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ABSTRACT

As concerns on the effects of soil contamination on human health have grown, more efforts have been made

to quantify the effects. One of such efforts is the development of risk assessment methodology. The

fundamental objectives of this approach is to investigate the alternative options that reduce the risk of

hazardous chemicals results from environmental pollution, which will eventually lead to an accomplishment of
removement of identified toxicants in polluted environment. The U.S. EPA Risk Assessment guidance for the
superfund (RAGS) provides a methods for assessing the health risk of contaminated soils and determining the
preliminary remediation goals (PRGs). Using this approach, we assessed the health risk and preliminary
remediation goals of petroleum contaminated site in Kyounggi province.
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C x 10-kg/mg X EF X ED X IRy
RfD, X BW X AT x 365 days/yr
C X EF X ED X IR, X (1/VF+ 1/PEF)
RfD; x BW x AT X 365 days/yr

THI=

(D

C (mg/kg; risk-based) =
THIXBW X AT x 365 days/yr
ED X EF  [((I/RfDy) X 10-6kg/mg X IRy} +{(1/RD;) X IRyie X (1/VF+ 1/PEF))]
2

THI : target hazard index (unitless)

C  :chemical concentration in water or soil (mg/L)

RID,: oral chronic reference dose (mg/kg-day)

RfD; : inhalation chronic reference dose (mg/kg—day)

BW : adult body weight (kg)

AT :averaging time (yr) (for noncarcinogens, equal
to ED)

EF : exposure frequency (days/yr)

ED : exposure duration (yr)
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IRi : soil ingestion rate (mg/day)

IR, : workday inhalation rate (m*/day)

VF : soil-to-air volatilization factor (m¥/kg)
PEF : particulate emission factor (m¥/kg)

B 2@9EAd gt z3pe BEYY 5
A g 3R] EA uiel HElX| = vl
EPAC A A AJZE A] 3o 28] Fa}det

Csat (Kd X§ X nm) + (S X em) (3)

Ka : soil-water partition coefficient (L/kg), Koc X OC

Ko : organic carbon partition coefficient (L/kg)

OC: organic carbon content of soil (fraction)

s :solubility (mg/L —water)

ng, : soil moisture content (expressed as a weight
fraction)

Om : soil moisture content (expressed as L-water/kg
—so0il)
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EERET
THI = C xIRw X EF XED
RfD, X BW x AT X 365 days/yr
CxKxIR,XxEFXED
4

RfD; X BW X AT X 365 days/yr
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C (mg/L; risk—based) =
THI X BW X AT X 365 days/yr
EF X ED X [(1/RfD; x K X IR,)+(1/RfD, X IR)]
(5)

C  :chemical concentration in water (mg/L)

THI : target hazard index (unitless)

RfD,: oral chronic reference dose (mg/kg-day)

RfD; : inhalation chronic reference dose (mg/kg-day)

BW : adult body weight (kg)

AT :averaging time (yr) (for noncarcinogens, equal
to ED)

EF : exposure frequency (days/yr)

ED : exposure duration (yr)

IR, : daily indoor inhalation rate (m*/day)

IR,, : daily water ingestion rate (L/day)

K :volatilization factor (unitless)

Ase Fol B4R shereae) B )
4 6ol o8 TRE Abzelded 1 A%
lorexct 8 A4 el sl Ades 2
2 2ol TRe] 100 adshe shobe

o ARAPEE FEE A 64 FE A 7011
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SF, x C xIRw X EF X ED
BW X AT X 365 days/yr
SF; X C XK x IR, X EF X ED
BW X AT X 365 days/yr

TR=

©)

C (mg/L; risk-based) =
TR X BW X AT X 365 days/yr
EF X ED X [(SF; X K X IR,) 4+ (SF,IR)] @)

TR :target excess individual lifetime cancer risk
(unitless)

C :chemical concentration in water (mg/L)

SF; : inhalation cancer slope factor ((mg/kg—day)™!)

SF, : oral cancer slope factor ((mg/kg—day)™")

BW : adult body weight (kg)

AT : averaging time (yr) (always equals to ED)

EF : exposure frequency (days/yr)

ED : exposure duration (yr)

IR, : daily indoor inhalation rate (m3/day)

IRy, : daily water ingestion rate (//day)
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K :volatilization factor (unitless) (Andelman 5,
1990)

1. AR wetd B}

e de] B3 =ofe] Mt E HrlE) ¢
& Ames testZ AA|3F ZA3} Table 104} BX= v}
¢} 7o) Salmonella typhimurium TA98, TA100 5
250 NG FEAAN 3-9 EGY 4434 e
ARl AL, AgEFdA e AAA Az
e Axe] EHue] AH4s: veplg. S-9
mix& o]-43k WAz el gl E A Ao
250 299 2597 e A 442 2
S vehisish PAYNE SHES S
H71ek oAl sle] A s-9 Z]zmﬂtﬂﬂ]/ﬂ xaga
AU T skl 2] A4S B
A £ Aol HA3] Pt F S-S PGl of
3ol Aol A % W 57 A B3 el 29
B =ofo) gk FASAHAIHA sl AY =47
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Table 1. Mutagenic effect of soil and water samples deter-
mined by Ames test

Revertant
CHEMICAL AMOUNT S§-9
TA9  TAI00
I b 297431 16534228
gplate ~ 260446 1583+19.6
Soil + 277447 1753406
(in DMs0) 200mg/plate 510055 63180
4 234423 180.748.0
DMSO (control) _ 56144 1773450
4 553459 173.0+9.6
100.0ul/plate 5024 100 18034215
+ 6504110 168.0+15.1
S00ulplate 5y 0193 1613438
Water + 643497 181.0+185
250ubplate o046 17574140
+ 62.0+11.4 183.7+40.5
125plplate— _ 450470 1767464
+ 56.7+64 180.0%15.7
D-W.(control) 451455 188.7+186

D.W.: Distilled Water
Results are expressed as means and S.D. (standard deviation) of
three separate experiments for each data point.
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Aoz Agdel WerREddl & 9o =
of QA WAt Fleber Ao teht of xejo]
A9 AN wstEStE FHeR A}
SRl Aol & Aoz BekHRt

£ 279 $Y, °
= #3siglen] o Age AiA el 4357 o
o Ao N 22 1F02 BT 237|2
oAbl AR WYz 9T A9 AN e
2237) 93 ALHE 30499 DAY 1AL

=2ARY AL ofn) wud FhARE B
Fako] APkl (A, 1995; o) 1) 5, 1997).
eEules AYF 245d3 HFAFE 60kgo s
sl Ao S5 2/dayz AT ok
AH &L S0mg/day, FUEL = 24 ste] v
TAH AR F A9 W oA o]4F IR
gl 20 m¥/day® A& 3ledct. RfD (Reference dose),
RfC (Reference concentration), SF, (Cancer slope
factor; oral) % SF; (Cancer slope factor; inhalation)
&2 v EPAY ARE o]83tdd =3 F
BA Atmrt AR R A e FE) diM =
o]Z EPACIAl XAF $AE A3t (EPA,
1989). Table 2¢]] PEF % VFE A28t =4 13} 2
of &8¢ BE AL $AF BABY.

VF (soil to air volatilization factor) @ PEF (Parti-
culate Emission Factor) 72 ZA} |9 gxkala
I w]3 EPA®] RAGS 7lo|=ehelel] o8 A A=

Table 2. Exposure factor values for risk assessment

Factor Unit Values
BW  adult body weight kg 60
averaging time
AT (always equals to ED) yr 30
EF  exposure frequency days/yr 294
ED  exposure duration yr 30
IR, daily indoor inhalation rate  m?/day 15
IR.  daily water ingestion rate l/day 2
K volatilization factor UmE 0.0005 x 1000

(Andelman et al., 1990)

IRsoit  soil ingestion rate
IR.i:  workday inhalation rate

mg/day 50
m?/day 20
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Table 3. Calculation of Particulate Emission Factor (PEF) and VF (soil to air volatilization factor)

LS x V x DH X 3600 s/hr

1000 g/kg

F 3 = X 1
PEF (m”/ke) A 0,036 % (1 =) % (Um/UD° X F(x) )
LSxVxDH (B. 14 xaxT)"?
3 = 9
VF (in%/kg) A X DaxE X KX 107 kg/g) @
(Dei X E)
)= —4479 x 1074
R R T( 5] S
Factor Unit Values
LS width of contaminated area m 60
v wind speed in mixing zone m/s 225
DH diffusion height m 2
A area of contamination m2 43,152
0.036 respirable fraction g/m?-hr 0.036
G fraction of vegetative cover unitless 0
Um mean annual wind speed m/s 4.5
Ut equivalent threshold value of wind speed at 10m m/s 12.8
F(x) function dependent on Um/Ut (Cowherd 1985) unitless 0.0497
A area of contamination (m2 x 10,000 cm?/m?) cm? 43,152 x 10,000
Dei effective diffusion (D; X E®3 =0.086 x 0.30%3%) cm?/s 0.0578
E true soil porosity unitless 0.30
soil/air partition coefficient, 41 : conversion factor, . 3 0

Kas (H/Kg % 41 = 6.61 X 10-¥/5.18 X 41) g soil/em’ air 3.23x10
P true soil density or particulate density glem? 2.87
T exposure interval s 7.9x 108
D; molecular diffusion cm?/s 0.086
H Henry’s law constant atm-m3/mol 6.61 %1073
Ka soil-water partition coefficient (Ko X OC =259 x 0.02) cm/g 5.18
Koe organic carbon partition coefficient cm’/g 259
OC organic carbon content of soil (fraction) unitless 0.02

LAkl g FhEe] Ao 224) 19 24
dqeted 2 7S ARE 5 gl AR
73?% EokiAte] wi& A 4, PEFE= 2.898 x 108
mi/kg, £k W72 #FAbA S, VEE 363.6
m¥kgez vtebgeh A 19 A 29} AAbel] Alg
¥ 2E <lx}e] 43 Table 3¢ EA)5}e]c}.

3. EALHAL X|2fol Slaid Bl o Al
=E A

R

ZA3} toluene} ethyl-
benzeneo] 7} wo i°§ o] gl ARoz 1}
thtonz og Aague s A9 9
A o 2 AP E8) 35 51
4 setede As }aiv}. 0908 Ao @

A Ak @t A ) %
=

FAme] 544 il ko] Jeh}R)
Wk}, GC-MS 24 A} ik o]
(2-cthylhexyl)—phthalate 7} 7125 727} glo] o]
of A3 st fAAE =
A sk

1) Toluened]| CHEF 2faliad ot L
MNRE2 T ALK
T EA Aol A toluene] wbE &

L= = [e]
[5) E-T—‘j—tj_:_’"]

Hol ”]“?r EPA°1W *}"a‘°ﬂ7ﬂ *17:‘6“ A
fral g edkE fidte HAEINSE (lowest-
observed-effect level, LOEL): 88 ppmo]3l, =&
ol @2 7T RiD: 0.2 mgkg/day, $3) RfCE
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0.11 mg/kg/day = A A= e} $Jv} Toluenes et
F& Dgroupe QA Uk A= FRF
QA @vh(U.S. EPA, 1998). whebA Rt a zel
d3 ¢S Hrislalen FF EAegL ¥
AR ol m 2 Ad/AF 4R 2 sl Hrlskadot

o] x]de A1) toluened] Q1A & AHza T
719 &4, £ AAA xZo) 3t Aoz F
ety ern] e g w25 o438 Fov §)
2 ke Hloz FAlEe] ol 23 x&F2 A9
sl

FAFRA 219 EoFe] toluene 2.l & 93
S #7}3k A3} Table 404 B ule} zhe] A
A AF 3 A& F tolueneo] 2FH =
oz vehd 47 A|8(S1,S2,83 E S4)el sl
Algubyoll 2 AEE A 1o oie} wdsk A o
712 s 1 29 Q%= 247 1,170
mg/kg 2 820 mgrkgel S1 9 S2¢] 79 THIZ}
7.86 B 55124 18T} ¥ $£25 vep 49
Aol gle Aoz FdE et

PO -lN' o,
o of
%

o] A9 =eko] toluened] HE AIHELYEE
(PRGs)¥ w|= EPA2] RAGS 7}e|=gqle] uje}
THI 1& 71702 stden 4 26 meh 73 2
3} 148.9 mg/kgo 2 ARZE QT AP B B2 2=
A 46 @t Aelsk depbl Hed =)
EPAC| M= toluenesl] w3t kAo =oFe] Apbd

2ol B3 X2 520 mg/kg o2 A A& v} ITH(EPA,
1998). ¥ ZAFRAY A9 7§ 1489 mgkgo s
AEE o] ojBr} Yl v]F EPACIAME= AHEH
AR BN EZY] QPEAL ¥t 1 EFY] =
et B ASoe AlEd $EF AMRE
dEx =2 33 AEd APIEdERe o
e vErt o B e EEY v & A
A= A TIFEE AHEJERI AAE
art 2 ZARAR G ALl B F9
toluene®) 32 F-3}7] 93] Table 5|4 K.
E upel 22 A SRS A 3o disiste A
3 23 478.1mglkgql Ao JJeps. webs
FAPNA ARER FAF ARG 2ok AP E
EX Fxi: olmr} ¥ 1489 mykgo| B o]
2 AAEdEge & 4 g olg vz¥ o
Table 40|+ M= nle} Zbo] $allAde] Sl Aoz
et St S22 2] Eoke] A9 toluene ¥ =
7} AR EdEEA] B 5~ 10 Ax A 29

K

o

e ¢

[

Table 4. Non—cancer risk assessment of toluene in conta-
minated soil

Sampling site S1 82 S3 S4

Concentration (mg/kg) 1,170 820  0.46 3.93
Total Hazard Index (THI) 7.86 5.51 3.1x 1073 2.6 x10-?

S : soil samples

Table 5. Calculation of saturation concentration of toluene

Csa=(KgXs X Nm) + (5 X Om) (3)
Factor Unit Values
Ky ;(O:Cl >—<v(v)a(t:er partition coefficient, (Likg) 518
Ko : organic carbon partition 259
coefficient (L/kg)
OC: organic carbon content of soil
. 0.02
(fraction)

s :solubility

nm : soil moisture content (expressed
as a weight fraction)

On : soil moisture content (expressed
as L-water/kg—soil)

(mg/L-water) 515
kg/kg 0.1502

Lkg  0.1502

Table 6. Non-cancer risk assessment of toluene in ground

water
Sampling site GW1 GW2 GW3
Concentration (mg/l) 7,110 207,000 60,100

Total Hazard Index (THI) 7.46 x 10° 2.17 x 10° 6.31 x 10*

GW : ground water samples

ol s & 4 ANt

ZAFRA 21 2] 814=9] toluene 2. Gl H3F 9
XS 9718t A3} Table 6014 BE nle} 7o) 3
A NE(GWI, GW2 R GW3)AA 5 w3 22
A8l =& b slet Toluene®] o] 2] 2|84
gt APl EQER (THI= DE 4] 59 o 73
A} 953 pg/lz AEH w2t Askg FE
toluene-> APHEIEE BT} 7x10°~2x 10°) &
A 295 UE5E & 5 A (Table 6).

2) Bis (2-ethylhexyl) phthalate0]| CHSH ?/5H{4d
it Y ANSH=EE MH
Bis (2-ethylhexyl) phthalater= 22 55& &
d gk H 73S FRAITIA FAAAA T &4
& E 5 o A Qo ustiirks 24
EREe] sloem FEAANM 7% = Akt
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Table 7. Cancer risk assessment of bis (2-ethylhexyl) phth-
alate in ground water

GW1 GW?2 GW3
Concentration (mg//) 2.60 55.60 0.21
TR* 4.64x 1073 993x10°2 3.71 x10™#

*TR : target excess individual lifetime cancer risk
GW : ground water samples

Ack FA4 5L =2 FA & Z 283 7)3A
o A& Foh ] =FY Aol F 32
£ Yol 1 F4Fe] vieldA e

"= EPAC|A 7 RfD9} F4 RfCx 77
0.02 mg/kg/day, 0.022 mg/kg/day o] 3 HetAle] o
§ 77 CSF&} &3] CSF 0.014 mg/kg/day, 0.014
mg/kg/day 2. A A8} ,,11:}. Bis (2-ethylhexyl)
phthalates]] =3+ W=7 -2 B2 groupo 2 ¢lA|
ol vl Exda R 540-] %lC}(U S. EPA, 1998).

o] x)gel|Ax]2] bis (2—-ethylhexyl) phthalate2] <l
A =% A22r o] Add glojr = AH ¥
Abgell ohE xFell &7 Aoz FAHY 4 Qo
71e} &2 QA8 422 tolueneol| A|AFH A3}
FL3A L3

ZAP AL 2] o] =] 8F4=2] bis (2-ethylhexyl) phtha-
late 2. el Hst YA Al 60| wel G132
Z} Table 764 B e} ZHo] 37 Alg 2% TR
o] 1076 o]ato A Wit e Ade] Ax Aoz v}
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