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Degradation Characteristics of Paper Sludge and
Changes of Heavy Metals in Soil

Hong-Jae Lee*, In-Ho Jeong**, Ju-Sik Cho*** and Jong-Soo Heo*

Abstract

Chemical characteristics of papér sludge, degradation of the sludge in soil and CO, generation,

and changes of nitrogen and heavy metals in soil treated with the sludge were investigated.

The results obtained was summarized as follows:

1. Degradation rate of paper sludge in soil was 19% at room temperature, and 28% at
incubation(30C) temperature after 12-weeks treatment.

2. T-C, T-N and the C/N ratio of the sludge in soil at room temperature were 15.5%, 0.22%
and 71 respectively, and 14.5%, 0.24% and 60, respectively, at incubation(30C) temperature
after 12-week treatment.

3. CO, genaration in soil treated with 1%, 3% and 5% of the sludge was 247mg/100g,
334mg/100g and 458mg/100g, respectively, at room temperature, and 385mg/100g, 550mg/100g
and 618mg/100g, respectively, at incubation temperature after 12 weeks treatment.

4. Mineralization ratio of organic nitrogen in soil treated with 1%, 3% and 5% of the sludge
was 8.7%, 134% and 16.2%, respectively, at incubation(30C) temperature after 12-weeks
treatment.

5. The amounts of DTPA-extractable Cu, Cd, Zn, Pb, and Cr in Soil treated with paper sludge
were 0.7~2.2, 0.1~0.17, 1.4~2.8, 1.4~2.8, and 0~0.7mg/kg, respectively. Mean while, those
of HNO; extractable Cu, Cd, Zn, Pb, and Cr were 7.9~10.0, 0.6~009, 17.6~34.4, 14.7~18.5,
and 5.8~9.0mg/kg, respectively.
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Table 1. Characteristics of the paper sludge and soil used in the experiment.

pH Moisture T-C  T-N C/N NH, NO; P:0s  K.O Ca0  MgO
(1:5) ............... % ............... ratio ............ pg/g ........................ % ............
Paper 8.1 736 191 021 91 567 239 263 002 110 075
sludge
Soil 6.1 - 167 007 24 12 59 699 003 011 0I5
DAPA*— extractable HNOQO;™ extractable
Cu Cd Zn Pb Cr Cu Cd Zn Pb Cr
............................................................ “g/g e bt e re s easacentesetadatranarstoas sttt sansetrtesanant Nt ans
Paper 43 03 138 14 03 105 08 378 175 19
sludge
Soil 0.9 0.1 12 27 - 9.2 06 325 179 75

*0.005M DTPA(Diethylenetriaminepentaacetic acid) + 0.01M CaCl, + 0.1M triethanolanine(pH was adjustd

to 7.3 with HCD
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Fig. 1. Degrees of degradation of paper slu-
dge in soil at natural and incubation
temperature for 12 weeks.

(J : Natural temp.
QO ! Incubation temp.(30T)
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Fig. 2. Changes of T-C and T-N of paper
sludge in soil at natural temperature
for 12 weeks.

(O * Total carbon
(] : Total nitrogen.
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Fig. 3. Changes of T-C and T-N of paper
sludge in soil at incubation(30C) tem-
perature for 12 weeks. '

(O . Total carbon
[J : Total nitrogen
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Fig. 4. Chcnges of C/N ratio of paper sludge
in soil at natural and incubation tem-
perature for 12 weeks.

(O : Natural temp.
O : Incubation temp.(30C)
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Fig. 5. Cumulative CO, generation in soil
treated with paper sludge at natural
temperature for 12 weeks.
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Fig. 6. Cumulative CO, generation in soil
treated with paper sludge at natural
temperature for 12 weeks.
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Fig. 7. Log-log of cummulative CO, genera-
tion in soil treated with sludge at na-
tural and incubation temperature for
12 weeks.
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graph.
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Table 2. Organic nitrogen mineralized in soil treated with

weeks after treatment.

sludge at incubation temperature at 12

Treatment Initial Inorganic-N at Organic-N
(%) 12 weeks after Mineralized*
Total-N(a) Inorganic-N(b) treatment(c) (%)
(mg/100g) (mg/100g) (mg/100g)
0 69.1 0.71 6.01 7.67
1 71.0 0.78 6.94 8.68
3 7.6 0.93 10.8 134
5 75.2 1.08 13.2 16.2
—(b
*% of organic-N mineralized = -—-(C)—()—XIOO
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Fig. 8. Relationship between inorganic nitro-
gen and cumulative CO, generation
in soil treated with paper sludge at
incubation temperature for 12 weeks.
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Table 3. DTPA and HNO; extractable heavy metals in soil treated with paper sludge at natural

and incubation temperature for 12 weeks.

(mg/kg)
Natural temp. Incubation temp.
Heavy Treat-
metals ment of DTPA HNO; DTPA HNQO;
sludge

(%) Weeks after treatment
0 6 12 0 6 12 0 6 12 0 6 12
Cu 0 089 105 091 918 905 930 08 121 114 918 916 869
1 095 102 072 892 890 890 095 123 112 892 7.89 849
3 095 102 110 880 854 100 095 112 195 880 963 819
5 128 216 138 952 887 954 128 145 184 952 764 923
Cd 0 013 012 016 060 08 063 013 012 012 060 056 059
1 014 012 011 057 091 062 014 015 013 057 061 056
3 011 012 012 064 062 064 011 013 017 064 058 057
5 010 010 011 062 060 061 010 010 014 062 056 0.61
Zn 0 016 010 098 325 346 333 116 140 137 325 360 336
1 209 212 193 318 342 344 221 226 242 318 304 329
3 154 155 170 268 249 223 154 150 143 268 269 264
5 259 278 261 300 265 230 259 278 270 207 198 176
Pb 0 266 282 277 179 197 189 266 279 309 179 160 175
1 168 183 206 185 165 178 168 259 175 185 159 174
3 199 142 164 170 154 17.6 199 240 189 170 151 17.5
5 277 232 227 166 152 162 277 282 237 166 147 169
Cr 0 0.02 - - 750 681 520 002 - - 750 852 6.52
1 0.03 - - 747 581 823 003 - - 747 823 638
3 027 021 008 724 744 900 027 031 038 724 808 672
5 047 041 031 752 760 836 047 051 070 752 748 6.80

& Aoz BIHT Uk £ 7}7+ 50mg/ke, Smg/kg, 2mg/kg R 150mg/kgol

Cre & @ Agda T3l DTPAFZ A
A F) wt Friste B EeIUR HNO:FE
He & "It gtk BSF Cre % B3
10mg/kg A=W WRE Y&AHo8 EAsH
Zxol 4% Cr¥ e 60mg/kg o1 Crf* & 5mg/kg
oliFoll A W&ol AsEHE Aoz ddA UAh?

U H B ZAFEME As, Cd, Hg ¥ Pb#ta

=
o

32 FAs 9dov Chaney™of 23t Al&E
£ AF FFEEFL Zn < 2000mg/kg, Cu < 800
mg/kg, Ni < 100mg/kg, Pb < 1000mg/kg, B < 100
mg/kg, Hg < 15mg/kg 2 Cde Zn9 05%°]3t=
AR A1, EFE F559 HUWS &L In
300mg/kg, Cu, Cr, Ni ¥ Pb”} 100mg/kg, Co 2
As7} 500mg/kg, Cd @ Hg7} 5Smg/kgR F388A
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