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Heavy Metals (trace metals)

> A large group of trace elements which are
both industrially and biologically important
(Alloway, 1995)

> atomic density > 6 g/cm3

» As, Cd, Cr, Ni, Cu, Pb, Mn, Co, Hg, Se, Zn
(Sb, Au, Mo, Ag, Til, Sn, U, V)

» () :less important



Metal Pollution in Soil

» Natural condition
- High background source rocks
- Enrichment

» Anthropogenic pollution
- Contamination



Anthropogenic Soil Contamination (Tiller, 1989)

Deliberate Inputs Accidental Input
(Non-point sources) (Point sources)

Fossil Fuel of
Power Generation &
Motor Vehicles

Agricultural Urban,
Chemicals Industrial

Fertilizers

Waste Irrisation Mining,
Products 5 ’ Smelting

(Sewage Drf:dged Metal
Sediments .
Sludge) Processing




Our Lab.

Assessment of Metal Pollution in Soils

1. Analysis of soils and metal speciation
2. Analysis of plant organ

3. Regional geochemical mapping
- Regional background

4. Pollution Index( = P.l.)
- Enrichment Index

5. Human risk assessment



Pollution Index (P.l.)

Pollution Index

Y ( element contents in soil / tolerable level )

No. of analysed elements

Pollution Index

1 As Cd Cu Hg Pb Mo Sb Se Tl Zn.
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Tolerable Level to Soil Pollution

Tolerable level (ppm)

Element Kabata—Pendias

Kloke (1979) KOREA
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| tailings

| paddy soil

| farmland soil
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Fig. Sampling locations around the Sambo Pb-Zn barite mine.




Tailings

P| = [Cd/3+Cu/100+Pb/100+Zn/300)/4

Fig. Pollution index in soils around the Sambo Pb-Zn barite mine




Risk Assessment Process

® Risk assessment :

Characterize the current and potential threats to human health and
the environment that may be posed by contaminants migrating to
groundwater and surface water, releasing air, leaching through soil,
remaining in the soil, and bioaccumulating in the food chain

Exposure
Assessment

From : To:

» Site selection : Selectl.o n. of

° Preliminary — Data Data RiSk remediation

. . .. method
assessment Collection Evaluation Characterization - Remedial design

* Site investigation & practice

Toxicity

Assessment



Exposure Pathway

Multiple pathways of exposure

. Aqueous effluents entering surface
and groundwater systems

. Contaminated dust entering surface
water bodies

. Contaminated surface and groundwater
used for irrigation and drinking

. Disposal of contaminated particulate
matter onto agricultural soils

. Soil ingestion (through bad hygiene)
. Plant uptake from soils

Ingestion of contaminated plants




Result of Risk Assessment for heavy metals

* Hazard indices (HI) for As, Cd and Zn - toxic risk

Mine HI for As HiforCd  Hiforzn |  H |

Dongil
Okdong

Songcheon
Dongjung
Dokok
Hwacheon

* Cancer risk for As with exposure pathways
Soil pathway Groundwater pathway Rice grain pathway
Dongil
Okdong

Songcheon

Dongjung
Dokok

Hwacheon




Objectives

1. Environmental geochemical survey around
abandoned metal mines in Korea

2. Characteristics of contamination according
to the type of metal mine

3. Impacts on food crops and human health

4. Proper reclamation plan
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Metal Mines in Korea (MOCIE, 1999)

o | s
Cu, Pb, Zn

487

Abandoned metal mines :
894 mines (98.7%)

Working metal mines :
12 mines




Location of the Study Mines

.i Songcheon Au-Ag
Shiheung Cu-Pb-Zx _ _
Sambong-Zn- f-'® hiny§mi Pb-Zn-Fe
'r‘-‘ .I Geodo Cu-Fe
ey 1 Okdong 1 _ @)Dokok Au-Ag

\ | Cu-Pb-Zn @ | ® ®{Hwacheon Au-Ag
Kubong Au-Ag@ Dongil ® 1 Dorgjung




Geology and Site Description for the Base-metal Mines

Type of ore
deposits

Major metals

Main geology

Sulfide minerals Woking period

Sambo (SB)

Shiheung (SH)

Okdong (OD)

Shinyemi (SY)

Geodo (GD)

Hydrothermal
vein type

Skarn

Hydrothermal
vein type

Lens or pipe
skarn

Skarn

Pb, Zn, Barite

Cu, Pb, Zn

Pb, Zn, Cu, Mo, Fe

Fe, Cu, Au

Muscovite Schist,
granite gneiss,
two-mica granite

Biotite banded
gneiss, schist
lime-silicate

Shale, sandstone

Limestone

Limestone,
diorite porphyry

Galena, Barite,

Sphalerite 1945 -1991

Sphalerite, Galena,

Chalcopyrite, Pyrite 1212~ 1973

Chalcopyrite,
Galena, Sphalerite, 1936 - 1988
Pyrite

Sphalerite, Galena,
Chalcopyrite, 1941 -2003
Pyrite, Pyrrhotite

Chalcopyrite,

1921 -1
Arsenopyrite, Pyrite ° 988




Geology and Site Description for the Au-Ag Mines

Type of ore

deposits Woking period

Major metals Main geology Sulfide minerals

Pyrite, Galena,

Granitic gneiss o\ - lerite, Pyrite,

Hydrothermal

1908 - 1970

Kubong (KB) Au, Ag (Cu,Pb,Zn)

Dongil (DI)

Songcheon (SC)

Dongjung (DJ)

Dokok (DK)

Hwacheon (HC)

vein type

Hydrothermal
vein type

Hydrothermal
vein type

Hydrothermal
vein type

Hydrothermal
vein type

Hydrothermal
vein type

Au, Ag (Cu,Pb,Zn)

Au, Ag (Mo)

Au, Ag (Pb,Zn)

Au, Ag (Cu)

Au, Ag (Pb,Zn)

lime-silicate

Sedimentary
rock

Metamorphic
rock

Biotite granite

Sedimentary
rock & Quartz
porphyry
Conglomerate,
sandstone,
shale

Arsenopyrite

Chalcopyrite,
Galena,Sphalerite,
Pyrite, Arsenopyrite

Arsenopyrite,
Sphalerite, Galena

Galena, Sphalerite,
Pyrite, Arsenopyrite

Chalcopyrite,
Sphalerite,
Galena, Pyrite

Arsenopyrite,
Galena, Pyrite

1975 - 1992

1962 - 1977

1933 - 1976

1936 - 1989

1933 - 1977




). Shiheung Cu-Pb-Zn mine
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Fig.1 Geologic Map in the vicinity of the Shi-heung Cu-Pb-Zn Mine
(from Chi, 1970).
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Sampling Location Map in the vicinity of the
Shi-Heung Cu-Pb-Zn Mine.
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Distribution of Cu, Pb, Zn and Cd concentrations in soils and
sediments in the vicinity of the Shi-Heung Cu-Pb-Zn Mine.



Table Pollution index of heavy metals in soils and sediments
around the Shiheung Cu-Pb-Zn mine.

Sample

Paddy soil

Forest soil (2)
Object area
Stream sediments

others

_17.0 - 103
0.6

05-06

Control area 1 0. 4 - 1.2

Paddy soil

—
0.4 - 2.1

Slream sedlments

Paddy soil

Control area 2 e 0.5
0. 3 = 0 7

Stream sediments

Paddy soil

c | Forest soil 03
ontrol area 3 0. 4 % 05
Stream sediments
0. 4 - 0 6




Shineung Cu-Pb-Zn

Soil (mg/kg)

farmland forest
11 4.2

233 101
[ailings (mg/kg) 1,620 475 !
v Cd 97
v Cu 5,820
v Pb 10,410

| ¥'Zn 14,960

o= Crenond S AR HUERS

Sediment (mg/kg) Stream water (ug/l)

v Cd 25 9 Cd 6.0
v:Cu 794 Cu -

v Pb 1,630 v Pb 41
SN 2950 | v Zn 165

Fig. Heavy metal concentrations around an abandoned mine.










=) Qkdong Cu-Pb-Zn mine



Sampling Location Map for the Okdong mine

X Mine

A Tailing

@® Ppaddy soil
' B Water
>/ Stream

£ Tailings

(|
0 200m




Cu and Pb in Soils (OD)

Cd

Distribution of As




Pollution Index of soils from the Okdong mine




Heavy Metal Contamination of the Okdong mine

=>

* Drinking water
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Fig. Sampling sites in the Kubong Au-Ag mine area
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® > 20 mg/kg

o <10
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Stream
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# 1.0-5.0
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Stream

in Paddy soils
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e
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Fig. Distribution of Cd in stream sediments, paddy soil,
rice stalks and grains from the Kubong Au-Ag mine area.




in Sediments . <100

H? e 100- 1000
\ ) ®> 1000 mg/kg

—

\’gﬁi Tailings)
Y i /

. /

in Paddy soils

. <20
® 20- 100
®> 100 mg/kg

e *

!

\
ii _fé Tailings)/ B;:-%‘\. )

: o S Ve e //
/ — f
— ____7\\»___#— 3
/-/\ ; —Stream / - —Stream
in Stream and shallow wells <10 in Rice stalks . <3.0
@ 10 - 50 ® 3.0- 6.0
® >50ug/kg ® > 6.0 mg/kg

: e

Fig. Distribution of As in stream sediments, stream and

shallow wells, paddy soils and rice stalks from the Kubong

Au-Ag mine area.



in Paddy soils

\ Tailings,—
i _.-'f

I
r
&

in Rice grains

P.L = [As/20 + Cd/3 + Cu/100 + Pb/100 + Zn/300] / 5 5 Tailiny se.]
o) P

in Rice stalks

. % 2 =] Ll ]w) ke lelnlyy] #* Stream
Tailings —8, |
v "N . . 4 P.L=[As/0.15+ Cd/0.091 + Cu/4.5 + Pb/0.8 + Zn/21.5] / 5

F z . . =
\ Fig. Pollution Index of paddy soil, rice stalks and grains from
the Kubong Au-Ag mine area.

P.1. = [As/1.7 + Cd/0.2 + Cu/30 + Pb/10 + Zn/150] / 5




Kubong Au-Ag

Soil (mg/kg)

i paddy forest

|
|
i vAs 594 6
|

z , v Cd 1.4 0.9 B
| Cu 29 14 u |:|: ol 5 ¥ -
v Pb Rice crop (mg/kg)

67 74 | |
_;E_Eﬂm Y'Zn .o ve | - igaves grain

| :'/As 524 0.3
‘/gg 133 IWCd 28 04

2,800 | Cu 43 4.1
1,560 | Pb 33 06
i Sediment (mg/'kg) Stream water (ug/l) i Zn 6.9 | 1.5.3_. |

[ailings (mg/kg)

| v As 715
v Cd 21
Cu 4.1
Pb N.D.
v Zn 254

Fig. Heavy metal concentrations around an abandoned mine.




i Songcheon AurAg mine



Sampling Location Map for the Songcheon mine

"4 Water (Mar. 2003

A Farmland soil

- A Farmland soil
Mountain soil

Stream
Road




Distribution of As, Pb and Zn in Soils (SC)

0 200m 0 200m

e 0-35 ] e 0-90
® 35-100 ® 90 - 300




Pollution Index of soils from the Songcheon mine




Heavy Metal Contamination of the Songcheon mine

* Drinking water
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Table Extractants used in sequential extraction and nominal

phases dissolved (modified from Davidson et al.,1994).

Extraction
Reagent Phase(s)

e = e ® L = - E R —

MgCl: (1M) | Exchangeable

CH:;COOH (0.16M) | Carbonate-bound

NH20H - HCI (0.1M) at pH 2.0 Reducible
H202 (8.8M), CH3:COONH: (1M)

Oxidizable
at pH 2.0

HCI (36%), HNO3 (62%) Residual




A

B Exchangeable [ Carbonate-bound M Fe-Mn oxides B Organic M Residual

Fig. Mean chemical partitionings of Cd, Cu, Pb and Zn.
In stream sediment
A: Sambo Pb-Zn-barite
B: Shinyemi Pb-Zn-Fe
C: Geodo Cu-Fe
In soils
D: Shiheung Cu-Pb-Zn




N

tailings sediment paddy soil tailings sediment paddy soil
(N = 4) (N = 6) (N=10) (N = 4) (N = 6) (N = 10)

2,980 1,120 108 1,440 102

s ¥ 8 %% F°

tailings sediment paddy soil tailings sediment paddy soil
(N = 4) (N = 8) (N =10) (N = 4) (N = 6) (N =10)

B Exchangeable OCarbonate OReducible B Oxidizable B Residual

Fig. Mean chemical partitioning of heavy metals in tailings, stream
sediment and paddy soil around the Kubong Au-Ag mine.




Conclusions

1. Dominant contaminating source in the study mines :
Tailings and its effluent (acid mine drainage)

2. Contaminating elements of the nearby environment :
As, Cd, Cu, Pb and Zn according to ore or gangue mineralogy

3. Pathways of contaminants :

/ Agricultural soil, forest soil

Food
crop

Tailings

N\ /

Stream sediment | = | Stream water




4. Pollution index of multi-contaminants :
Not a single but a number of elements in soil contamination
Convenient to treat and interpret multi-elements data

5. Chemical forms of heavy metals :
Non-residual fractions : susceptible to the change of ambient
conditions high potential of bioavailability
Cd and Zn : large fractions in exchangeable form
=> high mobility in soils or sediments

6. Food crops : significant levels of metals in rice grain

> large amount of intake by residents relatively
higher contents in crops under oxidizing
conditions reducing
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