EFAM T, HA A Qo] HES

o
ARG F REES AYT QAT 5 32 PR,

_43_



A3 A AT F=Fe] AW AL

A7 A Fmel 4 - Asetd A4 st AAPlA A, AAEE

SEIEE R DN PN
ZAaT, B9 2sdsn e

2 #7e7] Sdetel 9 ) SOD B4 SAsden, Avads B

=S|
|
of B v da FFEE wgsts A4ngdnie] 24 s

FRA BAL AAA s vay Auw Adden Adat A
o AAZRE FAEIDS AF 5] Lee et al(20022] ol o5 AA A=),
AR RAE E 93 2k o] ed dEAe B 5 B 67 FAAH

(MDH, MNR, 6PGD, PGI-1, PGI-2, SKDH)7} 4 Ao Al&%
[e)

Fad FAgAS wuiaidzE 7] el A4 F4E e gl
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AERRE Hud A8 2D 5§29 7% A3EE FF (Weeden and Wendel,
19895 ddete] A om FAHSAY 4 FAARER dHFAA We 3 {4

a5 F44 FEE vlasty] A FAAERT
%T")’rﬁx}‘?(z‘l), AR FAAEFGL), olBHA RS VIHA(HIE e o,
ol BE FAIEAL BIOSYS-1(Swofford and Selander, 1989), POPGENE(Yeh
et al., 1997) #A5H Zzmado] sl 35t

F 9. Aol o]8d 2

Enzyme Abbreviation  E.C. No. Buffer’ No. of loci
scored
Aspartate aminotransferase AAT 261.1 B 1
Glutamate dehydrogenase GDH 1413 B 1
Isocitrate dehydrogenase IDH 11.1.42 E 1
Leucine aminopeptidase LAP 34111 A 1
Malate dehydrogenase MDH 11137 E 1
Menadion reductase MNR 1.6.99 A 1
gehl;g?ggp}c}r?gégconate 6PGD 1.1.1.44 B 1
Phosphoglucose isomerase pral 53.1.9 A 2
SKDH 1.1.1.25 E 1

Shikimate dehydrogenase

‘A = a lithium borate electrode buffer (pH 8.3) used with a Tris citrate gel
buffer (pH 8.3), B = a sodium borate electrode buffer (pH 8.0) used with a Tris
citrate gel buffer (pH 8.8), E = a morpholine electrode and gel buffer (pH 8.0).
For more details, refer to Conkle et al. (1982).

7oA S AAH S B

AutAe] @4 A$Ue B S8 2AE BHEES AE, A Fol
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SPADE ol&3lA <o ol SAHI d54 FFS AW F7F 2302 7
2

woten, xzrh 22002 7P wgten, AR RS T ZHAVE 7HE we 219
Fom, OAZHAZE 7HE =8 2369 EATHLE 15). TRl B wheh fo] AA
Aol EAE el 54 ol iR Bk w2 dEhd A2 B oF
A 3F 2R dddn. 53 dastdaso @Al o] HHAH 9
4 FEol EFAMN TS FAE FES B AL ddE Aod PR &=
i ol dFo] olFoA YFE B Frh EF I Aol B F
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100
100

5 8o 2

%ﬁ 40+ "jﬂf”

S 2 3

0 I

‘
HET?  FMAT ZEAET

29 16 A4 Aol A4 U 57bA 9] Aeld SOD #A Aol

CRRS RS S

2
Jm

g

EEEEE I EEEN

Ay vwrd 3 Fok(tailing group, TV AFE A Ao
(control group, C)o t©h3k
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ta
1

7F FHEFAA0617 Ao w et MDHAAE AXMAY 2 ddf
gl Aoz el ot HAA A S
bel W% (0.217)7F AA- e WE(0.033) 8} =A Yelwth. MDHS PGI-1914 =
FHHEFAA7E a2 YERE dbdel PGI-29F SKDHAM = FUHHFHAA7F b2 U
Wt PGI-1o1 A A4 i f22k b7F 010022 A8 we] 0.0175
Aoz yetwtom, SKDHAAE HEFH2 a®] R%(0.283)7F AR e] Wl
(0.133) K.t} =A YERTHE 10).
FAAE Wz BS Az MDH, PGI-1o14 FHAFAAEC] aadl Feh=
et vk MNR, 6PGD, PGI-2, SKDHel bb7} Fol@-fda8 oz veby
AL MDH® 35 7 15 3ol zolzh Afd=dl, HMA Jddd A= fFHAE
H-lala, MDH-1ala®] W=7} 247 05673 043302 YeEbytar, H Az chel A
74z 09333 0.067% YHEFURA] oFzke] ztolE BIth PGIO 749 #HAA H ol
A% MNR-Iala, MNR-1alb °| W=7} 747y 0233, 0.767= VhERRLL, <
ol M= 02003 0.800o.2 et PGI-lala, PGI-1alb® 348 HlEE=
# A A1t e] 0.800, 020002 HAFFIA = 09677 0.03302 e} 2] & KA
b 3 PGI-2a2a, PGI-2a2b9) §3A#48 WNx #Hx 9] 0.167, 0.8330.2 L}E}
v, HARGeAE 023338 07672 FAME AL, SKDH-lala, SKDH-lalb,
SKDH-1blb, SKDH-1blc® 23 WE+& #HA = <ol 0.133, 0.300, 0.433, 0.133

)
D)

o

i
rlo

M

-

rr

>

:c&

_‘i

N

HAAR G A= 0.033, 0.200, 0.567, 0.2000. & z}zF LFEFSETHEE 10).
SATEg e HAX A urd} i oo A SAAAY HAd dlHFAze] $(A)
7F 19712 vebgon, daAfddo = 1.82 YEwth dAaAydae oldyds= #&

A(Hp) st 7INA(H)7F 012, 01302 YEstom, HAx9e] whdupy ek o]
AT HFA(H,)S 7INA(H)7F 0.16, 0212 YEFSTH(E 11). 7+ o &3] o]
FHFES ASAT7F 71thA Bop WA yYEh E5e] 54 genetic patchs EA4
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10, A4S} ARl Aetis MEE U ggaan 2 a0 N

Frequency Frequency
Locus Allde Genoooe (xS W) vl B, Grtest
MDH a 0.967 0.783 11512
b 0.033 0.217
aa 0.933(28) 0.567(17) 13.439"
ab 0.067(2) 0.433(13)
MNR a 0.100 0.117 0.086™°
b 0.900 0.883
ab 0.200(6) 0.233(7) 0.098™*
bb 0.800(24) 0.767(23)
6PGD a 0.133 0.017 59.795""
b 0.750 0.217
c 0.117 0.617
d 0.000 0.150
aa 0.067(2) 0.000 43.172"
ab 0.133(4) 0.000
ac 0.000 0.033(1)
bb 0.600(18) 0.200(6)
bc 0.166(5) 0.033(1)
cc 0.033(1) 0.533(16)
cd 0.000 0.100(3)
dd 0.000 0.100(3)
PGI-1 a 0.983 0.900 4.184°
b 0.017 0.100
aa 0.967(29) 0.800(24) 4435
ab 0.033(1) 0.200(6)
PGI-2 a 0.117 0.083 0.372"°
b 0.883 0.917
ab 0.233(7) 0.167(5) 0.418™°
bb 0.767(23) 0.833(25)
SKDH a 0.133 0.283 7.564"
b 0.767 0.650
c 0.100 0.067
aa 0.033(1) 0.133(4) 5.978™°
ab 0.200(6) 0.300(9)
bb 0.567(17) 0.433(13)
bc 0.200(6) 0.133(4)

_52_



E L B e A8 gus AAYE FAThE

Population A A H, H.,
0.1
200
Control group 1.80(0.7888) 1.18(0.2629) 0.13(0.1628)
Tailing group 1.90(0.9944) 1.34(0.4367) éB) 0.21(0.2116)
0.16(0.1696)

A = number of alleles per locus, A. = effective number of alleles per locus H,

= observed heterozygosity, H. = expected heterozygosity.
ANAGA Agsts war Jud AAPd gue] YT JIWPEE =
| 217} 60%, 4095 Lheb) A Ao x Rashs e dge] A

Agnot 2o ol &2 U ATHE 12).

E 12 8AGy A A FAGTelA A4S HEUT Geke] fHmol

) Mean heterozygosity
Mean sample size Mean no. of alleles

Population percentage of loci
per of Locus per Locus )
polymorphic (%)
Control group 30 1.8 40
Tailing group 30 19 60
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2 Aol e= 100% +x=E HWEAYsta Jow, Heg FHA Ao X5 H
WAl S A E A AT UE T EHAE 2 AT ESAMFA AL A
B2 Adsdon dxA AF 3 s A] AR BEAEAI(E 2), FU1E TH
49%, B4 77%, DA 329%, 4% pH 6.8, C/NH] 1119 Hitze 2t 5o
2 et Age @rhadet B Rhol gol@ Aow RuHRow, FiF
FE5(TY, AE, 2, JI=E, 9, HlA) g2 94 d4H BEE A5V (R
e wEsE Aoz eyl
¥ 2. Sludge $FHEA AI(AFEA) (9 mg/l)
) 771 A | 97 | 5
A | T Y | 7=E A | HlA | e .
e o9 | F |7FE| T ] ©o | ©0 | ©o
BhE
AEANFE | 25< [ 150> | 5> | 500> | 300> | 50> | 2> - | 1%>| -
(7o
389 1 3k| 49.64 | 65.60 | 3.60 |267.14| 14.09 | 15.04 | 0.05 | 3.20 | 0.14 |69.55
¥ 3 ES5E 957 (49 mg/l)
5 =
TR
7t g 5
H] 2 (As) 50 ©]3t 50 o3}
| 7FEECD 5 ol 8 olal
3
%H 2E(Cr) 300 ©]3 370 ©]3}
2]
o T2 (Cu) 500 ©]& 750 o] &}
ki (Pb) 150 o] 3} 9225 o] 5
s<=(Hg) 2 0]% 3 o]3}
H3 W9l AZXRTHE 7|F2 2 mg/kes o.
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E5 0% A dredA] FF A ATAFRA)
s " % A
w9 0% | W 10% | wW 20% | = 30% | wRF 40%
& 77.07 74.70 74.45 67.30 64.53
7= 48.84 46.27 59.19 59.62 63.05
pH 6.79 6.77 6.33 6.72 6.72
C/N 7.93 9.71 10.77 16.64 19.82
C(%) 25.53 28.46 27.36 34.27 36.63
H(%) 3.62 4.03 3.82 4.65 511
N(%) 3.22 2.93 2.54 2.06 1.85
P(mg/kg) 20,675,30| 16,673.81 17,865.64 13,147.08 11,290.99
S(mg/kg) 11,456.54 9,922.37 9,757.19 7,217.87 597712
Cu(mg/kg) 420.94 340.44 358.51 255.28 213.00
Cr(mg/kg) 29.71 21.98 25.77 18.89 20.17
Cd(mg/kg) .27 5.77 6.19 4.23 3.76
Pb(mg/kg) 106.38 30.88 91.51 67.27 61.58
As(ppb) 24.92 23.81 22.35 15.82 20.50
Hg(ppb) 25.33 15.82 16.27 13.61 11.39
Na(mg/kg) 428.52 267.74 385.91 279.20 386.91
Mg(mg/kg) 3,455.31 2,821.31 3,119.55 2,206.69 2,231.35
Mn(mg/kg) 3,650.44 3,038.57 3,191.62 2,385.94 2,051.20
Zn(mg/kg) 1,306.43 1,078.47 1,178.08 804.17 666.90
Al(mg/kg) 36.911.72|  27,981.02 31,073.82 23,51851 23,731.02
Ca(mg/kg) 22911.00] 19,827.45 19,721.14 15,830.66 14,180.52
Fe(mg/kg) 17,012.64| 13,105.69 14,234.19 10,843.91 10,226.40
K(mg/kg) 2,339.03 1,862.23 2,5650.73 2,298.77 3,560.20
Sr(mg/kg) 142.52 121.28 126.30 96.59 91.06
Co(mg/kg) 108.02 34.54 91.02 65.43 55.87
Ni(mg/kg) 141.08 111.14 115.66 83.47 70.95
Ba(mg/kg) 455.75 352.95 380.30 270.44 279.37
B(mg/kg) 14.07 11.59 12.55 10.40 12.88
Si(mg/kg) 198.72 176.32 225.53 193.74 268.19
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E 6 Fs F sty AY g A A EFEA
. N 5 = -+
Eyb 10% 5 20% w4 30% E9F40%
KRG 54.74 62.26 44.64 38.53
71 & 41.65 42.24 42.60 50.66
pH 5.88 5.67 6.27 5.56
C/N 9.22 11.21 9.81 13.93
C(%) 24.92 26.34 27.04 29.96
H(%) 3.77 3.76 391 4.07
N(%) 2.70 2.35 2.76 2.15
P(mg/kg) 20,768.73 16,259.21 18,225.69 11,973.00
S(mg/kg) 11,116.88 10,571.87 9,394.15 8,553.78
Cu(mg/kg) 397.31 332.74 339.64 252.53
Cr(mg/kg) 27.13 28.76 24.71 21.01
Cd(mg/kg) 6.31 7.31 5.75 5.26
Ph(mg/kg) 98.46 77.25 88.69 59.24
As(ppb) 25.19 0.79 28.93 0.62
Hg(ppb) 17.59 10.00 1741 7.27
Na(mg/kg) 302.01 325.24 329.95 257.55
Mg(mg/kg) 3,292.07 2,809.98 3,036.61 1,820.01
Mn(mg/kg) 3,490.81 3,542.31 3,046.50 2,7147.39
Zn(mg/kg) 1,222.52 1,228.62 1,053.92 886.70
Al(mg/kg) 34,448.06 35,376.22 30,579.05 26,306.08
Ca(mg/kg) 22,114.05 19,141.54 19,466.27 19,052.26
Fe(mg/kg) 15,292.91 15,587.75 13,463.65 11,557.13
K(mg/kg) 2,419.93 1,370.55 2,730.18 1,236.14
Sr(mg/kg) 136.03 131.55 124.65 106.78
Co(mg/kg) 99.70 85.67 85.57 67.72
Ni(mg/kg) 129.91 92.81 109.55 74.16
Ba(mg/kg) 419.49 460.64 380.62 358.89
B(mg/kg) 12.94 1491 12.59 13.70
Si(mg/kg) 174.60 274.80 159.17 450.82
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%6 B34 T e 75 L o v
SIS T4 MAEGBST) a4 HAEGOT)
Type-1 8.9x10° /g Type-1 9.0x10° /g
17 Type-2 3.1x10° /g Type-2 1.0x10° /g
A Tl
Type-3 1.7x10 /g Type-3 9.8x10% /g
Type-4 - Type-5 1.9x10° /g
Type-1 2.3x10° /g Type-1 8.0x107 /g
ARt Type-2 1.7x10" /g Type-2 6.2x10° /g
Type-3 3.6x10° /g Type-3 2.6x10° /g
Type-1 3.7x10Y¢g Type-1 2.7x10" /g
Type-2 9.0x10%/g Type-2 9.8x10° /g
vk
Type-3 7.0x10° /g
Type-3 2.3x10/g
Type—4 5.3x10° /g
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X7 EEFHE JUtAA FY Aol & olgkst 54
e 5
i S I T T RIS
s 66.76 38.12 21.72
71 & 25% 0] % 56.84 43.26 45.83
pH 6.83 6.14 6.05
C/N 50% ] 5} 21.72 19.09 15.11
C(%) 41.27 37.80 38.11
H(%) 5.83 5.07 512
N(%) 1.90 1.98 2.52
P(mg/kg) 17,115.69 10,746.56 11,329.69
S(mg/kg) 13,013.46 8,577.29 8,859.34
Cu(mg/kg) 500mg/kg°] 5} 197.73 238.57 245.80
Cr(mg/kg) 300mg/kg ©] 3k 65.18 3953 20.52
Cd(mg/kg) 5mg/kg°] sk 2.26 2.63 2.54
Pb(mg/kg) 150mg/kg ©] 3} 38.67 43.71 47.34
As(ppb) 50mg/kg°] 3} 0.32 0.32 0.07
Hg (ppb) 2mg/kg©] 5} 10.90 7.49 9.84
Na(mg/kg) 200.40 254.86 266.44
Mg(mg/kg) 1,665.18 2,357.72 2,344.44
Mn(mg/kg) 891.85 1,036.71 1,006.23
Zn(mg/kg) 437.15 522.82 516.92
Al(mg/kg) 21,966.07 12,056.40 12,057.35
Ca(mg/kg) 21,572.18 1772951 19,806.78
Fe(mg/kg) 13,988.57 8,258.67 8,181.85
K(mg/kg) 3,186.48 3,089.07 2,392.70
Sr(mg/kg) 72.88 38.34 88.40
Co(mg/kg) 32.79 27.11 27.22
Ni(mg/kg) 24.25 22.08 21.71
Ba(mg/kg) 254.89 326.32 325.50
B(mg/kg) 0.19 0.11 0.11
Si(mg/kg) 272.79 228.26 231.44
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3
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oH
ol
1o
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A
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1o
o
12
2
)
J
o,

2= N | AEAE 2s A Be ¥
& 68.79 43.54
7= 25%°]7 55.81 44,97
pH 7.19 6.31
C/N 50% ] 5} 17.56 13.14
C(%) 33.05 34.12
H(%) 4.66 4.75
N(%) 1.88 2.60
P(mg/kg) 13,383.99 9,171.57
S(mg/kg) 8,430.21 6,996.61
Cu(mg/kg) 500mg/kg ©] &+ 162.20 280.45
Cr(mg/kg) 300mg/kg ©] &+ 49.61 29.80
Cd(mg/kg) 5mg/kg ©] 5} 2.99 347
Pb(mg/kg) 150mg/kg°] 8t 52.58 52.35
As(ppb) 50mg/kg ] &} 1.58 ND
Hg(ppb) 2mg/kg°] &t 20.87 11.86
Na(mg/kg) 114.22 278.33
Mg(mg/kg) 2102.27 2,555.53
Mn(mg/kg) 1,015.31 1,437.90
Zn(mg/kg) 613.89 744.64
Al(mg/kg) 38,463.36 12,376.63
Ca(mg/kg) 12,079.79 13,568.57
Fe(mg/kg) 18,178.52 8,011.74
K(mg/kg) 4,011.53 2,128.11
Sr(mg/kg) 83.47 115.79
Co(mg/kg) 99.74 53.98
Ni(mg/kg) 59.11 37.61
Ba(mg/kg) 211.00 420.91
B(mg/kg) 47.87 0.42
Si(mg/kg) ND 221.19
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Al A}t Cellulose 3l

Z- a2 HAE = 024 vAE
+ +
'o]‘% /\]E{ B = o B E o) [ o E o)
Cellulose &3] "AE &5 Cellulose &3] MAE £
Z < k) <

SHE(%) 62.36 4553 61.36 42.61
F718(%) 65.57 26.29 51.86 25.92
pH 6.92 6.72 6.84 6.45
C/N 20.02 11.15 12.26 11.42
C(%) 36.64 29.98 33.88 31.26
N(%) 1.83 2.69 2.76 2.38
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Ak 2 FAHZ(flow sheet)E HolFt}h 13 ¥ x+= 1565822 YUHA 3 cell
of 198 EFE 0m’(EeA FFF 80%, FHEFH 50%7=)7HA AT F
RN=s AAHAT. HF celld] A&l A2 o Hx Celld] FHEES 1693
of 12 a7 whyg Ho] 23 HEIA Eol7HA Hn. 24 ¢

cell2 FA5o] 7b cellel 12+ 2E % 37] celle] AR 180m™7HA ¥S 5 UA 27
HJom ol 124 HaFAHA & o] 30~40%Hy #AFS mste] A%
Zlo|tt,

22k MR FOA 15U AE F WAFES FRSxE olFHo dsE wriA o
FE ve 2, Ad, 2849s AAA "

1A BEa st 23 B3 2= 247 vyl A 75 FHcke theAd dolxLo] F3F7]
(blower)¢} AAHEE AA=HJoH HgaAe] Qg AAdwd 3 o225
A S719EA FsEY Eo]E oF 15~20mAER oFHste= dAST 13 &
gz IV FEHS 9Y H¥5E FII(/4) 022air/mine®, 22 HEF = 0.1

Ab EGANEA AR e A BT

g &eA] 100ton A2 Al AAAE AB7ket AAE E4 A3E % 10 2 19 19
o} zro] A A8}t
o 22 AAE 24 23 4 F Y 8500 A d T A= 370 Ao
S 2

o] 8130 L= o 187/ F Al AAH] 3Gt Thedt Aem £4
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o
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¥ 10. ELNEA =k AAA AAA H7)
T8 A LE
< X kA 2 100ton/<
Al A A H] 150,000 ¢ B d A (A AA AF)
e 3,800 9/2 380V - 300kW
LA LB - A AFA AF -> S55ton/¥
(e}
z Z30 A 4= 9,000 9/<2 ) 9l o
HO] BazAuA® A4 1500099/ 30004/9 &9
E ko) 2,800 9/<2 56m/Y A8
Q17 H] 6,000 4/4 221
=3 A 3707 4/4
A AYFEdF 0 100ton/€ x 40 HY = 400014 / €
+
<A AFdrt - 370H9 / E
EgEA A5 ds 10089 /m’ x 45 mt/ Y =450089 /€
a9 19. EGNEA = AAA] AAA B4
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K
0.17
0.37

Exchangable cations (cmol /kg)
7n
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Total N

CEC
(cmol '/kg)
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Total S
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Tt
o2
1o,
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o2
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peh
m (
L)
ki
EN
S
>,

=

D Mgk A3 B v 2 dx
7h 2001 109 F<oll elwA] shaak Zx)e] Aedagn]oa Hdgow B
B3 dWrE S (top-soil, 10cm)Z EHE 559 AVBESFCmm sieve 3 EF)S 9]

L3to] MAEY 2 HAEE AL

W) dutESky MEE Y 10gS 100mle] "o ¥ 308 5o JEAz &=
A5 dAFS FHslo] serial dilutionS A Alste] ==Ea 25TAA 2 - 10¢€ &
oF <

o) kM2 NA(Nutrient Agar)®ll =], #39°]= Rose bengal ®l#], %42
Wt AEuAE olgste]l A E colony Alg AA
gAd2 i 100mlo] EY 1gs H7bsk & 1A &<k

g gt & AEuiAE o]&ske] 30TelA 10-159 wiYF § MPNH

o
o
ofo
ol
ok
2

2) A HFA Ege] nAAE FHE

7h EGuAE 5&5%F B

EYUAAE 72355 FS Langerst Ginther (2001) WS W3 o]ibsieha
FTHe ol&std FA4sAY. FHES BHg(AET 7E)S THTE X
7 50% AERE A2 thE 100ml vlelA e @& Fol HolAE fE
%7 25Col A 10Uzt widatdnt wld et nAEe] SFo ofste] WA o
Ab8Eka 05M NaOH 10mle] ©7 b vialel F5A2. F54 05M BaCly
5ml¥} phenolphthalein A/ A|oF 2 &5 37 H7Fg $ 01N HCIZ A AQsto] b7
EF% (ug CO,-C gldry soiDoz AH&383]

asal soil respiration)

fols
oy

F7=E FAHsAL ol MAE Vx
t}.

1) INT-Dehydrogenase activity =74

E9% 1gdl 0.4% p-iodonitrotetrazolium violet(INT) 2mlE A7}k & 22T ol A
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20A17F wlkAI A TE wleE B methanol 10mlE H7tsle] W3S A=A A7l & 187 2

t}) B-glucosidase activity =4

E% 1gel 0.IM malate buffer(pH 6.5) 4mlet 0.025M p-nitrophenyl
-D-glucopyranoside(PNG) 1mlE 3 7}st & 37C water bathollA 90=3F v 3std
o g F 2ColA 1583 43 & 05M CaCly 1mé¢t 0.1M THAM-NaOH(pH 12)
AE  H7tste] 1583 A& stdoh 84S o st 398nmelA WEEH
p—nitrophenolS &7 &Rt} (Garcia-Gil et al., 2000)

2}) Phosphatase activity =4

E% 1gel 0.IM malate buffer(pH 6.5) 4m¢{} 0.025M p-nitrophenyl phosphate
disodium 1m¢E 7}k § 37C water bathollA 90&3F sl ch v & 2T
A 1587 A3 3 05M CaCl: 1mé9t 05M NaOH 4mbE #7Fste] 15%3F YAl &2
shAth. &o& ofate] 398nmel A WEE PNPE 5743 tHGarcia-Gil et al,
2000).

n}h) Xylanse activity =4

E9F 5go 2M acetate buffer 15ml ¢} Xylan substrate solution 156méE 3 7}3F
T 50TelA 24213 ot vifetdth. wid - oA Fste] ofRA S J0u(LREE S
408), MEtEYS 308D E 3 Atk 3 1mlol]l Anhydrous sodium carbonate
(A) 1m¢3} Potassium ferric hexa-cyanide (B) 1m¢E F7F3F & ulslisle] 1007T ol A
1587 #9h 20T A 587 213 & reagent C bmlS H7Fsko] 20Tl A 60&7F

WS A A (A F M- M) 690nmoll A =74 3 th(Kandeler et al., 1999).

v} Invertase activity =74

E<%F bgoll 2M acetate buffer 15ml9} Sucrose solution(1.2%, w/v) 1oméE 7}
s 5 50ColA 3AIZF viFatsith s S 30 (YRHESS 308, A EESFS 20
W)= 3 Atk A Imlo] Anhydrous sodium carbonate(A) 1mé2} Potassium
ferric hexa-cyanide(B) 1mE 7k 5 wh7jste] 157k 100C=2 AT 20Tl A
3k 2%l % reagent C bmlE FH7Fste] 20CAA 603 HESAIA(AFA—>FH M)
690nmel A =4 &9l tH(Kandeler et al., 1999).
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Ab) Arylsulfatase activity =74

EoF lgoﬂ 0.5M acetate buffer(pH 5.8) 4m¢ ¢} 0.025 p-nitrophenyl sulfate 1ml=
H7bE & 37ColA 6027 vttt Mk 5 0.5M NaOH 4me¢t 0.5M CaCly 1ml
& H7teted A4 EE stk &S oA3g & 420nmel A F7 3 vH(Langer 2k
Giinther, 2001).

o}) Urease activity =74

E<% 1gol 0.IM phosphate buffer(pH 7) 4ml2} 1M urea 1mE H7Fst & 37T
water batholl Al 90 7F vl Fatqieh. wiF F 1023 el stk &5 Smiol
ammonia adjusting buffer 500E #7F3te] Ammonia electrodeE ©]-&3afo] Ay gk
AdE Yol FE=E FA3 HTrasar-Cepad et al., 1998).

Z}) Protease activity =4

SHAEY 1gol 0.IM phosphate buffer(pH7) 4ml¥} 0.03M Benzoylarginamide
(BAA) ImlE H7Febal water bath(37 T)ellA 901F vigst & 1023+ LAl & st
gt A= 5mloll ammonia adjusting solution 50ulE  #H7}3te]  ammonia
electrode®= %9 W dEYEF ol FEE 43 HTrasar-Cepad et al.,

1998).



F 2. HFE E (top-soil) 9t HAEE %(coal waste dump soil)e] LwHAlw, ARAF
(FFo]), A+, A4S AF(NRB) 2 34397 (DNB)9 U=

Bacteria Fungi Actinomycetes NRB DNB

Colony forming units(CFU)/ g soil cells/ g soil
Top-soil 543x10"  1.10x10° 2.23x10° 2.95x10"  2.50x10
Tailings 323x10°  2.25x10° 9.00x10" 9.95x10’

2) Aes g B EgmAE 2 24}
Eg U AR #Hx

NgEee e TasAel Av Ay

¥ 3. dHFE E(top-soi) ¢ #HA & EU(coal waste dump soi)e] 1

s

M
0 -z

e w2 BA

fr

I

AU

Enzyme activities Top-soil Tailings
INT-Dehydrogenase (ug INTF/ g soil/ hr) 0.75 £ 0.07 0.10 £ 0.05
Xylanase (umol glucose/ g soil/ hr) 0.69 £ 0.04 0.19 = 0.02
Invertase (umol glucose/ g soil/ hr) 156 + 0.05 0.17 £ 0.01
fi-glucosidase (ug p—nitrophenol/ g soil/hr) 106.1 = 451 -
Phosphatase (ug p-nitrophenol/ g soil/hr) 303.7 + 18.3 281 = 1.8
Arylsulfatase (ug p-nitrophenol/ g soil/hr) 141.7 + 2.57 -
Protease (umol NH,'/ g soil/ hr) 899.8 + 52.2 234 + 15
Urease (umol NH4'/ g soil/ hr) 5265 + 4.4 165 £ 15
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A7k Frsoy kel FEFE 49 a5 vERE FUMeke A o® UE
Stk ARESGI FmoydA fdld fall S5 dEEe] AEA W2 F
SHH EY Wl 55 AZZA FRT S B F AJd
F 4 Ty FHRESH NEGESFY SFEFAA A st A &4
Sludge (%) A A% (g) Z%(em) Z9 94 (em’) Ein
B 85.07+8.48a 33.87+1.32ab 1230+102a 12.1+£0.99a
50 90.43+8.56a 34.83+2.54a 1307+144a 11.7+0.95a
25 72.76+9.04a 32.30+2.08bc 9094+ 85b 11.3+0.58a
0 67.78+5.16a 31.06+0.42¢ 974+ 67b 11.3£0.49a
ANOVA otk sk otk N.S
Sludge (%) 9 =ZF(g)  LHAEZF(g) TUNES(2) JAEFT/AEF
75 8.00+1.12a 1.96+0.61a 9.96+1.58a 4.33+1.08a
50 7.90£0.80a 1.78+0.50ab 9.6910.83a 4.80+1.58a
25 7.59+0.72a 1.34+0.26ab 8.94+0.80a 5.80+1.29a
0 7.19+1.07a 1.26+0.25b 8.45+1.18a 5.83+1.04a
ANOVA N.S ok N.S(P<0.094) N.S(P<0.083)
E 5 5o FHESH NEES] EFELAA A ste] 54 T 2
F&A4 gy ek
A= ot} g Qorel A ghal
Sludge (%) (S;;D Valu:zs) " c;n:g/ A A=) i
) 35.19+6.14a 1.07£0.05ab
50 35.49+6.41a 1.16+0.04a
25 33.60+6.45a 0.91£0.06bc
0 33.87£7.90a 0.90+0.12¢
ANOVA N.S ok
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F 6. z2E A By SRR HEEGY nde 2294

; Sludge Xylanase Invertase Protease Urease
)
° (pmol glucose/g soil/hr) (mmol NH, /g soil/hr)
75 7.16b 1.6la 6.32a 21.15a
50 5.96a 1.85b 3.09b 13.53b
dan
s 55 8.19¢ 2.35¢ 1.87¢ 6.05¢
0 5.71a 1.91b 1.46¢ 3.00c
ANOVA ok Hokok Hokok Hokok
75 0.77a 0.41a 0.445a 1.75a
50 0.81a 0.81c 0.430a 2.27a
=1
ok 55 0.73a 0.52b 0.481a 1.21a
e
0 0.85a 0.63a 0.444a 1.50a
ANOVA N.S Aok N.S N.S
[f-glucosidase Phosphatase Arylsulfatase Dehydrogenase
(ug P-nitrophenol/ g soil/hr) (ug INTF/g /hr)
75 364.3a 60.72a 426.5a 2.54a
50 297.4b 64.41a 305.7b 2.59%a
FER
sap o 55 235.3¢c 55.46b 177.1c 1.86ab
0 182.6d 51.62b 50.6d 1.26¢
ANOVA *k% o sk ”
75 82.49a 24.27a 77.0ab 0.16a
50 64.19b 32.92b 103.3a 0.10b
=18
o 55 70.02b 45.14¢ 29.3b 0.04c
NEHES
0 81.49a 31.59b 58.4ab 0.09b
ANOVA Hk ok N.S(P<0.058) N.S
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¥ 7.24S MG ey EFEGH HEESNA fill TEE5 &
Al Cr As Fe Mn Cu Zn Cd Pb
T
mg/kg
75 62.0 - - 157 1168 159 7688 025 -
. 50 68.4 - - 2.00 633 082 45561 014 -
s 55 50.7 - - 1.67 184  0.46 880  0.02 -
0 19.8 - - 2.99 100 0.29 245 0.003 -
ANOVA N.S N.S Aok * Hkok ok
75 2545 0.09 - 1255 916 465 4.32 0.02 199
e 50 2730 012 - 1329 498  4.07 1.63 001 220
;;; 55 1206 - - 504 176 123 - 0003 319
0 142.0 - - 70 169 207 - 0.003 1.98
ANOVA k% ok skokok kx skokok * skokok skokok
e 1296 - 0130 380 1267 370 7660 029 0.002
MEEF 241.0 0.08 0.01Z 1200 0.6 143 019  0.005 3.015
Peat 97.8 - - 817 158 - 7.67 - -
E 8 Reoy ERESL AUEFA AN ke R9d 3l FIE I
Al Cr As Fe Mn Cu Zn Cd Pb
mg/kg
)24 3-()
Sludge 75 652 0003 - 631 68 101 1859 - -
Sludge 50 9.06 0003 - 728 655 101 1961 - -
Sludge 25 1036 - - 726 731 078 1230 - -
Sludge 0 11.00 - - 648 828 068 672 - -
ANOVA NS N.S * ok otk
EEETCE)
Sludge 75 1127 321 011 3946 6892 1247  29.14 0.01 0.71
Sludge 50 579 1.60 - 219.8  23.09 9.08  19.04 0.003 0.18
Sludge 55 365 1.26 - 165.1  10.58 2.50 8.85 - -
Sludge 0 172 0.70 - 815 434 2.69 414 - -
ANOVA kokok ok kK kK skokok koksk kK kK
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F 9 WATE A APS A% FxoY, FE 2 HUEY SJES AxE

Fsoy (%) 4t 3E (%) AEEYS (%) & (%)
sludge 0 0 50 50 100
sludge 12.5 12.5 37.5 50 100
sludge 25 25 25 50 100
sludge 37.5 37.5 125 50 100

NAE s A oA AR 2 A sLd WS o]l &t B
A& AEZ  dehydrogenase, [i-glucosidase, Phosphatase, Xylanse, Invertase,
Arylsulfatase, Urease, Protease®] &4 A4S 43It

TEAGEALE 9ok o] 180Y AwjE Fo] 2 P EA4FFH(SPAD meter,
Minolta, Japan)s S783kal fefel] 2o 9= && AFste] s AAL & 7
0C dry ovenoll A 48A1F AEAIZ] Fo AEFTS ZASIAY. AEFTS

o= AGF-ok At Fdste] A dHAZ F mills o]§ste] vhste] T=

i S g8kl AAl F 504, 1109, 180¥ Aol X E
F LS SHRFE #Fste] WiEd FE5E FrAse] AgEE Kol bulkE W
& TAS flske] 20T We Bas AAEsit $us 24

L
=
FEAdgZetantE 27 (ICP: Inductively Coupled Plasma Spectrometer, Model

D-TIME 3000DC, Shimadzu, Japan)Z ©]-&3lo] & %3}
A7 A 24S Y5t ESuAERAEA data, FEAY datas S E(AA
4 vs. 2d), 28 (separation vs. mixing)®, ¥4 (0% vs. 125% vs.

25% vs. 375%)Z2 Hir Ao dldk ANOVA 43 HT X7k Aol &

multiple range testg& AAlsle] FEIF o FF, A, Fxoy s oist &
A& Ao main effectell gk £S5 AAISATE 919 TA A
> 23l SPSS(version 10.2)& o83l A4S
L

A
of oF FEE AAS AHRI] Astel A 2AAA F5o|

Q%

b1

rr

3

=
S

N
L)
[l

o]%

off
H
rr
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¥ 10, $50UE A AREGdA B A4 UgrEe] AR
e amwy TERH TAET 2349E  asswd
(%) (g) (H,-H1)/180  (SPAD )
1 A AT =% 0 167 a - 29.30 a
2 12.5 6.98 ab 0546 a 37.20 b
3 25.0 11.13 b 0.778 a 38.03 b
4 375 935 b 0.694 a 35.95 b
* N.S ok
5 n &3t 0 225 a 0.083 a 29.38 a
6 12.5 6.83 b 0.602 b 35.88 b
7 25.0 9.09 bc 0935 b 35.00 ab
8 375 10.91 ¢ 0991 b 36.94 b
ok * N.S
9 Lla=y =% 0 1.99 a 0.146 a 3293 a
10 12.5 518 ab 0.337 ab 41.70 ¢
11 25.0 772 bc 0.396 ab 41.03 bc
12 375 11.70 ¢ 0.583 b 3733 b
ok P<0.057 ok
13 n &3t 0 1.78 a - 28.63 a
14 12.5 6.36 b 0.433 a 3794 b
15 25.0 10.91 ¢ 0.644 a 36.77 b
16 375 9.34 ¢ 0.700 a 40.04 b
stk N.S *
ANOVA
A W2 (& 1-4+9-12)vs. (7] & §5-8+13-16) N.S * *
T (AAT1-8)vs.(BE:9-16) N.S * N.S
FEQUFHE
2(0%:1+5+9+13) vs. 12.5% vs. .25% vs. 37.5 o o o
AA A A e A (& 1-4)vs. (W] £ F5-8) N.S N.S N.S
ol A A 2 A (EF9-12)vs.(7] & F13-16) N.S * N.S
AAFANA F&o U 0vs.12.5vs.25vs.37.5% sokok * stk
o A 22 @ YU 0vs.12.5vs.25vs.37.5% R o ok

EFES

180: A4
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SAR AERe $LEoUS A8 FFEA e Ao Fsludge FF 0%)9 kol
BHoUs A AN RaBAel Falshl FEwgod Riouisty
Zrkol We SENgEGAe] ErBHEtE BAG0R foU ARE A7t
A& & 4 ATk ol WA AUH FA wFe]l ¥HoUE Ny
2a% HolFE Rotn NG 9o BEY 49 A7 Anel Wil ARstgos
B4 HekEcke] 4 ARFHOR BYL A

¥ 11. MeEY st4-Ee X (sewage sludge) H-50Y H7bo] & EUn|AEe] &

FFAbol = Bal & A (f-glucosidase) @] &4 84 (ug P-nitrophenol/g soil/hr) ¥ 3}

Separation (¥ A &)

- Sludge Mixing
° (%) NZEF S (&3x2))
(sludge EFE ) (A EtESF)
0 2094 + 162 a 053 £ 017 a 375+ 104 a
125 162.31 £ 1207 b 285 + 1.84 a 51.09 £+ 1706 b
AA T 25.0 20291 £ 1790 ¢ 307 £ 215 a 79.12 £ 11.16 b

(Betula costata)
375 27233 £ 2421 d 374 £ 209 a 119.15 £ 32.66 ¢

ANOVA ook N.S ek
0 1265+ 334a 055 +025a 19+ 083a
125 16645 + 2470 b 331 + 266 a 5442 + 1816 b
S 250 18757 + 3029 b 336 + 185a 8688 + 10.30 ¢

(Betula schmidtii)

+
+

37.5 31347 £ 2672 ¢ 656 £ 283 b 10323 + 9.89 d

+

ANOVA k% %% ok
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N.S
N.S

g A vs. A

gl A 2ol A 9]
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=
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ﬁ

% 12, HerE] 3F4-E e A (sewage sludge) H45 24 7o g ESvAE

o] 84484 (dehydrogenase)®] €424 (ug INTF/g soil/hr) H s}

Separation (&2 *]2])

P Sludge Mixing
e G0  AEFES =g (B 2)
(sludge THEY) AHHEY)
0 0.242 = 0.132 a - 0.181 = 0.050 a
125 0972 £ 0145 b - 0.077 £ 0.041 a
AA T
25.0 0929 £ 0.121 b 0.193 £ 0.098 0.246 = 0.071 a
(Betula costata)
375 1.871 + 0.209 ¢ 0.096 = 0.042 0661 £ 0.125 b
ANOVA #kok %
0 0.052 £ 0.012 a - 0.024 £ 0.014 a
12.5 1.000 £ 0.344 b - 0.037 + 0.026 a
lp=gR e
25.0 1.120 + 0631 b 0.002 = 0.004 0.462 = 0.017 b

(Betula schmidtii)
375 1.059 + 0.155 b 0.045 = 0.097 0.863 £ 0.304 ¢

ANOVA Hokk sokok

ANOVA
FETH (AAF vs. ) N.S
AYd (ZFYAHY vs. EFHY) N.S
A EANA AAE (T vs, FF) ok
sludge &9 ( 0 vs 125 vs 25 vs 375 %) ook
sludge &3 0%lA A2 (£24%F vs £835 vs &) sk
sludge &3 125%00A A2 (2435 vs BE3F vs TF) stk
sludge &3 25.0%0 A Az (245 vs BF3F vs TF) ook
sludge &% 375%°1A4 Adgd (EgAE vs Bd8= vs 3 ok
AA G A sludge =8 (0 vs 125 vs 25 vs 375 %) *
2ol A sludge =9 (0 vs 125 vs 25 vs 375 %) ok
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) A& (Xylan) #3) & A (Xylanase) &4 HH-$

5719 AR o] Fo)xl 5etek(dhdR) o sl A= ~(xylose)E FRT4
Aitow ste oAl Add(xylan)s 7HEiEste] Ad@y 2 SeudE A
ke wheS Fuiste Eholth AU HAAE 9 g5 Lo FHnAEE

EAlstal o, Add EEAE fFEE A 27 ES U mAE

A & (plant debris)e] Eafell Ao AT B aihe Fag 9T
o AHths FAFFolo o) Aol EH|EE AoR delAa k. A
A 73 % f-glucosidase &44WFHE3} nl37tA &2 of gl

o] W4 : o R4
U Ak Skl W Fusl EaBAE st 489S RATHE 13). £

St A et E Y (separation, T EF)ANAE FxoUE He FFshA] 2 A

(sludge o+ 0%)oll Hlsto] H=eUE H7EE AgTolx aiddo] F3lst

¥ 13. A EYd sl4-E8 A (sewage sludge) 491 H7lo] ©E ESn|AE

9] A& (Xylan) #3 & A (xylanase)?] &4 A (umol glucose/g soil/hr) ¥ 3}

Separation (2] =)
Sludge A2 E ok Mixing

O
ol
bl
0%

. = .
s}k ak(%) ® (&34 4)
(Sludae (e )
EHED)
0 1536 + 117 a 401 * 065 a 302 + 154 a
SR 125 4430 + 601 b 709 + 088 ab 3011 + 1.07 b
T 25.0 5393 + 2.05 ¢ 909 + 241 b 3707 + 034 ¢
(Betula costata) 375 4444 + 330 b 1022 + 231 b 4044 + 085 d
ANOVA *ok % fokk
0 533 + 323a 239 + 167 a 274 + 1.06 a
125 4243 + 837 b 456 + 200 a 3159 + 6.01 b
A
N 250 4342+ 874Db 930 + 335D 4711 + 967 ¢
(Betula schmidtii) 475 a377 4 g77h 944 + 224 b 5014 + 872 ¢
ANOVA sokok ok ok kK
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ANOVA

FEE (AT vs. ") N.S
A (FElA e vs. A ) ok
A X (FF vs, %) sk
sludge &9 (0 vs 125 vs 25 vs 375 %) sk
sludge 33 0%l A (4% vs 2E3ts vs &%) sk
sludge 33 125%1 A A ¥ (4% vs 25 vs 3 ook
sludge &% 25.0%014 HAgld (E2|4F vs #835F vs £ sk
sludge &% 375%°l4 HAg|d (E2]4F vs #83F vs ) s
AAFNA sludge &FHE (0 vs 125 vs 25 vs 375 %) *%
Hlobol A sludge &3 (0 vs 125 vs 25 vs 375 %) ook

2}) A&l & 4 (Invertase) 4] WS-

6erEel L= (glucose) T ¥} (fructose)el F7He @A 7l Agtal A (=2
2925 sucrose) S ZHZte] @A R EHels E4aEA dY A9 o] Z(sucrase) 2
A A Aok AL B ERVE AE HAE WY Fo v Esfd #Eo

=
2
AT invertase: AFS =TI AFom HH stz vAdE YA F(soil

B

&
e
o
i
2
X0,
i
=l
o
i)
)
)
e,
n)
S0
ot
B~
k

microbial biomass)¥ [i-glucosidasel}
xylanase EAWHEI pR7EA| 2 FIolu A EbRiel] Adaglo]l Fs e Hrbel 9
3 aAaggdol FElet 7beF STkl ket
T 2428 E SUksle AES ERATHE 14). T3 854 ' E % (separation,

SITEPANME FHoUE A THHA F2 'ﬁﬂ:rl(sludge S 0%)ell H] sk

_L
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E 14. MetE%d sl4-<& A (sewage sludge) H4:21 H7lo] ©E Edn| A&

o] 2} (sucrose) 3] & A (invertase)d] &

4 (umol glucose/g soil/hr) ¥ 3}

Separation (7] *]g])

= Sludge Ab= E OF Mixing
T3 O o [e] -y = - -
(%) (siud FSEE (EFA)
_Sheee (e o)
THED)
0 3997 + 1667 a 1373 £ 063 a  61.09 £ 1859 a
125 32963 + 2326 b 8101 £+ 59 b 27533 + 2263 b
7 Xﬂ 2~ j=4
AT 250 34045 + 2332 b 8728 + 352 b 18367 £ 1785 ¢
(Betula costata)
375 31768 £ 2297 b 7980 £1591 b 9245 £ 21.37 a
ANOVA seskok stk skskosk
0 9176 + 2169 a 465+ 200 a 4941 £ 11.84 a
125 31426 + 1142 b 4536 £ 1077 b  204.38 + 4022 b
Cla=gBer
o 362.37 + 11.80 ¢ 91.05 = 12.17 ¢ 24342 + 5719 ¢
(Betula schmidtii)
375 31007 £ 2063 b 6050 + 659 b 14475 + 3472 b
ANOVA stk stk sksksk
ANOVA
FETH (AAF vs. ) N.S
AYd (FYAHY vs. EFHY) N.S
TYAHANA FAAE (F vs, ) ok
sludge =¥ ( 0 vs 125 vs 25 vs 375 %) otk
sludge &% 0%lA AH2d (E283%5 vs £E35 vs TF) s
sludge 3 125%° 4 H&¥ (&= vs BE3F vs =F) sk
sludge &3 25.0%°1 4 A&¥ (E3F vs B35 vs =F) sk
sludge $FHaF 37.5%° 4 H&¥ (&35 vs BE3E vs =F) sk

AA Gl A sludge g#FE (0 vs 125 vs 25 vs 375 %)
ulctoll A sludge &3 ( 0 vs 125 vs 25 vs 37.5 %)

sksk

kKK
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ul) f-7] 355 & 4 (Arylsulfatase) &4 W
F71 @ 2kell 2H 2(R-0-S05)E 7heialste] ¥7132HS0) S FaA7s &
o] f7| B8] & A (sulfatase) 9]  ¥YFQ  arylsulfataset:= ¥ =4 3} E}o} A (phenol

=
gy v frIgEdAEae AR, HAE TE0 E¥se Ao

o >~
= As ' g UMy

¥ 15. A etE%] 3l5-E 8 A (sewage sludge) H45 24 H7bel g ESu|AYE 9

718l &4 @424 (ug P-nitrophenol/ g soil/hr) 3}

Separation (2] *]g])

. Sludge - — Mixing
T 3 2(9%) G o= (EgA)
(sludge TFEL) (M EtE )
0 641 + 182 a - -
12.5 3576 £+ 526 b - 26.27 + 942 a
7 Xﬂ 2~ j=4
AT 25.0 67.12 + 1023 ¢ - 19.88 £ 199 a
(Betula costata)
375 8733 +£ 2118 ¢ - 32.16 £ 035 a
ANOVA Hokok
0 3.02 + 090 a - -
125 4052 + 10.78 b - 928 + 317 b
Cla=gBer
o 25.0 7737 £ 1460 ¢ - 19.17 + 2.29 ¢
(Betula schmidtii)
375 9219 £+ 738 d - 2952 £+ 6.88 b
ANOVA Hokok
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ANOVA

T3 (AAF vs. B N.S
Agd (ZEAY vs. A ) N.S
FEAZNA AAE (F vs, 3F) ok
sludge & (0 vs 125 vs 25 vs 375 %) oon
sludge & 0%l A Al (F24F vs £E3tE vs &) ot
sludge &% 125%°14 Hgld (E24F vs 288F vs £ ok
sludge &3 25.0%414 A& (24T vs w83tE vs EFD) ok
sludge &3 375%0A A2 (2435 vs BE3F vs TF) ok
AA A sludge &FE (0 vs 125 vs 25 vs 375 %) *
wheto A sludge &#F® (0 vs 125 vs 25 vs 375 %) ok

B2E 7HE7IH dded= S 2}

ga1t Baw dAad WIslE dgen] mE ABA AAA G =49
A

=2
>
rr
4
ol
_>‘.1_1‘
=
-z
i
to
T
e
)
o
2,
0%
i
g

o
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T 16. A EtE %0 3l4< ) X (sewage sludge) <2y H7bd W& Egn| A&

o] @l a Ra) F A (protease) ] &A A (mmol NHy'/g soil/hr) W3}

Separation (8] *]g])

R Sludge A}=E ok Mixing
T 5 = IS EY == o
sF2F(%) (sludge (=gA4a)
. (M EL)
TIHEY)
0 041 £ 010 ab 030 £ 0.11 a 0.30 £ 0.04 a
125 038 £ 004 ab 042 £ 0.06 a 0.46 £ 0.13 ab
AA T
25.0 0.30 £ 0.05 a 0.39 £ 0.04 a 044 + 0.05 a
(Betula costata)
375 049 + 0.08 b 041 + 0.02 a 0.62 = 0.02 ab
ANOVA N.S N.S *
0 038 + 0.11 a 036 + 0.07 a 036 + 0.03 a
125 044 + 012 a 0.35 + 0.06 a 0.42 + 0.08 a
Cln=gBer
L 25.0 046 + 0.13 a 042 + 0.08 a 035 + 001 a
(Betula schmidtii)
375 0.35 £ 0.03 a 0.44 £ 0.08 a 0.38 + 0.03 a
ANOVA N.S N.S N.S
ANOVA
FEH (AASF vs. BE) N.S
Agd (AP vs. EFA]) N.S
I AZANA AAE (F vs, ) N.S
sludge & (0 vs 125 vs 25 vs 375 %) N.S
sludge &3 0%lA H2d (E24%F vs £835 vs ) N.S
sludge &% 125%°l4 HAgld (E24F vs 288F vs £ N.S
sludge &3 25.0%°14 AZ¥ (E&3F vs B35 vs =F) N.S
sludge &3 375%00A A2 (245 vs B35 vs &F) %
AA A sludge F#E (0 vs 125 vs 25 vs 375 %) s
Hlobol A sludge &3 (0 vs 125 vs 25 vs 375 %) N.S
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AP 8483 & A (Urease) &4 wH¢
olrjtiolA| o] AdF o2 Q4 (urea)d] 7FrEINE FSulste 40t pHK.0N A

=
440 B4 wolw AT, ALF, DEAE L 5B BE QA AAA The

mlru

Al =A% g B §_d:9‘r HEo] 7] A9 718 3H(mineralization) & =
AAA EF W nAEES] o] = e FA2Y9FE dE2FgH 22)E FFe
Q3% 98 FPsva shlg. dE B g4 A EAEe] gl
Yol Rejst=t whale] QAR EAE A4S SRYolE Bt e AR
Ak oz Fajgaet v R £F, A, By HIbEdd daglel g
480 FEHA Gt (3 17). @i d Falah o] FEHA &2 AHel
A QAT Ese] ARFEY FElEhA 2 AL G Aow Audn
¥ 17. A E ol sl4-E 8 A (sewage sludge) F524 H7bo] w2 EUdN|AE
o] @43 F 2 (urease)®] &4 A (mmol NHy' /g soil/hr) W3}
Separation (F2]# &)
F— Sludge Mixing
o FFo)  BFEY e (E3A )
(sludge €FEY) HEHEY)
0 0.29 £ 0.03 a 026 £ 004 a 046 + 0.12 a
125 049 + 0.08 b 042 + 021 a 041 + 0.05 a
<11
AA T 25.0 0.40 + 0.13 ab 046 + 001 a 0.33 £ 0.05 a

(Betula costata)

375 042 + 004 ab 040 + 008 a 035 + 0.06 a
ANOVA N.S N.S x
0 037 £012a 046 = 010 a 039 + 0.04 ab
125 042 = 015 ab 038 = 0.05 a 028 + 001 a
grE 25.0 049 + 008 ab 049 + 008 a 0.36 + 0.10 ab
(Betula schmidtii)
375 058 +011b 044 + 008 a 053 + 0.05 c
ANOVA NS NS -
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ANOVA

FEd (AAF vs. 2BE) N.S
Agd (A vs. A ) N.S
A X (FF vs, 3HF) N.S
sludge &= (0 vs 125 vs 25 vs 375 %) *
sludge 3% 0%lA A (4% vs 283ts vs €3 *
sludge 3 125%0A Ml (F24% vs 2835 vs &) N.S
sludge 33 25.0%1A AHe® (4% vs 28eF vs 3D N.S
sludge &3 37.5%°A H&¥ (2335 vs LEF vs TF) sk
AAGAA sludge &= (0 vs 125 vs 25 vs 375 %) N.S
ko A sludge 4 (0 vs 125 vs 25 vs 375 %) ok

o}) 91AHE3] & A (phosphatase) &4 HH-&-

Ol A7 38l & A~ (phosphatase)i= 7FrFE3l 842 stz QAo 2~HZE H QlAl
FFE(EYALhe] 7teEdlE Fuste 8424 ES Ul {714k #aste] 7t
& 3}l (mineralization) 3t 2. 24 wAEE0] o] &3 F QJQEH Zol= FQ3 9IS
gt o dwtHo R o] §4ATAHLS EY W Faclite] vS u FUlseE A
o] lomn Cudt Zn 22 FTadol d aagiol

JANE S0 HeQl Hgel ofd) AHEE B
=

Aokt F8¥ 4B Su gt Ao

—glucosidase, xylanaseY invertase & AWHE-3} upz7lx| 2 FFoly AWy A
Fglo] Fso Hubd ofst gagdAdo] FleA FUte AESE B 7 e ®

o] H7be Zrbe wil FaEA a2 E F7hetE A4S B (F19).
w3k 3}=A e E % (separation, SFEES)AAE FEoUE W TH

2 T (sludge 3 0%)e] Wlate] L%oUs Hukah AedTolM maBAol 318
A frsgon Piey @ity 7}

S|
AR Fod ARE Aot s & F AT
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hyA

18 A eEdd sr-E# A (sewage sludge) F-52Y 7 wE ESuAdE

9] <QlAHE 3| & 4 (Phosphatase)?] €484 (ug P-nitrophenol/ g soil/hr) % 3}

—_

™

Separation (2] *]g])
Sludge A}=E ok Mixing

> = ) 5=E ok -
° sF2F(%) (sludge :j]; :]: (=34 2])
g%LEOJ) (‘]L_EO)

+

0 102.61 £ 2757a 3028 + 2.94a 30.16 £ 8.4b5a
12.5 33242 + 2452b 3658 + 348ab  102.49 + 43.30b
25.0 303.08 £ 8.68b 5248 + 13.35bc 14528 + 18.60b

+
+

A A G
(Betula costata)
375 37851 £ 30.87c 6441 = 16.92¢c 172.23 + 2847c

ANOVA Hkk * sk
0 65.89 + 9923 2099 + 1.09a 2820 + 5.8ba

+
+

12.5 320.82 + 64.59b  34.48 + 7.55b 86.75 + 28.11b
ahehL}

o 25.0 348.75 + 41.10b 4866 =+ 8.59c 137.10 = 21.28c
(Betula schmidtii)

375 42590 + 58.80c  62.85 + 1047d 171.10 = 13.38d

ANOVA Kk sesksk sk
ANOVA
FTH (AASF vs. T) N.S
AYd (FYAHY vs. EFHEY) *
TYAHANA AAE (FF vs, 3F) s
sludge &3 (0 vs 125 vs 25 vs 375 %) kK
sludge &% 0%lA A2 (£28%5 vs £835 vs TF) stk
sludge &% 125%°14 A2d (E24F vs 835 vs &3 sk
sludge &% 25.0%°14 A2d (4% vs #8355 vs &3 sk
sludge &3 375%° A AHz¥ (E2]4%5 vs EH3F vs TF) ook
AAFANA sludge FHFE (0 vs 125 vs 25 vs 375 %) N.S
ol A sludge & (0 vs 125 vs 25 vs 375 %) ok
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=5

9. MEeEtE e 3l4<& e A (sewage sludge) F-<421 7}

A} &-Z[microbial biomass C ; (mg C / g soiD]¢] ® 3}

Separation (&2 *]g])

. Sludge - - Mixing
T Fog 5= SR (E@A)
(sludge THEY) AHHEY)
0 925 + 658 a 2477 £ 14.3 a 20.1 + 148 a
125 3385+ 64 Db 337 £ 145 a 835 + 134 b
A A FUF
25.0 4315 = 460 b 235+ 64 a 2137 £ 479 ¢
(Betula costata)
375 736.3 £ 797 ¢ 185 + 134 a 2753 + 280 ¢
ANOVA KoKk N.S Hokok
0 123 £ 58 a 38 £ 85 a 110 £ 45 a
125 2598 £ 451 b 70 £ 91 a 838 £ 78 b
S 950 3990 + 548 ¢ 527 + 58 b 1833 + 191 ¢
(Betula schmidtii)
375 7145 + 964 d 463 + 95 b 281.0 £ 533 d
ANOVA skokok kokok skokok
ANOVA
T (AASF vs. BE) N.S
A (A vs. EA ) N.S

AN A8 (FF vs, 8HF)

sludge & (0 vs 125 vs 25 vs 375 %)

sludge 3 0%l Al (3= vs BE3E vs £F)
sludge 3 125%°14 A2l (2235 vs £

sludge & 25.0%00A4 Al (F24F vs B85 vs &7
sludge &&F 375%004 Al (2435 vs &g

ARG sludge FHE (0 vs 125 vs 25 vs 375 %)

ukctoll A sludge &3 ( 0 vs 125 vs 25 vs 37.5 %)

ko

skskosk

ek

kKK

ko

sokosk

KKK
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E 20, skrEe X (sewage sludge) F=eUE H7HE MEEFAA FE5+ W

AL F 2 F8l T55F s ZAE T3 WA +F9 phytoremediation &3 %=
Al

AR [AA 50 A ol A fFEF o EAEtE dRFS T E FE(me/)]
Sludge 32 2] 2] 8] (Separation) &3 7 (mixing)
Control ) % of Control . % of
(%) plantation plantation
(no plants) control |(no plants) control
0 1.97 154 78.2 2.06 2.04 99.0
K 12.5 2.76 2.08 75.2 3.43 2.59 75.5
25.0 4.85 2.81 58.0 498 2.30 46.2
375 6.04 2.80 46.6 6.01 2.82 47.0
0 7.12 5.56 78.1 7.30 5.50 75.3
Ca 12.5 27.50 11.05 40.2 37.80 16.55 43.8
25.0 71.00 21.60 30.4 75.55 15.70 20.8
375 68.25 25.85 379 104.20 25.55 24.5
0 2.70 2.21 81.9 2.89 2.07 715
Mg 125 9.99 11.55 32.2 3.22 4.88 42.2
25.0 21.62 6.21 28.7 20.00 4.19 20.9
375 19.30 6.46 33.5 26.15 6.25 23.9
0 10.75 8.25 76.8 11.65 8.58 73.6
Na 12.5 11.50 7.49 65.1 11.15 8.53 76.5
25.0 13.36 9.48 70.9 13.75 9.35 68.0
375 12.95 9.06 69.9 13.90 9.14 65.8
0 0.47 0.24 50.9 0.11 0.20 181
Fe 12.5 0.09 0.07 7.8 0.07 0.04 57.1
25.0 0.03 -8 - -
375 - 0.03 0.01 -
0 _ _ _ _
125 - - - -
Cul o5 0.03 - - -
375 0.03 - 0.01 -
O _ _ _ _
12.5 - - 0.09 -
Mnl 50 0.25 - 0.25 -
375 0.29 - 0.85 -
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#E 21 skrEe A (sewage sludge) F=oUE H7HE MEEFAA FE55+ W
LT 2 Fll TE55F = 2AE 3 WA 5F <] phytoremediation &3 %
AR [AA 1109 A Sl A FE25 dld EAte dF9 F55 sE=(mg/l]
2] 2] 2] (Separation) &3+ 2 (mixing)
Sludge 3% o o
%) Control plantation % of Control plantation % of
(% (no plants) control | (no plants) control
0 2.30 1.80 78.3 2.60 2.17 83.3
K 125 2.92 2.17 74.5 241 2.17 475
25.0 2.90 2.37 81.7 241 2.58 107
375 3.82 2.60 68.1 3.87 2.77 71.6
0 7.21 592 82.0 11.50 6.14 534
Ca 125 19.20 8.94 465 13.70 9.95 72.6

25.0 20.30 13.00 64.0 13.30 13.60 102

375 36.70 14.70 40.1 35.50 20.85 58.7

0 1.84 2.22 120 3.73 2.02 54.0

M 12.5 5.04 2.34 46.4 3.20 2.54 79.2

£ 25.0 5.61 2.55 455 3.16 2.98 94.2

375 7.36 2.72 36.9 6.50 3.55 54.6

0 8.95 9.38 105 12.70 9.99 78.7

Na 12.5 11.00 9.35 85.0 9.66 8.65 89.5

25.0 10.20 9.46 92.7 8.55 8.85 104

375 11.40 8.45 74.1 9.72 9.50 97.7

0 -2 0.14 - 0.09

Fe 125 0.25 0.11 44.0 - 0.06

25.0 - 0.02 - 0.01

375 - 0.27 - 0.07

O _ _ _ _

12.5 - - - -

Cul 950 - - - -

375 0.04 - - -

0 — — — —

125 - - - -

Mn o5 - - - -

375 - - 0.10 -

or 1§ 5 ] ] ] ]

As 950 - - - -

Ni 375 - - - -

HESHA o]ty FHA
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b
[\
[\

. €Y A (sewage sludge) 52U E H71s AgEYSANA FE5F U<
F o FE 555 vE ZALE 53 WA 9 phytoremediation B3 F

AR AL 180 Foll A & e =A8s 97 T35 F=mg/D]

o2
oS
ult4

Sludge 32 2] 2 2] (Separation) £33 2] (mixing)
Control . % of Control . % of
(%) plantation plantation
(no plants) control |(no plants) control
0 1.76 1.78 101 1.81 1.76 97.2
K 12.5 2.13 3.05 143 1.15 0.78 68.2
25.0 2.90 3.67 126 0.88 3.25 368
375 2.64 2.69 102 3.16 3.50 111
0 5.72 5.77 101 5.85 7.21 123
Ca 12.5 10.30 16.85 164 12.20 5.44 446
25.0 21.10 19.10 90.5 9.20 26.55 289
375 22.60 34.65 153 25.00 41.15 164
0 1.36 2.24 164 152 1.73 114
Mg 125 2.63 4.70 179 1.57 0.99 63.0
25.0 5.79 419 78.7 1.30 5.43 417
375 3.30 7.04 213 341 7.80 229
0 8.44 9.87 117 9.81 798 81.3
Na 12.5 9.98 12.80 128 5.40 3.77 69.8
25.0 8.65 13.70 158 476 13.85 291
375 8.82 10.07 114 9.94 16.25 164
0 0.26 0.01 3.85 0.08 0.05 62.5
Fe 12.5 0.51 0.03 6.48 - 0.09
25.0 0.48 0.01 2.60 - 0.05
375 - 0.08 - 0.03
o — _ _ _
Cu 125 - 0.05 - -
25.0 - 0.07 - 0.06
375 0.13 0.07 53.8 0.07 0.04 57.1
O — — — —
12.5 - - - -
Mol 55 - - - -
375 - 0.03 0.03 0.01 31.8
ak 13 5 ] : ] ]
As| 50 - - - -
Ni 375 - - - -
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(sewage sludge) F-=2UE H7bst AetEfo| A AAlF U

A ol JFAF 2 49 RS AA w3
Sludge 3% =2 fﬂﬂ(Separati?n_) =3 ?ﬂ(mixing)‘ _

(%) T AEFT FFHF 5 NEST 549

? (ug/g) (g) (ug) (ug/g) (g) (ug)

0 62.82 2.25 141.35 27.84 1.67 46.49

K 12.5 71.10 6.83 47878 55.70 6.98 388.79
25.0 73.67 9.90 729.33 86.35 11.13 961.08

375 78.80 10.91 859.71 82.30 9.35 769.51

0 122.3 2.25 275.18 72.67 1.67 121.36

Ca 125 124.8 6.83 852.38 101.93 6.98 711.47
25.0 93.0 9.90 920.70 124.33 11.13 1383.8

375 125.1 10.91 1365.2 156.03 9.35 1458.9

0 31.97 2.25 70.93 20.70 1.67 34.57

Mg 125 36.30 6.83 24793 29.37 6.98 205.00
25.0 26.52 9.90 262.55 30.60 11.13 340.58

375 32.70 10.91 356.76 32.27 9.35 301.73

0 14.63 2.25 32.92 12.64 1.67 21.11

Fe 12.5 15.25 6.83 104.16 13.43 6.98 93.74
25.0 16.98 9.90 168.10 11.05 11.13 122.99

375 12.34 10.91 134.63 15.04 9.35 140.62

0 0.631 2.25 1.42 0.700 1.67 1.17

Cu 125 0.672 6.83 5.02 0.733 6.98 512
25.0 0.721 9.90 7.15 0.671 11.13 7.47

375 1.024 10.91 11.72 0.841 9.35 7.86

0 0.255 2.25 0.574 0.142 1.67 0.237

Ni 125 0.293 6.83 2.001 0.360 6.98 2.513
25.0 0.299 9.90 2.960 0.358 11.13 3.985

375 0.371 10.91 4.048 0.369 9.35 3.450

0 0.162 2.25 0.365 0.118 1.67 0.197

As 12.5 0.170 6.83 1.161 0.207 6.98 1.445
25.0 0.196 9.90 1.940 0.225 11.13 2.504

375 0.164 10.91 1.789 0.148 9.35 1.384

0 6.861 2.25 15.44 6.87 1.67 11.47

Mn 125 7.370 6.83 50.34 11.28 6.98 78.73
25.0 5.130 9.90 50.79 13.64 11.13 151.81

375 6.810 10.91 74.30 10.71 9.35 100.14

0 0.066 2.25 0.149 0.234 1.67 0.391

Cr 125 0.063 6.83 0.430 0.230 6.98 1.605
25.0 0.054 9.90 0.535 0.221 11.13 2.460

375 0.134 10.91 1.440 0.234 9.35 2.188
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% 24. 35581 A (sewage sludge) F-=2UE H7bgh AetEqfo| A wgito
ot AYAF E F3 FaE5 AA a9
Sludge 3% =2 fﬂﬂ(Separati?n_) =3 ?ﬂ(mixing)‘ _

(%) TE nNeEs FTHAF TE Aes FHAF

? (ng/g) (g) (ug) (ng/g) () (ug)

0 23.81 1.78 42.38 34.43 1.67 68.52

K 125 87.84 6.36 558.66 65.96 6.98 341.67
25.0 103.36 10.91 1127.7 67.38 11.13 520.17

375 104.06 9.34 971.92 78.24 9.35 91541

0 118.0 1.78 210.00 99.42 1.67 197.85

Ca 125 1425 6.36 906.30 110.50 6.98 572.39
25.0 150.2 10.91 1639.1 128.94 11.13 995.42

375 179.3 9.34 1675.0 144.54 9.35 1691.2

0 20.86 1.78 37.13 21.56 1.67 42.90

Mg 125 36.68 6.36 233.29 28.13 6.98 145.71
25.0 34.96 10.91 381.41 29.33 11.13 226.43

375 33.80 9.34 315.69 27.98 9.35 327.37

0 15.38 1.78 27.38 10.85 1.67 21.59

Fe 12.5 20.07 6.36 127.65 12.15 6.98 62.94
25.0 23.20 10.91 253.11 13.20 11.13 101.90

375 21.57 9.34 201.46 11.98 9.35 140.17

0 0.630 1.78 1.12 0.512 1.67 1.02

Cu 125 1.109 6.36 7.05 0.652 6.98 3.38
25.0 1.271 10.91 13.87 0.634 11.13 498

375 1.559 9.34 14.56 0.703 9.35 8.23

0 0.133 1.78 0.237 0.167 1.67 0.332

Ni 125 0.310 6.36 1.972 0.346 6.98 1.792
25.0 0.428 10.91 4.669 0.313 11.13 2.416

375 0.413 9.34 3.857 0.333 9.35 3.896

0 0.173 1.78 0.308 0.157 1.67 0.312

As 12.5 0.250 6.36 1.590 0.141 6.98 0.730
25.0 0.242 10.91 2.640 0.188 11.13 1.451

375 0.271 9.34 2.531 0.160 9.35 1.872

0 2.146 1.78 3.82 10.58 1.67 21.06

Mn 125 9.320 6.36 59.28 14.31 6.98 74.11
25.0 10.560 10.91 11521 15.13 11.13 116.77

375 8.898 9.34 83.11 12.81 9.35 149.88

0 0.231 1.78 0.411 0.217 1.67 0.432

Cr 125 0.261 6.36 1.660 0.230 6.98 1.191
25.0 0.260 10.91 2.837 0.226 11.13 1.745

375 0.243 9.34 2.270 0.222 9.35 2.597
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a) Scm depth b) 15¢cm depth
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