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93 11 4



92-2621-7-002-021-

30

2004

2003.08.01

2004.07.31

60

PAH

site-specific risk assessment

700



1977  Olie






21

Dioxin 210

75 Polychlorinated dibenzo-p-

dioxins PCDDs 135 Polychlorinated
dibenzofurans PCDFs 2,3,7,8-

(2,3,7,8-TCDD 2,3,7,8-Polychlorinated dibenzo-p-dioxins)

TEQ Toxicity
Equivaency Quantity 2,3,7,8-TCDD
1 ppt
2. (Pentachlorophenal,
PCP ) 2,45 (2,4,5-Trichlorophenol, 2,4,5-TCP)
3.
4.
1995
1,110g/TEQ/yr 40.1
5.
90
1-3pg I-
TEQ/Kg-bw/day 60 50-200pg I-
TEQ/ / 1~4 pg/kg-bw

60 240 pg



22
221

IARC

1997 2,3,7,8-TCDD

Quadlitative Health Risk A ssessment

41

NAS-NRC 1983

RAGS 1989 Vincente.g. 1993

exposure assessment

— dose-response assessment



21 Ott, 1985

2.1
NAS-NRC 1983
- NRC-NAS
(Hazard identification) / Dose-response assessment
Exposure assessment Risk characterization
1.
2. /
2.1
NAS- 1 Hazard identification
NRC,1983
National 2. Exposure assessment
Research
Council of the
National 3 D ;
Academy of : - 0Se-response assessmen
Sciences
4. Risk characterization




RAGS1989 |1
Risk
Assessment 2.
Guidance for IRIS
Superfund 3
4.
(uncertainty)
(lifetime cancer risk,LCR) (hazard
index,HI)
Vincent,1993 |1. Release assessment
2. Exposure assessment
3. Consegquence assessment
4, Risk estimation
3.
4,
222 Site-specific Risk Assessment

International Program on Chemical Safety |PCS
IPCS



2.3

2000

(US EPA, 2000)

Suzuki et a, 2000
Duarte-Davidson et a, 1997



231

Hites and Harless (1991)

Vapor/Particulate, V/P

Hippelin 1996

partitioning

2311

VIP

(Bidleman, 1988)



2 V/IP
200 m
(Kaupp et a., 1994) 20p m
Brownian 10'cm 10%cm
(McLachlan et al., 1995; Simonich and
Hites, 1995)
2312

(Rippen and
Wesp, 1993; Welsch-Pausch et., 1993)



232

(Nicholson et a., 1993)

Koc

(Paustenbach et a., 1992; Nicholson et al., 1993)

2321

(Muir et d., 1992)
Broman (1992)
>0.45 mm
0170  0.390 pglL 0.230 pg/L 66
0.036
0.260 pg/L 0.120 pg/L 34
0.07 pg/L

233




2331

290nm

Miller Zepp (1987) Choudry Webster
(1987) Atkinson (1996)

2, 3,
7,8 1,469

hexane benzene
methanol acetonitrile hexadecane ethyl oleate diozane isooctane

(Wagenaar et a., 1995)

(Tysklind
and Rappe, 1991; Silvilset a., 1995)

2332

uv
(peri)



(Kieatiwong et
al., 1990)
Botreet al. 1978
8ugL 2378TCDD 0.02 M  hexadecylpyridinium chloride

4 Kieatiwang 1990 2,3,7,8-TCDD

hexadecane haxedecane
2,3,7,8-TCDD
2333

Mill et al. (1987) 2,3,7,8-TCDD

2,3,7,8-TCDD 40 2,3,7,8-

TCDD 8
2.3.4

(Leifer et al., 1983; Miller and Zepp, 1987)

235

1930
1970



1930
1990

1970 1970
20

(US EPA, 2000)

24

Dioxin Reassessment (U.S. EPA, 1990)

Dioxin Reassessment
1988
2000

mechanistic models
multimedia compartment modeling
fugacity model
compartment

Kow

CALTOX (DTSC, 1993)

Cohen Ryan 1985

model

Dioxin

Dioxin Reassessment

screening level models

Mackay 1979

fugacity

MCM  multimedia compartment



intermedia transfer factors

Cohen 1990

gpatial multimedia compartment

model Travis Hattemer-Frey 1991 Fugacity
Food Chain model
Trapp  Matthies 1995 /
McLachlan 1995
/
biotransfer

bioconcentration

ISCST3

WASPA4
(U.S. EPA, 1990)



25
251

Benjamin  Cornell 1970

(omission)
(measurement) (extrapolation)
1995 U.S EPA, 1997a Nauta, 2000)
Finkel (1990)
(Decision Rule uncertainty)
uncertainty) (Parameter uncertainty)

1.

Burges and Lettenmaier, 1975

(specification)

(Variability)

(Cullen,

(Model



Nauta, 2000; U.S.EPA, 1999

(U.S. EPA, 1999)

25.2
2521

multiple regression models quantitative
structure activity relationship QASR cluster analysis Fowlkes et al.,

1998; George and McCulloch, 1993; Kubinyi, 1994
Maddalena et
al., 2001
Iman &Conover, 1980;

Morgan and Henrion, 1990

2522

Maddalena et al., 2001
Cullen 1999
probability plots  goodness-of-fit
matching moments estimator maximum

likelihood estimators



2523

Ang Tang, 1984

sampling

1940 Ulam

Cullen & Frey, 1999
Morgan and Henrion, 1990

2001

a., 1996; USEPA, 1997; Cullen & Frey, 1999

et al., 1999
Paustenbach 1992a
1992
McKone Ryan 1989
/ /

Keenen et a., 1995

simulated random
propagation

Monte Carlo simulation

Maddalena et al.,

Mckone et

Bonvicini et a., 1998; Guyonnet

uniform Anderson

PEFs

Cullen, 1995;



Cullen

Keenen
nested loop
approach

nested approach

nested
order

McKone Bogen, 1991

Paustenbach

1991 1992

Bonvicini 1998

Guyonnet 1999



2524

Carlo

253

BMC

BMC

Bayesian Monte

1980 Spear  Hornberger

Dilks et a., 1992
Brand & Small, 1995
Sohn et al., 2000

(credibility)



(verification)

(validation)
(performance) (Rykiel, 1996)
1 (Verification)
(mechanical) (logical)
(verified model)
(valid model)
2. (Cdlibration) (parameters) (constants)
(Rykiel, 1996)
3. (Validation)
(Sargent, 1984)
(Mayer and Butler, 1993
Beck et a.,1994)
performance Rykiel, 1996
Sargent 1984
operational validity conceptual
validity data validity Rykiel

1996 2.2



operational validation

— cause-effect

N/

COMCEPTUAL
VALIDITY
ANALYSIS AND
MoDELunG
© MODEL
COMPUTER IMPLEMENTATION
CONPUTERIZED
MODEL
VERIFICATION
2.2 Rykiel, 1996
conceptual validation conceptual

model

Fagerstrom, 1987
data validation QA/QC
Rykiel,
1996



* DATA VALIDITY CONCEPTUAL MODEL VALIDITY
DATA VALIDITY
OPERATIONAL VALIDITY
> » Statistical Mode! Validity < All Validation Techniques
£
§ Statistical Validation is relevant Quantitative Validation is relevant
g }
=
s | EXPLORATORY/THEORETICAL CONCEFTUAL MODEL VALIDITY
S MODEL DEVELOPMENT » Comparison to Other Models
= Face Validity
 Event Validity
i, 1 » Turing Tests
s Face Validity = Traces '
= Event Validity
Conceptual Validation is relevant Qualitative Validation is relevant
Understanding increasing
2.3 Rykiel, 1996
Rykiel 1996
4.3
face validation
calibrate
Linear
Regression
null hypothesis Mitchell, 1997 Eduljee
and Gair 1996 PCDD/F

Mitchell 1997



envelope Bayes Theory



influence diagram

decision tree

31

partial correlation coefficient analysis

standardized regression coefficient analysis

screening level models

multimedia compartment modeling Mackay 1979



fugacity model CaTOX (DTSC, 1993)
Cohen Ryan 1985
MCM  multimedia compartment model
intermedia transfer factors
Cohen 1990
gpatial multimedia compartment model Travis Hattemer-Frey 1991
Fugacity Food Chain model

Trapp  Matthies
1995 / McLachlan
1995

Mackay level-  fugacity based multimedia environmental
fate model






impacted media concentration

Ho:E(Y)=M y y

Ho

1.0






Dyke et a., 1997
Sakai et al., 2002 1995

Kim et al., 2002

Schramm
et d., 1995a

dissolved humic matters

Osako et al., 2002
LAS(Linear akylbenzene sulfonater)
Kim et a.,



2002 fire-extinguihing

Schramm et al., 1995b
DCCs dissolved coloring
constituents DCCs unburned
carbon

Schramm et al., 1995a

Kim and Lee, 2002

pH

10 10

Yueta., 2003

pH Gong and
Kiek, 1994 pH pH



-8 TCLP
Buchhloz and Landsberger, 1993

pH
Buchhloz and Landsberger, 1993
H,O NaOH HCI Hy;SO, HNO3
HAc HCI Gong and Kiek, 1994
Pb>Zn>Cd
Cd>Pb>Zn
Pb>Cd>Zn 1994

Cernuschi et al., 1990

1993

Prokop et al, 2003

40% X-ray
30%
Cl S
Glordano et al., 1983



89

89

4.1
91
23,125

pH

90%

Cl
NaCl

Glordano et al., 1983

1993

Lombardi et a., 1998

33,811
31.6% 10,686

92%

12%



4.1

89 20,907 5,227 28,745 1,779
90 55,752 13,938 72,095 9,242
91 58,580 14,645 51,199 13,940
135,239 33,811 152,039 24,961
92 4
4.2
92 4
4.2
¢ ) « )
7,926 0
3,386 0
1,561 1
21,400 0
4,285 0
19,315 9,106 2
36,505 14,079 0
11,399 0




6,214 0
6,370 0
201 0
5,229 0
565 1
6,930 4
92
4.3
4.3
90 93
C )
54,262 3
264,035 31,241 6
125,949 28,889 4
4,397 12 2
4,976 1,367 2
4,955 250 2
30,889 3,990
7,427 13,660 1
6,474 1,117 2
79,708 1,562 2
21,841 11,699 2
73 8,999 3
14,899 2,069
4,077 3,645 1
2,819 333
666,504 6
98,005 3




106,123

16,243

6,525

3,114

201

2,723

2,292

435

19,194

8,146

24

28,535

19,573

NININ|F-

32,473

18,991

4,284

129

11,084

565

13,780

AR IFPINIDN

19,607

16,391

12,810

372

9,116

4,943

55,522

4,402

29,555

12,648

7,143

4,622

254

12,304

23

926

3,583

NINOWIFIN

13,738

51,099

9,636

12,953

7,210

16,980

13,897

3,585

90

11,188

14,842

11,974

RININARIBRNBDINIDN

97,074

=
~

212,376

117,470

17,625

10,199

393

18,881

296,305

72,510

42,671

NINININNIN DS




10,728 1,089 2
91,491 33,377 2
8,492 2
19,612 2
1,292 3

93




4.4

4.4

MEPAS Multimedia |Pacific http://mepas.pnl.gov/ [Buck et al.,
Environmental [Northwest earth/mepasbuy.html {1995
Pollutant National
Assessment  |Laboratory
System

MMSOILS |The USEPA http://www.epa.gov/ [USEPA,
Multimedia  |Office of ceampubl/mmedia/m |1996
Contaminant |Research and msoils/index.htm
Fate, Development
Transport, and
Exposure
Model

CaTOX A Multimedia |Lawrence http://eetd.Ibl.gov/ie |Mckone,
Total Berkeley d/ERA/caltox/ 19933, b,




Exposure National and c
Model for Laboratory
Hazardous
Waste Sites
3MRA Multimedia, |[USEPA http://www.epa.gov/ |USEPA,
Multipathway, |Office of ceampubl/mmedia/3 {2003
Multireceptor |Research and mra/index.htm
Risk Development
Assessment Office of
Solid Waste
TRIM Total Risk USEPA http://www.epa.gov/t [USEPA,
Integrated Office of Air tn/feralfate_downloa |2002a,
Methodology |Quality d.html 2002b
Planning and
Standards
Moschandreas
Karuchit 2002
Pollock

RCA




TCE PCE RCA

80,000 2003 TCE
0.000741 mg/L  0.000095 mg/L PCE
0.000931 mg/L  0.000285 mg/L MEPAS MMSOILS
CaTOX
MEPAS
11 4.1 MEPAS MMSOILS
CaTOX
MEPAS
US EPA, 1989

CancerRisk = > [1-exp(ADI, xCSF, )| = > ADI, xCSF,
k k

AD|ijk k mg/kg-day
CSF, k kg-day/mg
ADIXCSF ADI Mckone, 1993a

Ci | | CRy | EFxED
AD|ijk =C x| —|x K | x
BW AT

AT BW



Indoor inhalation

—»| Anima Air 4_>
Bathing
A Depasiton
DriRking
Biotransfer Volitazilation
Biotransfer .
A absorption
Rain Drinking
Biotrgnsfer
Bathing
Bathing
Sail — Groundwater
| Irrigation
Dermal contact
4.1
5000
MEPAS
55 33 22 CaTOX 43
28 15 MMSOILS 33 24

9



(1)

(2) D) (
95% )
3)
(4) 3)
2.1
45
MEPAS
42.5% 22.2% 19.4% 45
CalTOX 62.5%
18.9% 5.6% 45
MEPAS CaTOX
2.2.
MMSOILS
MMSOILS 83.7%
7.6% 6.5% 2.2

MMSOILS



MEPAS CaTOX

MMSOILS
45 95%
MEPAS MMSOILS CaTOX
(%) (%) (%) ' ?
1.04E-06| 22.19%| 1.10E-06| 83.65%| 1.08E-06/ 62.49%| 6.00E-08 0.0559
5.91E-09 0.13% 5.91E-09 1.0000
8.69E-12 0.00%| 8.65E-12 0.00%| 7.22E-12 0.00%| 1.47E-12 0.1796
6.62E-12 0.00%| 6.77E-12 0.00%| 5.80E-12 0.00%| 9.70E-13 0.1516
1.10E-07 2.35%| 2.73E-08 2.08%| 4.95E-08 2.86%| 8.27E-08 1.3282
2.19E-07 4.67%| 9.99E-08 7.60%| 9.42E-08 5.45%| 1.25E-07 0.9063
2.97E-11 0.00%| 3.75E-14 0.00% 2.97E-11 1.9950
4.10E-07 8.75%,| 8.59E-08 6.53%| 8.11E-08 4.69%| 3.29E-07 1.7101
1.51E-09 0.03%| 1.92E-09 0.15% 4.10E-10 0.2391
9.10E-07| 19.42% 9.75E-08 5.64%| 8.13E-07 1.6129
1.99E-06| 42.46% 3.26E-07| 18.86%| 1.66E-06 1.4370
4.69E-06 1.32E-06 1.73E-06 3.37E-06 1.3062
2.2
order 45
221
MEPAS
soil accumulation factor SAF




Buck et a., 1995 SAF

4.6 L @ 23 A
4.6 3 @
Cui
MMSOILS MEPAS
USEPA, 1996 Cw
4.6 5)
CaTOX
Mckone, 1993c CaTOX
MEPAS MMSOILS CaTOX
CalTOX 4.6 6)

2.2.2

MEPAS

2.4x10° m*-atm/g-mole TCE
PCE Lyman
et al., 1982 46 @)
10° m*-atm/g-mole 200g/mole
Andelman, 1990 4.6

(8

MMSOILS

MMSOILS

CaTOX MEPAS



MEPAS

Mckone  Bogen(1992)
4.6 (9 (10)
4.6
EDy 365,25
i [Cauit
—h =UD,, _CawiAdi ,and SAF = 0
dt ub,, ED, 365.25
iation |MEPAS e
moation o —e™) FI, SAFB,DP, |
model from Clvi = (CVVDIvi + CVVRIVi )e AgTHY |:DPwiT\/|vr|v (1 Ae )+ Iv i i wi :|e AgiTHYy
irrigation 6 Vv P
water to IR
plant and DP, - CulR
C..D, XF6
mmsoiLs |C, =B, f3,C =B, f4,——————
™ o pb Dm/‘s
caTox  |C®%=CTF(q - ep) =C, f (K™ + K Ky,
MEPAS Showering C; =103'deiTFi e_ﬁgiTHdw(%j ,and Indoor C,; = C,,, TF, e(_’]g‘THdW) K.
MMSOILS |No consideration
Showering
5
. C. =C,TF(q — inair) = C, 1" e g (house) = C, f,* oo 2110
indoorair q " VRyee " VRyw [ 25 | RT
model D| 2/3 H e Da2/3
CaTOX
Indoor
, W, W, ) 5
Cya =C,TF(q — bathair) =C_f " —21_g (bath) = C, f " —an 1.8x10
VRoan VRan | 2.5 RT
DI 2/3 H N Da2/3
2.3

MMSOILS




MMSOILS

MEPAS CaTOX
MEPAS
1.78x10
® MMSOILS 1.32x10°
CaTOX 1.32x
10° MMSOILS 1.32x10°
MEPAS CaTOX
MMSOILS
2.4
4.7
0.5%
MEPAS 8 CadTOX 6 MMSOILS 4 TCE
PCE
MEPAS MMSOILS
MMSOILS
4.7
Contribution to Variance of Total Risk T
MEPAS  MMSOILS — CaTOX Distribution Reference
Cwit TCE (mg L'l) 64.9% 17.9% 39.1% Normal (mean=7.41E-4, SD=9.31E-4) Site Survey
TEs (hr) 11.4% 3.1% Lognormal (mean=0.167, GSD=1.7) Droppo et al., 1989
Cwp PCE (mgL™h 8.9% 29.0% 26.1%  Normal (mean=9.50E-5, SD=2.85E-4) Site Survey
BW (kg) 6.6% 5.0% 4.0% Normal (mean=59.9, SD=10.6) Kao et al., 1997
Udw (LdY 3.9% 47.7% 25.3%  Lognorma (mean=2.0, GSD=1.7) Droppo et a., 1989
Us (m*d?) 1.0% Lognormal (mean=2.0, GSD=1.2) Droppo et a., 1989
Kpp  PCE (cmhr?) 0.7% Lognormal (mean=0.0488, GSD=2.0) CalEPA, 1993
Kc (L m? 0.5% Lognormal (mean=0.5, GSD=1.2) Droppo et a., 1989
foc_s ( ) 0.5% Lognormal (mean=0.005, GSD=1.2) Site Survey




pH

pH



93 94



Cawi

Cia, Cia
Ciri, Cirr, C:q
Cui

Csi

CWDyi
CV\/Rlvi. C:vu

My

SAF

T

TCy

TFi

TH(q - ep)
TF(q- inair)
THgw

THyy

TV

UDwi
Whath
Whouse
VRpath

Vv Rhouse
YIv

A i

)\ ei

A.

Soil-to-plant concentration factor, kg-soil kg *-dry plant or kg-dry soil kg™-wet weight plant
Pollutant concentration in above ground vegetables due to irrigation water, mg kg™

Soil concentration in agricultural field, mg kg™

Soil concentration from irrigation water deposition as a function of time, mg m™

Pollutant concentration in domestic water, mg L™

Pollutant concentration of indoor air outside the bathroom, mg m™

Pollutant concentration in irrigation water, mg L™

Leafy vegetable plant concentration at time of consumption, mg kg™

Pollutant concentration in shower air, mg m™

Pollutant concentration in leafy vegetables from water deposition onto plants, mg kg™
Pollutant concentration in leafy vegetables from root uptake, mg kg™

Contaminant diffusion coefficient in air, m* s™

Application rate of irrigation, m yr*

Contaminant diffusion coefficient in water, m* s

Mixing depth of soil in agricultural field, m

Rate of deposition in irrigation water to cropland soil and plants, mg m? d*

Exposure duration for pathway k, yr

Fraction of wet plant remaining as dry material, dimensionless

Fraction of year that irrigation occurs for leafy vegetables, dimensionless

Fraction of the pollutant concentration in irrigation water retained in soil water, unitless
Fraction of water irrigation needs provided by ground water (assumption for 1.0), unitless
Henry’slaw constant, Pa-L mol™ or m*-atm g* mole*

Irrigation water application rate during irrigation periods, L m month™

Andelman volatilization factor for chemical pollutants, L m™

Soil/soil-water partition coefficient, kg-water kg*-soil solids

Plant-soil partition coefficient from soil to plant parts due to uptake through roots, kg kg™
Plant-soil partition coefficient for surface soil due to rainsplash, kg-soil kg -plant fresh mass
Areasoil density of farmland, kg m™

Gas law constant, m*-atm g* mole® K™ or Pa-L mol K™

Fraction of deposition retained on plant surfaces, dimensionless

Soil accumulation factor for an exposure duration of EDy years, d

Average absolute water temperature in the shower or house, K

Duration of the growing period for leafy vegetables, d

Water treatment purification factor, dimensionless

Radio of pollutant conc. of exposed produce to the pollutant conc. in groundwater, unitless
Radio of pollutant conc. of indoor air from domestic water to the pollutant conc. in groundwater
Holdup timein transfer from well to the consumer, d

Holdup time between harvest of leafy vegetables and consumption by humans, d
Translocation factor from plant surfaces to edible parts for leafy vegetables, dimensionless
Unit deposition rate to soil, mgm? d*

water use rate for showering, L hrt

Water use rate for all household activities, L hrt

Average bathroom ventilation rate, m* hr*

Average house ventilation rate, m® hr

Yield of leafy vegetables, kg m™

Environmental degradation and decay constant in surface soil, d™*

Effective weathering and decay constant, d™



}\gi
P b

Decay rate constant in closed water system, d*
Bulk density, g cm™
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