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ABSTRACT

Recently, It is increasing popularity to research on the soil remediation in aspect of
management, by reason of the hazardous impact on the contaminated soil in Korea. It was
investigated high levels of arsenic salts in soil near abandoned five mines(Darak, Daduk,
Jingok, Dalsung, Ilkwang) located in Youngnam area. Arsenic, classified as group
A(Human Carcinogens) from IRIS, have shown statistically significant increment in skin
cancer with oral exposure. This paper was conducted to predict excess cancer risk value
(to the skin cancer) based on multiple pathway such as soil ingestion, dermal uptake and
food(plant) ingestion contaminated by arsenic, and also, to identify the remedial goal
regarded in future land use. The mine having the highest arsenic level was
Daduk(mean : 1950mg/kg) and the next rank was Jingok(1690mg/kg).
Ikwang(352.37Tmg/kg). Dalsung(86.08mg/kg), Darak(0.83mg/kg).

The chronic daily intake to the multiple exposure were calculated using Monte-Carlo
simulation regarded in future land use and used Q* value was 1.5(mg/kg/day)’ to the
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oral proposed by IRIS(1997). The computated excess cancer risk 95th value to all the mine
regarding future land use as residential and rural area were more than 10®. If the level of
acceptable risk is aimed for 1X10°, it could be used Darak as commercial and industrial area
without soil remediation due to the lowest risk value(6x10® and 3%10°). Computated remedial
goal based on 1x10° of acceptable risk to the future land use as the residential, rural,
commercial and industrial area were 0.02mg/kg, 0.003mg/kg, 97.31mg/kg and 194.62mg/ke,

respectively

Key words : Abandoned mine, Excess cancer risk, Monte-Carlo simulation, Acceptable
risk, Soil remediation
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Table 1.Selected Mines in This Study

Name of

. Main product Abandoned date Operating period
abandoned mine
(1) Darak Au 1967 1931-45, 1965-67
(2) Daduk Pb,Zn 1944(7) 1930-?
(3) Jingok Au ? ?
(4) Dalsung Cu, W 1972 1961-1972
(5) Dkwang Au, Ag,Cu 1983 ?
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II Hazardous Identification of Arsenic l

Physico-chemical property
y Exposure pathway

l Human Exposure Assessment ‘I

Identification on the

==

future land use y Exposure ——
Contaminated Level Identification of parameter g:;;l:lizagzzeos;{uman
of Soil Arsenic Exposure Scenario
Future Land Use
Induction of Arsenic Cancer potency factor ]
™| Toxicity Value

l Chronic daily intake

Identification of Excess Cancer Risk
on the Soil Arsenic by Future Land Use

¢<——l Acceptable Risk —I

[ Establishment of Remedial Goal by Site

]

Fig. 1. Scheme for establishment of remedial goal using risk assessment.
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Table 2 . Exposure Scenario and Exposure Parameter by Future Land Use

Fraction of Exposure Exposure
Land use contaminated source frequency” duration”
Fl-soil FD FC-food (day/year) (year)
Residential area 0.3 03 0.1 350 30
Rural area 05 0.5 0.6 350 30
Commercial area 0.2 0.2 0 250 25
Industrial area 0.1 0.1 0 250 25
All same applied exposure parameter
. . L 25550
Soil ingestion 0.14£0.28" Averaging time . .
rate(mg/kg/day) (Mean-S.D.y" (day) (for carcinogenic
chemicals)
Body weight 70+£14.0" Skin area 0.024+0.00144*
kg (Mean+S.D.) (co?/ kg bw) (Mean+S.D.)
Skin adherence 0.5+0.2" Dermal 0.003*
(mg/cn?) (Mean+S.D.) absorption(ABS) (estimated value)
F@(vegemble) oy .Food(.root) 192
ingestion(g) ingestion(g)

FI-soil :

fraction direct ingested from contaminated source(unitless)

FD : fraction direct dermal uptake from contaminated source(unitless)

Fl-food : fraction indirect ingested through food(homegrown plant) from contaminated source(unitless)

o) Mol= Ee] )&} IPrEue4%
& $7A9% FAAGS 3% A1 59 34
S, Aol STEY wRE 49€ e

2 90, 49497 399 B%e &5

2o 224 49¢ eE 4Pa =3
Ne FAAG W 4 =2F AW
U.S.EPA (1989b)ell 2A%td 302 dAs

Rer, FAAGH FAAGY A= 258E A
&3t ZidieRe vlavl wgEHe=g 70

doz sigon’ Ay AFEF, AARIe
HEETE, BT 62 Hadd ZERAE
o] EEXgE #E32E Monte-Carlo
simulation & &3} CDIE Attt CDIS
ALH44 & Table 334 2t}
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Table 3. Pathway Specific Exposure Equations as Which Suggested the Risk Assessment

Guidance for Superfund

Exposure pathway Equation
il-ingestion EF X ED
Soil ingestion C x M— X FI X ——— X CF
BW
SA EF X ED
Dermal uptake C x X Sa X ABS X FC X —————
BW
(( C X IRroot-inges!ion X BCFroor) + (C X IRslcm-ingcstion x BCF, stem ))
Food(plant) Ingesti BW
ood(plant) Ingestion
P § EF X ED
X F1 X ——— X CF
AT

C : Chemical concentration in soil(mg/kg)

SA : Skin surface area available for contact (cn?/kg)
IR : Ingestion rate (mg/kg/day)

Sa : Skin adherence(pg/cre)

ABS : Dermal absorption factor(unitless)

CF : Conversion factor

(U.S.EPA, 1989b)

FI, FC ; Fraction ingested(FT) or contacted(FC) from contaminated source (unitless)

BCF : Bioconcentration factor

g Zaesieice Mmsieg BERg 44
st

X 0FE

3. &=

3.1 BRI vlaeds

294 HlA 2EEE tEHide] 7 wol 2
Bgke]l 1950 me/kg oo™ WIFI= 1690
ng/keF TR BT AR HAZH Hugd
7t el 2ok RE Bl vk edx X
t ATET FdE HAstn A &3,
exponential distribution, extreme value
distributionge] Fe|E H3n o] AAF o=

BEgs vugo 2 AT F U, o8 A%
HERCE FU%, HAWg 52 AR st
£ AT Ee CDI AAA] £x3S 2% 133}
a] MonteCarlo simulationdl E&3l22 d®
g A R o3 Aol F3E S0} 83
oh AZAFEQ BUzY £YA] A QY ARAHN
2], AgF, 9% HAEPA, background F&
5ol 2% meEo] FAAHA 9] Aol A
BAE, ANFHQ] QHAEABE AWHE of g
el A% 15709 NaF AAYT T, Bdak
9] e 4% zlole AA gFou, HuigTe] Aole
¢ 2 Ao Hol A Q] dRuto] Jg eEE
g Jehlle Aoz ddEox, BUEge HE
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Table 4. Levels of Arsenic in Soil near Mine by Individual Site

Arsenic Name of abandoned mine ( sample number)
concentration
(mg/ke) Darak (15) Daduk (11) Jingok (8) Dalsung (7) Ilkwang (5)
Mean=+S.D 0.833 1950 1690 86.085 352.375
Median 0.45 1500 1790 91.3 379
Minimum 0.25 286 242 279 11.5
Maximum 2.25 4520 3360 129 1300
Data
distribution
00 08 1 f)ﬁ -4 3. A‘:!Iﬂ 7. ; R16E.3.07€- 397« l‘ii[ . -66.10 -10’.|0 45.9% 102.00 156.18 -836.88-398.72 :1“ 48359 l‘}! 75
& 3eAW PPAYo] Aol T Aow o] BASRE WEEL UAEZ F719 (vapor

S
Av|, Wb SR HId IR BT
gl zpol7} wimjsle] o] RHe] PEFEL A
Ho] thAZ fARE Ao2 Adeo], depth &F
T A5 o 2ot FHAL Agol A=A
% $AHeR 9 REE AR ZAT MNEHH

A FU_AY L TEpgAta go] EIEFIA

X

& 1% AL WMAHOIE 9 Row B
g},

3.2 nl&e] 3] Tl o ek, weRSA

B3 F vAE EY 1 AZEY B/AEA,
AP EA Boll d BEXxHo| Yu, F2 EST
AEA | EAjshe Ao RuHRY’. EFF v
&F arsenate® HHo] thE 349 hydrous
oxidesdl 2=, dF= AA3] FAZ L35
71% 3, A% BlAE biomethylation® AA
Fdeo] di7] FoM AR EAtAY A E
2 Agso] QAo xZHr}

olg & EYF HAsiErEe 874 FHo
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Fig. 2. Translocation of arsenic in soil

Table 5. Toxicity of Arsenic in Human

Toxicity Effects
- Increased lung cancer mortality in exposed people to inhalation
. .. - Increased multiple internal organ (lung, kidney, liver and bladder) skin cancer
Carcinogenicity

incidence in populations consuming drinking water

General toxicity

- Acute - Gastrointestinal distress, skin eruptions, severe diarrhea, kidney failure,

convulsions, coma, death
- Chronic - Skin hyperpigmentation, garlic odor of the breath, liver and kidney

failure, lethargy and peripheral neuritis

- Non or slight
; Chromosomal breakage, chromosomal aberrations, and sister chromosomal

exchange in cultured cells including human cell
— Chromosoaml aberration in lymphocytes of Swedish copper smelter

Mutagenicity

(Nordenson et al., 1978)
— Sister chromatid exchange rate elevated in lymphocytes of patients treated with
flower’ s solution (>3mg/day, Burgdorf et al.,1977)
.. - Higher frequency of congenital malformation in the children of women at
Teratogenicity
. smelter (Nordstr m et al., 1979)
/Reproductive . . . -
toxicity - Higher frequency of abortions was in woman living nearest the factory than
X

reference population (Nordstr m et al., 1978)

Journal of KoSES Vo1.3, No.2 13~29, 1998
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Fig. 3. Comparison of chronic daily intake by
exposure route and future land use in

Daduk abandoned mine.
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Table 6. Percentile Value of Chronic Daily Intake produced by using Monte-Carlo Simulation

Name of Chronic daily intake (mg/kg/day)
Land use | abandoned
miine 5th 25th 50th 75th 95th Mean
Darak | 1.87x10° | 1.09x10° | 2.58x10° | 5.10x10° | L.I3x10° | 3.75x10°
.| Daduk | 465x10° | 257x10° | 6.24x107 | 1.24x10" | 2.66x10" | 8.92x10°
Residential -
Jingok | 1.14x10° | 3.77x10° | 6.39x10° | 9.87x10° | 1.69x10" | 7.37x10°
T TDalsung | 1.25x10° | 284x10° | 3.81x10° | 466x10° | 5.76x10° | 3.70x10°
Tkwang | 9.06x10° | 2.43x10° | 4.24x10° | 6.82x10° | 131x10% | 5.23x10°
Darak | 1.12x10° | 651x10° | 1.55x10° | 3.06x10* | 6.78x10* | 2.25x10
Daduk | 2.79x10° | 1.54x10" | 3.74x10" | 7.43x10° 160 | 539x10°
Rural area Jingok 6.84x107 | 2.26x10" | 3.83x10" | 5.92x10" 1.02 4.42x10"
Dalsung | 7.47x10* | 1.71x107 | 2.28x10? | 2.79x107 | 3.45x10? | 2.22x10?
Tkwang | 2.13x10° | 6.93x107 | 1.09x10" | 1.43x10" | 1.86x10" | 1.07x10"
Darak | 2.29x10™ | 201x10° | 6.20x10° | 1.57x10* | 4.61x10* | 1.25x10"
Commercial | D2UK | 579x107 | 471x10° | 148x10° | 378x10° | 1.07x10° | 2.96x10°
j Jingok 9.74x107 | 6.67x10" | 1.66x10° | 3.37x10° | 7.59x10° | 2.47x10°
area Dalsung | 8.09x10* | 4.59x10° | 1.00x10° | 1.76x10° | 3.14x10° | 1.23x10°
Tkwang | 2.87x107 | 193x10° | 447x10° | 851x10° | 1.64x10° | 5.91x10°
Darak | 1.14x10™ | 101x10° | 3.10x10° | 7.86x10° | 2.31x10°* | 6.23x10°
Industrial | DUk | 2.89x107 | 235x10° | 7.39x10° | 189x10° | 5.36x10° | 1.48x10°
Tingok | 487x107 | 333x10° | 831x10° | 1.68x10° | 3.80x10° | 1.23x10°
area Dalsung | 404x10° | 230x10° | 502x107 | 8.82x107 | 1.57x10° | 6.13x107
Ilkwang 1.43x107 | 9.67x107 | 2.23x10° | 4.26x10° | 8.18x10¢ | 2.96x10*

A=t %R iAoy A2Rate] 7§ CDI
95th #to] Ztz} 1.60, 1.02 mg/ke/day2 =% =
A AU AA o]F o] AT FEL
¢ von & ¢ Sl

£ AFlA CDIAAte] AH&3 gEL
California EPA(1997)oA California x|}
AFshe dIRIES didoz 3 WEEolojA
U.S.EPA(1989b)olX A a FAA el
dd EFHAE ddshe 50mg/dayst v¥lws}
A California EPAIA AAlsk= §12 9.8me
/dayelez wig zlel7} ARl B AForE

RE A TUT AFE HEo =2HES
g2 Fo3teE xEAURl oA AEE TR
%3 California EPA ¥4E9] 3¢ £38s &
&8 7 oM &8 e HE e $ERS
2 XA F AU

3.4 543 #&

SollA Mg uhe} Zo] nlie] dQMEFE
U.S. EPAY] £§F2 group Adl ai@sls QA
GEABA JERtg o7 FLF5A v g
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Table 7. Toxicity Value Based on Human Carcinogenic Epidemiology Data of Arsenic

Tumor site [Exposure route Toxicity value Quantitative evidence References
Time and dose-related
. Drinking - Oral slop factor . Tseng et al., 1968 ;
Skin cancer water - 1.5(mg/ke/day)’ formulation of the Tseng. 1977
a > 1.5(mg/kg - eng,
Y multistage mode} 8
Brown and Chu, 1983:
. L Geometric mean of unit | Lee-Feldstein, 1983
Occupational | - Unit nisk . , . i
Lung Cancer inhalation | : 43X 10°ug/m)’ risks (Anaconda smelter' | Higgins et al., 1982
i 2 4, : :
and ASARCO smelter’) | Welch et al., 1982° and
Enterline and Marsh, 1982"

Az e}t diokre] E4EE A% A A8
F7h v BEI FEARE B3 FU i
£3-2A938 58 AA dgHd ks 54

S fEEA Hed AAAEI} FEE A9E
FEA g0l Sl tid 8 Jix] B & HAs)
7] Y8k AAAEE ARS-Rih

Table 79448 RIS(1997) A= Hlxe ¢!
AHRAARE AA S Yz, 2 ELHES
1.5(ng/kg/day)' 2 AABl glo] Z3} welels)
T AL o] gt EEsiTh. Ao FER
B8 AME 4 2UeF Ad gk 2L
one-hit model & °1&3k] EARS A=shedl’
o] A%%E case-control study 23} HA
multistage modelol| 23 E433E F=351%T)

3.5 EXSEY 2IPISIINE 2 $USES

Ard 2apalsize] gEge AAe &3
7Ved &S meisin ot 95th &) A% &

& AW QU e RE FVHY =38
45T A97h YoM AEoz Ho) w4 b
ol AdAE 50th gl AFaE

MLE(Maximum Likelihood Estimate)3t& 4
8 AL xd9y 3 AP s g4
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29| risk7} ZIEd e #gd ¢ ek g
£, $74AGE E8A BE AQ9 riskitol
m$- o} o]F 9] AR 2ol EX|Po] HAIUY
Ro] 71iAct.
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Table 8. Percentile Value of Excess Cancer Risk based on Skin Cancer produced by using

Monte-Carlo Simulation

Name of Excess Cancer Risk(percentile value)
Land use | abandoned
ine 5th 25th 50th 75th 95th Mean
Darak | 281x10° | 163x10° | 3.88x10° | 7.66x10° | 1.70x10* | 5.62x10°
| Daduk | 698x10° | 3.86x10° | 9.36x10® | 1.86x10" | 3.99x10" | 1.34x10°
Residential -
Jingok | 1.71x107 | 565x10° | 958x10° | 1.48x10° | 2.54x10" | 1.11x10°
& MDalsung | 1.87x10° | 427x10° | 571x10° | 6.99x10° | 8.64x10° | 5.55x10°
Tkwang | 1.36x10° | 365x10° | 636x10° | 1.02x10° | 1.97x10° | 7.85x10°
Darak | 1.68x10° | 9.76x10° | 2.32x10° | 4.59x10° | 1.02x10° | 3.37x10°
Daduk | 419x10° | 231x10" | 561x10" - . 8.02x10"
Rural area Jingok 1.03x10* | 339x10" | 5.74x10" | 8.88x10° — 6.63x10!
Dalsung | 1.12x10° | 2.56x10° | 3.43x107 | 4.19x10° | 5.18x10? | 3.33x10°
Tkwang | 3.20x10° | 1.52x10" | 2.15x10" | 2.15x10° | 2.79x10" | 1.60x10"
Darak | 3.43x10° | 3.02x10° | 931x10° | 2.36x10° | 6.92x10° | 1.87x10°
Commercial|_D24UK__| 368x107 | 7.06x10° | 2.22x10° | 567x10° | 161xI0° | 444xI0°
Jingok | 146x10¢ | 1OOxI0® | 2.49x10° | 5.05x10° | 1.14x10* | 3.70x10°
area Dalsung | 121x107 | 689x107 | 1.51x10° | 2.65x10° | 4.71x10° | 1.84x10°
Tkwang | 430x107 | 2.90x10° | 6.70x10° | 1.28x10° | 2.45x10° | 887x10°
Darak | 17210 | 151x107 | 465x10° | L18x10° | 3.46x10° | 935x10°
Idustiq] | D20k | 434x107 | 353x10° | 11Ix10° | 284x10° | 8:04x10° | 222x10°
Jingok | 731x107 | 5.00x10° | 1.25x10° | 2.53x10° | 5.69x10° | 1.85x10°
area Dalsung | 6.07x10° | 345x107 | 7.53x107 | 1.32x10° | 2.36x10° | 9.20x107
Tkwang | 2.15x107 | 145x10° | 3.35x10° | 638x10° | 1.23x10° | 4.44x10°
- ; inadequate value

ol 22 A5l ZAsSKA Hlid] tiF 34
A% FEZ 10°22 71EE %S o, EXE
=4 A H)A HEEEE JFAgoun BYE
EXE P, 2 AYES o= A 718
v w&tdtHTable 9).

Echao] g 34 Hax +5& 10°FF

2 dtn B HA0EE £FS IdFHseE
T3 BRERAE FAAY, $8A9G, 49X,
FAA Y] A% Z+zF 0.2mg/kg, 0.003mg/kg,

97.31mg/kg, 194.62mg/kg FE282 FAHA
o
R3e 3% AFekt e 712S A4dn 9

e, AR AFAY, 3FAFez a4 TR

71%g Ry QY. 1 71E%E 2 3Jo)E e
Aok 2z Yepeit 3489 wige @A Ve et
Apolale] Ae] po]E Holm glovt, 7t Yapd

71E 43339 FEE B3A, 8 71E A
HEES E8Y 5 & Aotk
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Table 9. Comparison of Computational Remedial Goal with Foreign Management Limits

(mg/kg)
o . Rural Commercial Industrial
Management limit(soil) Residential

area area area

Computational |~ Based on 10" 0.02% 0.003* 97.31% 194.62%

Remedial Goal | (excess cancer risk)

National™® Criteria - 6 - 20
Guidance Guideline - 15 - 50
Texas 0.366 — -~ 327
US.AM Tennessee 20 - - 200
Oregon 0.4 — - 3
Canada*™’ 30 20 - 50
Netherland™ 20-30 - - -

* Computational remedial goal calculated in this study

WSl ekt N1E08 & QTN A
dEe viwstd 2 8 U2 e serle

& dA7)1Ee] 40%FER O ol 290] 4slH
€ A& disp] A% £5& dvsia gla, o

A71EL 289 Aot At A7 5 - A8
A& A 2P =71 Qlol EXY o]8F
A, ANAe AAFA F FAZAVE 83 Az
LAEHE BEEP] AT FolojA J1EHBA B
AAY ] mert 489S & 4 %len, 1
E0] Jalzel 2A% s Z AolE B 9
=& 123 AAEV} 8T Zo 2 gAY,
olg{gt gEdl ZAS BEER AP &
sl B RPN FANGeE LY L
B B2 9% +F 352mg/kge 194mg/kge]
3 o2 Yojof Jttn FHY 4 ot o]
o} 22 BERX] 43 =2WFe RE3YIM]
A%E 2gd EY UF &85 (fraction of
contaminated source)@tell A 42 o=
gy, vko FAA Y EHUEEX]1%mg/kg
&2 3 Tennessee 79 #HY2NF
200mg/kg™ FARES 9% F Qi o3 2
< I E 82 =3V FAEE 433
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1.5(mg/kg/day)'(IRIS, 1997)& $4ils) F=
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