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A Study on the Characters of Heavy Metals of Soils and Mugworts in the Abandoned Mines
and the Landfills of Busan

Han Sang-min', Kang Seong-won, Kim Hyo-jin and Kim Do-hoon

Industrial Waste Analysis Division

Abstracts

This study was designed to investigate the heavy metal (Cd, Cu, As, Pb, Cr+6, Zn, Ni and Hg) concentrations in soils

and food crops(mugworts) around abandoned mines and landfills of Busan area. 40 samples were collected from all sites

and analyzed with ICP and Hg-analyzer. following standard Analysis Methods. From the analytical results, we found that

there were some variations of heavy metal contamination in each sample which were obtained from different areas. We

also found that a trace of heavy metal was accumulated in mugworts.

Therefore, the results from this can be used as basic information to establish the practical criteria of allowance levels

for heavy metals in crops around landfill soils and abandoned mines.

Conclusively, the transfer rate from soil to mugwort in each sample showed a trend in the order: Ni(169.50%) > Zn(73.78%)

> Pb(20.47%) > As(19.57%).

The correlation coefficients of heavy metals in mugworts were showed Cd(0.72), Pb(0.69), As(0.23), Cu(0.15).

Key words : Abandoned mines, landfills, heavy metal contamination, transfer rate
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Table 1. Level of heavy metals in KOREA, JAPAN, EU, CODEX" (mg/kg)
Crops Nations Pb Cd As
KOREA 0.2 0.2 -
JAPAN - 1.0 -
Rice
EU - 0.2 -
CODEX 0.2 0.4 -
KOREA 0.3 0.2
JAPAN 5.0(Spinach) — 1.0(Spinach)
Chinese cabbage, Luttce etc
BEU 0.3 0.2 -
CODEX 0.3 0.2 -
KOREA 0.1 0.1(green onion0,05)
Green onion, onion,
) EU 0.1 0.05 -
garic etc
CODEX 0.1 0.05 -
Table 2, The description of sampling sites
Site Name Site(size) Comparision
AF A 7173t 4FH(330 ha) =,2,50049 &9

Abandoned mines
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Al ul 27 st Al 1993 (H H k)
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Fig. 1. Location of the sampling sites in Busan area
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Fig. 2. Sampling mugwort from the soils,

Fig. 3. Sampling site of The jangsan Mountain,
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& FEo giste] 107] A - 23] 435 AIHE Table
3o detilct, EY F $5% Cdo B+ vE+
1.551mg/kg2 20119 % EFQ A 2A 2oy 3
5% (1.62~3.08mg/kg)2t vt AaE BHlom,
Cute 26.88mg/kg® 2011¥% X99d FHFxE
(11.00~97.70mg/kg) % AHATA TR G2 Ht &
w2l 26.73mg/kg AIel HIS=EHA RAME|QICEH Ase
11.207mg/kgo &2 20119 % EFLAMHRARAY 5
AR 8.90mg/kgH Tt eFE A ZAME QI Pb2
2011 = EoFAE AL FAX Y 65.000mg/kg Ert}

Table 3. Heavy metals concentration in soils (mg/kg)

sampling sites NO Cd Cu As Hg Pb Cr'® /n Ni

o 1 060 1425  4.97 0.0l 1421 000 7820  2.76
058 1502  4.60 0.04 1063 000 76,40  2.60
(Gumryun Mt.) = e 1464 4.79 0.03 12,42  0.00  77.30  2.68
o s 1 053 1389  4.68 0.02 1125  0.00  71.23  2.62
9 047 1395  4.24 0.02  12.09  0.00  69.97  2.50
(angsan Mt.) = = ™ 1357 446 002  1.67 000 _ 70.60  2.56
o 1 118  31.19 11.24 003  41.29  0.00 12459  4.93
9 1.37 1849  6.52 0.05 2090  0.00 9290  10.23
(Ulsukdo=1) = 0g 2484  s.88 0.04 3110  0.00  108.75  17.58
< 1 110 16.46 524 0.03 1844 000 8021  17.98
9 1.06  14.83 5.8 0.03  17.12 000  78.50  8.41
(Ulsukdo=2) - = 1 08 15.65  5.26 0.03  17.78  0.00  79.36  8.20
o - 1 404 1890 1682 003  202.80 0.00  271.93  2.80
9 2098 1860 1231  0.05 265.52  0.00  253.67  3.77

(Seokdae—1)
eve 351 1875 1457  0.04 23416 000  262.80  3.29
o 1 216  27.24 32552  0.03  86.26  0.00  157.07  6.59
9 1.76 2316 1501  0.04 4326 000  112.62  6.95

(Seokdae—2)
eve 1.96 2520 2377  0.04 6476  0.00  134.85  6.77
o 1 1.89  72.41 1098 010  62.91  0.00  247.31 11.74
9 199 8517 1868  0.05 9596 000  250.44  12.13

(kwang—1)
eve 1.94 7879  14.83  0.08  79.44 000  248.88  11.94
o a 1 185  27.13 1257 002 4524  0.00  132.94  5.06
9 179 92573  17.56 0.0l  47.66  0.00  127.11  4.92
(Mkwang=2) = = 0 "85 2643 1007 002  46.45 000  130.03 4.9
o 1 139 92361 1508 002 3204 000 179.01  5.11
. 9 1.06 92341  6.98 0.03 2513  0.00 102.23  4.85
eve 1.23 2351  11.03  0.03 2859 000  140.62  4.98
< 10 1 171 29.14 922.86  0.02  29.42  0.00 9256  5.19
) 9 148 92573 599 0.03  39.46 000 10092 10.16
(Imgi=2) eve  1.60  927.44  14.43  0.03 3444  0.00  96.74  17.68
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Table 4. Heavy metals concentration in mugworts(mg/kg)

sampling sites NO Cd Cu As Hg Pb Cr'® /n Ni
S—1 1 0.21 10.25 0.97 0.00 2.65 0.00 58.60 4.76
0.29 10.62 0.90 0.40 2.37 0.00 57.01 4.24
(Gumryun Mt.)
evg 0.25 10.44 0.94 0.20 2.51 0.00 57.81 4.50
S—9 1 0.26 10.09 1.04 0.01 2.39 0.00 60,22 6.17
2 0.19 9.72 0.70 0.10 2.45 0.00 51.28 3.76
(Jangsan Mt.)
evg 0.23 9.91 0.87 0.06 2.42 0.00 55.75 4.97
53 1 0.28 11.58 0.78 0.05 2.87 0.00 67.86 8.20
2 0.23 11.00 1.33 0.30 4.18 0.00 52.97 13.97
(Ulsukdo—1)
evg 0.26 11.29 1.06 0.18 3.53 0.00 60,42 11.09
S—4 1 1.89 14.39 2.29 0.15 2.96 0.00 95.47 6.24
2 2.04 14.46 1.73 0.00 5.70 0.00 80.42 5.56
(Ulsukdo—2)
evg 1.97 14.43 2.01 0.08 4.33 0.00 87.95 5.90
S—5 1 5.68 39.45 3.44 0.00 24.99 0.00 382.04 4,35
2 8.83 30.51 0.77 0.00 8.89 0.00 442,69 35.20
(Seokdae—1)
evg 7.26 34.98 2.11 0.00 16,94 0.00 412,37 19.78
S—g 1 1.05 20.56 1.95 0.05 7.54 0.00 169.2 4.46
2 1.90 21.04 1.08 0.70 5.78 0.00 184,44 41.25
(Seokdae—2)
evg 1.48 20.80 1.52 0.38 6.66 0.0 176.82 22.86
g7 1 1.07 21.28 2.44 0.00 9.03 0.00 91.99 4.17
2 0.51 19.17 4.55 0.00 7.97 0.00 76.62 7.82
(Ilkwang—1)
evg 0.79 20,23 3.50 0.00 8.50 0.00 84,31 6.00
S-g 1 0.46 14.76 1.13 0.01 6.15 0.00 48,96 3.32
2 0.95 20,21 1.37 0.00 8.95 0.00 69.98 6.20
(Ilkwang—2)
evg 0.71 17.49 1.25 0.01 7.55 0.00 59.47 4.76
S—9 1 0.47 17.46 1.10 0.00 5.12 0.00 86.52 11,33
(Imgi-1) 2 0.81 20,14 2.66 0.60 7.15 0.00 220,53 7.36
et evge  0.64  18.80  1.88 0.30 6.14 0.00  153.53  9.35
S—10 1 0.48 20.13 1.32 0.00 5.89 0.00 64,71 5.33
(Imgi-2) 2 0.55 18.30 1.84 0.00 6.08 0.00 64,36 6.89
et eve 052  19.22  1.58 0.00 5.99 0.00 6454  6.11
o7 W2 56.081mg/kg O 2 ZRALE o] AHbx o EoF 2 BN eH, AAAAEE)Y Cdere oA A
O A FFE LdEE 20110% EFedMgzA TSR o] 0d Bt = 0.67 mg/ke
Axtel 2 zpol7t ddt?, I H|s=gt AWE ok, J3u APIEE)S 52E
Table 4= FARA S Fdg4t, 27|08 ¥ 2} B2 GAIFE 25T 4 ded 3E R 94A
AAE (&) 24 B4 1070 -l tiste] 23] 759 79 Cd = vt 34 S 2 AL
AA EA% daE veRd Aot Go2w AAIAE(H)S HAeRA W FREY 4%
EQFT &of gt CdY] s=WHH= Fig. 49 1zf=g} Hln A7 Dash 02 AlREY 52359 S35 7]
Zot, B Wit CdsE Hel= 0.50~3.51mg/kg= £ A A FAE AE Bl ofd Ao sAMEE

Q

d EF9e7122A9 1 10mg/kg) oWE 2SI, /%ol WaY o AzHEct
AYABE) B CIEEHIE 0.23~7.26 me/ks  EI 29 Cuel B HE ABE Fig 59 veh)
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Fig. 4., Average concentration of Cd soils and mugworts,
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Fig. 5. Average concentration of Cu soils and mugworts,
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F9-2712 (2419 ¢ 500mg/kg)olH = oto] Cu B¢ &% 7.37Tmg/kg™ 7 FAKSE 2iE B
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Fig, 6. Average concentration of As soils and mugworts,
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Fig. 7. Average concentration of Pb soils and mugworts.
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Fig. 8. Average concentration of Zn soils and mugworts,

BT &ofl et Phol w9l Fig, 7o YERHIL
th, EQFO] Hat Pbeyx W9l 11.67~234.16mg/kg,
A FA 9] Pho] Hagho g xAbEo] 2@ 7]
AR A BF EAS vebdH Zoz Hojn et gz
Aog 22 Hel A4k el Phe| ol 11.67mg/kg
2 Faghew 2AE

AR o] Phe] st £371E(1AY 71 200
mg/kg)& °oF{F 274234, 16mg/kg)stA ot 24 7]
+(400mg/kg)ell= EA w27 X skt oL
W EGe A 2AME T #7542 Ags B4 A
o 2H Pbe] FilsE 322 56mg/kg Hit= W
otk AFAEER)Y P Bt =R
2.42~16.94mg/kg® ZAIEQ o, FAPAE(%)2] Pb
FE7F Aol A A2 oFE-8 AN E HiF=2] Pbo
w4t 0.697mg/kghthe ot %2 AIs Bl A=
g7 F Rl A HollA Phel BEdErt =4 =
AtE]o] EQFo A AP A E(4) L= A 0] Pho| F=7F =7
Aold Zo=m Atggr) ghomth A3 ALHH <l

133 ok,

EdeodE myEyoe] Had Aow AtrET
Eoft &of gt Zn9] s EH = Fig. 89 U
Welct Bl it Znsk® ¥ 70.60~262.80
mg/kg® 7n EF-H7]E24Y 1 600mg/kg) o|HE
ZALE AT, AFYAE(S) ] Het ZnsEH= 55,75
~412.3"Tmg/kg® EA=EH o, APAE(EH)Y Zns
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Table 5. The contents of heavy metals in crops in the agricutural to the abandoned mine areas

in Domestic, (2007)" (mg/ke)
Crops Cd Cu Pb As Hg /n
Unpolished rice 0.138 3.054 0.374 0.080 - 22.161
Corn 0.360 1.277 1,287 0.453 - 48.693
Green onion 0.670 18,400 2.070 - - 86.000
Luttuce 0.876 19.600 3.000 - - 593,000
Pepper 0.026 3.269 0.031 0.005 - 38.190
Red bean 0.220 6.280 0.040 0.003 0.010 67.490
Black sesami N.D 2.560 N.D N.D N.D 53.420
Black sesam leaf N.D 9.998 N.D N.D N.D 4,600
Rice 0.20 - - - - -
(7], ¥33) A9e] B Cds=7t 0.66 mg/kg= ZAF 2.05mg/kg=

e

(3.269mg/kg)Erh= &7

Aol £4:420.36
mg/kg) 2 th= ko, 340,67 mg/kg)= BlSEaL
Ar2=(0.876mg/kg) Bt 3 RAME QT Cuel A
+ 18.93mg/kg® 2AFH 0] £42(1.27Tmg/kg), 13
ZAME| Qo TH(18.400
mg/kg)H= HlEtgl o, AF5+(19.600mg/kg) H Tt
of7t WA A=), Zne] o= 90.46mg/kg 2
ZAbE] o] £4242(48,693mg/kg), TH86,000mg/kg) .t

Pbz} As Aol 22t 7.04me/ke,

ol

¢

;:O

Ao, G 24 AT Aol A
oF A o) B A 0 FHE

= N

L 9oL A(593.000me/kg) HEks 1/68) FES] 7 9le AOR AR

FER 2R,

transfer
ratel %)

Comparision areas

FAbE o] Aofy & Ao} HlmsEH 4F5(Pb:3.000
mg/kg)d 2443(As:0,453mg/kg) Btk 28] ~44] A
E 2 2u0E Aot oo 22 FES FRHeRE &
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Fig. 9. Transfer rate of Comparision areas.
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Table 6. Correlation Coefficient of heavy metals between agricultural crops and mugworts in domestic

. 1
abandoned mine areas. )

Crops Pb Cd As Cu
r 0.69 0.72 0.23 0.15
Mugwort
n 20 20 20 20
) r 0.21 0.39 0.01 0.06
Rice
n 568 600 559 640
r 0.03 —0.03 0.63 -0.07
Sweet potato
n 130 113 117 161
) r —0.04 0.27 0.31 —0.26
Chinese cabbage
n 288 292 323 326
] r 0.04 —0.13 0.19 0.11
Spinach
n 10 11 9 11
) r -0.04 -0.04 0.46 -0.05
Green onion
n 131 139 153 160
) r 0.04 0.32 0.19 —0.04
Radish
n 176 208 188 222
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Fig. 12, Coefficient of correlation in mugworts and agricultural crops.
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