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ABSTRACT

The objective of this study is to evaluate the applicability of sewage sludge as a topsoil or
barrier layer. For this purpose, total concentration of contaminant in sewage sludge, extracted
amount of heavy metals and cyanide along with soil characteristics, organic contents characteristics
were analyzed to assess the harmful effects to the environment and the adequacy of sewage
sludge as cover materials. The effect of lime addition to sewage sludge for the enhancement
of soil characteristics as a barrier layer was also investigated. The growth rate of plant was examined
to test the applicability of sewage sludge as a top soil layer.

As a result, it is suggested that sewage sludge alone cannot be used as a top soil layer or
barrier layer since it fails to the recommended envrionmental guideline and soil characteristics
of intended usage. This problem can be overcome by mixing soil with sewage sludge. Details

about mixing ratio, lime addition and type of plants to be planted were discussed in this paper.
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Table 1. Mixture Ratio of Soil, Sludge and Lime of Column Test

Sample Contents hg‘l;:: ‘:r(;i?so Volume(L) Weight (kg) | Density (g/cni)
Column 1 Soil 1 3.02 4.00 133
Column 2 (Soil : Sludge)”* : Lime 1:02 32 399 1.32
Column 3 Soil ¢ Sludge 1:08 32 3.87 1.28

*Soil : Sludge = 1:08
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Fig. 1. Schematic diagram of column test.
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Table 2. Characteristics of Surface Water on Se-
wage Sludge Landfill Area

(Unit : mg/L, wet basis)

Parameters Concentrations Permitted Level
pH® 7.53 58~86
SS 145 120 ©l3}
CODy, 77.6 130 °]&
CODc, 183.6 -
BODs 127 120 ©]3f

NH;-N 117 -
T-P 0.03 8 o]}
Phenol 0.025 3 o]&
TCE ND.”* 0.3 °ol3t
PCE N.D. 0.003 °]&
Cr ND. 2 °)&}
Fe 0.017 10 °l3
Zn ND. 5 o]&
Cu N.D. 3 ol3t
Cd ND. 0.1 o3}
pb ND. 1 °}3}
*pH : Unitless

**ND.: Not Detectable

3.2

slgaix] ¥ EAlmEX] S8 Alg 2D

g @ BEAedAE BEEAR ]88 7

¢ oz A% 87X 29

e zAEI s

o &HA2RY £2HE FI45 2 AL vxE
BEAslgen, o1 A5E Table 39 Yehlidch

ZA A3 FAM & PbE HIE S 439 FFEHoY
CNol A& A @¥sten, &3 &ysial gL &
HA2l 7% pb7t 0972 mg/LE 7P} ¥ FXE
BHoy ol Vg &3 VIEA o3ty g U
BT £3 &3 £AE EET EAMEE A
A% FEwol H3 02mg/LE HEFHALY, ol
£& 7 B} e gog ZAEerE 3
£ AE EPF BEAEHAE BEAZ ALY A4S
ExtgaAd #iHe dE F2F 2
Fio] vlXE FYL vy Ao gFH}

At ol

3.3. k=X ¥ EAlsEiX Y 2= &8

283 Wd FiHHe Ae FFSY F YT
ZAHE Ben, O A 9 o5 P otFe
eeA W BEF A4 TS Py
Table 4l “g2]3tRAct. BEotFo 7]EA s} H|

=g A
TES

Table 4. Metal Concentrations in Sludge
(Unit : mg/kg, wet basis)

Parameters | Concentrations| Permitted Level California
Pb 367.5 1,000
Zn 751.7 2,500
Cu 635.4 250
Ni 119.6 2,000
Cd 64 100
Cr 170.3 2,500

Table 3. Extraction Test Results of Soil and Sludge Mixture

(Unit - mg/L, dry basis)

Consituents Mixture Ratio (soil - sludge) Permitted Level
Soil only 1:02 1:04 1:06 1:08 | sludge only
Pb N.D. N.D. N.D. N.D. N.D. 0.972 3
Cu N.D. 0.050 0.175 0.225 0.175 0.667 3
Cd N.D. N.D. N.D. N.D. N.D. N.D. 0.3
Cr N.D. N.D. N.D. N.D. N.D. 0.158 15
Hg N.D. N.D. N.D. N.D. N.D. N.D. 0.005
CN N.D. 0.003 1.110 0.045 0.023 0.001 1

N.D. | Not Detectable
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Table 5. Metal Concentrations in Soil and Siudge

Mixture (Unit : mg/kg, wet basis)
Mixture Ratio(soil © sludge)
Constituents Soil only [1:050 1 17134 1:3 1:8
Pb 3249.8 5131 280.2 3093 3384
Zn 726 2784 5219 652.3 703.7
Cu 6.3 949 2379 4038 506.7
Ni 55.1 713 713 875 1037
Cd ND.** | ND. ND.~ 64 64
Cr ND. 189 56.8 » 1324 1324

NPE g BEA AE§ WL 43

dreAe] G A= 2] A%
g2 o Ehe] e #7118 v R ¥EF
ZAEIR e, 2 EAL ZH#E Table 69 Vehlich
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Table 6. Organic Contents Characteristics of
Sludge

Parameters Concentration
pH* 7.53
TS(%) 24.00
VS(%) 20.38
TOC(%) 1191
TKN(%) 1.43
T-C(%) 16.56
T-N(%) 1.57
T-P(mg/kg) 2400
Caloric Value(keal/kg) 1673.00

*pH : Unitless

3.4. 22X EE AlY Zo

Table 7& &9 EFH

Jqg e

vehd Zolth B AW A3 g8 dEY
AdESH Ze olAE AA7E @i, BT & IR
Awke] BEAg HolmE A5EANE HE BEZ
22 AHgdte e FEZY oA, A% WY £2
2 FEE FARl EAVE 2T Aoz 2AHH
Ak 28 AredAtes FHE FEFLS §713
Foz FEHo nazAMe 7HAs A& Aoz
FEEHG FEASTE ohg Hot Aol oA A

oz wodt dAd Re FFAF SHL
gt FEFOoRMY AS H5HE A2 S
Aoy, eeixel TR U FI1BY Falo)
dg $5Us 44 ¥ 335 $9 $39 me
Aes LARATL YAY 4 oD, TN BE
WE2o 2 Agehe WAE WA ¥ Roz
duddlth g &AY 418 ¢ FF5 @
422 PANANT F5ASE Z7AA 440 7
SHES ) AT HRozA &P SNE &
¢ EASAAE BEAze ASrbs4el AE
gtck,

o

J. of KSEE Vol. 19, No. 1, 1997



*

M ARE- 2¢Y VIR AES - 8D

Table 7. Physical Charateristics of Sludge

Characteristics Condition

Grain Size Distribution
Permeabibity
Bearing Capacity
Compaction Effect
Shear Strength
Settlement

QO X X X XD

Commentary) © : Very High O : Very Good
£ Good X * Poor

3.5. EAlsRIX|2] EFE Al Zof

3t Hee AEo Wy, A4 2 s ¥
5o ZAE HUANH F e Aoz AL
pg, 428 &3 Fgse 24384 B4 S
ARANA BEEZFoarMe ol§ 7he4dS 2AEAD
&R TEY F2 UAE AL E £& AHgdtE
Rel whgAslg o, AL ojFoh Al A g
o714 ol ErhwdEldenz =z AnE A
Hfel LT A i wHS HaFdoz
Fo|7} st Ywtzoln A +¥ & Ue 3}
7ot Hupgte] EzEo] o] Feojzl Sl LEbeiA
71 B2 %<2 Sandy Soilg Meated ALg-atsch
9 £y S B ANEY S4Y &8 F
AE 71¥e2 1:02 1:04, 1106 2 1:082

dAsigden, #8d 23 e 47 &
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Table 8. Grain Size Distribusion of Soil

Size(mm) | 476~2.00 | 200~084 | 0.84~0.42 | 0.42~0.25 | 0250015 | 00150074

Percent(%) [ 30 25 20 10 10 5

Table 9¢ &9 E3vd e ExbEeixg €3
EA4E& A Aotk EAls YA EIAANY 49
BEASHAE HENZ o3 A F8A ol
FE4E Avte XY, qPad g AIYE Fol

kil 2 zAHEAY zeid H4E e
A% FAANY Fdd F&BZ7 L7ton'm’ 039

< 7HACF dvte 3] R BE F AEF 24

TE 5E AT £3Ae HY EF¥¥e &

j=4
FHZ 11080 AHor ZEAE 5 AT

Table 9. Soil Characteristics of Soil and Sludge Mixture

UsCs

Mixture Ratio 1:02 1:04 1:06 1:08
Classfication of USDA Snady Soil Sandy Loam Sandy Loam Sandy Loam
SM SM SM SC

Silty Sand, Sand silt Mixtures | Silty Sand. Sand silt Mixtures | Silty Sand, Sand silt Mixtures | Clayey Sand, Sand-Clay Mixtures

Grain Size Distribution A Jay A Jay
Permeahility Jay A AN A
Bearing Capacity C G PN A
Compaction Effect O A Jay A
Shear Strength o O Jay Jay
Density, 7, (t/m’) 1.89 1.79 1.78 1.65

Commentary) O . Very Good A : Good X : Poor
USDA : U.S.Depatrtment of Agriculture
USCS : Unified Soil Classfication System
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Table 10. Permeability Change in accordance
with Lime Content

Lime Permeability | Moisture Contents
0.1 125 X 107° 38.28%
0.2 355 X 10°° 35.09%
0.4 623 X 1077 30.08%
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Fig. 2. Concentration of polliutants from column
leachate.

J. of KSEE Vol. 19, No. 1, 1997



—a . & g._::i;%ﬁ'/“ %E}__

20 25 30 5 10 15 20 25 30
Time ( day )

01C[‘(Ig/ L) 10 Fe ( mg/ L)
) Peruitted Level = 2 mg / L Petmitted Level = 1O mg / L
0.081 - . - - 8 1 B
0.06 . s . A
A\ | A
0.04 / e ‘"‘“ - 4 \\ A :
b \\\‘—\,‘;\
0.02 /\/‘/ }/ 2 : N\ /;«‘\ &
—a
0 % -
5 10

Time ( day )

(#Golumn 1 EcColumn 2 AColumn 3‘ (& column 1 B column 2 A&Column SE

[of L
3Zn(llg/t_) 4U("'G/)

Permitted Level = 5mg / L

Permitted Level = 3 mg / L

’i i

5 10 15 20 25 30 5 10 15 20 25 30
Time ( day )

Time ( day )

(#coluen 1 ®WColumn 2 AColumn sb (=Column 1 Colusn 2 AColumn 3.

Fig. 6. Concentration of metals from column leachate.
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Table 11. Metal Concentrations in Plant
Metal Concentration(ng/kg, wet base)
Cr Fe Zn Cd Pd Ni Cu
N.D. 14 ND. ND. ND. ND. 18
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