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Abstract

BACKGROUND: Heavy metals contamination of soils in
the vicinity of abandoned mines in South Korea has been
investigated. However, PAHs contamination rarely has
been studied. Both heavy metals and PAHs concentrations
have been measured in this study.

METHODS AND RESULTS: The samples of soil and
sediment were collected from the vicinities of three
abandoned coal mines and two abandoned metal mines for
analysis of heavy metals contaminants and PAHs
concentration from April to September 2012. After
preparation of these samples following the Korean standard
test method for soils, the concentrations of heavy metals
contaminants and PAHs were measured using ICP-OES
and GC-MS, respectively. It was observed that the
concentration of Arsenic was above the concern level based
on ‘area 1’ suggested by Korean soil conservation law,
resulting that Arsenic is the main contaminant in these
areas. Also Cd, Cu, Pb and Zn were observed as a partial
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contaminants. The concentrations of other investigated
components including benzo(a)pyrene were less than the
concern level.

CONCLUSION: The correlation observed between
Arsenic (as main contaminant) and PAHs concentrations
suggested that the contaminant source and pathway are
different for each other. The effect of mine activity on PAHs
concentration was rarely observed.
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1995; Micic et al, 2007; Pies et al, 2007; Achten and
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=43} PAHsS| 5 2%
Zo%7 PAHs®| S5 #XE Table 1] #AS3Ich 5
AN FA As s 38 1.77-226 mg/kg, FUdERE
6.06-432 mg/kg I 0.00-141 mg/kg EH5FA
2.81-49.6 mg/kg, FulFAt 1.64-171 mg/kg ° WH=Z 1t
ERstth B|A40] Hages ZARE 57) A RirelA EgE
AR 149 $87]525 mg/kg)S 2IeH Aoz 1
ERth 5 2R BE AbelA] vlAeddo] vl o]
5 el FPTel et F LHEAE A

Cd 55 29599 0.02-0.82 mg/kg, 594 0.07-0.37
mg/kg, HHEF 0.13-4.63 mg/kg, HSFA 0.08-174
mg/kg, JulFAt 0.00-7.74 mg/kgel M= YERTE Cd
o Hasirh A a3, GuidtelM 1419 ¢
217154 mg/kg)s Z¥sto] vEbgth

Cr 555 2999 0.07-32.1 mg/kg, S 10.9-42.5
mg/kg, Y 11.2-454 mg/kg, Ho3At 6.87-22.1
mg/kg, FUNFAt 1.74-18.3 mg/kg MAE et o



Distribution Correlation between Heavy Metals Contaminants and PAHs Concentrations of Soils in the Vicinity of Abandoned Mines241

Table 1. Averages of inorganic contaminants and PAHs concentrations in soils or sediments from the vicinity of each

mine. The minimum and maximum values are parenthesis

As Cd Cr Ni Pb Zn PAHs
(mg/kg) (ug/kg)
Honam 24.2 0.18 11.2 17.3 15.4 489 31
(n=51) (1.77-226)  (0.02-0.82)  (0.07-32.1) (7.34-90.3) (0.27-57.7)  (4.59-38.5)  (19.3-238) (0.00-534)
Dongyang 15.3 0.15 26.5 24.3 13.0 16.3 46.2 105
(n=42) (6.06-43.2)  (0.07-0.37) (10.9-42.5) (10.5-222) (3.26-39.2) (6.61-25.4) (25.2-81.5) | (0.00-457)
Gapjeong 19.0 0.76 20.3 18.52 35.5 119 20
(n=19) (0.00-141)  (0.13-4.63) (11.2-45.4) (5.63-101) (5.40-89.1)  (11.2-94.4) (21.5-704) (0.00-270)
Dukum 8.34 5.05 15.8 24.6 7.20 71.1 443 3
(n=41) (2.81-49.6) (0.08-174) (6.87-22.1) (7.84-237)  (1.83-10.9) (16.4-434) (25.0-13,024)| (0.00-129)
Youngdae 17.7 1.14 9.89 24.13 4.61 95.0 156 57
(n=39) (1.64-171)  (0.00-7.74) (1.74-18.3) (1.47-169)  (0.98-8.92) (2.08-1,155) (7.51-777) | (0.00-1,569)

=% Fatel nls) Mgk PateM vlnd =7t EA Y
257

Cu 5+t 2999 7.34-90.3 mg/kg, 5U4eHd 10,5222
mg/kg, AT 563101 mg/kg, EHo3At 7.84-237
mg/kg, FThFAt 1.47-169 mg/kg W= eIt Cul
His 7t gt Y Jiidatel 149 98
715150 mg/kg)= ZI}ste] LERstth

Ni $5E 3999 027-57.7 mg/kg, S 3.26-39.2
mg/kg, ¥4 540-89.1 mg/kg HoFAt 1.83-10.9
mg/kg, YA 0.98-8.92 mg/kg W= LRt HF
& del nlsl FARE Pkl vwA sE7F A ekt
ok Nifl Harserk 149 92715100 mg/kg)= X3t
of bt 292 Qe 2107 ekttt

Pb 5t 3938 4.59-38.5 mg/kg, SU4EHT 6.61-25.4
mg/kg, AT 112944 mg/kg G944t 16.4-434
mg/kg, JtFAt 2.08-1,155 mg/kg W= YEREa Hg
Boll vjsf Had FatelA vlnd F57b A Ul 9
FERARL Yt JodatelA Pbel Hiskert 14
o $27]% (200 mg/kg)E Z73to] HERGTE wARRgAE
M= FiAoR s w4 Agkow LS 29d
ed=do] opd Zlow EAHIth

Zn 55 3999 19.3-238 mg/kg, B4} 252815
mg/kg, WHEF 21.5-704 mg/kg, U5FAF 25.0-13,024
mg/kg, JUFAF 7.51-777 mg/kg HAZ UERTE H8
Bk A AstaldelA AT HAE 14 ARlM w5
(13,024 mg/kg)7F A WSttt Zn?| Hargirk e
B Y3, GuiatellA 1419 9-2171% (300 mg/kg)&
Z3ksto] LEbsth

PAHs 55+ 2999 0-534 ug/kg, 594 0-457
ug/kg, A4 0-270 ug/kg, Y34t 0-129 ug/kg, 4
3t 0-1,569 ug/kg M= UERsiTh Fak 242e] ety
3= 3-105 pg/kg, TEES 0-37 ug/kg WIE LR
FeAte] 7 2AelA AT 270 ARE AlSJeH He
& Ftel njal A FatelM wlwd] Fsert w4 o

Byttt AR A Gof|M= H-s=rF PAHs AE%(10
ug/kg) Hrh= A Ugkod, Sk atdske veke] Al
= PAHs 5974187 ug/kg) Mrh= B5 b vehdch
(Nam et al, 2003).

i)
—_L—

-

Ase} CIE 4EE Z12| Al

Aste ZARE BE AbeA F e ot F edEd
2 UeRgorm g, Asst U ARE 1HY AAdAE BAs)
Ak AT Ass Cdol AN T3, U
Bt FupgatelA AREATE Qs Flo® YERTh Y
Fabt Gl CdE 149 $e71FS e F
QAT ol9lon, o Ao Asel ek gkt
A7t Q= Aoz el Assl Cdo) 2997 edAzE
AR 2o ekl SEg] 299 AlgelAE Cd
FE7 $E S 2YEAE 4gko Asehe AT}

0

i

T TGN YL, QoA 149 $HEE =
I3k edEHo|om, Asste R ATIAN A TR,
g, 9s3at, Juigates AaaArt ols o

UEltth 2 o5 Bkl Culs 9993 994271 As
o} §AFE Ao Ut Nid AR ZASoA 149
SH7IES 29 g7 Qgler, F 2dEdE YEhY
A RSkl As9te] FE ARAANM L e ARaA} Q)
T A0E YETh Pb HS@A Jugatels i
T7F 1A 7S 29e edEAR YERREd, As
o} AN e, 953t Juldatelx st
FHEATE Qe AR YEhth S ol a4 Pbe
QAN 2AHEETE Assl AR A oE UETh Zn
ARG G SgAE oAbl AR HisET 14
o SEV|ES ZTsto] UEbs=tl, Asghe] AkaAlelA
g3t Guigatels AaArt Qs oz UeRgth
5 Zn 99X o] Bkl 2 A9 @A R} Aset AL

Hu



242 KI et al
sk Ao ® Uehgth 1992WFE oA 3 e PAHs 298 By¥ Zo| glow B A oMT 335w
EY U FAH tig A 9 ATE sighon, i 9 o] PAHs 292 2315#] 3tk sl PAHs 5=

Z2%0] o8 2geso] BuHe] $om(Choi ef al,
2010; Yun et al, 2011; Jang et al, 2011), i+ A<M %=
o] AL Akl s ARl o Haedew
LRk

ZARE = gAtelA Asel PAHs?| 55 Aol
© AHIATE SAY £ A IAE e Zow vEbt
THTable 2). ZAKE FAHE Folld PAHs 5527t o
A U2 Fokebge]l tist PAHs 9} Ase] Azd
Fig.1o] Yeblth. Ase] 75 7oA HAASSE &
wolx] = Hhdel] PAHs: 7 Hht o] &8 wola gtk
HIAME 29 AadA7) = AoR Yehgth =
FAkellA] As®t PAHsS 2999 oAz E A &2
o yepith 979 A9 Mgk iAse] B W sk H
&) PAHs 2990% Agsh= Zow deix lou
(Ovrebo et al, 1995; Micic et al, 2007; Pies et al,
2007; Achten and Hofmann, 2009; Bandowe et al,
2010), =] A9 wHAE GAFel Argiate] 9%

EN

7} o] FERT £ Ao2 B uEo 3lEH(Achten
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TEs TEE AT A3 As 57 A B4 Cd
& 41, B8, eI Cut 59, B8, Feael
Pb B8, Aol Zni 4, B8, Aol

LFEEZH1AY SIS ekl yeltew, £ e 9E
Al Ao YRtk PAHs %5 w4st A7) FAt 742}
o] BEEE 3-105 pg/kg, TUH 0-37 ug/kg WA=
UEREIL ©] gh5S PAHs ARIEE(10 ug/kg) Hrhs &
A dgkort Ajjske yele] AlE PAHs SUk(187
ug/kg) Brh= S UeRdoh e 2443} gatke)
o= Aow et 5% 4E=(Cd, Cu, Pb, Zn)

Table 2. As versus other components correlation for each mine

Abandoned coal mines

Abandoned metal mines

Honam Dongyang Gapjeong Dukum Youngdae

As-Cd

Peason 0.74 0.38 0.27 0.93 0.76
correlation

P value <0.05 <0.05 0.26 <0.05 <0.05

As-Cr

Peason 0.003 -0.55 -0.02 0.11 0.28
correlation

P value 0.98 <0.05 0.92 0.50 0.086

As-Cu

Peason 0.25 0.49 0.57 0.95 0.89
correlation

P value 0.07 <0.05 <0.05 <0.05 <0.05

As-Ni

Peason 0.41 -0.01 0.33 0.23 0.19
correlation

P value <0.05 0.94 0.17 0.15 0.24

As-Pb

Peason 0.12 -0.42 0.87 0.89 0.99
correlation

P value 0.38 <0.05 <0.05 <0.05 <0.05

As-Zn

Peason 0.06 -0.10 0.18 0.53 0.83
correlation

P value 0.68 0.51 0.46 <0.05 <0.05
As-PAHs

Peason -0.08 -0.45 -0.12 0.02 0.10
correlation

P value 0.59 <0.05 0.60 0.90 0.52
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Fig. 1. As and PAHs concentration in samples collected from Dongyang mine. As the number of sample
increases, the distance between sampling point and the mine head increases. (a) As concentration, (b) PAHs
concentration, (c) The correlation As vs. PAHs concentration.
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