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Geochemical Characteristics of Stream Sediments and
Waters around the Pungam Landfill in Gwangju City, Korea
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Abstract: This study was carried out to evaluate geochemical properties for stream sediments, surrounding soils, sludge
collected in the drainage pipe of leachate and waters (stream water, groundwater, leachate) around the Pungam Landfill in
Gwangju city. The stream sediments don't show any systematic trend of contents from upstream to downstream. The most
enriched major element in the stream sediments is Fe (up to 7.08wt.% in GJ-23). Though stream sediment GJ-23 and GJ-
34 were enriched by some heavy metals (eg. As, Cu, Zn), they do not constitute serious problems for environmentl
consideration. The concentration of Fe (35.1wt.%) and As (38ppm) are significantly high in the GJ-8, which is soil
specimen adjacent to leachate reservoir. The sludge (GJ-7) shows very high concentrations of As, Mn, Cr, Pb. In particular,
the Cr content is 45.6 ppm, which exceeds the permitted level. The leachate is characterized by high TDS (2210-2470mg/
L) and high electric conductivity (468, 530ms/cmn), and enriched in both cation (Na, K) and anion (HCOs). The leachate
(PK-3) had a relatively high concentration of Cl, and is plotted in Na-Cl type on the Piper’s diagram. The NOxN of the
groundwater and stream water exceeded the permitted levels for drinking water.
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Fig. 1. Geological map around the Pungam Landfill in

Gwangju city.
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Table 1. Concentrations of major (wt.%) and minor (ppm) elements of stream sediments and soils around the Pungam landfill

Al Fe Mg Ca Na K Cd As Ni Mn Cu Pb Zn Co Cr Mo
Sail
GJ-1 247 609 047 017 003 013 01 114 115 783 127 258 949 182 20.1 1.2
GJ-5 187 674 040 063 007 012 00 6.4 88 1360 280 217 597 206 207 05
GJ-7 144 550 054 1.02 007 019 04 245 107 2250 97 444 1363 114 456 05
GJ-8 033 3509 012 115 004 005 0.1 38.8 54 983 4.7 94 36.0 6.8 8.0 0.8
GJ-13 076 239 042 023 002 006 00 36 7.2 593 68 210 504 111 155 02
stream sediments

GJ3 245 233 045 012 003 011 0.1 32 133 89 88 249 613 133 218 03
GJ4 233 305 051 018 003 013 00 22 102 494 67 215 605 121 224 04
GJ-6 170 250 042 021 004 014 00 5.5 84 1120 102 250 800 108 246 04
GJ9 081 391 031 020 002 009 0.1 6.7 6.6 451 57 174 427 69 156 05
GJ-10 088 342 041 007 002 010 00 4.6 6.6 260 6.4 193 486 92 159 03
GJ-il 102 322 061 021 002 014 01 42 82 870 126 221 799 139 182 04
GJ-14 304 38 065 029 005 019 02 5.5 13.5 1020 186 322 1053 160 268 04
GJ-16 254 316 056 022 004 010 01 33 114 514 87 2714 699 140 228 03
GJ-17 240 302 055 02 003 0I5 00 24 105 1030 116 234 651 133 219 1.5
GJ20 206 371 054 035 003 014 00 35 94 1470 87 208 610 149 209 04
GJ-23 211 708 049 028 003 013 02 125 183 1360 202 275 1559 165 237 1.4
GJ-26 151 284 043 013 005 014 00 33 8.6 567 103 207 609 141 203 04
GJ27 082 218 029 010 001 008 00 2.6 54 491 57 6.1 397 111 157 03
GJ29 135 288 047 031 001 012 00 48 8.1 1120 102 289 771 129 200 05
GJ32 081 229 034 010 001 012 00 34 6.7 395 140 208 797 107 170 03
GJ-34 092 450 029 020 002 009 05 104 203 1720 572 358 2291 116 255 1.0
GJ-36 198 346 064 018 002 014 00 53 112 702 103 276 8.7 162 251 04
GJ-39 222 282 047 010 002 042 00 43 109 286 9.1 266 714 124 218 04
GJ41 229 288 055 015 002 018 0l 30 9.1 355 9.5 360 816 108 169 04
GJ42 189 276 050 018 002 015 01 33 107 337 111 637 1032 136 205 03

GJ-1 and GJ-5 are sampled from hill and farm, respectively. GI-8 and GJ-13 are sampled from rice field.

GJ-7 is sludge in the drainage pipe.
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Fig. 3. Concentrations of major and minor elements of stream sediments, surrounding soils and sludge around the Pungam land-
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Table 2. Physical and chemical properties of water samples around the Pungam Landfill (sampled in March, 1999).

Groundwater Leachate stream water
Ton (unit) - WHO" EPA" MEK"
PK-1 PK-2 PK-3 PK-4 PK-5 PK-6
pH 6.90 6.52 8.78 8.86 7.62 7.99
Eh (mV) 232 242 156 131 47 108
T (C) 152 150 104 144 104 9.1
TDS (mg/l) 190 84 2210 2470 593 449
EC (ms/m) 432 186 468.0 530.0 140.7 107.9
Na (mg/l) 299 16.7 332 342 824 66.2 200
K (mg/) 1.36 0.92 181 213 25.2 235 150
Ca (mg/l) 334 135 46.0 65.1 88.5 72.3 200
Mg (mg/l) 9.87 3.88 382 51.2 324 244 150 150
Si (mg/h) 14.1 138 7.04 841 8.64 8.86
F (mgl/) nd nd 25 0.1 0.1 0.1
Cl (mg/l) 409 23.5 660.5 79.6 289.7 212.6 250 150 250
NO: (mg/l) nd nd nd nd nd nd 100
NOs; (mg/l) 826 19.9 9.6 1.9 18.2 352 10 20
HCO; (mg/) 6.7 59 164 225 38 32
CO; (mg/l) - - 8.5 12.5
PO (mg/l) nd nd nd nd nd nd
SO, (mgh) 139 2.3 9.6 0.9 8.8 6.4 400 200
Mn (mg/l) nd nd 0.87 2.04 3.80 202 0.1 03
Fe (mg/M) nd nd 0.73 1.53 0.13 0.33 03 0.3
Sr (mg/h) 0.42 0.27 0.36 0.69 1.05 0.79
Al (ug/) 1.24 032 46.8 9.54 0.63 247 02 2
Cr (ug/) 0.87 3.56 102 21.5 2.17 2.18 0.05
Cu (ug/) 10.2 551 2.17 1.73 2.88 1.50 1 1
Zn (ug/h 34.8 395 5.38 13.0 9.56 397 5 1
Ge (ug/) nd nd 0.41 0.36 nd nd
As (ug/ly nd nd 224 322 1.74 1.28 0.05
Hg (ug/ nd nd nd nd nd nd
Se (ugh) nd nd 3.78 773 2.29 147
Cd (ug/M) nd nd nd nd nd nd 0.01
Pb (ug/) 034 nd 025 0.32 nd nd 0.05 0.5 0.1
Th (ug/hH nd nd nd nd nd nd
U (ugh nd nd 0.37 0.63 1.34 7.82

(a) World Health Organization (1993).

(b) Environmental Protection Agcency (1998).
(c) The Ministry of Environment, Republic of Korea (drinking, architectural) (1999).
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Fig. 4. Eh-pH relationship between water samples around
the Pungam Landfill.

E FE52 499 JAe-S S ngx EYY
u]%k%/\ ?;i:]- 7 7-] oﬂ 7_0'2 OJ 05161:2 u]il 7-10
ZRPcheET 9], 2001). WEAIN FFE ©]
%Oﬂ 3 Wrks S viPIECA wEAd] A
52 d23 £ 9o, ulyAdA P HH=
ZA8 Fg40) B Fol dslaios w3t
2 ] $F<&0 g8 2 Hdukgo] T A3l
FAd mAE F3Fe delsheE o]§F F ok
o] P 22001y Y49 olFel s, AL&F=
FE JN@o mPIFN T £ U T
2 ojgd e Adelse olewd] Fejst 7t
2o Aoz oAEdal sk dF A9 A
= el AR £3AGIIN FEE
%t(As, Mn, Zn, Cupl %o} migx 29 AL &
do YAt 2 FE AS Ynidtt. 53] o
Eet AFez & vk AL FEATE 245
ppml g F7A| $e71F 6ppmEC} 44 o] Eol,
WHERY ool A&E4 fEd o WHEA
82E EAEle Ao AdEY. EﬁwOI A&5 A
A9k AHE B GI-89] HlA9 T
oz :'_74 . A}?j;qod_g] Eokod E;]y] 20ppm
HOE 2 S EOID% 9 Egolut o}“ﬂﬂ 5
wr} gieFos R e Mt o IEF A
“‘19} ks EWVH T FEEHEE AEF
F2 2 0dY 7ol Aok ERES A
& F AN B TS FEE Y
8 7)EET vt

2w

).

o b m

N

38 8ppm

700

(2] @
< o
(=] o
-
i
i
=

Concentration{mg/l)
w L
g 8

N

(=3

=3
T

o
I=1
T

L e
PK-1 PK-2

Concentration(mg/1)
[A) B (4] (=] ~ [o:] w
S5 O & © o .0 O
o o (=] o (=) o o

T T T T T

N

=3

(=3
T

PK-t  PK-2  PK-3  PK-4  PK-5  PK-B
Fig. 5. Histogram for major ion concentrations in water
samples around the Pungam Landfill.

SIME|IXED FHEYO 2¢HI}

A oA )RR sAtEA B} EQR] &

FEeERe ESRRAN] $74A §°u aad
Z nrt vol o] o3 534 2QIE S2lY
e ofith aei 54 928 1 B3 &
of LAEE Wk E B8t 3 U} J7ME 71
AT (Kemp et al., 1976; Kindler and Servin, 1990;
Lee et al, 1997a; o34, o|AF 1997, o|F+ 9,
2001)014 o185 = WY, F TS vTds
9 QHAEE FTHASF(index of geoaccumulation,
Leo)?t 5-31419(enrichment factor, EF)E ©]--3l] H]
I Frkehs WYe &8st

FAAF (o= Muller(1979)7F Akl om, E 2
B9 2¥AEE Hrlshet] ol 8EL Utk o] W
7, B, AdEAEY Fa8 TS QFHA
HH 53 vyl Ausisle Aoid, 71dE
24 I wels BA] 98 155 F

O

N o 82 rlo
k1 Lo o

Igeo: IOgZ[MSamplejl -SMbuckground]



O Ground Water
OLoachate
4 Stream Water

Ca @80 60 40

20 Na+K HCO; 20

60

Ct1

Fig. 6. Piper’s diagram for water samples around the Pun-

gam Landfill.

0:]7 ]A:’ Mbuckground

Table 3. Calculated geoaccumulation indices of metals
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in stream sediment and soil normalized by GJ<4 sample around the Pun-

gam landfill.
Sample Al Fe Mn As Cr Co Cu Zn Mo Ni Pb
Soils
GlJ-1 -0.50 041 0.08 177 -0.74 0.01 0.34 0.06 1.17 -0.41 -0.32
GJ-5 -0.90 0.56 0.87 0.93 -0.70 0.18 1.48 -0.60 -0.01 -0.80 -0.57
Gl-7 -1.28 0.27 1.60 2.87 0.44 -0.66 -0.05 0.59 015 -0.52 0.46
GIJ-8 -3.40 294 041 3.54 -2.06 -141 -1.09 -1.33 0.52 -1.50 -1.78
GJ-13 -2.20 -094 -0.32 0.09 -1.11 -0.71 -0.57 -0.85 -1.25 -1.08 -0.61
Stream sediments
GJ-3 051 -0.98 0.27 -0.08 -0.62 -0.45 -0.20 -0.56 -0.69 -0.20 -0.37
GJ-6 -1.04 -0.66 0.59 0.72 -045 -0.75 0.03 -0.18 -0.58 -0.87 -0.37
GJ9 2211 -0.23 -0.72 1.00 -1.10 -1.38 -0.83 -1.09 -0.26 -1.22 -0.89
GJ-10 -1.99 -0.42 -1.51 0.47 -1.07 -0.98 -0.65 -0.90 -0.84 -1.22 -0.74
GJ-11 -1.78 -0.51 0.23 0.32 -0.88 -0.38 0.32 -0.18 -0.52 -0.89 -0.55
GJ-14 -0.20 -0.23 0.46 0.71 -0.33 -0.18 0.89 0.22 -0.34 -0.18 0.00
GJ-16 -0.46 -0.53 -0.53 -0.04 -0.56 -0.38 -0.21 -0.38 -0.93 -0.42 -0.23
Gl-17 -0.55 -0.60 047 -0.51 -0.62 -0.44 0.21 -0.48 1.44 -0.54 -0.46
GJ-20 -0.76 -0.30 0.99 0.07 -0.68 -0.28 -0.22 -0.57 -0.59 -0.70 -0.63
GJ-23 -0.73 0.63 0.87 1.90 -0.50 -0.14 1.01 0.78 1.37 0.26 -0.23
GJ-26 -121 -0.69 -0.39 -0.02 -0.72 -0.36 0.04 -0.57 -0.57 -0.83 -0.64
GJ-27 -2.08 -1.07 -0.59 -0.35 -1.10 -0.70 -0.81 -1.19 -1.04 -1.51 -1.00
GJ-29 -1.37 -0.67 0.59 0.52 -0.74 -0.48 0.02 -0.24 0.15 -091 -0.16
GJ-32 -2.11 -1.00 -0.91 0.02 -0.98 -0.76 048 -0.19 -0.87 -1.20 -0.63
GJ-34 -192 0.02 1.21 1.63 -0.40 -0.64 251 1.34 0.95 041 0.15
GJ-36 -0.82 -0.40 -0.08 0.66 -0.42 -0.16 0.04 -0.02 -0.42 -0.45 -0.22
GJ-39 -0.65 -0.70 -1.38 0.36 -0.62 -0.55 -0.14 -0.35 -0.53 -0.49 -0.28
GJ41 -061 -0.67 -1.06 -0.16 -0.99 -0.74 -0.08 -0.15 -0.57 -0.76 0.16
GJ-42 -0.88 -0.73 -1.14 -0.01 -0.71 -041 0.14 0.19 -0.71 -0.52 0.99
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Table 4. Calculated enrichment factor of metals in stream sediment and soil normalized by GJ4 sample around the Pungam
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Sample Fe Mn As Cr Co Cu Zn Mo Ni Pb
Soil
GJ-1 1.88 1.49 4.82 0.85 142 1.79 148 3.19 1.06 1.13
Gl-5 275 342 354 1.15 2,12 5.20 1.23 1.86 1.07 1.26
GI-7 2.92 735 17.72 329 1.53 2.35 3.64 2.19 1.69 334
GIl-8 80.68 13.92 121.95 2.51 395 4.93 4.17 15.20 371 3.06
GJ-13 240 3.67 4.90 2.13 2.81 3.09 2.55 1.94 2.17 3.00
Stream sediments
GJ-3 0.73 1.72 1.35 0.92 1.04 124 0.96 0.89 1.24 1.10
Gl-6 1.30 3.09 3.37 1.50 1.22 2.09 1.80 1.38 1.12 1.59
GJ-9 3.67 2.61 8.62 2.00 1.65 242 2.02 361 1.85 2.32
GJ-10 2.98 1.40 5.51 1.89 2.02 2.54 213 224 1.71 2.39
GJ-11 242 4.02 429 1.86 2.63 429 3.02 2.40 1.85 2.35
GJ-14 0.98 1.58 1.88 091 1.01 2.12 1.33 0.91 1.01 1.15
Gl-16 0.95 0.95 1.34 0.93 1.06 1.19 1.06 0.72 1.02 1.17
GJ-17 0.96 2.02 1.02 095 1.07 1.68 1.04 398 1.00 1.06
GJ-20 1.37 335 1.78 1.06 1.39 1.46 1.14 1.13 1L.O4 1.09
GJ-23 2.56 3.03 6.18 1.17 1.50 333 2.84 4.30 197 141
GJ-26 143 1.76 2.28 1.40 1.80 237 1.55 [.57 1.30 1.48
GJ-27 2.02 2.80 332 1.98 2,60 2.42 1.85 2.06 1.49 2.12
GJ-29 1.63 391 3 1.54 1.85 2.63 2.20 234 1.37 2.32
GJ-32 2.16 2.30 438 2.19 255 6.03 3.79 237 1.88 2.79
GJ-34 3.72 8.77 11.71 2.88 243 21.53 9.55 7.35 5.01 420
GJ-36 1.33 1.66 2.78 1.32 1.58 1.81 1.74 1.32 1.28 151
GJ-39 0.97 0.61 2.01 1.02 1.08 1.42 1.24 1.10 1.12 1.30
GJ-41 0.96 0.73 1.36 0.77 091 1.44 1.37 1.03 0.90 1.71
GJ-42 1.11 0.84 1.83 1.13 1.38 2.03 2.10 1.13 1.29 3.65
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