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Risk Assessment of Heavy Metals in the Vicinity of
the Abandoned Metal Mine Areas
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ABSTRACT

An environmental survey from three abandoned metal mine areas was undertaken on to assess the risk of adverse health
effects on human exposure to heavy metals influenced by past mining activities. Tailings contained high concentrations of
heavy metals may have a impact on soils and waters around the tailing piles. In order to perform the human risk
assessment, chemical analysis data of soils, rice grains and waters for As, Cd, Cu and Pb have been used. The HQ values
for heavy metals via the rice consumption were significantly higher compared with other exposure pathways in all metal
mine areas. The resulting HI values in three mine areas were higher than 9.0, and their toxic risk due to rice ingestion was
strong in these mine areas. The cancer risk of being exposed to As by the rice consumption from the A, B and C mine
areas was 5.1 x 107, 6.8 x 10 and 3.1 x 107>, respectively. The As cancer risk via the exposure pathway of rice ingestion
from these mine areas exceeds the acceptable risk of 1 in 10,000 set for regulatory purposes. Thus, the daily intakes of rice
by the local residents from these mine areas can pose a potential health threat if exposed by long-term As exposure.
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Fig. 1. Conceptual site model (CSM) for risk assessment in the abandoned metal mine areas.

Table 1. Mean concentrations of As, Cd, Cu and Pb in soils, waters and rice grains from the abandoned metal mine areas (unit in mg/kg)

Mine As Cd Cu Pb
Agricultural soils 0.90 0.83 8.97 46.50

A mine Waters* 0.001 1.48E-6 0.055 8.31E-5
Rice grains 0.57 0.15 2.75 0.72
Agricultural soils 5.12 042 17.41 5.01

B mine Waters* 0.004 7.51E-7 0.106 8.96E-6
Rice grains 0.76 0.14 5.30 3.99
Agricultural soils 2.01 043 13.23 13.11

C mine Waters* 0.001 7.69E-7 0.080 2.34E-5
Rice grains 0.35 0.19 3.21 0.99

* Heavy metal concentrations in waters are calculated.
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Table 2. Equations of average daily dose (ADD) according to
exposure routes (unit in mg/kg-day)

Exposure route Average daily dose or intake

C*IRS*ED*EF
il ingesti ADD = ——2"2— 0
Soil ingestion BIWAT+365
Water ingestion ADD = CHRwED*EFR
BWxAT*365
. . CxIRr+«ED+EF
R = —_—
ice ingestion ADD BIsAT+365
Dermal contact ADD = C+SAS*AF *ABS+*ED *EF
of soil BW=xAT*365

Table 3. Exposure factors and parameters for risk assessment

Factor/Parameter Symbol  Units i;igzﬁﬁzﬁ
Exposure Duration ED years 30
Exposure Frequency EF  days/year 365
Averaging Time AT years 70
Body Weight BW kg 60
Ingestion rate IR

Soil IRs  kg/day 100x 1076

Rice (Farmer) IRr kg/day 0.358

Drinking water IRw  L/day 2.0
Skin surface area SA

Skin surface area (forearms etc.) SAs cm? 5700

Skin surface area (whole body) SAw cm? 17000
Adherence factor AF mg/cm? 0.07
Absorption factor ABS 06?(?31 ((ACS)
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Table 4. Classification of chemicals according to the weight of evidence from animal experiments, clinical experience and

epidemiologic studies

Category

Criteria

A Human carcinogen (sufficient evidence of carcinogenicity in humans)

B1 Probable human carcinogen (limited evidence of carcinogenicity in humans)

B2 Probable human carcinogen (sufficient evidence of carcinogenicity in animals with inadequate or lack of evidence in humans)

C Possible human carcinogen (limited evidence of carcinogenicity in animals with inadequate or lack of human data)
D Not classifiable as to human carcinogenicity (inadequate or no evidence)
E Evidence of noncarcinogenicity for humans (no evidence of carcinogenicity in adequate studies)
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Table 5. Slope factors and reference doses for As, Cd, Cu and Pb

N

4] 9lald %71 101

RfD (mg/kg-day)

SF (mg/kg-day)"

Element
RfD, RID s SF, SFobs
As 3.0E-4 2.9E-4 1.5E-0 6.1E+1
Cd 1.0E-3(food) / 5.0E-4(water) 1.3E-5 - -
Cu' 3.7E-2 - - -
Pb 5.0E-4 - - -

* Decision Support System (DSS) developed in the API (American Petroleum Institute)

Table 6. Hazard index (HI) and hazard quotient (HQ) of As, Cd, Cu and Pb according to exposure routes in the abandoned metal mine

areas
Exposure Hazard Quotient (HQ)

route Soil Water Rice Soil dermal HI

Mine / Element ingestion ingestion ingestion contact
As 0.002 0.029 4.859 0.000 4.890
Cd 0.001 0.018 1.458 0.006 1.482
A mine Cu 0.000 0.000 0.010 - 0.010
Pb 0.066 0.002 3.682 - 3.751
SUM 0.069 0.049 10.009 0.006 10.133
As 0.012 0.168 6.478 0.002 6.659
Cd 0.004 0.101 1.943 0.034 2.081
B mine Cu 0.000 0.000 0.010 - 0.010
Pb 0.007 0.000 20.406 - 20413
SUM 0.02 0.269 28.837 0.036 29.163
As 0.005 0.066 2.983 0.001 3.055
Cd 0.001 0.039 0.895 0.013 0.949
C mine Cu 0.000 0.000 0.013 - 0.013
Pb 0.019 0.001 5.063 - 5.083
SUM 0.025 0.106 8.954 0.014 9.100

Table 7. Cancer risk of As according to exposure routes in the abandoned metal mine areas

Exposure Soil Water Rice Soil dermal SUM
route Mine ingestion ingestion ingestion contact
A mine 23x10°° 3.1x107 51x107 1.1x107 52x107°
B mine 13x10° 1.8x 107 6.8x 107 62x10° 71107
C mine 5.1x107° 6.9x 107 3.1x1073 2.5%107° 32x1073
IR F B 2 AFHE B AsY] elsi=r 1Y 54 £

F 1% ooz E=A YERITH3 x 10°~7 x 107). ©
= SE B SEdE AR QbIA AXgE 3
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