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Investigation of Sewage Sludge as Raw Compost Material in Korea
Soon-k Kwon, Dong-Kyu Lim, Sang-Beom Lee, "Kye-Hoon Kim, and Mun-Hwan Koh (National Institute of Agricultural
Science and Technology, RDA, Suwon 441-707, YThe University of Seoul, Seoul 130-743, Korea)

ABSTRACT : The objective of this experiment was to investigate the possibility on agricultural use of muni-
cipal sewage sludge with respect to heavy metal contents in Korea. Metal contents (mg/kg) in 88 sludge
samples were ranged from 0 to 54.3 for As, 1.7 to 197.3 for Cd, 7.3 to 2,854 for Cr, 87.4 to 5,730 for Cu,
129.3 to 10,289 for Mn, 20.1 to 2,057 for Ni, 7.6 to 197.5 for Pb, and 523.5 to 6,349 for Zn. Heavy metal
contents of sludges were compared with the regulation on raw material for compost. All sludges produced
from sewage treatment plants in metropolis (over a million in population) and large cities (500,000 ~1,000,000)
were not compatible with the regulation. In addition, 95% of sludge from small and mid-size cities (100,000~
500,000) and 93% from rural area (below 100,000) were not suitable. On the basis of Cd, Cu, Ni, and Zn
contents, 41, 53, 47, and 89% of sludge samples were not compatible with the regulation on raw material for

compost, respectively.

Key words: sewage sludge, heavy metal, nutrients, raw compost material.
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Table 1. Classification of sewage sludge samples used in this
study

Large Small and

(lassification  Metropolis dties  midesize cities Rural area
Population > 1,000,000 iooooomooog 100000~500,000 < 100,000
No. of 2 9 B %9
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Fig. 1. Sampling area and number of sewage sludge samples
used in this study.
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Table 2. Chemical composition of the sludge samples used in this study (unit: g/kg, DW)
. " Standard Percentile

Chemical composition Mean devigt?(r)n Min. 0% e Vedian = 0 Max.
oM 6% 66 538 5% 657 708 743 767 864

TN 495 124 8.1 364 439 500 55.9 633 876

PGy 29 102 6.2 27 266 322 376 4.2 770

KO0 31 13 07 16 23 28 37 45 76

¢:'0) 113 54 43 76 88 108 126 143 53.6

MgO 45 13 24 32 37 43 51 58 105

Na,O 09 12 0.04 02 03 05 11 19 65

Al 87 18.0 98 242 315 %7 438 516 1568

Fe 211 98 54 94 136 207 272 336 526

OM: organic matter, T-N: total nitrogen, Number of samples = 88,
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Table 3. Chemical composition of the sewage sludges classified by population of the representing location of sewage treatment

plant (unit: g/kg, DW)
Chemical composition Metropolis Large cities Small and mid-size cites ~ Rural area B%IZ
oM Mean 673 675 709 6% 469
Standard deviation 7 69 67 59
Min. 552 582 538 579
Median 685 659 712 709
Max. 766 785 84 774
T-N Mean 091 615 500 453 836
Standard deviation 12.7 144 9.0 137
Min. 283 439 350 81
Median 87 577 492 499
Max. 69.7 876 745 634
PO Mean 408 363 343 268 6.55
Standard deviation 135 81 80 9.0
Min. 292 251 213 62
Median 348 36.0 2 265
Max. 770 499 584 57.0
KO Mean 30 20 3.0 34 0.87
Standard deviation 11 05 11 15
Min 20 14 12 07
Median 28 18 28 31
Max. 59 27 63 76
G0 Mean 122 105 112 114 3.88
Standard deviation 24 36 31 84
Min. 82 43 62 64
Median 121 101 11.0 96
Max. 159 145 28 53.6
MgO Mean 5.1 42 45 44 095
Standard deviation 08 13 15 11
Min. 40 25 24 27
Median 49 39 44 41
Max. 68 63 105 81
Na0O Mean 14 12 08 08 0.84
Standard deviation 12 20 10 11
Min, 02 01 01 0.04
Median 11 04 05 04
Max. 47 65 59 48
Al Mean 390 308 379 21 128
Standard deviation 1.0 80 94 281
Min. 24 138 98 11
Median 373 325 381 348
Max. 579 4.7 579 156.8
Fe Mean 299 181 199 201 6.63
Standard deviation 124 92 79 97
Min. 95 54 57 63
Median 313 167 204 185
Max. 526 354 377 519
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Table 4. Profile of heavy metal distribution in the overall experimental sewage sludges (unit: mg/kg, DW)
Standard Percentile
Heavy metal Mean deviation Min. % Nodion 5% 0 Max.
As 46 7.1 <0.01 <0.01 10 29 49 92 54.3
€| 9.0 238 17 29 37 47 59 79 1973
Cr 2492 507.5 73 418 49.7 63.5 1171 765.9 28541
Cu 8119 8504 874 2974 386.2 532 856.9 1679.3 5730.1
Mn 15161 1580.4 1293 2927 4883 933.8 1878.6 3676.7 102888
Ni 199.6 366.8 201 282 352 456 1158 6375 2056.7
Pb 458 286 7.6 27 292 40.2 504 75.2 1975
Zn 2005.5 12463 5235 886.3 1156.8 1522.9 26059 35357 63494

Number of samples = 83.
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Table 5. Heavy metal composition of the sewage sludges classified by populations of the representing location of sewage sludge

treatment plant (unit: mg/kg, DW)
. .. Small and mid-size Rural LSD
Heavy metal Metropolis Large cities cities area 005
As Mean 29 32 - 46 58 511
Standard deviation 20 5.7 56 102
Min. <0.01 <0.01 <0.01 <001
Median 31 03 28 31
Max. 6.0 16.8 258 5.3
a Mean 193 265 49 48 163
Standard deviation 317 4.2 14 15
Min. 1.7 19 27 28
Median 47 50 47 ' 46
Max. 112.0 197.3 99 920
Cr Mean 9252 2081 1746 80.1 3088
Standard deviation 925.0 362.8 364.9 130.7
Min., 594 401 237 73
Median 8182 584 66.5 5.7
Max. 2854.1 1151.2 2115.1 7470
Cu Mean 1439.0 8314 6287 7864 584.7
Standard deviation 1168.8 785.3 3826 1061.0
Min. 353.0 294 1865 874
Median 994.2 547.0 537.1 4683
Max. 38904 28443 18154 57301
Mn Mean 2502.8 9204 1467.3 1355.9 1101
Standard deviation 279%.9 1221 12475 1307.9
Min, 364.8 227 1293 2310
Median 16131 4904 1004.5 7791
Max 10288.8 38486 4283.6 49419
Ni Mean 675.6 1565 119.3 1212 266
Standard deviation 684.6 215 189.7 2438
Min. 318 23 28 201
Median 4539 24 29 405
Max. 2056.7 6674 935.7 1107.4
Pb Mean 67.0 1 475 383 194
Standard deviation 475 151 279 160
Min. 190 120 16.2 76
Median 501 349 406 8
Max. 1975 669 151.6 782
Zn Mean 3532.2 2096.0 1890.9 14959 775
Standard deviation 16041 7183 11328 827.0
Min. 12085 13163 627.9 523.3
Median 345.6 1983.9 1603.2 13275
Max. 63494 3353.1 5816.8 3521.2
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Table 6. The impropriety ratio of the sludge samples used in
this study

a Permitted value” Impropriety ratio (%)
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Fig. 2. Heavy metal concentration in sewage sludges sampled from all over the country. All data is mg/kg with dry weight basis.
Dotted lines indicate limiting criteria of heavy metal in raw compost materials. M, Metropolis (over a million in population); L,
Large cities (populations 500,000~1,000,000); MS, Small and mid-size cities (populations 100,000~500,000); R, Rural area including
smaller cities with population less than 100,000.
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Table 7. Comparisons of heavy metal concentrations in sludges from several countries (unit: mg/kg, DW)
Limiting criteria Korea Germany Denmark
Element
Korea 86/278/EEC 19957 2001 1995 199 1997 1995 19% 1997
cd 5 2040 83 90 15 15 14 15 15 13
Cr 300 - 659 249 52 5 46 X 40 25
Cu 500 1000-1750 791 812 277 273 274 298 34 250
Ni 50 300400 298 200 23 23 257 26 4 18
Pb 150 750-1200 200 46 67 63 72 72 57 50
Zn 900 25004000 2617 2006 81 809 878 878 776 678
Finland Netherlands Sweden UK IRL L
Flement
1995 199% 1997 199  19% 1997 1995 199% 1997 1995 199% 1997 1997
d 1.3 0.7 1.0 0.6 08 04 16 14 1.3 38 33 28 38
Cr 8 9 & 17 18 16 38 39 35 162 157 165 51
Cu 23 291 290 4“4 39 39 517 526 393 555 568 641 206
Ni 41 48 4 10 9 9 20 19 18 60 57 4 24
Pb 47 43 39 12 1 13 5 4“ 38 22 21 150 128
7n 55 6% 606 136 149 143 638 603 53 764 792 562 1628

YPark et al.(1998)
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Fig. 3. Mean concentrations + standard errors for the several components in sludge produced from different types of wastewater
treatment system. Left bar, Activated sludge process system (67 samples); Middle bar, Oxidation ditch system (7 samples); Right bar,
Rotating, bioclogical contactor(RBC) system (6 samples).
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