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10

down-wash

down-draught

EPA GEP Good Engineering Practice
ISCST EPA(2005)

6.2.2 Good Engineering Practice Stack Height

a. The use of stack height credit in excess of Good Engineering Practice (GEP)
stack height or credit resulting from any other dispersion technique is prohibited in the
development of emission limitations by 40 CFR 51.118 and 40 CFR 51.164. The definitions
of GEP stack height and dispersion technique are contained in 40 CFR 51.100. Methods
and procedures for making the appropriate stack height calculations, determining stack
height credits and an example of applying those techniques are found in several references
(64 65 66 67), which provide a great deal of additional information for evaluating and
describing building cavity and wake effects.

b. If stacks for new or existing major sources are found to be less than the height
defined by EPA’s refined formula for determining GEP height, then air quality impacts
associated with cavity or wake effects due to the nearby building structures should be
determined. The EPA refined formula height is defined as H + 1.5L (see reference 66).
Detailed downwash screening procedures 24 for both the cavity and wake regions should be
followed. If more refined concentration estimates are required, the recommended
steady-state plume dispersion model in subsection 4.2.2 contains algorithms for building

wake calculations and should be used.

64 Environmental Protection Agency, 1981. Guideline for Use of Fluid Modeling to Determine
Good Engineering Practice (GEP) Stack Height. Publication No. EPA-450/4— 81-003. Office
of Air Quality Planning & Standards, Research Triangle Park, NC. (NTIS No. PB 82-145327)

65 Lawson, Jr., R.E. and W.H. Snyder, 1983. Determination of Good Engineering Practice
Stack Height: A Demonstration Study for a Power Plant. Publication No. EPA-600/3—83-024.
Office of Research & Development, Research Triangle Park, NC. (NTIS No. PB 83-207407)

66 Environmental Protection Agency, 1985. Guideline for Determination of Good Engineering
Practice Stack Height (Technical Support Document for the Stack Height Regulations),
Revised. Publication No. EPA— 450/4-80-023R. Office of Air Quality Planning & Standards,
Research Triangle Park, NC. (NTIS No. PB 85-225241)

67 Snyder, W.H. and R.E. Lawson, Jr., 1985. Fluid Modeling Demonstration of Good
Engineering-Practice Stack Height in Complex Terrain. Publication No. EPA-600/

3-85-022. Office of Research & Development, Research Triangle Park, NC. (NTIS No. PB
85-203107)
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__Q % _(He-2)’ _(He+z) (1)
C(X’y’z)_ZﬁaydzueXp[ ZGZJ{GXD( 207 J+exp( 202

6.5.2

) v )2
o exp( 262 ) )+ O‘(X)exp(

y-z y

2
z

l:exp(_(He—st/u—z (He-V,x/u+z) )} ©)

2
20,

a(x)=1- 2V,
V, +V, +(uHe -V x)/ o, x(do, / dx)

|G
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METI-LIS
Q
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6.2.3
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METI-LIS
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100
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[

]
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1.293>10 ( po

5.3.1
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]
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e

5.8)
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192 2 4
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(2001) p.194 (1998) p.157
METI-LIS CONCAWE
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6.4.2

Hb
Lb
(Fig.2)
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6.5

10pm
METI-LIS 10jm 10m
6.5.1
(1997) p.219
o ( )
N (@ ¢
- g a -

Flux

He
6.5.2
(1997)
a

2 He-V.x/u-z)
C(x,y,z)=2nQ exp(—zyz)exp(—( - )

6,0,

He-V.x/u+2)
. = )+oc(x)exp(—( ;GZ ) )
y z g
a(x)=1 al

TV, 4V, +(uHe -V X)/ o, x(do, / dX)

Vy =V, +0.006u

s [m/s]
FLUX =V,C(X,Y,Z,) r [m]
Py 1000 [kg/m?]
2. 1.25 [kg/m3]
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[m/s]
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x \ /—>
Z\/d
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He =he-V x/u He METI-LIS
u
X
VS
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5.3
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METI-LIS
Ministry of Economy, Trade and Industry- Low rise Industrial Source dispersion model
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7.1
METI-LIS

7.2
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(raw data)

METI-LIS

0)
(kg/mz2/s)

7-2

Xy

1)

Oz

y



meteorology.exe
building.exe
simulator.exe

meteorology_Ist.txt
building_lIst.txt
simulator_Ist.txt

meteorology_log.txt
building_log.txt
simulator log.txt

meteorology_err.txt

building_err.txt

simulator err.txt

1) -
0BS POSITION Longitude °
Latitude °
Anemometer Ht
Time zone =
RAW Year Month Day Hour
METEOROLOGICAL Wind dir
DATA Wind spd m/s
Temp. K
Sunshine
Short Rad 0.01MJ/m~2/h
USER DEFINED DAY | Start or End dates /!
CLASSIFICATIONS (vear/month/day)
USER DEFINED HOUR | Start or End hours
CLASSIFICATIONS
MODEL-READY Day cl Hour cls , :
METEOROLOGICAL Year Month Day Hour C
DATA Wind dir  Wind spd , m/s
PG<ls, Temp. ( ),
Sunrise-set(hh:mm)
Season Class Time Class

Total Hours

Available Wp WS Stability ...
WIND DIRECTION FREQUENCY (%)
AVERAGE (n/S)

1 Samoa, Hawaii-Aleutian, Alaska, Pacific, Mountain, Central, Eastern, Atlantic, UTC(Coordinated Universal Time)

(2) -
RECTIFIED Bldg IDs
BUILDINGS PI(X, V)
GEOMETRY P2(X, V)
P3(x,y)
PACK,Y)
Height
PROXIMITY MATRIX i ij
A;;=0 i,j
A=l i,j
INDIVIDUAL Bldg IDs Group 1Ds

BUILDING*S GROUP
IDs

Approximated rectangular
cluster verteces coordinates
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MODEL -READY

Stack IDs

DIFFUSION Wind dir
PARAMETERS Bldg Width 1 Width 2 Height
RELATED 70 | Cluster type
BUILDING DOWNWASH | Wake He

Stack transl. x y

Vert param (Cz1) (Cz2)

Horiz param (Cy1) (Cy2)

Wake wind factor

Blag 1Ds Cross angle GEP Stack

GEP
1 2
3 55.1 4 5535
3 -

INPUT POINT | Stack IDs X YV Z

SOURCE  DATA &
OPTIONS

Diameter H
Description

StackTip

Plume Rise

Emission Exit velocity
Gas volume Exit temp.
Droplet infos  INF-SUP

INF SUP

METEOROLOGICAL Year Month Day Hour
DATA Wind dir Wind Speed <

Stability Tenmperature
RECEPTOR XY zZ H

DESCRIPTION

D

DIFFUSION Stack IDs Wind dir building_Ist.txt "MODEL-READY DIFFUSION PARAMETERS
PARAMETERS Bldg Width 1 Width 2 Height | RELATED TO BUILDING DOWNWASH”
RELATED 70 | Cluster type
BUILDING DOWNWASH | Wake He

Stack transl. x y

Vert param (Cz1) (Cz2)

Horiz param (Cy1) (Cy2)

Wake wind factor

Bldg 1D
Operation Scanned : [IDs: (%)] id op

- [id:op]

Rates at TIne| . icq - <  gom)> wp=xit id op
444771747/ - dh [id:op]<dh> [id:op]{dh}
HH M
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RECEPTOR X v Zz

H

conc. Flux kg/m3N m3/m3 kg/m2/s

2 Validated
D DESCRIPTION

EXTREME  CONC X v Zz Y Z
(ONLY VALIDATED ) | H

conc. kg/m3N m3/m3
EXTREME  CONC X v Zz Y Z
(INCLUDING  NOT | H
VALIDATED) conc. kg/m3N m3/m3
EXTREME FLUX | X ¥V Z Y/ Z
(ONLY  VALIDATED | H
RESULTS) Flux kg/m2/s
EXTREME FLUX | X ¥V Z Y Z
(INCLUDING  NOT | H
VAL IDATED) Flux kg/m2/s
5
6
7 kg/m?
8

Stability Code Table meteorology st.in.csv meteorology_It.in.csv

9

10 YYYY,MM,DD,HH,MM

11 XX 0-16
12
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7.3

csv ( Excel Comma
Separated Value )
( )
( )
( )
( )
Xy
METI-LIS
( p.39 )
( .out.csv)
( )
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7.4

p.38

(general information)

extreme concentration, flux

p.37
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.out.csv

sl E @@ - @)

Ed Microsoft Excel - EHAT Ak 11 outesy

=10 x|

DFE SRV IR - - |@ 2 | o Xz 2
| MS PIvh -1 - BIU|E=E=EEF %, BB/ EE DA
|E) 771 1E REE FTW BFAC BRQ Y-LD F-R0 W AT

Al ~| =| 250

O [ e s L R A T G

1659 4250 2050 15 0 6.06E-12 0 1
1660 4250 21E0 15 0 6.02E12 0 1
1661 4280 2280 1.5 0 612E12 0 1
1662 4250 2350 15 0 658E-12 0 1
1663 4250 24E0 15 0 J7O07E12 0 1
1664 4250 2550 15 0 B17E-12 0 1
1665 4250 26E0 15 0 978E12 0 1
1666 4250 2750 15 0 1.08E-11 0 1
1667 4250 2850 15 0 1.06E-11 0 1
1668 4250 2950 15 0 1.14E-11 0 1
1669 4250 3050 15 0 1.26E-11 0 1
1670 4250 31E0 15 0 1.41E-11 0 1
1671 4250 3250 15 0 153E-11 0 1
1672 4250 3350 15 0 1.71E-11 0 1
1673 4250 3450 15 0 1.80E-11 0 1
1674 4250 3550 15 0 1.84E-11 0 1
1675 4250 3650 15 0 192E-11 0 1
1676 4250 3780 15 0 202E-11 0 1
1677 4250 3850 15 0 2.05E-11 0 1
1678 4250 39C0 1.5 0 Z2.0GE-11 o] 1
1679 4250 4050 15 0 208E-11 0 1
1680 4250 4150 15 0 210E-11 0 1
1681 4250 4250 15 0 214E-11 0 1
1682 | 206637 272774 15 0 203E-10 0 1
1683 284943 272245 15 0 1.07E10 0 1
1684 | 192352 268012 15 0 1.75E-10 0 1
oD DNEBS 2 {mt) LT T e —

| EGBER - b G| AW N OO E @ 4 3| >-2-A -
= | I —

1 1 1 1 1 1 1 1
1)
kg/m3N  kg/m2/s 0)
general information o o o
O O
O O
O O
(@}
(@} (@}
(@} (@}
flux
extreme conc., flux o o o
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7.5

7.6

p.19

7-10

(bmp)

Jpeg



HEr - ADERIRIER: - iR

aspect ratio
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METI-LIS
Ministry of Economy, Trade and Industry- Low rise Industrial Source dispersion model

8.1

8.2 METI-LIS ISC
8.2.1
8.2.2

8.3 ISC
8.3.1 ISC
8.3.2

8.4 1SC AERMOD
ISC3 ISC-PRIME AERMOD

8.5 METI-LIS

8.6
1 MRA ISCST3
8-1 ISC
8-2 EPA ISC
8-3 ISCST3 vs AERMOD METI-LIS
8-4
8-5 verification validation
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METI-LIS

8.1
METI-LIS

(accuracy exactness) (precision)

METI-LIS ISC(Industrial Source Complex)

8.2 METI-LIS ISC

ISC METI-LIS
ISC
( (2001)) (2001)
Millstone 1975
1991
8.2.1
( )
() o o < )
( ) X ~( )
( )
0.5Hb 1.5Hb
ISC METI-LIS
( A x ) ( ) (
) METI-LIS
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(2001) (2001)
> >
X
ISC METI-LIS
5xT Fl
oooooo0 - m
ooooooo
- 0000000 i i o
"ooooopoo| " - mal i
oooo0o0oon R o SN
- R - N
& G, ‘:.. ﬂ{'.
Fu wey - - e
{ g " ﬁ
oty S22 N -
ISC METI-LIS
A y=0.340  61.1 y=0.825 822
r=0.383 r=0.785
< y=0.553  10.4 y=0.676  153.2
r=0.867 r=0.934
< y=0.448  3.18 y=0.745  74.4
r=0.680 r=0.934
A x y=0.524  1.37 y=0.788 57.4
r=0.652 r=0.927
D y=1.009  24.721 y=1.262  9.551
r=0.969 r=0.990
X y r
y=ax+b a b 0 r
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( )
GEP METI-LIS

METI-LIS
Wb Hb GEP Stack
METI-LIS ISC
() IsC METI-LIS
2
METI-LIS
step
step GEP Stack -
METI-LIS
m
ISC METI-LIS
y=0.532 46.8 y=1.364 92.4
r=0.430 r=0.635
y=0.591 36.9 y=1.114 101.5
r=0.521 r=0.634
y=0.562 39.3 y=1.141 83.2
r=0.436 r=0.628
y=0.647 49.0 y=2.678 160.0
r=0.495 r=0.602
y=0.546 34.9 y=0.969 114.2
r=0.563 r=0.631
(2001)
METI-LIS ISC
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0 150m
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ISC METI-LIS
Bl p=0 5 + 340 Bl p=nosas+ 1143
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8.2.2

METI-LIS ISC

Millstone 1975
SFs (
1000m) 36
METI-LIS ISC
ISC
METI-LIS ISC
METI-LIS ISC 10
~ METI-LIS ISC
C 225°
c C Oo
c _C+061xC" +0.61xC"
thr 1+0.61+0.61
1991
SFe ( 4.9m
2.4m) SFe
( 10m 20m 30m 45m 100 )
ISC  METI-LIS 10

( )
METI-LIS ISC
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+ Air Bamplars al 1m Haighl
$ Ao Gampian ml m and F5m Height

E4-17 (0] Mlletes BT AODEFEFLEREROERE

MRS v =0.200 +32 500 A, y=0 545 +0 65)
- HMEE o7 - g orw
ISC 1 METI-LIS
1000 1 048
T =
% g
g 10 B E o . "
W R * [
e
. .
[ . e
- . . - -
I - " 1 . —
[ Hy [Lis] 1 D00 L0 (MK 1 (0] 0 1 000 10 000
M (e R ecv0)
15 Mudel METI-LIS Maockl

(bl Millstone 8120 (Run 18, 25/10/1974)

lr,-f"u

b= Aaee ey e Faa (ERYas)

-

=

.

—

| =T
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[ F
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07
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o . .
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15 Moate] METILIS Moded

(o) MELRRS (RunS, 6/7/1971)
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y=0.2536 x 308
METI-LIS
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8.3 ISC

METI-LIS ISC
METI-LIS ISC
ISC
ISC
30
ISC

8.3.1 ISC

ISC 1970 EPA Clean Air Act
ISC2 1SC3 25 2006
AERMOD (EPA(2005))

Irwin(2002) ISC

ISC EPA

EPA User’s Guide(EPA(1995)) ISC

MRA(EPA(SMRA))
(EPA(HHRAP))
3MRA
EPA
100m
10km
ISC- ISC2 - 1SC3
ISC-PRIME AERMOD-PRIME
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ISC Irwin(2002)
1977|CRSTER | rural metersticks
1978|RAM urban Guideline
1979(ISC wake Randerson
1981 Fox
1982 INPUFF|puff
1983 1 L CALPUFF GEP
1984 Fox Smith Irwin &
Smith
1985
1992|CTDM/PLUS complex terrain
ISCST2 area source
AERMOD |CBL:convective boundary layer
1994|DEPST 1 dry deposition
AREAST
ISC-COMPDEP
1995|ISCST3 ST/LT User’s Guide
1996 1
1997[ISC-PRIME | blickioing ctemwasish
1998 SCIM time sampling
plume depletion
2000 CALPUFF ASTM D-7144-00
2005 AERMOD ASTM D-6589-05
ISC3  \Verification Validation 3MRA EPA(BMRA)
Verification
Validation
EPA preferred model 1979
Docket
ISCST3 EPA(HHRAP) p3-4
( fugitive emissions)
multiple sources
grids
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8.3.2 (2001)

ISC  METI-LIS

METI-LIS ISC
(2001)

1)
2) 500><900m 150m 500m
3)

(a) (b)

4)
3m 6m 2m 20m
92>x<74><29 =197,432

5)
300

500

1)
2)
3)
4) 1SC

VS
r 0.9 0.75 0.94

vs ISC
ISC ( 250m)
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S, 550 4000 4580, 500 . B50. EOO. BE0. TOD. =,
i [Hy 1F3500
T [HP LF3EO0
ISC
Y=264% +100.53 R=0.78
¥= 128K+ 15773 R=0.76
3000 T T T T
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I ; 4
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ISC
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8.4 1SC AERMOD

EPA Clean Air Act SO2
Federal Register EPA(2005)
1970 ISC
AERMOD 2006 12 AERMOD
EPA(2003)
ISCST3 AERMOD
15

1

2

3

4 profiling

5

6

7

8

9

10

11

12

13 ( )

14 ( )

15

AERMOD ISC
( PBL Planetary Boundary Layer)
( )
PRIME
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ISCST3 AERMOD

EPA(BMRA) : Appendix A

“Side by Side Comparison AERMOD versus ISCST3”

ISCST3 AERMOD(version02222)
AERMOD
Briggs
3 AERMOD
4 AERMOD
5 AERMOD
6 AERMOD
7 on/off AERMOD
/
8 Bowen | AERMOD
9 M-O AERMOD
/ PBL
10 Holzworth / AERMOD
11 AERMOD
12
AERMOD
Pasquill-Gifford
13 AERMOD
14 AERMOD
( )
15 H-S S-S PRIME PRIME

Huber-Snyder

Scire-Schulman
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8.5 METI-LIS

METI-LIS

8.6

ISC

(2005)

ISC-PRIME

(Schulman et al(2001) )

ISC

AERMOD(AMS/EPA Regulatory MODel) (EPA(2005) EPA(AERMOD))
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METI-LIS

METI-LIS

ISC

ISC-PRIME

Csv
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MRA ISCST3 EPA(BMRA)

verification validation
A.l

A.2 ISCST3 verification

1979
Irwin(2002)
1992 - ISCST2
1989 superfund
finite line source

1992 AREA-ST integrated line source
1994 - dry deposition
plume depletion DEPST
1993
terrain dry  wet deposition region
AREA-ST DEPST - ISC-COMPDEP
COMPLEX
Strimatis(1993)
ISCSTDFT AQM C
60FR 40465 1995/8/9 ISCST3 promulgate
HWIR Hazardous Waste Identification Rule

SCIM(Sampled Chronological Input Methodology)
1998

plume depletion 1998 1983
MRA

spline surface
plume depletion

SCIM

A. ISCST3 validation

A3l

8-16



ISCST 1979 CRSTER 1977 building downwash
CRSTER A-1

1989 1992
A3.2
most appropriate approach
1997
depletion
1998
A.3.3
1980 Maul
A4
ISCST3 EPA Guideline preferred model
public review
Docket
unit emission rate
single scavenging coefficient
dry deposition plume depletion
depletion
wet
scavenging

EPA(BMRA)
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EPA(2003)

EPA
17 AERMOD

http://www.epa.gov/scram001/dispersion_prefrec.htm#aermod

This folder contains the evaluation databases for the AERMOD dispersion model (dated
02222).Each subfolder contains the raw inputs and outputs for AERMET, AERMAP (if
applicable), BPIP (if applicable) and AERMOD. A separate subfolder containing the
observed concentration data is provided. Subfolders are also provided for other models
included in the evaluation.

A total of 17 databases were used in the evaluation of AERMOD. The databases and
their role within the AERMOD performance evaluation are identified below:

AGA Flat, Rural, Downwash, Independent

Alaska Flat, Rural, Downwash, Developmental

Baldwin Flat, Rural, Non-downwash, Independent

Bowline Flat, Rural, Downwash, Developmental/Independent*

Clify Creek Flat, Rural, Non-downwash, Independent

DAEC Flat**, Rural, Downwash, Developmental

EOCR Flat, Rural, Downwash, Independent

Indianapolis Flat, Urban, Non-downwash, Developmental

Kincaid SF6 Flat, Rural, Non-downwash, Developmental

Kincaid SO2 Flat, Rural, Non-downwash, Developmental

Lee Wind TunnelFlat, Rural, Downwash, Independent

Lovett Terrain, Rural, Non-downwash, Developmental

Martin's Creek Terrain, Rural, Non-downwash***, Independent

Millstone Flat, Rural, Downwash, Developmental

Prairie Grass Flat, Rural, Non-downwash, Developmental

Tracy Terrain, Rural, Non-downwash, Independent

Westvaco Terrain, Rural, Non-downwash, Independent
* Half of the days for Bowline were randomly selected for use as a developmental

database for PRIME, and the full year was used as an independent database.
*x The DAEC database included some elevated terrain, which was included in the

final evaluation results.
folelel Martin's Creek included some limited downwash effect due to nearby cooling
towers, which was included in the final evaluation results.
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ISC Riswadkar et al (1994) Kumar A Univ. Toledo OH
ISC
Abdul-Wahab Abdul-Wahab S A Sultan ISCST
(2004) Qaboos Univ, Oman ( ) 1km
SOz WHO
Jampana et al Jampana S S ; Kumar A; AERMOD AERMOD ISC ISC-AERMOD view Ul
(2004) Varadarajan C Univ
Toledo, OH
Abdul-Wahab Abdul-Wahab S A Sultan ISCST32
(2003) Qaboos Univ, Oman SO2
WHO 365p19/m3
Cheng Cheng W L Tunghai ISC 10
(2001) Univ, Taiwan SO2 - ( )
Kumar et al Kumar A; Bellam N K; Sud ST LT ISCSC3 ISCLT3
(1999) A Univ Toledo, OH SO2.
Lorber et al(1999) Matthew Lorber, Randall 1SCST3 10 3km
Robinson, & Alan
Eschenroeder, EPA
Riswadkar et al Riswadkar R ;. EPARMP ALOHA,CHARM,PHAST,TRACE Risk Management Program
(1999) Mukhopadhyay N Oxychem .EPA ISC
Occidental Chem Corp, lookup table
Patel et al Patel V C; Kumar A Univ Hg ST2
(1998) Toledo, OH ISCST2, LT2 .SCREEN2 criteria et
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ISCLT2, SCREEN2

ISCST”

al(1993)

Kumar et al Kumar A ; Madasu R; ISC2ACE

(1996) Manocha A Univ Toledo, ISCST Cr

OH ( ) Se

Riswadkar et al Riswadkar R M, Kumar A,

(1994) ISCST
Kumar et al Ashok Kumar, Jie Luo & ISC

(1993) Gary F.Bennett. EPA(1983)

Univ Toledo, OH DEGADIS,SLAB,OME,
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EPA ISC

ISC
3MRA Docs Center for  Exposure A.21SCST3 1977 EPA
July 2003 Assessment Modeling verification preferred model
(CEAM) A.3 ISCST3 1979
EPA(BMRA) validation
Docket
EPA 2005 ISC
Federal Register AERMOD
40 CFR Part 51 2003 /
April 15,2003 Appendix A.5 ISC3
50km
Office of Solid Waste and 3.1.1 AERMOD,
HHRAP(2005) Emergency Response CALPUFF, ISC-PRIME
Chap.3 3.1.1

September 2005
grid
EPA(HHRAP)
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ISCST3 vs AERMOD

USEPA(BMRA) : Appendix A

METI-LIS

“Side by Side Comparison AERMOD versus ISCST3”

ISCST3 AERMOD(version02222) METI-LIS
AERMOD CONCAWE
Briggs
AERMOD
AERMOD

profiling ISCST3

AERMOD ISCST3
( ISCST3
2.150:
AERMOD ISCST3
on/off AERMOD urban/rural

urban vs rural
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ISCST3 AERMOD(version02222) METI-LIS
8 Bowen AERMOD
9 Monin-Obukhov AERMOD
(PBL)
/
ISCST3
10 Holzworth / AERMOD
11 AERMOD
(DEM)
(AERMAP)
12 ISCST3
( PBL )
(Pasquill-Gifford)
( ) AERMOD ISCST3
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ISCST3 AERMOD(version02222) METI-LIS
13 AERMOD
®= & 7. ISCST3 s & 7
> AERMOD
( ISCST3
)

14 AERMOD ISCST3

) ISCST3
15 Huber-Snyder PRIME AERMOD  PRIME

Scire-Schulman
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ASTM (2005) Irwin, J.S.

D 6589-05 evaluation metrics methods
bootstrap Oreskes et al
verification can never be validated
MRA DOCs verification 1. 45
EPA(2003) Vol. 2.verification
ensuring. 3.validation
validation
4, TRIM
5.
6.
0.71
08 1.2
(2000)
Kumar et al Kumar A; Bellam N K; Sud ST LT ISCSC3 ISCLT3

(1999) A Univ Toledo, OH SO2.

Kumar et al (1993)

Kumar et al Ashok Kumar, Jie Luo &
(1993) Gary F.Bennett.
Univ Toledo, OH

LFD

DEGADIS, SLAB, OMEsimple,

OMEheavy

ISC

Appendix A

EPA(1983)
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William M.Cox USEPA
EPA(1992)

factor of 2
FB=2(0OB PR)/(OB+PR)

FB Fractional Bias

FB vs
bootstrap
verification validation
ASTM (2005) Irwin, J.S.
D 6589-05 evaluation metrics methods
bootstrap Oreskes et al
verification can never be validated
MRA DOCs verification 1. 45
EPA(2003) Vol. 2.verification
ensuring. 3.validation
validation
4, TRIM
5.
6.
Naomi Oreskes, Kristin open (
Oreskes et al shrader-Frechette, verification verification
(1994) Kenneth Belitz validation confirmation incomplete

Dartmouth College

validate

verify
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validation legitimacy

confirmation

probable

measure
FB (Fractional Bias) - bootstrap
factor
OK

verification validation
EPA ASTM verification
validation
Oreskes et al (1994) verification true
validation
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METI-LIS

Ministry of Economy, Trade and Industry- Low rise Industrial Source dispersion model

CONCAWE
GEP Stack Height

9-1



M3N
CONCAWE
plume Ah
(2001) p.194 (1998) p.157
METI-LIS CONCAWE
Qy =pC,Q(Ts -T,) Qu [cal/s]
P 0 1.293=<10 [g/m3]
An=0.175x Q™" xu™"* C 0.24 [cal/K/g]
s [ ]
A [ ]
[m/s]

CONCAWE (CONservation of Clean Air and Water in Europe)
)

GEP Stack Height
EPA GEP Good Engineering Practice

EPA(1985) 5-7

ADMER
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(Nov.05)
2001

v.6(1982)
(2001) p.236
EIC
(1993) p.265
(1997) p.36
CRM

(1998) p.146

EPA(1985) p. A-3
ISC-PRIME
Schulman et al
(2001)
ISC guidance(1999)

Down-wash chimney Down-draught Building or a hill

Building Downwash

Stack-tip downwash building downdraft

downwash down-draught ?

EIC

Web

http://www.eic.or.jp/ecoterm/?act=view&serial=1664

Downwash
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[ Q&A
http://www.eic.or.jp/qa/?act=view&serial=7292

]
http://www.kanto.meti.go.jp/seisaku/kankyo/recycle/20011217meti-lis_top.html

| 2003.09.12 | 2005.08.05

http://www.eic.or.jp/ecoterm/?act=view&serial=1665
Downdraft

Web

http://ge-rd-info.denken.or.jp/ge-leaflet/pdf/T02032.pdf
-
http://www.kanto.meti.go.jp/seisaku/kankyo/recycle/20011217meti-lis_top.html
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Heimpe = He = (ALT oo — ALT o)

He simple He

ALTreceptor ALTsource
ALTreceptor

ALTsource He
ALTreceptOr ALTsource He

He simple He simple

B
(p.35)
(H2
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4.1.
4.1.1 C )
( )
(Mackay(2001) p.97 )
Bidleman(1988) Bidleman et al(2000)
CRM (http://unit.aist.go.jp/crm/fate/)
Bidleman et al(2000)
Junge(1977) Bidleman et al(2000) Junge-Pankow
(- Cowr 1 cxS  cx0
)= = = =
Cus TCor 1+K, Vp+cxS Vp+cx0
Cpar fp [ ]
Cgas fg [ ]
fp + fg
Kgp / Kgp Cgas Cpar=Vp (cx<S
( )
Vp [Pa]
S 1.5><10  [em2/cm3] (© )
17 [Pa cm] Trapp et al(1998)
c Qd[J/mol] Qv[J/mol]
Ns[mol/cm?] (Junge(1977))
c=10° xRTx N, xexd(Q, -Q,)/ RT|
C S( o) Bidleman et al(2000)
Macaky Pankow
(logKoa)
PCB 60
1% PAH 1%
Pankow(1987) Junge BET Yamasaki 1982
Langmuir Bidleman 1987
Qd Qv
HCB Lindane 13.3 Anthracene
PAH 173
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DEHP

CRM(website)

dMa/dt = la— (kad\,]a + (DDRg + DWRg)x fa’g + (DDF\’p + DWRp) X fa,p + kdeg’a) x Ma
Ma DEHP DDR,
la DEHP DWR,
DDR,
fag DEHP DWR,
fap DEHP Kaa 1
Kegea 1
Trapp et al(1998) Risk ®)Learning EC(2003) EPA(HHRAP)
p.270 E6 2  p.82 TGD part EPA(BMRA
chapter 3, 2.3.5.1
Kegp Vp S
FP 0.0001 (VPI Fassaer S vapor phase Fv=
fp 1 ( Kgp 0.0001) VP S Sr (Pu+  Sp
S S=5><10  [m2/m3] St=3.5>10
=1.5>10 6 [cm2/cm3] - | 5%10 [cm2/cm3] [em2/cm3]
constant Junge Junge constant
=17 [Pa cm] = 0.2 [Pa  m] - |=1.7><10 4[atm cm]
20[Pa cml]
S=1.5%17>10 6 | Junge [Pa ml] Sr 1.7<10
=2.55=10 5  [Pa] | =< [m2/m3] S 0.0001 [Pa] | 3.56><10
0.0001 [Pal =5.95>10 10 [atm]
Vp [Pa] | VPI [Pa] | VP [Pa] | PoL [atm]
5 Bidleman et al(2000) Table 10.3 20
log (Pa) logKoa 5L
HCB -1.12 7.11 0.0014
Lindane -1.41 8.25 0.0028
p,p’-DDT -3.58 10.29 0.29
PCB 2,2’,4,5-TeCB -2.02 8.57 0.011
2,2°,3,4,4,5,5-HpCB -4.18 10.75 0.62
PAH Fluorene -0.10 7.04 0.00014
Anthracene -1.25 7.94 0.0019
Pyrene -2.09 9.04 0.013
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4.1.2
( )
(depletion)
washout( ) rainout( )
rainout
ADMER

Vy k ary 1/sec h m

I(dry =
h Va m/sec

A x Rain k wet 1/sec A
K et re— Rain m/sec R Pa m3/mol/K
A= RxT H Henry Pa m3/mol T K

H
C, = Cq expi(Kyy + Ky )x 1]

METI-LIS
(1997) p.219
(e
He
Vd m/sec Vs (o
METI-LIS
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. |
/[ \ | 1 1.00
Vi IR 4 1.28
wet depasition dry deposition 1 1.06
Figure 8 Fate proceszes in the air compartment 4 1.32
g g - 1.20
METI-LIS
2 He-V.x/u—zf He-V.x/u+z)
Clxy.2)= Q exp( Y exp( ( ; ) )+ o(x)exp( ( ; ) )
nG,o,U 26, 20, 20,
2V
a(x)=1- d
V, +V, +(uHe -V x)/ o, x(do, / dx)
(2002)
ADMER
g/m3 <+ g/m3 [ 1]
RT/H
H Pa/(mol/m3) PV RT RT Pa m3/mol
RT/H
We DJ/At [1/sec]
D g/m?2/sec
At g/m?
kwet =< /
[ ] m/sec / [1/sec]
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L
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EPA(1995) ISC guide  p.1-58
Dydp  dry deposition velocity

flux < Vd
mg/m?2/s mg/m3 > m/s

Vd

Vd Vg 1-84

ra s/cm 1-81 1-82
rd s/cm 1-83

cm(
) m/s M O m
PCRAMET MPRM
0.1 1p
+0.01lcm/s
Dydp particle
s/m2-yr /s kg/s kg/m2-yr

Dywv scavenging ratio

flux Fw(x,y) scavenging ratio /\ > X
mg/m?2/s /s =< (mg/m3 > m)
scavenging ratio /\ scavenging coefficient A X R
/s 1/(s-mm/hr) >< mm/hr
A EPA(1995) ISC guide fig.1-11
ADMER METI-LIS
(@ ¢
depletion
ISCST
Cair
( HHRAP(2005))
depletion option
EUSES

(OPS Toet et al(1992))

USES

( (2004))
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EPA(1995)
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4.2
( )
()
( ) ( ) ( )
4.2.1
ECETOC Soil ECETOC(1994)
C _ Ddep + Ddirect
il —
¥ (Kdeg + KIeach + Kevap )X Hsoil X RHOsoil
k
DEHP 3.2
sa SwW SS
sa SW Ss 1
(S} @ Kaw / Koc OCso
DENso
_ Kaw x0

f
T Ky X0+ ¢+ Koo xOCq x(1-0—¢)x DEN,

¢
f. =
M Ky X0+ ¢+ Koo xOCq x(1—6 — ¢)x DEN,

¢ Koec XOCg x (1— 60— ¢)x DEN,
¥ Ky x0+¢+ Ky xOCq x(1—-6 —¢)x DEN,

volatilization leaching runoff erosion windblown dust

volatilization
leaching
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runoff

erosion
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DEHP CRM(2005)
RO S R 1---
S‘gJ: ( ) “TETIren > ( ) e > ( ) :
ol <& S < !
Ao - .

dMs/dt = Is — (kg s X fo o + (K +K)x f |+ (K +K )X fo o+ Koy ) x Ms

Ms DEHP Kvol,s
Is DEHP Kie
fsa kr
fow Ker
fss Krs
Kaeg.s
(S} 0.33
(1) 0.27
0OCso 0.022
DENso g/em3 1.6

< k, m/day
< ki, m/day

120 /day

1
1k, +17ks ( kvols 1/day >

s " TDER, x0
0.73/day

0.024 /day

< kle 1/day >
< k 1/day >

P) (B (F) (R)
P 1500mm/y /4 F R le kr=3.8><10 /day
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4.2.2
A. EUSES
EUSES
sludge C(0) [mg/kgl
( ) Dair [mg/kg/day]
C(0) Dair removal k [/day]

T Clocal
D.. 1 D.

Clocal , = % + E[CS"" (0)- ;‘f } x [1— e T ]

T 30 biomagnification
180
k removal
k biosoil
k volat
leaching k leach
( )
1 = l + 1 X Ksoil—water X DEPTH soil
I<volat kaSI air X Kair—water kaSl soilair X Kair—water + ka'SI soilwater
K- Finf_, x RAINrate
leach™
o Ksoil—water x DEPTH soil
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EU TGD EC(2003) TGD 2.3.8.5 (part2 p.78)
ar 4+
- &
% soilwater « | 3
- | E
= ] !
% solids
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3
Figure 10 Fate processes in the soil compartment.

EU

Concentration (% of inftial)
g B
/
/
/‘
/

F
time (year)

Figure 11 Accumulation in soil due to ceveral
years of cludge application

Table 11 Characteristice of soil and soil-use for the three different endpoints
Depth of soil Averaging time Rate of sludge application | Endpoint
compartment
[m] [days] [kgae mr? - year']
PECiocala 020 0 05 terrestnal ecosystem
PECioCalg. s 020 180 05 crops for human consumgtion
R0 — 0.10 180 0.1 grass for cattle
[m] [ ] [kgawt/m2?/year]
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B. EPA
HHRAP(2005)
EPA 2005 9

Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities
EPAHHRAP(2005)

VOC
ISCST

A COPC(Chemicals Of Potential Concern)
200 CAS

HHRAP 5.2

ks ksg kse ksr ksl ksv

( ) [/year]

MRA
2003 MRA( )

3MRA

PRZM
PRZM (Pesticide Root Zone Model)
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EPAHHRAP(2005)
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4.3

Trapp

(Briggs et al(1982))

4.3.1
Trapp et al(1998)
McLachlan(2000)
4.3.2
Risk @ Learning
E5
E6
28
b a
b
a
bp ap
weathering( )
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McLachlan(2000)

KF’A(25 )ZVA +Vw / KAW +ZVLiKLiA
I

Kpa / Va Vw
Kaw / Vii

Kuria

Risk ®)Learning

b2 bp

al a2 ap

al,a2,ap

bl

Risk ®Learning E5

RCFw
RCFs L(/kg
log(RCFw-0.82)=0.77xlogK , ~1.52 Cr = RCFwx Cw
log(RCFs x Koc x OC —0.82) Cr = RCFsx Ct
=0.77xlog K, —1.52
Risk ®@Learning E6

Weathering(

< D) —( D

( Vpw
: o

//%( \Vpd -
2 ) % )

TSCF
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EUSES

( (2003) p.6-52 TGD )

USES v.1(USES(1994 ))

porewater Ksoil-water = Csoil/Cporewater

Transpiration Stream Concentration Factor(TSCF)
Stem Concentration Factor (SCF)

( )
1980 1990
logKow ( TSCF 1.0 4.5 )
(kg) (m3)
EUSES(EC(1996)) USES v.2(USES(1994 ))
USES EUSES
(porewater)
(ALPHA )
(BETA ) ALPHA
USES  version2(1999) EUSES
Risk Manager p.10-25
SES 1.0 EUSES 1.0
[ nzm | [ wrm [ nz2m || wim
”
) G
air g’zl;)Sive I elimination
%‘ growth dilution
| ARAE | caumscam  amaE | rsuwscan ,
' VA 22
B 103-11 USESS ¥4 FELSEST ¥ Ao b i 2R
/1ranslocation

soil water /?%

3-2-22



EUSES

def EUSES1.0 default App. 2003/8/27
m,kg,s
2.0,3.0

defau Its @

def 0.30 "3/

= def 0.65
Eafra it air-water € a3
TSCF =0.784xexp|- (log Kow—1.78)? / 2.44] N water-plant ) def 0.0 n3/n3
) def 0.95
- K ear —air = Fair,
def 0 /d

metab plant

p
. lipid-plant
dof 0 plant K air_plant < |Il§d\ j
kphoto plant /d \ /

. b
K prant-water = FWALer pjan + Flipid pjq,, x Kow

Fassaer

kelim = kmetab,,,, + kphoto

plant

m3/m3
kg/m3 ranspiration stream m3/d /d m3/m3 def 700 kgwet/m3
ef 0.001 - -
- — transp < kelim plant >< , leaf-air > na/m3 plant
&
kg/m3 plant

/

plant-water
def 0.035  /d
Qtransp def 86.4 < kgrowth plant >
shoot

BETABG”C = Cagrlcfporewaler XTSCF x~— /

- / def 0.002 J/ ; _

AREA, AREA a5 X G plant . ‘ Croot = nlan\fwa;rHo agric,porewater ‘
+(L-Fassey )xCai Yptant xvi ALPHA :Wﬂellm pant+ Kgrowth ;. plant
feaf laef —air % Vjeaf

kgwet/m3
ALPHA /d
plant sink
kg/m3/day y 4
BETA c, —BEAwne 1 c kg/d
source % 7 ALPHA ~ RHO

x IH C, xIH kg/d
leaf laef _ root root
plant Dose,.,; = Dose

root —

BW BW

USES1.0

1.0

def USES1.0 default Text p.295

m,kg,s -
I stem = plant

FPwater

kg ‘plant/md plant

FPIpd
plant
def 0.01 def1000
‘ ‘ TSCF =0.784x exp{—(log Kow -1.78)? /2.44} ‘ ‘ \ = Z / /m{
y ‘ PPy + PPy + FRyg 107 HENRY
‘ ‘ s - 0.82 + 100 85-logKow-205) ‘ gas-plant BDp\an[
1000 . .
USES p.9 MKWLW, = Fwater; + Fsolid g; x Kp,,;; x BDsoil
water/m3 wwllma soil
m3 porewater/kg wetst m3_air/kg \wetstem /. Z )
SCF Kaer_plant m3 air soil_water soil 500
/Ry wetsten N7
- soil kg w-3pil/m3 soil Kgas_plant (0,82 +1((077xlogKow-152) )x BD
TSCF BCF,, = ol
/ T g ater/m3 w-soil 1000 x Ksulliwamr
TSCF x SCF x BD
BCF,,, =————%1

K

! BCFa\r—p\anl =FPx Kaerfplant + (17 FP)X Kgas—plant ‘ ‘

soil_water

< m3 ai%} wetstem

soil BCFair_plant air
mg/kg mg/m3
kg wetsoil/kg wetstel \

USES p.199 2
< BCFsten %{\ Cra = BCF o X oy + BCF o X C \H

Cyoo = BCF,, xC

root

soil

leaf
mg/stem kg
USES p.295 I
J“"ggNjungg’a m def CONjunge*SURFaer=0.0001Pa CoyxH, TR CoxH :<g day
: e "
CONjunge x SURFaer D08 gy = — T Dose, ,, = 0 roo
FP =% +oon SURF BW g BW kg
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EPA

HHRAP 2005 EPA(HHRAP)

ISCST3 (
( 5-14
Q [g/s] Fv
Fw 0.2 0.6 Rp
kp [/yr] Tp
Yp [kgpw/m?]

MRA 2003 EPA(3MRA)

ISCST3
Farm Food Chain
translocation
Release
Runoff Erosion

Exposed vegetables
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Exposed fruits

Protected fruits

53 )

[yr]

ISCST

transfer

Biotransfer factor
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FIGURE 5-3
COPC CONCENTRATION IN PRODUCE

:.'.'.::l \ l P
e Ty it
@ @ @
A W LA
- AN
T

Deposition Vapor Root Uptake
of Particles Transfer from Soil
(Section 5.3.1) (Section 5.3.2) (Section 5.3.3)

COPC Concentration in
Aboveground Produce

1,000-Q-(1 - F,)-[Dydp + (Fw- Dywp)] - Rp - [1.0- exp(- kp - Tp)]

Pd= Equation 5-14
Yp-kp
Pd [mg/kgpw]
MRA 3MRA document vol. p.10-4
WMU (Waste Management Unit)
o e
UI!D-E'SDH TN A ,,_,n‘“-“'
u‘nlullizmm &1 Sraversion ‘g} X
Wird Farn-uLu':: Crepositon Vapar and Pastiche

""'"-" eata o 'HrJI Jr:n:;rl:r o —"h.rl:

A I
> /-4;)— G
Ty e e — b /_7|

é—-—'-h___‘_'_._,_‘___\_\_\__:_ e ,_

Tranglcealisn in
1 St Plart Paris

Figure 10-2. Release, exposure, and npiale mechantmes of
confaminants in plants.

BTF
. . pw dry weight
C | Calrvapor x BTFair— plantI X ECFexposedI 1000 [L/m3]
plant _vap 1000 % pair
Coplant_vapl 1 [mg/ngW] Caitvapor [IJ g/m3]
BTFair-planti i biotransfer [bg/gow]  [pgl/g air]
Pair 1.19 [g/L]

BTF(biotransfer ) Bvol

K /
log Bvol =1.065log Kow — Iog{:—_l_} —-1.654 o

3-2-25



4.4

( ) Travis  Arms
( /kg) 1ogBTF meat/ milk

BCF

BCF

Risk ®)Learning
E7 -

log BAFmilk = —8.056 + 0.992 x log Kow

Crine = BAF chi xIC;
Ci
ICi kg/day L/day m3/day
E8 o
log BAFmeat = —7.735+1.033 x log Kow
Cmeat = BAFmeat x ch X ICI
E9 -
MW 700
logKow 6
log BCF =0.85xlog Kow—-0.70-3
logKow 6
log BCF = —2.0x (log Kow)’ + 2.74 x log Kow — 4.72 — 3
Cfish = Cwx BCF x 12:12L Cfish [lg/kel
Cw [lag/Ll
BCF [m3/kg]
1000 m3-L
E10 =
- = - E9
BCF EPA MRA HHRAP
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2

EU TGD

T

w

—~

drinking

grass

W -y
F4:39.3 ke/ /TR
PI4F:19.7 ke/H/28 41218
0.014 ke/2E/58

fE
(0.0003 kg

==l P

Risk ®)Learning

DNw
Vws  Vss

1
1

o

partitioning +—= O O
suspended

matter

degradation
sedimentation/

resuspension

I

!

E10

st+(1 Vws)x DNs

CONY,
(1-Vws)x DNs

CONVwd

{

kg/kg dry

Koc = 0411x10 g K°W

Ko L/kg

l

Csdry jag/kg-dry

Cs dry:CSXCON\(d % & [l >

3

_ Cs_dry le
KocxOC _S 1000L

( Cw pg/L >

o/W
logKow

et

Cfish = Cwx BCF x 10004
im®

logKow log BCF =0.85x log Kow-0.70-3

logkow 6

log BCF = —2.0x (log Kow)® +2.74 x log Kow —

Cfish  jg/kg

472-3

E9
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5.1 Risk ®)Learning

( )
E1 ( , ) 4
E2 ( , )
E3 ( , ) 7
E4 27
E5 ( , ) 2
E6 ( , ) 28
E7 ( , ) 2
E8 ( , ) 2
E9 ( ) 2
E10 3
E4 E6
E6
E4
( 1.5m)
E6 28
E5 E6
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risk @)L earning

Risk@Learning

DEHP
iR
3720 ke/HE/100 knd
't [(amers N
f\ﬁ;

i €0.614 iz - 3?’3@{,

iR OT.03 mefE ke - 0.940 kg
e ik B.72 me/S/ {18.7 ng/e®)
10,7 nefE ke

4, = KEIEA B'ﬂ

0.002 kg/F /55 C2-4622/2)

=) s
A B 497 ke/E -
0,003 wmelSF ke . 1 X
2y i 18 S R | |
| H4E130.9 ke/E/EE ke & LIF
| FEHF:19.7 ke/E R0 tiEiEE 0.0003% kgfE 0.324 ke/S
L AR 0.014 ke/2E /58 .
0,319 ng/5E ke BE 7.7 kel o
= T F 0.584 ke H| m—-
S | EmeTs —~ 370 ke & S =T
(0.0002 25/5) S el (57.9 pe/fke-dry)
168 e/ A 4
e ] :
> 10 kn o ®

BI5 DEHP BhES FiBlliE SR (R AT
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5.2 EUSES
EU EUSES
local 1000
regional EU 2000 /200km (
continental 3.56M km2  ( 10 )
local
s
AGRICULTURAL
SOIL
sludge
leaching
GROUNDWATER
Treatment Plant SURFACE
ATER
sedimentation
SEDIMENT |
Workplace EASE
Consumer CONSEXPO
_ AREA&I’I XTH art X Cart X chlgr XTcontact
oral —
Vprod
Coral [kg/m3]
AREAart [m2]
THart [m]
Cart [kg/m3]
FChigr [ke/d]
Tcontact [d]
Vprod [m3]
FCmigr
Indirect exposure via environment
river local 10

marine local

100
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EUSES TGD Part Appendix
EUSES
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5.3 3MRA

EPA 2003 7 MRA versionl.0

M (Multimedia, Multi-pathway, Multi-receptor)

RA
WMU(Waste Management Unit)
201 WMU km
200 10,000
RCRA hazardous waste 400 46
ISCST3 EXAMS EPACMTP Vadose 1-D Aquifer 3-D
legacy( )
HQ
Volume section 3.0
Transport media
ISC3 watershed
subsurface vadose zone aquifer
EXAMS
Fate Processes
/ / / / Biota
vadose zone
/ speciation
fluxes
- /
- erosion runoff
- sedimentation infiltration)
/ flux p-2-22
= vegetation
/ / - translocation
= uptake
- aquatic organisms
- 2,3,7,8-TCDD MOE
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Waste Management

3MRA

Ecological Habitats and Receptors

Human Receptors
{census and land use data)

(land use, wetlands, T&E species,

etc., data)

Watersheds
(DEMS)

Waterbodies

e

. Lakes, and W

(DEMs Reach Files, GIRAS, NWI)

Base Grid, Area of Interest
(AOI)
(specified: 100m = 100m grid
cells; 2 km radius AQI)

= = facility centroid

[ = waste management unit

DEMs

MRA

wMU

Surface Impoundment

Aerated Tank

Landfill

digital elevation models

DEMs

GIRAS

(AOD
100m>=<100m
2km

Ecological Risk

plan

Air

ases/particulates

Thear partitiexing

Terrestrial
Foodchain Ik

Waste Pile

Land Application Unit

leaching

/
runoff/erosio

Sources

Aguatic fish Ecological Exposure
Foodchain
resident
Watershed S;'\,;Igﬁe ater home gardener
dairy farmer
beef farmer
fisher
= Human Exposure
infants
breast mil 15
nonlinear partitionng 6-11
12-19
- Farm 19
Vadose Zone Aquifer Foodchain
Human Risk
/
transformation
- / -
Transport Foodchain Exposure/Risk
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6.1

6.2
(2006)

1,3-

DEHP
1,4-

0O 00 0 O0O0O0OO0O0

0O 0 0 O

0
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(2002) ADMER
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(1997)

1997
(2003)
2003 12

(2004) Vol.39
No.3 107-118(2004)

(1993)

1993 9

(2006) CRM(2006)
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atm=101325Pa 1.7=<10 4 atm 17Pa 1.7=<3.5 5.95

EU TGD 0.0001 [Pal OPS (Toet et al(1992),
p. ) 02[Pa m] 510 [m2ms3] 110

S=5%10 [m2%m3]

510 [m2/m3] =5><10 [cm2/cm3]
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p-88
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=
N = O

N I R

( ) E6
Junge
- mol/m3
Koc logKow
Pw
Csoilw
TSCF logKow
Q - bl
Kaw
Kpw
Kla
G (cuticle)
Vgw ~ Kaw Rain
al b2 G Vgw
a2=\E
a3 Aa
a=al a2 a3 b bl b2
Caov
Weathering rate
Vpw
bp
Caop

Cao « Caov Caop
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Risk ®Learning

Mgt ES

3 =3 P L S TIrA R HE

HBMESET 002 EC (1996)
NS REs cAROBLYROSNE

Hamga® Ef (EE)

5 = i fir T2 il 5
HEEsEE o 0.02 EC (1996)
LD ERTS e 0.2 Waitz, et al
T FEEOERES Fw 0.4 (1904
LY EE iD kg-dry/L 1.04 -
am Tmp E 29315 Trapp., et al.
sk Ok BEE mEr 0.3 (1998)
S oiENERNS myp 0.02
i oER L5 kgL L0 EC (1006)
TR AR kgl 1 -
Hill ¥ 2 O R 4 m’ 5 Trapp, et al.
R ¥ m’ 0.002 (1998)
. koS iHEENESR Ag sac 0 -
R L SRR ES Aa sac 0.0000004 Trapp, etal.
WA E RS2 8 S ——) aa 1.22 (1958)
WHERRF IS —L—EREH b 0.85
HREE o) m'/sac 00000000115
¥+ weathering rate R day 0.05
ok Rain mmyear 1500 -
b1 e Fpd m'sec 0.0005 Trapp. et al.
1l e Rwashour | (kg'm'-zain) | 200000 (1008)

(kg -air)

3-2-39



) ( )
Risk ®)Learning

leaching
( )
Trapp
Briggs
( ) Travis Arms
( /kg) 10gBTF meat/ milk
BCF
EC TGD(EC(2003)) USES EUSES

2004 (10 )
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o e e I
i |
I I
% : ( ) * ---------- ’ ( ) :
_L. S S i
T I P W I
dMa/dt = la- (kadv’a + (DDRg + DWRg)x fa,g + (DDRp + DWRp) X fa’p + kdeg,a) x Ma
DDRy
Ma DEHP
DWRy
la DEHP
DDR,
DWR,
fag DEHP
kadv,a 1
fap DEHP
kdeg,a 1
Tlr - _t _________ _@“ _________ 4_ a3
21 |
% : (¢ N St > (¢ ) | > (< ) :
|
A et e !
dMs/dt = Is— (kg ¢ x fo o + (K + K )x fo + (K, +K)x oo+ kdeg’s) x Ms
Ms DEHP )
Is DEHP vols
kIe
fs,a K
fs,w kr
fsys er
Krs
kdeuAs
Risk ®)Learning E5 5
E6 o
BCF
BTF
logBTFmeat 7.735 1.033 > logKow
milk 8.056 0.992 x< logKow

Cfish BCFfish < Caqua < ww

WWwW
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Risk ® ) Learning

(pathway)

10 3

PRTR
76

Trapp EUSES

CRM 2003 12
Verl.0

CRM Newsletter No.6 2-5 (2004)

3-2-42



DB DB
DB

iL
b R CENENTTS R Comeleg

-

NSRS IR  [ANE 3 |
|

[FomcEe-amiz: _remeam

7 MRTREEET
‘mmnETAn:
AL = aFnw |

A IPEHEUR ENERRTS

il | = Il.l':“:-\."ll-llI""'li. ey

N







ADMER METI-LIS EPAISCST EUSES EU OPS
depletion ISC OPS Hemond et al(2000)
gls 1g/s R (1993)
METI-LIS MRA HHRAP EUSES v.2 washout
depletion kg/d > rainout
cm/s>< mg/m3 vs
vapor Dydv Vd 0.5cm/s | 0.01lem/s
2.9
particle Vd[m/s] | Dydp + OPS Stokes
N kdry [1/s]
Dywv 0.1 OPS washout ratio H/RT
N H [ scavenging ratio /\> H Cp/Ca
- kwet[1/s] N\ AX R logH< 2 5>10 10[g/m%s]
1/3 2 2 4x
>2 3
Dywp OPS <10 [g/m2/s ]
Vs A
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3.1
3.2
3.3

5.1
5.2
5.3

Risk ®)Learning

EUSES
MRA

Risk ®)Learning
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Ci (mg/kg)

1

BW(kg) Dose (mg/kg/day)
C, xIn,
Dose; = — '
Ini BW
pathway
( )
(
EPA  Aggregate
Exposure Dose

(

Ini(kg/day)

route

(EPA(2001))
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(ADME) /

3.1
Risk @Learning EUSES(EC) 3MRA( EPA)
( )
( )
M(Multimedia, Multi-pathway, Multi-receptor)RA (
( ) (p.3-16)
2006 CRM
( (2006))
(. (2003))
A (CRM(website) )
( )
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H G D

Risk ®)Learning EUSES MRA
CRM(website) EC(2003) EPA(BMRA)
H Air H Air H
H
H Shower H

Ground water G

G Drinking water G
D
D Breast milk G
G Dairy product G Milk G
G Meat G Beef G
G Fish G Fish G
G Root Crops G
G Leaf Crops, Fruit, Produce G
G Cereals G
G Soil(watershed/Land) G
EC(2003) Chapter2, Appendix III
(2006)
#1 MY ASFFETEM SRR - RELE
i A, #1
- y - - FOfho
AL ] _
l, 3= & iFx s [ ] L
=T o il ® ® ® @ L B
LR (- F A F L) [ [ ] L ] o L B
1, 4-37 7 4 [ ] [ ] ® L 2
[ [ ® ®
Pl =R =l O [ ] [ ] ®
HEHESF T 1 L] L] ® [ ]
FRZx/—ilA [ ] ® L J L LA L3
p-rpRLrEy L] L] L J

alfil, WHEAT D ; b W REA] A L ORERE « o AN, BALE  dRBEUNEICOBRERE ;
el THERL, REFLE, (F5 - REDEL &85, B b b R RE S RSk L DR EHEE
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3.2

(2006)

m3/day
kg/day

/

95 tile

/)
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350
15

/

12 /

(CRM(website)
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A

EPA Exposures Factors Handbook

Child specific exposure factors handbook

http://cfpub2.epa.gov/nceal/cfm/recordisplay.cfm?deid=55145

ExpoFact sourcebook
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3.3

C@,p,t)

AG,p,t)

Microenvironment

EPA children’s health Microenvironment

Microenvironment
Macroactivity
Microactivity

EPA  E.C.Hubal

TV
macroactivity( )
(Hubal(2001))

(2005) Sakamoto et al(2005)

D)

ASEM(Activity-based Spatial Exposure Model)

OD

km >

ADMER 4
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Microenvironment E.C.Hubal(2001)

For each microenvironment-macroactivity combination (me/ma), inhalation
exposure over the 24-hr period is defined as

Einhale_me}ma = Cair_me X IRma X EDmefma
Cirme = air concentration measured in the microenvironment
(mg/m?3)
IR . = child’s respiration rate for the macroactivity (m3/h)
ED = time spent in that me/ma over the 24-hour period
(h/24h)

Exposure over the 24-hr period is the sum of all of the me/ma exposures.

(2005)
M T
RN
[ - B
FHEH
H
/2
By 0m o4 YR B ame
g r
cy & 1 % &
g > x H

icroenvironment ( )

.

ASEM
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C
In
In ( )i
D> Cixln, mg/day
C mg/kg mg/m3
In kg/day m3/day
EPA(1992a) (2003)
C In T1 T2
Dpot = [["C(t)x In(t)dt
T1
C In
C In ED
Dpot=C x InxED
AT BW
ADDpot= CxInxED
BW x AT
LT
LADDpot= CxInxED
WxLT
AF
ADD int = AF x ADDpot LADD int = AF x LADDpot
(
) Kp
SA
mg/kg
(
mg/kg/day (=AT)
( 70 =LT)
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[N
7

Cc
71 T
ED
Cair Cfood Cwater
Cwater Cliquid
Dpot= C < InxED Potential Dose
Intake Exposure
AT ADDpot . AT averaging time
C xInxED
ADDpot= ————~
Wx AT
LT LADDpot LT life time
~ 70
LADDpot= CxInxED
WxLT
AF [ ] AF [ ] Kp [em/hr] | absorption factor
Bioavailability BIO
_ Dint = Internal Dose
AT ADD int = AF x ADDpot C xKpx SAx ED Uptake Dose
LT LADD int = AF x LADDpot

SA

ADDint ADDpot <AF
LADDint LADDpot <AF
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5.1 Risk ®Learning

( X1 ( X2
( )
RIC
UR
( X3 EPA
Kp
reservoir
A.L.Bunge 1992 EPA B
(EPA(1992D), Bunge et al(1993),(1995))
B Stratum Corneum
Viable Epidermis e
P
B= / Pcev/Pev 1/ l/rc 1/re Pev 1l/rc Pev 1/re
B 0

EPA(1992b)
Aniline  7.9%<10 Benzene 1.3%<10 2,4-Dichlorophenol 8.3><10
Ethylbenzene 1.4><10 Phenanthrene 2.9 Pentachlorophenol 7.2><10
Chlordane 3.5><10 DDT 2.3%<10 TCDD 6.3x<10

McDougal(2002) Kp Bunge et al(2002)
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Risk ®)Learning

X1
Cadj = Cairx EF » ET x —2~ x_};"-'“? Cair [lg/m3]
363day  4hr EF [day/yr]
ET [hr/day]
ED Cadj [lug/m3]
Cladj =Cadjx 7 Cladj [g/m3]
ED [yr] LT [yr]
X2
ADDing = Cing = H=EF 1:”' 1M ADDing [mg/kg/day]
BW  363day 1000ug Cing [lg/ke]
IA [kg/dayl
EF [day/yr]
BW [kgl
me,.g=wpz-nng_ff LADDing [mg/kg/day]
X3
1 pg/L ->mg/cm3
event
FA
2 Kp ~ Kow Mw
3 - MW
4 B
5
6 DAe mg/cm2/event
7 [mg/kg/dayl
8 [mg/kg/dayl
(2003)
M out
..
M in é :
1 M out
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5.2 EUSES

EU EUSES
workplace exposure TGD Chap.2, Appendix
consumer exposure Appendix
indirect exposure via the environment Appendix p.252
(EC(2003))
I Intake
U Uptake BIO
Utot = Iinh ¢ Blomh +Uder,pot ¢ Bloder + Ioral ¢ BIOoraI
article
DOSE,, = [z DOSE, ) +DOSE,
DOSEI — Ci x IHI DOSEair — Cair X IHair x BIC)inh
BIOoral
i = drinking water, fish, stem, root, meat, milk
BIOinh =0.75) BIOoral

3-3-14



EUSES EC(2003) Technical Guidance Documents, chap2. Appendix

/
(EASE )
TGD Table 1(p.63) rating criteria (MOS )
EUSES EC(2003) TGD chap2 Appendix
Cinh [kg/ms3]
c - med X FCprod Qprod kgl
inh Voo Feprod [-]
Vroom [ms3]
Iinh _ Fresp X Cinh X IHair ><Tcontact %N Tinh [kg/kg-bw/d]
BW Fresp [[] 0.75
IH [m3/d]
Tcontact [d]
BW [kg-bw]
[/d]
(1) > - /[ Ader
(2 article .
U _ Ader xn U _ Amigr,der xn
T
(1
(2) article
_ AREAan X TH art X Can X FCmigr X Tcontact | _ Vappl X Coral xn
ral — oral —
o Vprod BW
(article) EC TGD migration
Femigr TGD (EC(2003))
TGD Part2 Appendix Table 2 (p.228)
( )
VOCs

migration Part 2 Appendix 5.3.3
(%)
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5.3 MRA

MRA( Multimedia,Multipathway,Multireceptor Risk Assessment)

200 (WMU Waste Management Unit)
(EPA(3MRA))
(

2km 100m>=100m

watershed
Vadose zone
RfC RfD
HQ
(ISCST3)

( )

Bioavailabikity
McKone
fishing farming gardening activity
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MRA

EPA(BMRA)

— ‘._\\ Stroams, Lakes, and Wetlands
L \[DCM! Reach Files, GIRAS, NWI)}

Human Receplars
{census and land use data)

Ecological Hatitats and Receptors
. (land use, wetlands, TAE species,
o, etc., data)

Watgrshids
{DEMS)

Waterbodies

Base Grid, Area of IMerest
WO
(specified: 100m = 100m grid
cells; 2 km radus ACH

2km
100m><100m

Vadose zone

= v et Aquifer

MRA
Receptor Type
Home Besf Dhairy
Reuident | Home CGardener | Beef | Farmer Farmer

Pathway Fluidlnt Ficher | Gardemer | Fisher |Farmer | Ficher |Farmer | Fisher
Ajr inhalaton v v v W v v W v
Shower inhalation W W S e v v W v
Ground water inpestion s s s o "y v "4 v
Soil inpestion v v v i ' v v v
Produce ingestion v ' v 4 W v
Eeef ingestion v v
Milk ingestion v v
Fish inpestion v i v v
Breast milk ingestion v v o ' v v W v

* Ground water and shower pathways are considered for residents and home gardeners only if Censns dam indicate
the presence of private wells in the Census block group. All fanmes are asswmead to have & private well.

Dosgm

whers

Dosey,.n

C.'mll.!ll

s

CF‘-':H._A
0.001
BW i

Ko * fa * o * (1 f)] % % CRis ¥ 0001

BYF v

(13-3)

annual average applied dose from breast milk ingestion (mg/kg-d)
annual average concentration in maternal milk fat (mg'kg)

fraction of fat in breast mlk (umitless)

annual average concentration in aqueous phase of matemnal milk (mg'kg)
fraction of ingested contaminant absorbed by the infant (dimensionless)

ingestion rate of breast milk (mT./d)
units conversion factor (kg/ml.)

body weight of infant (kg).
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U(Uncertainty
v

BW

(

(2006)

)
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*BIO,, +1

25 )
ADME(
( )
EUSES
Utot = Iinh ¢ Blolnh +Uder,pot
EUSES
C.xIH_. BIO,
Doseair — air X air ° inh
BW BIO,.,
Bioavailability
Bioavailability( Hrudey et al(1996))
( (2003))

TK Toxico-Kinetics

NOAEL TDI

EUSES

*BIO

oral oral

(Paustenbach et al(2006))
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(2003) Hrudey(1996)
% ()
30 95 2 9 0.01 0.6
«C ) 95 2 6)
50 80 40 55 0.05 29
TCDD (100) 90 40 50
50 60 (90 100)
30 50 100
90 75 100 10 60
60 70 90 4 25
90 (60) (5)
0.75 CFD
25%
TK-TD
0.1 0.05 Kp
PB-PK EPA(PBPK)
Inhaled air Expired ar
: 4
L"“[ O J
H——- FaAr ¢
RICHLY
4 PERFUSED |4
TISSUES
POORLY I.
M——— PERFUSED |4 |
TISSUES ! I
1 ‘ ‘4:
LIVER < ™ Catvahe T *\\n
e ol _1..'\:-_rm_:_.n | et
I—bMehbolism fm—n | e——

PB-PK
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Risk ®)Learning

log Kp =-2.80+(0.66 x log Kow)- 0.0056 x Mw
Kp cm/hr
Wl

e
event — 58
6><10( 2.8-0.0056xMw)

mg
Cw_mg mg/cmBI ET hr/day >

z
< FA > < teyent hr/event >

AN

DAe=2x FAx Kp x Cw_ mg x [‘mevent”eventj
T

K Teen: Nr/event

t 2]
DAe = FAx KpXCW_mg X[(:]-m/mé)+zxrevent XW

+

T =24X Ty No +

« hr \L
b_zx@+Bf

_f_c DAe mg/cm2/event

_fr3Ba8?)

T 3x(@+B)

T*ZGXTeventx(b_\/(m

Stratum

Corneum
} Epidermis
/ / Viable

Epidermis
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