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Pollution characteristics of leachate and underground soil of the two landfill sites were investigated.
Domestic wastes were dumped in the two adjacent landfill sites. Only small portion of S landfill site was
filled with domestic wastes at the first stage of dumping, and most portion of the site was filled with con-
struction wastes. However Y landfill site was filled with mostly domestic wastes.

Higher concentrations of organic pollutants including VOCs were measured in Y landfill site leachate

than in S landfill site.

Underground solls of the two landfill sites were analyzed by the two kinds of leaching methods, KEP
(Korean Extraction process) and Acid Digestion. Underground solls of the both landfill sites were not pol-
luted by leachates. Underground soils of the two were composed of fine silty material. Thus it is found
that fine silty soil layer of the sea shore may be used as a landfill site.
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Table 1. Characteristics of underground soil of the landfill site (unit : %)

Landfill | Sampli moisture ash content combustable b
Site ngHole Depth (m) content (a) content (b) a+b X 100(C) ave (C)
Outside 24-25 34.10 57.86 8.04 12.20
Landfills| S0 1H [ 29,3 33.30 60.76 5.94 go1 1096
18.5 23.84 68.99 7.17 9.41
BH-12 26 21.72 72.32 5.97 7.62 9.04
30 33.34 59.94 6.72 10.08
18-19 29 41 61.94 8.65 12.25
s | BHA3 9607 26.48 64.74 8.78 11.94 1210
Landfill 15 25.82 68.43 5.74 7.74
Site | BH-14 24 ~ 26.63 68.85 4.52 6.16 7.81
31 37.66 56.40 5.93 9.52
max 37.66 72.32 8.78 12.25 12.10
min 21.72 56.40 4.52 6.16 7.81
ave 28.11 65.20 6.69 9.34 9.65
20 16.61 77.55 5.84 7.01
BH-15 30 28.20 66.37 5.43 7.57 7.29
25 33.76 52.83 13.41 20.25
v BH-16 30 27.79 64.35 7.86 10.88 15.57
Landgn | BH17 30 40.66 50.56 8.78 14.80 14.80
T aiis 21 20.40 76.66 2.94 3.70 1998
Site 30 37.05 48.95 14.01 22.25 '
max 40.66 77.55 14.01 22.25 14.80
min 16.61 48.95 2.94 3.70 7.29
ave 29.21 62.47 8.32 12.35 12.66
* Depth : depth from the original surface before landfill
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Table 2. Element Analysis of underground soil of the landfill site (unit : %)

Lower
LaSni(tieflll Holse?crir:z%ltlt?,gm) ¢ H % N S enIl{igsiton cocrkrllir;‘slict%ln
( Kcal/kg)

Surface 0.947 0.259 . 2.242 ° 0.082 0.955 7.733 C12H3027NS 12
Outside | BH-11(16-17) | 2.271 = 0.548 4.968 0.090  1.105 15.518 C25HeO5:N S
Landfills | BH-11(29-30) | 1.020 0.539 4.352 0.055 1194 8,186 C19H10079N S22
BH-12(18.5) | 2.849 0.605 4.382 0.258 1.231 24.690 C11Hz017NS;
BH-12(30) 1933  0.539 4.177 0.045  1.043 15.730 C3H1200:N Sy
BH-13(18-19) | 2.384 0.571 5448 0.076 1.213 15.346 CHgO7NS6
S BH-13(26) 1.601 0567 5118 0.026 1492 11,007 Ce2H220197N S5z
Landfu | BH-14(15) 1.722  0.247 2381 0.056  0.162 11.141 Cs1H40:NSy
} BH-14(24) 2584 0510 4.746 0077  0.753 17.078 C3:H706:NS10
Site BH-14(31) 2298  0.645 5692 . 0.078 1.235 15,729 CooHyOaNS s
max 2.849 0645 5.692 = 0258  1.492 24 690  Ca3H12095N Sz
min 1.601  0.247 2381 0.026 0.162 11,007 C11H201:N S5
ave 2.196 - 0.526  4.563 = 0.088 - 1.018 15.817 C3sHsO79NS g

BH-15(20) 0.740  0.213  2.112 0 0.442 4.119 C0.8
BH-15(30) 2621 0.671 5677 0.102  1.336 19.465 C26HrO5NS13
BH-16(25) 3.412 0.689 6.591 0.111 1.734 23.462 CaiHgO30N S 16
v BH-16(30) 2927 0676 6.309 0.108 1.460 19.711 C27HeO05NS 14
Landfill | BH-17(26) 3078 0698 5983 0139 1.740 23,571 CoH5043NS3

' BH-18(21) 0764 0208 5931 0 0.361 -12.287 C4HO2S:

Site BH-18(30) 3.506  0.805 2.252  0.167 1.764 46,039 C21H501:NS
max 3506 0805 6591 0.167 1.764 46.039 CoiHsO5sNS4

min 0740  0.208 2112 0 0.361 -12.287 COsS
ave 2.435 0.566 4.979 © 0.090 1.262 17.726 C1sH401:NS 1

<{Dulong equation)>
29 wadeF=8l00 x C + 34000[H - %] +2500 xS )
28] wodgk = 79 WAF-600 x(9H + W) (2)

unit : Kcal/kg, W = moisture content (%)

Table 3. VOCs(Volatile Organic Compounds) concentrations of the leachate (unit : yg/1)

Lasniggll SamplingSite 1'2(;{1}:;218“() (3?01;)11;10 Benzene Toluene bgr:?grlle Phenol Xylene PCE TCE
BH- 1 - 4.16 - - - - - -
BH- 3 - 2.35 - - - - - -
S BH-13 - 2.20 - - - - - -
Landfill BH-14 - 2.00 - 0.45 - - - -
Site max - 4.16 - 0.45 - - - -
min - 2.00 - - - - - -
ave - 2.68 -~ 0.11 - - - -
BH- 7 4.76 - 0.17 25.64 42 .99 - -
BH- 8 0.32 2.59 2.63 1.29 - - - -
BH-15 102.83 2.36 1.57 1.96 - - - -
v BH-16 2.63 4.10 2.48 28.69 7.84 - - -
Landfill BH-17 4.44 273 1.39 7.78 3.67 - - -
. BH-19 4.36 2.78 8.00 44.75 9.45 - - -
Site BH-20 1567 250  1.82  6.50 - - - -
max 102.83 4.10 8.00 44 75 42 .99 - - -
min 0.32 0 0.17 1.29 - - - -
ave 19.29 2.44 2.58 16.66 9. 14 - - -
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Table 4. Metal concentrations of leachate of the landfill site (unit : ng /1)

POt MBR" ] Or G4 Mg P K Ca Fe Na uff) gty C®
BH-1[0001 ND 26 ND 66 140 0.70 128 588 ND 0015
BH- 3 [0.005 00020 558 0.015 210 95 0.76 4.371 ND 0.85 0.0001
S BH-13[0.008 0.00301.179 0.022 416 208 0.15 8900 ND 1.59 0004
Landfill| BH-14 | 0.006 0.0014 739 0.003 294 194 0.07 7.230 ND ND  0.005
Site max [0.008 0.003 1,179 0.022 416 208 0.76 8900 588 159 0.015
min 0001 0 26 0 66 95 0.07 128 0o 0 0.0001
ave |0.005 0.0016 626 0.01 247 159 0.42 5.157 1.47  0.61  0.006
BH- 70676 0.0020 122 0.017 1.405 48.72 7.53 2.505 ND 1.59 0070
BH- 8 |0.077 0.0005 116 0.0085 598 39.72 4.11 1.413 ND 30.3  0.025
BH-15{0.065 00004 70 ND 733 33.12 4.25 995 ND ND  0.024
v BH-16 | 0.164 0.0011 59 0.007 1.143 14.76 1.76 1.946 ND ND  0.063
Landgi| BH-L710.091 0.0001 200 0.006 8§90 52.12 2.34 1,590 ND 0.59 0.087
o BH-19 {0310 00016 99 0029 952 5869 7.84 2028 ND ND  0.307
Site | BH-20]0.138 0.0020 203 0.002 1.344 47.02 3.25 3.140 ND 1.93  0.006
max |0.676 0.002 203 0.029 1.405 58.69 7.84 3,140 0 30.3  0.307
min | 0.065 0.0001 70 0 598 14.76 1.76 995 0 0 0.006
ave 0217 00011 124 0.01 1.009 42.02 4.44 1.945 0 492  0.083
Table 5. Leachate characteristic parameters of the landfill site (unit : ag/l
. Total 58 55
Landfill Site| Sampling pH TDS  EC(mS) ppiinity _raw O ettlod
ple sample
BH-1 7.26 772 1.2 4,084 14,785 765
BH-3 8.11 12.198 16.3 1.765 18.930 466
s BH-13 8.24 24,090 36.3 6,421 16.665 324
s BH-14 7.81 18.956 28.6 1,183
Landfill Site ™= 72 8.24 24..090 36.3  6.421 18.930 765
min 7.26 772 1.2 1.183 14,785 324
ave 7.86 14.004 20.6 3.363 16.793 518
BH- 7 8.60 9.826 24.4 11,718 1.135 265
BH- 8 8.67 4.832 11.0 7.353  1.975 490
BH-15 8.22 4.156 13.0 7.411 870 163
BH-16 8.74 7.358 16.1 6.839 280 124
Y BH-17 8.41 6.190 16.3 5471 650 182
Landfill Site] BH-19 8.89 7.314 16.5 6.829 1.565 267
BH-20 8.69 10.652 13.9 4.511 595 123
max 8.89 10.652 24 4 11,718 1.975 490
min 8.22 4,156 11.0 4,511 280 123
ave 8.60 7.190 15.9 7.162 1,010 231
025 o 2dichloroethane2 102.8pg/ {, Toluene -& 44pg/ !
OS Landi 7tA) A& ek old A seigAL iy 274
02t . @Y Landi v Ager1EE gsd o Uz gree A
F 71 gl AAHFAH] FE Fo Fr1AAE ALEH o
5 015 f718e £%e] 27 qEoz MR wiw Yoy
E o] A4 ciF¥ Y] Zol g Joiges
04 VOCsEo] & o] tjefsly & ¥=2 725
Table 4¢| 4} 2} zto] A&49) o7 712 F&ol i
005 5 Sl A4 Cre& 0.001~0.008mg/ |, Cd-&
0~0.003mg/ | . Pb-& 0~0.02mg/ | , Hg& 0~5.
0 - - 9pg/ 1. As: O~1.6pg/ |, Cus 0.0001~0.
Ctr Cd Pb Hg As Cu

Fig. 2. Comparisons of metal concentrations of
the two landfill sites leachate.

015mg/ ! o] o} Yo Zel| 4 Cr& 0.065~0.68mg/ I .
Cd& 0.0001~0.002mg/ !, Pb-2 0~0.03mg/ ! .
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Table 6. Leachate quality parameters of the S and Y landfill site {unit : ng/1)

Landfill Sampling

. . BOD COD Cl NO3;-N NH;'-N 804 CN
Site Site

BH- 1 41  1.874 70 10.28 183 275 0.026

BH- 3 43 1.574 7.419 2.99 230- 68  0.220

S BH-13 57 1,576 13,486 3.13 720 98  0.018
Landfill BH-14 92 846 12,388 1.94 120

Site max 92 1.874  13.486  10.28 720 275  0.220

min 41 846 70 1.94 120 68  0.018

ave 58 1,468 8.341 4.59 313 147 0.088

BH- 7 462 3.252 9.695 2822 103 0.006

BH- 8 198 1.152 5.435 0.44 635 34 0.010

BH-15 203 1.772 3.954 1.57 1.625 88  0.082

v BH-16 553 5,912 7.668 1.55 2.409 516  0.388

. BH-17 193 1.158 6.966 2.10 1.225 103 0.013

Landfill | gy 197 [ 197 " 1700  7.527 1.077 130 0.119

Site BH-20 183 1.162 5.888 2.42 938 95 0.055

max 553 5,912 9 695 2.42 2822 516  0.388

min 183 1,152 3.954 0.44 635 34 0.006

ave 284 2.301 6.733 1.62 1.533 153 0.096

Hg& Opg/ |, As: 0~30.3pg/ I, Cu¥ 0.006~0.
307mg/ | 2 B]=3lgct. Table 464 Fral F559
Fxut 2elsted Fig 24 S| AT} YA =
o g Bl wE ot F ool FellM YIFEA IS
2] 234 ¥%r} Cra Curt ef7k 7)1 sk o2
FEFEHELE o Fobe 247 FelskA JehdA gk
o} ole AEF7) A7 EY S&d 4 A =9l
o 3l4-Eofo] nlgtEo] o3 X3} F& S &
25 9% YQ A Pgkr] Fo2 Az} vigt
gL 73 Wt K, Mg, Ca, NaZ A|23l1e &
4:ql Cr, Cd, Pb, Hg, As, Cui= A &304 o}
2 A& iy Adzty JEFRe

AFZ4 £ 0% A Ao ¥4¥ BH-1~
BH-207+7] 4 $3459 FEv Agdoez =4
s 250l glov AdFs A= o ot

Suig A ¢} YollHA2 e fE5Es FFE5FA
UukE 4l K, Mg, Ca, Nag2 vig]#l7} Al 37
2 vl o3 g ol FrxE W E:okvh §
&) 22454 Cr, Cd, Pb, Hg, As, Cu, Fe & g%}
o2 RE 7k 22557 e ALE ZAEgo
Aoy s = ot

Sei g ] e} Yeigdaje] AE4o] dubyql 433 Eof
3t 242 243l Table 5o Yelidct. A &40
pHE 7 ~ 8.9 74% X3} F& 8.00]4 et
TDS(Total Dissolved Solids)= wl-$- c}of3led 772 ~
24,000 mg/ | 7H4) 2. TDSE S AR Y
P e A EHF EAgle]l 4EY Evic) ookt 5
=2 AEHd

A7) =%l EC(Electrolytic Conductivity):= BH-
1ol4 1.2msg 243 Wy 2 99] ofiga JE45o
& BH-16]4 B} oF 10~308] A= X4 A=A
t}. o] "l Eo] Mo 2 ¥e BH-122 {3]sl&
Rer EAdo

0

o 2 it o
off’ °{)"L
frt el

Total Alkalinityw ©§-¢- ¥EolA ¢F 1,200 ~ 12,
000mg/ | (as CaCO,) 74x] ¥¥5 3 Qlth. o]& YUt
A o2 JehlE Alkalnity¥thes of$ =& x|
Carbonate Systemol 2] %t Alkalinity %4t ohviz} &}
TFde] ¥ el EAld oz} borates, phosphates,
silicates®} -19]9} A5 235l Alkalinity?] 3}o|
Fohdl Z1le g Azt :

AE+) P A AY S4E et 913}
o 4 ARE ESo A ARE A3t 147 5
AAAZAF ASAE Hild FAHG FRHEH 5=
(one hour settled sample)& A 2]3lgdc}. A F4o] 2

$242 147 ¥ BH-3ol4& 1%0]3t7hx] ojx] &
54¢ uslch ok F4ulel Yok AS L ¥

EA 5] o3t Rl sl7] WEolrd.

BOD¢} COD 18]y o] &4 E-El i3t A&
Table 69 A3l SR A AE4 BODFE:
BH-13, BH-149)4] 40 ~ 90 ng/ | A £ 2 ZHF o
U Yoigl Rl &4 BODE 180 ~ 550 ng/ [ 2 &
A Aol F Helal glrh. CODE Fx& Suigx) ¥}
£ YN¥AY sx7 4 deh} CODF =+ BH-
16414} 5,900 mg/ [ ol @&t o}, frold 4o
X5y} SulgR|o A 120 ~ 720 mg/ 1 2 ZAE wig
Yol gl 7| ofi 4] 635 ~ 2,800 mg/ | 742 H &= At

Clo] &2 nitEe] fdA=E SH3A vepy +
3 odeh Aol & Sulg A e} Yol g Al el A o] & B
o] ¢kt ol WA s}F-Eofo] vl A== n}
REo] FlsE 9= AE I3k 4,000 ~ 12,000
ng/ 1 7} tieddieh. NOy-N¥ v 5 Z 3 E5ell4]
e 4 FEgl AE B S e AsY AES
7t {714 Al A hebdct

CN'¢] %= BH-3, BH-16, BH-19¢|4 0.12 ~ 0.
39 mg/ 1 2 ¥aH A FAHFULY 2 99 zFo
M= u2d $rr) Jol ppbEE oz AE= ).
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Table 7. Concentrations of metals in landfill underground soil (unit : »g/4g)

Landfill Sampls etals) oy ©c4 Mg Pb K Ca Fe Na Hg As Cu
E;r';glf‘iiﬁ BH-11'24-25|0.94 0.015. 352 2.23 550 124 445 5.197 0.010 0.029 0.850
BH-1p 18:5]0.25 0.012 250 ©0.93 340 73 168 5160 ND 0.019 0.417
~30. |0.49 0.029 366 1.57 489 105 234 5,569 0.007 0.035 0.700
BH-13 18-19]0.61 0.014 273 0.99 489 109 259 5.084 0.031 0.040 0.807
s 26-27[0.27 ND = 301 0.73 397 160 97 4,418 0.014 0.013 0.381
Landfill 15 [0.11 0.013 184 0.01 386 163 10 1,950 0.025 0.025 0.132
, BH-14 24 [0.33 ND 168 053 266 59 138 4,424 0.025 0.025 0.346
Site 31 |0.27 0014 314 062 338 184 81 4088 ND 0.001 0.172
max | 0.61 0.029 366 157 489 184 259 5.569 0.031 0.040 0.807
min 0.11 0 168 0.01 266 73 10 1,950 0 0.001 0.132
ave 0.33 0.012 265 0.77 386 122 141 4,385 0.015 0.023 0.422
BH-15 20 [0.09  ND 273 0.38 232 192 44 2,869 0.017 0.069 0.146
. 30 10,22 0.038 278 0.83 406 87 113 4,673 ND 0.001 0.316)|
Yy  |gy-1¢ 25 10.24 0.015 307 073 425 172 110 5,211 0.026 0.022 0.211
Landfill 1. .29 1022 0014 276 0.55 342 167 68 3.930 0012 0.017 0.152
i BH-18 19 [0.0250.013 61 ND 189 . 387 3.7 1,373 . ND 0.006 .0.113
- Site max  [0.24 0.038 307 0.83 425 387 113 5.211 0.026 0.069 0.316
min 0025, 0 . 61 O 189 87 37 1373 0 0.001:0.113
ave 0.16 0.016 239 ©0.50 319 201 . 68 : 3,611 0.011 0.023.0.188
Table 8. Extracted VOC concentrations of the landfill underground soil (unit : xg/1)
Landfill Item Trichlorofluero-m  Dichloro Chloroform Toluene Tetrachloro Phenol Et%’;‘:;::gr‘e'
Site Sampling Site ethane -methane -ethane Xylene
Surface = - .- . 4317 060 - R -
QOutside 16-17 - - 8.02 0.43 - - -
Landil] BHM “9m0| - - sus C0u3 - - 0 -
18.5 - - 5.45 0.49 - - -
BHZ "o | - - 412 099 - -
18-19 - - 3.91 0.82 - - -
s | P ee - - es0 - - - -
. 15 - - 553 0.50 - - -
Landfill g1y o4 | 243 - 498 257 1.47 - :
Site 31 - - 4.40 1.69 1.18 - -
max 2.43 0 6.59 2.57 1.47 0 0
min , 0 0 391 0 0 0 0
ave 0.35 0 5.00 1.01 0.38 0 0
20 - - 7.42 - - - -
BHIS 50 | - - 316 105 - - -
25 - - 7.54 0.41 - - -
¢ | B8 a0 - - 489 - - - -
Landsin | BH17 . 26 - - 491 - - - -
! BH-18 21 2.34 0.24 7.97 2.54 146 - -
Site 30 1.96 - 2.21 4.69 2.70 - -
max 2.34 0.24  17.97 469  2.70 0 0
min 0 0 2.21 0 0 0 0
ave 0.61 0.034 5.41 1.24 0.59 0 0
33 5938 2% o) A g zAbstych

Selg x| o} Yeig A} st Ede] 2dYEE glotslr]
93l st Eeke HYAute 2 e 30m7AA] HAEA 3.3.1 KEPYdl| 2|% 45
t}. 3% A 8-& KEP(Korean Extraction Process)d S} Yoj&lx]e] BH-11 ~ BH-18¢] i3l Fw <l
3} Abol} 2% =24 (Acid Digestion Method)ell 2]3le] WA ukz} A=Wro 2 28 156m~31lm Ze]7bz] 3¢
fPgoz e §2% 29 8alo] sl¥-Edl vlA o & 2ysld £5HYEL AAFe] A5 Table 740 o+
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Table 9. Metal concentrations of the undcrground soil of the landfill site by Acid Digestion (unlt ng/kg)

mg/kg

La“dﬁ“\%:i Cr Cd Mg Pb K Ca Fe Na Hg As Cu
Site |Sample
S:rﬁg‘f‘fﬁ BH-11 24-25(31.50 0.67 10.143 49.23 3.979 7.567 28.953 6.078 1.03 0.35 20.03
BH—12‘ 18.5 |24.88 0.52 8.179 37.11 2.827 6.798 24.396 6556 1.58 0.68 15.56
30 [27.40 1.08 9.465 53.95 3,317 4.680 26.868 6.976 1.49 1.18 19.31
BH-13 18-19]23.15 0.85 8.775 38.17 3.166 47.674 21.997 6.585 54.24 1.21 13.84
g 26-27[27.05 0.60 8.543 39.00 3.196 2.652 26,064 3.755 67.11 1.12 17.52
Landfill 15 |6.04 0.70 866 25.75 2.678 4.559 6.810 2,454 4.49 1.83 22.45
S BH-14 24 [22.63 0.72 8.178 40.48 2.635 6.558 23.757 6.295 1.08 1.07 17.44
ite 31 [31.77 0.70 11,105 50.37 4.216 26.549 30.005 7.804 45.95 1.44 2278
max  [|31.77 1.08 11,105 53.95 4.216 47.673 30.005 7.804 67.11 1.83 22.78
min 6.04 0.52 8,178 25.75 2,635 2.652 6.810 2454 1.08 0.68 13.84
ave 23.27 0.74 7.873 40.69 3.148 14,210 22.842 5775 25.13 1.22 18 41
BH-15. 20 12,94 0.26 4.729 23.19 1.339 9,129 13.873 3.634 061 0.91 7.13
30 |27.73 0.65 9.050 46.06 3.370 8.363 27,104 7,787 1.20 1.50 17.94
Y BH-16. 29 |29.71 2.21 9,348 4391 3.119 13.787 28.987 7.528 0.89 1.57 26.47
Landfill [ °% 29 128 55 2.81 8.838 39.26 3.072 14.763 27.664 6,530 1.17 0.91 17.31
Site |BH-18 19 |22.19 2.89 2.485 102.81 1.629 21.477 27.330.3.557 2.98 0.94 78.27
max  129.71 2.89 9,348 102.81 3.370 21,477 28,987 7,786 2.98 1.57 78.27
min  |12.94 0.26 2,485 23.19 1.339 8.363 13.873 3.557 0.61 0.91 7.13
ave 24.22 1.76_6.890 . 51.05 2.506 13.504 24,992 5,807 137 1.17 29.42
25 ——— 60
) OBH-11 . OBH- 11
50 | —
2 r 0S Landi OS Lands.
IY Landl 40 1 i IY Landt :
15 I 4
gao i
1 20
05 | 101
0 c—lR
0 Cr Cd
Cr Cd Pb Cu Fig. 4. Comparisons of metal concentrations of

Fig. 3. Comparisons of metal concentrations of
the two landfill underground soils leached
by KEP mszthod.

ehfigict. BH-110] @A 82 HAS] A3 Lol
o}. 48 %224¢] Cr, Cd, Pb, Hg, As, Cusl| &% 33
Eoje] ede A g Aoz 2AH. o= 7]
E Ao f3 FF50] gHFel S Aoy R E
o} £LAI57} of$- A7) o Foll A&7 15 ~ 30
m7}A] Y FEA 3] diEes A d).

Table 7448} 7+o] Na, K, Mg, Ca 5& ul5tE9
EAMg ez 9les Na® ¥%7} 1,400 ~ 5,600
mg/kg7tA] Eo} F-E ko] wintEd] AAGl= 2R
2 4 9t 233 BH-119] vl ZA eljA 443 gt}
= g e FeMN 453 FH)LEY 5=
ol 213 Ale)7} i) ol UARMIINE FF 4] A
o) etz Q1A 947) dliel 7|82 By 454 o

the two landfill underground soils leached
by Acid Digestion method.
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