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Risk assessment in soil applied to the prediction of long—term and short—-term impact to
human health and decision making of future land use. PCBs are classified as B2 group(probable
human carcinogen) based on the induction of hepatocellular carcinomas in rats and mice from
IRIS(Integrated Risk Information System). This study was conducted to computate the excess
cancer risk to hepatocellular carcinoma of PCBs through regarding of commercial use to the
future land use in some Ulsan area having soil pollution problem by PCBs. The range of PCBs
pollution levels was from N.D.-20 ppb (n=20) determined by gas chromatography. To assess the
transport of PCBs in soil to vapor and to particle, it was used soil-to—air volatilization factor
and particle emission factor. For the human exposure assessment to the commercial use, the
exposure pathways (direct soil ingestion, vapor and particle inhalation) and exposure parameters
were decided through regarding exposure scenario to adult man and women.

This study was used new slope factor suggested by IRIS(1998), changing the single—-dose
slope factor of 7.7 (mg/kg/day)” to slope which ranges from 0.07 (mg/kg/ day) '(lowest risk
and persistence) to 2.0 (mg/kg/day) (high risk and persistence).

The chronic daily intake 95th percentile value was 4.80X10° ® (mg/kg/day) induced by Monte-
Carlo simulation. Computated excess cancer risk 95th percentile value was 484x10° and this
value was lower than 10™ that suggested as management goal in superfund commercial use.

Therefore, subjected site can be used as commercial use in the future.

Key words : PCBs, Soil ingestion, Vapor and particle inhalatiori, Chronic daily intake, Excess
cancer risk, Monte-Carlo simulation
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Table 1. Hazardous effects of PCBs in vivo'.

Toxicity Effects

- Cancer of the liver, biliary tract and rectal, malignant melanoma and pancreatic cancer in
Carcinogenicity - human after inhalation exposure
- Hepattic carcinoma in rats and mice after oral exposure

- DNA fragmentation and DNA repair synthesis in rat hepatocyte.

Mutagenicit, .
genicity — Chromosomal damage in human lymphocytes
- Behavioral alteration, decreased male fertility and number of fetuses, and damaged ventral
prostate in rat
Developmental - Tetal death in guinea pig, monkey, rabbit and rat
- Decreased performance in discrimination test
Reproductive - Decreased conception in rat, monkey and mink

— Alteration of hepatic and renal function, endocrine abnormality, anemas and exophthalmia
Systemic in rat and monkey
- Decreased body weight gain in rat
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Table 2. Carcinogenicity dose-response animal data by PCBs mixture
PCBs Administered Dose Human equivalent dose Tumor incidence
(ppm) (mg/kg)/day or Incidenc

Arochlor 1260 0 0 1/85
(Brunner et al., 1996) 25 0.35 10/49

50 0.72 11/45

100 152 24/50
Arochlor 1254 0 0 1/85
(Brunner et al., 1996) 25 0.36 19/45

50 0.76 28/49

100 1.59 28/49
Arochlor 1242 0 0 1/85
(Brunner et al., 1996) 50 0.75 11/49

100 153 15/49
Arochlor 1016 0 0 1/85
(Brunner et al,, 1996) 50 0.72 1/48

100 1.43 /45

200 2.99 6/50
Arochlor 1260 0 0.75 1/45
(Norback & Weltman, 1985) 100/50/0 1.3 41/46

- Species : Sprague-Dawly rat (female)

- Route © Diet

- Tumor type : Hepatocellular adenomas, carcinomas, cholangiomas or cholangiocarcinomas
- Extrapolation method : Linear extrapolation below LEDI10s

- Cross—species scailing factor : 3/4 power of relative body weight

1.0 |
—&— Arochlor1260 (Brunner etal.,, 1996)
—m— Arochlor1254 (Brunner et al.,, 1996)
a | —4#&— Arochlor1242 (Brunner et al., 1996)
- —w— Arochlort016 (Brunner et al., 1996)
—&— Arochlort260 (Norback & Weltman, 1985)
6 -

o~
|

Tumor Incidence Rate

(=]
o

0 1 2 3

Human Equivalent Dose (mg/kg/day)

Fig. 1. Different slopes by PCBs mixture.
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P> High Risk and Persistence

Upper Bound 2.0 (mg/kg/day)”’

Central Estimate  1.0(mg/kg/day)”’

- based on studies of Arochlor 1260
and 12564

- food chain exposure

- sediment or soil ingestion

- dust or aerosol inhalation

- dermal exposure, if an absorption factor has been applied

— presence of dioxin-like, tumor—promoting, or persistent
congeners
- early-life exposure (all pathway and mixture)

> Low Risk and Persistence

Upper Bound 0.4(mg/kg/day)™ - ingestion of water-soluble congeners
Central Estimate  0.3(mg/kg/day)’ - inhalation of evaporated congeners
- based on the study of Arochlor 1242 ~ dermal exposure, if no absorption factor has been applied

D> Lowest Risk and Persistence

Upper Bound 0.07(mg/kg/day)™
Central Estimate  0.04(mg/kg/day)

~ hased on the stiidv of Arochlor 10146
tne study O AYoCiulr i1Vio

oased on

- congener or isomer analyses verify that congeners with more
than 4 chlorines comprise less than 1/2%6 of total PCBs

7F % 20 N AAHAAM AAIHG. o]EL A2
A BAANNFE 2 mm W9 AE BHAIA 4T
o RE3gdrr A3
AAY AL oF 550 g2l vlE EY ARE
St Aol A 150 ml¢] IN-KOH/Ethanol &<}2
2 AE <t BFHAIZF ek 50-60CTHHA A F

71el 100 ml®} n-iHE 75t 7}% A&

%% RolA 7‘] Els %"}oi /‘1]7‘43}.1- 3
, Kuderna-Danish &% ]E o] 83ld ¢ 3 ml
d ik U}’\] A

i
tu
off
it
>
b
0
j‘,
_9,
J{N'

woﬂ k!

flo & 2 2L ot 4 K
(¥,
iix)
ud
S
=
3
2.
A,

AAEEHAZE7] (Electron Capture

Detector with 63Ni)7} Z2tgl 71A] A2 wE 1

K

3] (Hewlett Packard, Model HP 5890A Series II)
ol g3ttt A& YL Ultra-l (25 m X
2 mm i.d., Hewlett Packard)& AM&31% oW, o]

g A8 8 2%+ 70T 1& #HE :?‘- 3
0C/mine 2 200C7H4] &UF 200TC N+ 2C/mi

O 40CHA 25 T2 UL 3y H&,s}gi
t}. PCBse A% 3 ppm A& PCBs

NSO 0NN
QN

— 11411 &
OW = 1-i-1.1 ==

il

)

ALEEt A FAE AAGste B4 sk
SAEA 20 AN ié‘ﬂl*ﬁ zﬂﬂ% A E ok A
245 £ PCBsEEE =-20 ppbol‘iiot‘%

JFge 51 ng/g, & ‘%)c° L7 ng/g, 221
N AFANA EHEE YR

9= AFE %Zﬁ%g A e FoZ Aitting
program(Crystal Ball ver 4.0)& ©]-&3le] F¥3§
HgHE FdAsh _?.%Ev: = AFH] x9
FeE H3a o, 2dd EGS AHAdAY
IEA 8 AFEES JdAEF AMA 1y
st FrZHN NDE #4dE 29% As5E BAY
=



88 &Y - A7)% -

Table 4. Exposure Parameters used in Human
Exposure Quantification.

Parameter Definition Default
BW  body weight(kg) 60
AT  average time(yr) 73
EF exposure frequency(days/yr) 250
ED exposure duration{(yr) 25
IRsoi  soil ingestion rate(mg/day) 50
IR workday inhalation rate(m’/day) 20

soil to air volatilization factor(m’/kg) calculate
PEF  particulate emission factor calciilate

QAcER2E EF 49, 37 ¥ 9R &
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17S FPA(1001)¢] HFHL olasladrlb
U, Lol LM\ 1JUJL) 1 o =2 1l O 1TAATLE .

(vapor inhalation + particle inhalation)
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Table 5. Physico—chemical valu C and typical values used in superfund site
Parameter Definition (units) Default

Ka soil-water partition coefficient (L/kg) 26000
Koc organic carbon partition coefficient (L/kg) 1.30x<10°
OoC organic carbon content of soil (fraction) 0.02
s solubility (mg/L-water) 545x10°
MW Molecular weight (g/mol) 340.8
LS length of side of contaminated area (m) 45
A% wind speed in mixing zone (m/s) 2.25
DH diffusion height (m) 2.00
A area of contamination (cm®) 20,250,000
D effective diffusivity (cm”/s) 354x1072
E true soil porosity{unitless) 0.35
Kas soil/air partition coefficient (g soil/cm’ air) 2.80%107
Ps true soil perosity (unitless) 265
T exposure interval (s) 7.90% 10
D molecular diffusivity (cm?/s) 0.05
H Henry's law constant (atm-m’/mol) 1.78%x10°®
0.036 respirable fraction (g/m’~hr) 360x10°
G fraction of vegetative cover (unitless) 0
Un mean annual wind speed (m/s) ‘ 45
Ut equivalent threshold value of wind speed at 10m (m/s) 128
F(x) function dependent on Um/Uo (unitless) 497x107°

Table 6. Percentile value of human exposure computated by Monte-Carlo sinmilation.

Percentile value of human exposure dose(mg/kg/day)

Exposure pathway

Mean 5th 50th 9th
Direct soil ingestion 1.09 x 10™ 564>10°" 755% 1077 3.30x10™
Particle and vapor inhalation 297 x 10% 154x10°" 206 <107 899x10"
Total 151 % 10" 6.80%10™ 971x107™ 480%10™

4. 945 A=

A3 E 4F=3sl7] $38 cancer potency factor
= EPA, IRISelA AAl8txz gl high risk
persistence FH(ATHFHY} EF=EFL 1HE 7
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Monte-Carlo 22482 asl7] $jate] A
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£E Aeste] A &5t chFig 2).

Log—normal distribution with parameters:
central value: 1.00, upper value: 2.00

Fig 2. Distribution of cancer potency used in
Monte—Carlo simulation for estimating
cancer risk?2.



Tabie 7. Percentile value of

Percentile value of excess cancer risk
Exposure pathway

Mean 5th 50th 95th

Direct soil ingestion 1.19%x 107 5.38x10" 727x10 “ 390x10”

Particle and vapor Inhalation 327x 10" 14210 2.02%10 * 1.06x10™"

Total 152% 107 717x10™ 965x10™ 484x10°
AL JERE FAY ZIEYd Y=g -‘HéﬂEj} EA Bk o 344 (reality) & FTE
9%th < ERAH] og o] 330x10°, & F AT o9} e Aups AAAR o i
v o8 mFo] 89x1010=2 FA I zg%rﬂgg FEste & AQle] BEFA] ule}
o] 4 e A Wwgstd FA S grolth

5. :l—’—i_, ‘,3-3 é% A My QA =0 0
s LAy iy
ey yle] A= YA E A7 1. U. S. EPA, Risk Assessment Guidance for
U x= A - 1/}7]75‘101 d3ke] oF uvlge] EAE Superfund Voll - Human Health Evaluation
T FdA, BEYE¥e AF HIEF 294 5 Manual (Part A), 1989, Office of Emergency
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o] Hagte AFESt ¢lAw=E e HIESIE U.S. Environmental Protection Agency.

ok A =EFH Lol A AT 2 i—,f A AT
A9l EAkA e AP, A
A& diffusion height, Td 1% %
C’ioi superfund case #< AHE3AThE A4 <
EEHEEE, B IA A 2AL
ol glo] vl EPA9 RME (Reseaonable
Maximum Exposure) #& AM&3tH O P2 o]
82050 4dHA HAFLZFE] o= = 2
o2 zgHRoee} A,
seoll A Hg Ex o]g
A=z FAANSY F
do A$E 1077 A
sz o &2 nﬁﬂoﬂﬂ Axd 9sl= 95th gk

48x10°E 1080 Y538 Yol FgA e ALg

=]

L

o] 7}s3d Aoz FAdFHHT. HI AAd
slope factore Ao dEZHoZE RAAY gl
1] & AlEss o] LEREE 2L ]

3. Environmental Health Criteria, Polychlorinated
biphenyls and terphenyis—2nd FEd., World
Health Organization, 1993, No.140.

ATNCTY

. ATSDR, Agency

J. ()M(, DUUb tances an IU

B

for
Disease Registy. Drafi toxicological prdfile for
polychlorinated biphenyls (update), 1996, U.S.
Department of Health and Human Services.
Agency for Substances and Disaese Registry.

. BN, 1986, YA AHE

. U. S. EPA, Risk Assessment Guidance for
Superfund Vol 1 - Human Health Evaluation
Marnual (Part B, Development of Risk-based
Preliminary Remediation Goals), 1991, Office
of Emergency and Remedial Response, U.S.
Environmental Protection Agency.

. D. H Norback, and R. H. Weltman, Environ
Health Perspect., 1985, 60, 97-105.



co

10.

11.

A H7LE 018 EAIE 7Hsd B¢ 91

U. C DA T/l'fntnr Q..nl.ﬁ..

S EPA W trmdarde: Lofrh—

uality Standards’ Estab
lishment of Numeric Criteria for Priority Toxic
Pollutants;, States” Compliance—Revision of
Polychlorinated Biphenyis(PCBs) Criteria, 1998,
Federal Register, Vol. 63, No. 63, April 2, pp
16182-16189.

. R. J. Aulerich, R. K. Ringer and J. Safronoff,

Arch Environ. Contam. Toxicol., 1986, 15, 393-
399.

T. C. Hornshaw, R. J. Aulerich and H. E.
Jonhson., J. Toxicol. Environ. Health, 1983, 11,

a2-.0446
JIOT o]0,

M. J. Brunner, T. M. Sulivan, A. W. Singer, et
al. 1996, An assessment of the chronic toxicity
and oncogenicity of Arochlor-1016, Arochlor-

1242 Arochlor-1254, Arochlor-1260 administered
in diet to rats. Study No. SC90192. Chronic

12.

13.

-
~

15.

and
alit

tAvimitrr

[18) ¢ L& 1 RY

Columbus OH.
U. S. EPA, 1986, Development of advisory
levels for PCBs clean up. Office of Health and
Environmental assessment. EPA/600/21.
California EPA. 1994, Intermedia transfer
factors for contaminats found at hazardous
waste sites: Polychlorinated biphernyls (Arochlor—
1254), Risk Science Program (RSP), Department
of Environmental Toxicology,

California.
U. S EPA 1

University of

Dot

pagisirds

Superfund Chemical

994,
Matrix, Office of S
U. S. Environmental Protection

olid Waste and Emergency
Response,
Agency.
Crystal Ball®. Version 4.0, 1996, Decisioneering,
Inc, pp 144-152,



