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DISCLAIMER

This document provides guidance to EPA regional and state RCRA hazardous waste programs, as well as
to facilities subject to RCRA requirements and the general public. More specifically, this guidance
document conveys how EPA generally intends to exercise its discretion in implementing RCRA statutory
and regulatory provisions concerning combustion facilities subject to RCRA. EPA designed this
guidance to explain and clarify national policy on issues related to EPA’s obligation to ensure that
operating permits granted to combustion facilities contain conditions necessary to protect human health
and the environment.

The statutory provisions and EPA regulations discussed in this handbook contain legally binding
requirements. This guidance itself does not substitute for those provisions, nor is it a regulation itself.
Thus, this guidance does not impose legally binding requirements on EPA, states, or the regulated
community, and may not apply to a particular situation based on the specific circumstances of the
combustion facility. EPA and state regulators base their permitting decisions on the statute and
regulations as applied to the specific combustion facility and retain their discretion to use approaches on a
case-by-case basis that differ from those recommended in this guidance where appropriate. Therefore,
interested parties are free to raise questions and concerns about the substance of this guidance document
and the appropriateness of the application of recommendations to a particular situation. Because this
guidance is not a regulation, EPA and state regulators will consider such guestions and concerns when
implementing the recommendations (for example, during the comment period provided on draft
combustion permits). Whether the recommendations in this Handbook are appropriate in a given
situation will depend on facility-specific circumstances.
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MDL Method detection limit

MEHP Monoethylhexyl phthalate

mg Milligram

Mg Megagram

MIR Maximum individual risk

MJ Megajoule

mL Milliliter

MPRM Meteorologica processor for regulaory models

MPTER Air qudity model for multiple point source gaussian dispersion algorithm with
terrain adjustments

MRL Minimum risk level

NCDC National Climatic Data Center

NC DEHNR North Carolina Department of Environment, Health, and Natural Resources

NCEA National Center for Environmental Assessment

NCP National Oil and Hazardous Substances Pollution Contingency Plan

NIOSH Nationd Ingitute of Occupational Safety and Health

NRC Nuclear Regulatory Commission

NRC COT National Research Council Committee on Toxicology

NTP National Toxicology Program

NWS National Weather Service

OAQPS Office of Air Quality Planning and Standards

OEHHA Office of Environmental Health Hazard Assessment

ORD Office of Research and Devel opment

OSHA U.S. Occupational Safety and Health Administration

osw Office of Solid Waste

OSWER Office of Solid Waste and Emergency Response

PAH Polynuclear aromatic hydrocarbon

PCB Polychl orinated biphenyl

PCDD Polychlorinated dibenzo(p)dioxin

PCDF Polychlorinated dibenzofuran

PCRAMMET Personal computer version of the meteorological preprocessor for the old RAM
program

PDF Probability density function

pg Picogram

PIC Product of incomplete combustion

PM Particul ate matter

PMD Portable monitoring device

PM10 Particul ate matter less than 10 micrometersin diameter

POHC Principal organic hazardous constituent

ppb Parts per billion

ppm Parts per million

ppmv Parts per million by volume

ppt Parts per trillion

U.S. EPA Region 6
Multimedia Planning and Permitting Division
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PQL Practicd quantitation limit

PU Polyurethane

QA Quality assurance

QARP Quality assurance project plan

QC Quiality control

RCRA Resource Conservation and Recovery Act

RfC Reference concentration

RfD Reference dose

RME Reasonabl e maximum exposure

RPF Relative potency factor

RTDM Rough terrain diffusion model

RTDMDEP Rough terrain diffusion model depostion

S Second

SAMSON Solar and Meteorological Surface Observational Network

SCAPA Subcommittee on Consequence Assessment and Protective Actions

SCRAM Support Center for Regulatory Air Models

SF Slope factor

SLERA Screening leve ecological risk assessment

SOCMI Synthetic Organic Chemical Manufacturing Industries

SQL Sample quantitation limit

SRA Screening ranges approach

SvOoC Semivolatile organic compound

SW-846 U.S. Environmentd Protection Agency Test Methods for Evaluating Solid Waste

TCDD Tetrachlorodibenzo(p)dioxin

TDA Toluenediamine

TDI Toluene diisocyanate

TEELs Temporary emergency exposure limits

TEF Toxicity equivalent factor

TEQ Toxicity equivalent quotient

TG Terrain grid

TIC Tentatively identified compound

TLV Threshold limit value

TOC Total organic carbon

TOE Total organic emissons

TSD Treatment, storage, and disposal

TTN Technology transfer network

TWA Time-wei ghted average

U/BK Uptake/biokinetic

USCA Unit-Specific Correlation Approach

USDA U.S. Department of Agriculture

U.S. EPA Region 6 U.S.EPA

Multimedia Planning and Permitting Division Office of Solid Waste
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U.S. EPA U.S. Environmental Protection Agency

USGS U.S. Geological Survey

USLE Universal soil loss equation

UTM Universal transverse mercator

vVOC Volatile organic compound

WHO World Health Organization
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INDEXED LIST OF VARIABLES
[Sections]/
Variable Units Definition Equations
Y unitless Empirical constant used to generate Rp
A, unitless Dimensionless viscous sublayer thickness 5-41B; 5-42B; B-4-
20; B-4-21
K, g/cm-s Viscosity of air 5-42B; B-4-21
K, g/cm-s Viscosity of water corresponding to water 5-41B; B-4-20
temperature
P, g/cm® or g/m® Density of air 5-18; 5-41-B; 5-
42B; B-2-8; B-3-8;
B-4-20; B-4-21
P, kg/L Bed sediment density used to generate 6,
P glem® Solids particle density 5-7a; B-1-6; B-2-6;
B-3-6; B-4-6
[ glem® Density of water corresponding to water 5-41B; B-4-20
temperature
0 unitless Temperature correction factor 5-40; B-4-19
0,, unitless Bed sediment porosity 5-36B; 5-37; 5-47;
B-4-16; B-4-25
0,, mL water/em®  Soil volumetric water content [5.2.4.4]; 5-4; 5-5A;
soil 5-7A; 5-7C; 5-32; 5-
33; B-1-3; B-1-4; B-
1-5; B-1-6; B-2-3;
B-2-4; B-2-5; B-2-6;
B-3-3; B-3-4; B-3-5;
B-3-6; B-4-3; B-4-4;
B-4-5; B-4-6; B-4-
10; B-4-11
0, cm¥cm® Soil void fraction 5-7B; 5-7C
a unitless Empirical intercept coefficient 5-34; B-4-14
Apees mg COPC/kg FW Concentration of COPC in beef [5.4.4]; 5-22; B-3-
tissue 10
A dhicken mg COPC/kg FW Concentration of COPC in chicken meat [5.6.1]; 5-26; B-3-
tissue 14
ADD mg COPC/kg Average daily dose 6-1
BW -day
ADD, ;. pg COPC/kg BW Average daily dose for infant exposed to C-3-2
infant/day contaminated breast milk
ADD,,, pg COPC/kg BW Average daily dose (mother)
mother/day
AEF kg/hr-source Applicable average emission factor for the
equipment type
A poq mg COPC/kg FW Concentration of COPC in eggs [5.6.1]; C-1-3
tissue
Ah m? Area planted used to estimate Y p
Ahi m? Area planted to ith crop see Ah
A, m? Impervious watershed area receiving COPC 5-31; 5-32; 5-33; 5-

deposition

36C; B-4-9; B-4-10
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[Sections]/
Variable Units Definition Equations
A, m? Tota watershed area receiving COPC deposition  5-32; 5-33; 5-34; 5-
36C; 5-43; B-4-10;
B-4-11;B-4-14; B-4-
22
milk mg COPC/kg FW Concentration of COPC in milk [5.4.5]; 5-24; B-3-
tissue 11
Ay mg COPC/kg FW Concentration of COPC in pork [5.5.1]; 5-25; B-3-
tissue 12
AT days Averaging time [6.5]; 6-1; C-1-7; C-
1-8; C-3-1
A, m? Water body surface area [4.1.2]; 5-29; 5-30;
5-35; 5-36C; 5-43;
B-4-8; B-4-12; B-4-
15; B-4-22
b unitless Empirical slope coefficient 5-34; B-4-14
Ba,,,, day/kg FW tissue Biotransfer factor for beef 5-22; [A2.5.1]; A-2-
16; B-3-10
Ba pen day/kg FW tissue Biotransfer factor for chicken 5-26; [A2.5.3]; B-3-
14
Ba,,, day/kg FW tissue Biotransfer factor for eggs 5-26; [A2.5.3]; A-2-
18; B-3-13
BAF,,, L/kg FW tissue  Bioaccumulation fector for fish 5-49; [A2.5.4]; B-4-
27
Ba,, day/kg FW tissue Biotransfer factor for milk 5-24; [A2.5.1]; A-2-
17; B-3-11
Ba,,, day/kg FW tissue Biotransfer factor for pork 5-25; [A2.5.2]; B-3-
12
BCF,, unitless Bioconcentration factor for fish 5-48; [A2.5.4]; B-4-
(mg COPC/kg 26
FW tissue)/(mg
COPC/kg
dissolved water)
BD g soil/cm®soil  Soil bulk density [5.2.4.2]; 5-4; 5-5A;
5-7A; 5-11; 5-32; 5-
33;B-1-1; B-1-3; B-
1-4; B-1-5; B-1-6;
B-2-1; B-2-3; B-2-4;
B-2-5; B-2-6; B-3-1;
B-3-3; B-3-4; B-3-5;
B-3-6; B-4-1; B-4-3;
B-4-4; B-4-5; B-4-6;
B-4-10; B-4-11
Br,, unitless Plant-soil bioconcentration factor for 5-20A; [A2.4.3]; A-
aboveground produce 2-14A; B-2-9
BFyyage unitless Plant-soil bioconcentration factor for forage 5-20A; [A2.4.3]; A-
(ng COPC/g DW 2-14B; B-3-9
plant)/(ng
COPC/g soil)
U.S. EPA Region 6 U.S.EPA

Multimedia Planning and Permitting Division .
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[Sections]/

Variable Units Definition Equations

Br gy unitless Plant-soil bioconcentration factor for COPCin 5-20A; [A2.4.3]; A-
(ng COPC/g DW grain 2-14B; B-3-9
plant)/(ng
COPC/g soil)

BT ppiveq unitless Plant-soil bioconcentration factor for COPCin 5-20B; [A2.4.2]; A-
(ng COPC/g FW  helowground produce 2-13; B-2-10
plant)/(ug
COPC/g soil)

Bs unitless Soil bioavailability factor [5.4.4.6]; 5-22; 5-

24; 5-25; 5-26; B-3-
10; B-3-11; B-3-12;
B-3-13; B-3-14
BSAF unitless Biota-to-sediment accumul ation factor [5.75]; 5-50;
[A2.5.4.3]; B-4-28
By unitless COPC air-to-plant biotransfer factor for 5-18; [A2.4.4]; A-2-

ag

viorage/.v[lage

(mg COPC/kg

lipid tissue)/(mg

COPCl/kg
sediment)
unitless

aboveground produce (ng COPC/g DW
plant)/(n.g COPC/g air)—unitless

Air-to-plant biotransfer factor for forage and

15A&B; B-2-8

5-18; [A2.4.4]; A-2-

(ng COPC/g DW  gilage 15A&B; B-3-8
plant)/(ng
COPC/g air)
C unitless USLE cover management factor 5-33A; B-4-13
C, ug/m? Total COPC air concentration [6.1]; 7-1; 7-5; B-5-
1; C-2-1; C-2-2; C-
31
Ce Acute air concentration (mg/m®) 7-9; B-6-1; C-4-1
Cancer Risk;  unitless Individud lifetime risk through indirect exposure  7-3; C-1-7
to COPC carcinogen i
Cancer unitless Individud lifetime cancer risk through direct C-2-1
Risk;,g inhalation of COPC carcinogen i
Cas g sediment/cm®  Bed sediment concentration (or sediment bulk 5-36A; 5-37; 5-43;
water density) 5-47; B-4-16; B-4-
22; B-4-25
C, unitless Drag coefficient 5-41B; 5-42B; B-4-
20;
. mg COPC/L Dissolved phase water concentration [5.7.4.9]; 5-46; 5-
water 48; 5-49; B-4-24; B-
4-26; B-4-27; C-1-5
Ciis mg COPC/kg FW Concentration of COPC in fish [5.7.5]; 5-48; 5-49;
tissue 5-50; B-4-28; C-1-4
Chv ug-s/g-m* Unitized hourly air concentration from vapor B-6-1
phase
Chp ug-s'g-m* Unitized hourly air concentration from particle B-6-1
phase
Chpb Hg-s/g-m® Unitized hourly air concentration from particle-

bound phase
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[Sections]/
Variable Units Definition Equations
Cs mg COPCl/kg soil Average soil concentration over exposure [5.2.1]; 5-1C&D; 5-
duration 20A&B; 5-22; 5-24;

5-25; 5-26; 5-32; 5-

33; B-1-1; B-2-1; B-
2-9; B-2-10; B-3-1,

B-3-9; B-3-10; B-3-
11; B-3-12; B-3-13;
B-3-14; B-4-1; B-4-
10; B-4-11

C, mg COPC/kg Concentration sorbed to bed sediment [5.7.4.10]; 5-47; 5-
sediment 50; B-4-25; B-4-28
CSF (mg/kg-day)™ Cancer slope factor 7-2; [A2.6.2]; C-1-7
Cs,, mg COPC/kg soil Soil concentration at time ¢tD [5.2.1]; 5-1E; B-1-1;
B-2-1; B-3-1; B-4-1;
C-3-1
Cnn mg COPCI/L Tota COPC concentration in water column [5.7.4.8]; 5-45; 5-

water column 46; B-4-23; B-4-24

Ctor g COPC/m*water Total water body COPC concentration including  [5.7.4]; 5-35; 5-45;
body (ormg/L)  water column and bed sediment 5-47; B-4-15; B-4-
23; B-4-25
Cyp png-s/'g-m* Unitized yearly average air concentration from [3.8.3.2]; B-5-1
particle phase
Cyv ng-s/ig-m* Unitized yearly average air concentration from [3.8.3.1]; 5-18; B-2-
vapor phase 8; B-3-8; B-5-1
Cywy ng-s/g-m* Unitized yearly (water body and watershed) [3.8.3.1]; 5-30; B-4-
average air concentration from vapor phase 12
D, cms Diffusivity of COPC in air 5-7A; 5-42B;
[A2.3.5]; A-2-2A;
B-1-6; B-2-6; B-3-6;
B-4-6; B-4-21
d,, m Depth of upper benthic sediment layer 5-35; 5-36A; 5-43;
5-45; 5-47; B-4-15;
B-4-16; B-4-18; B-
4-22; B-4-23; B-4-
25
D,... Mean particle size density for a particular filter 31
cut size
Ds mg COPC/kg Deposition term [5.2.3]; 5-1C, D&E;
soil-yr 5-36C; B-1-1; B-2-
1, B-3-1; B-4-1
d, m Depth of water column [4.1.2]; 5-35; 5-
36A; 5-45; 5-47; B-
4-15; B-4-16; B-4-
18; B-4-23; B-4-25
D, cm?/s Diffusivity of COPC in water 5-41A& B; [A2.3.5];
A-2-2B; B-4-20
U.S. EPA Region 6 U.S. EPA
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Variable Units Definition Equations
Dydp s/m?-yr Unitized yearly average dry deposition from [3.8.3.2]; 5-11; 5-
particle phase 14; B-1-1; B-2-1; B-
2-7,B-3-1; B-3-7
Dydv s/mP-yr Unitized yearly average dry deposition from [3.8.3.2]; 5-11; 5-
vapor phase 14; B-1-1; B-2-1; B-
2-7,B-3-1; B-3-7
Dytwp sim?-yr Unitized yearly (water body or watershed) [3.8.3.2]; 5-29; 5-
average total (wet and dry) deposition from 31; B-4-1; B-4-8; B-
particle phase 4-9
Dywp sim?yr Unitized yearly average wet deposition from [3.8.3.2]; 5-11; 5-
particle phase 14; B-1-1; B-2-1; B-
2-7,B-3-1; B-3-7
Dywv s/m*-yr Unitized yearly average wet deposition from [3.83.2]; 5-11; 5-
vapor phase 14; B-1-1; B-2-1; B-
2-7,B-3-1; B-3-7
Dytwv sim>yr Unitized yearly (water body or watershed) [3.8.3.2]; 5-29; 5-
average total (wet and dry) deposition from 31;B-4-1; B-4-8; B-
vapor phase 4-9
d. m Total water body depth 5-36A; 5-39; 5-41A;
B-4-16; B-4-18; B-
4-20
ED yr Exposure duration 6-1; C-1-7; C-1-8;
C-3-1;C-3-2
EF days/yr Exposure frequency 6-1; C-1-7; C-1-8;
C-3-1
ER unitless Soil enrichment ratio 5-33; B-1-3; B-2-3;
B-3-3; B-4-3; B-4-
11
E, cm/yr Average annual evapotranspiration 5-5A; B-1-5; B-2-5;
B-3-5; B-4-5
T unitless Fraction of total water body COPC concentration  [5.7.4.1]; 5-36B; 5-
in benthic sediment 38;5-47; B-4-16; B-
4-17; B-4-25
F. unitless Fraction of plant type i grown on contaminated 5-22; 5-24; 5-25; 5-
soil and eaten by the animal 26; B-3-10; B-3-11;
B-3-12; B-3-13B-3-
14
Siipia unitless Fish lipid content 5-50; B-4-28
Fw unitless Fraction of COPC wet deposition that adheresto  5-14; B-2-7; B-3-7
plant surfaces
o unitless Fraction of total water body COPC concentration  [5.7.4.1]; 5-35; 5-

in the water column

36A; 5-38; 5-45; B-
4-15; B-4-16; B-4-
17; B-4-23
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Variable Units Definition Equations
F, unitless Fraction of COPC air concentration in vapor [3.2]; 5-11; 5-14; 5-
phase 18; 5-29; 5-30; 5-31;
B-1-1; B-2-1, B-2-7,
B-2-8; B-3-1, B-3-7,
B-3-8; B-4-1; B-4-8;
B-4-9; B-4-12; B-5-
1; B-6-1
H atm-m*mol Henry’s Law constant 5-7A; 5-30; 5-40;
[A2.3.4]; A-2-1; B-
1-6; B-2-6; B-3-6;
B-4-6; B-4-12; B-4-
19
HI unitless Hazard index 7-6; 7-7; C-1-11
HI, unitless Hazard index for exposure pathway | C-1-10
HQ unitless Hazard quotient 7-5;C-1-8
HQ; unitless Hazard quotient for COPC i 7-6
HO, iy unitless Hazard quotient for direct inhalation of COPC C-2-2;,C-2-4
I cm/yr Average annual irrigation 5-5A; B-1-5; B-2-5;
B-3-5; B-4-5
l; mg/day Daily intake of COPC (i) from animal tissue [6.2.2]; C-1-3
K unitless von Karman’s constant 5-41B; 5-42B; B-4-
20; B-4-21
K ton/acre USLE erodibility factor 5-33A; B-4-13
K, yrét Benthic burial rate constant [5.7.4.7]; 5-38; 5-
43; 5-44; B-4-17
Kd,, cm?®water/g Bed sediment/sediment pore water partition 5-36B; 5-47;
bottom sediment  coefficient [A2.3.8]; A-2-8C;
B-4-16; B-4-25;
Kd; unitless Partition coefficient for COPC i associated with
sorbing material j
Kd, cmwater/g soil  Soil-water partition coefficient 5-4; 5-5A; 5-7A; 5-
20B; 5-32; 5-33;
[A2.3.8]; A-2-8A;
B-1-3; B-1-4; B-1-5;
B-1-6; B-2-3; B-2-4;
B-2-5; B-2-6; B-2-
10; B-3-3; B-3-4; B-
3-5; B-3-6; B-4-3;
B-4-4; B-4-5; B-4-6;
B-4-10; B-4-11
Kd,, L water/kg Suspended sediments/surface water partition 5-36A; 5-39; 5-46;
suspended coefficient [A2.3.8]; A-2-8B;
sediment B-4-16; B-4-18; B-
4-24
Ks mly Gas phase transfer coefficient [5.7.4.6]; 5-40; 5-

42A&B; B-4-19; B-
4-21
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Units

Definition

[Sections]/
Equations

ks

kse

ksg

ksl

ksr

ksv

wt

m/yr

mL water/g soil

unitless

(mg COPCI/L
octanol)/(mg
COPC/L octanol)

Liquid phase transfer coefficient

Soil organic carbon-water partition coefficient

Octanol-water partition coefficient

Plant surface |oss coefficient

COPC soil loss constant due to all processes

COPC loss constant due to soil erosion

COPC loss constant due to biotic and abiotic

degradation

COPC loss constant due to leaching

COPC loss constant due to surface runoff

COPC loss constant due to volatilization

Woater column volatilization rate constant

Overal COPC transfer rate coefficient

Overall total water body dissipation rate constant

[5.7.4.5]; 5-40; 5-
41A&B; B-4-19; B-
4-20

[A2.3.7]; A-2-4; A-
2-5; A-2-6; A-2-7;
[A2.3.6]; A-2-4; A-
2-5; A-2-6; A-2-7;
A-2-12A&B; A-2-
14A&B; A-2-15A;
A-2-16; A-2-17; A-
2-19

[5.3.1.2]; 5-14; B-2-
7,B-3-7

[5.2.2]; 5-1C, D&E;
B-1-1; B-1-2; B-2-
1; B-2-2; B-3-1; B-
3-2; B-4-1; B-4-2;
[5.2.2.2]; 5-2A; B-
1-2; B-1-3; B-2-2;
B-2-3; B-3-2; B-3-3;
B-4-2; B-4-3
[5.2.2.1]; 5-2A;
[A2.3.9]; A-2-9; B-
1-2;; B-2-2; B-3-2;
B-4-2

[5.2.2.4]; 5-2A; 5-
5A; B-1-2; B-1-5;
B-2-2; B-2-5; B-3-
2;B-3-5; B-4-2; B-
4-5

[5.2.2.3]; 5-2A; 5-4;
B-1-2; B-1-4; B-2-2;
B-2-4; B-3-2; B-3-4;
B-4-2; B-4-4
[5.2.2.5]; 5-2A; 5-
7A; B-1-2; B-1-6;
B-2-2; B-2-6; B-3-2;
B-3-6; B-4-2; B-4-6
[5.7.4.3]; 5-38; 5-
39; B-4-17; B-4-18
[5.7.4.4]; 5-30; 5-
39; 5-40; B-4-12; B-
4-18; B-4-19
[5.7.4.2]; 5-35; 5-
38; B-4-15;B-4-17

LADD

m

mg COPC/kg
BW -day

M onin-Obukhov Length
Lifetime average daily dose

[3.5.1]
7-2
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Variable Units Definition Equations
Lyp glyr Total (wet and dry) particle phase and vapor [5.7.1.1]; 5-28; 5-
phase COPC direct deposition load to water body ~ 29; B-4-7; B-4-8
Ly glyr Vapor phase COPC diffusion load to water body ~ [5.7.1.2]; 5-28; 5-
30; B-4-7; B-4-12
leak rate kg/hr Emission rate from the individual item of [2.2.6.1]
equipment
L, alyr Soil erosion load [5.7.1.5]; 5-28; 5-
33; B-4-7; B-4-11
L, glyr Runoff load from pervious surfaces [5.7.1.4]; 5-28; 5-
32; B-4-7; B-4-10
Ly, glyr Runoff load from impervious surfaces [5.7.1.3]; 5-28; 5-
31; B-4-7, B-4-9
L, alyr Total COPC load to thewater body including [5.7.1]; 5-28; B-4-7;
deposition, runoff, and erosion B-4-15
LS unitless USL E length-slope factor 5-33A; B-4-13
i g Mass of athin (skin) layer of below ground 5-19
vegetable
vegetable g Mass of the entire vegetable 5-19
MF unitless Metabolism factor [5.4.4.7]; 5-22; 5-
24;5-25; B-3-10; B-
3-11; B-3-12
MW g/mole Molecular weight [A2.3.1]; A-2-1
ocC,,, unitless Fraction of organic carbon in bottom sediment 5-50; B-4-28
r° atm Liquid phase vapor pressure of chemical A-2-11
P atm Solid phase vapor pressure of chemical A-2-11
P cm/yr Average annual precipitation 5-5A; B-1-5; B-2-5;
B-3-5; B-4-5
PF unitless USLE supporting practice factor 5-33A; B-4-13
Pd mg COPC/kg Aboveground exposed produce concentration [5.3.1]; 5-14; 5-23;
bW due to direct (wet and dry) deposition ontoplant ~ B-2-7; B-3-7; C-1-2
surfaces
P, mg/kg DW Total COPC concentrationin plant type [5.4.4.3]; 5-22; 5-
ingested by the animal 23; 5-24; 5-25; 5-
26;5-27; B-3-10; B-
3-11; B-3-12; B-3-
13; B-3-14
Pr mg COPC/kg Aboveground exposed and protected produce [5.3.3]; 5-20A&B;
bW concentration due to root uptake 5-23; 5-27; B-2-9;
B-3-9; C-1-2
Pr,, mg COPC/kg Belowground produce concentration dueto root B-2-10; C-1-2
bW uptake
Pv mg COPC/kg Concentration of COPC in plant due to air-to- [5.3.2]; 5-18; 5-23;
DW B-2-8; B-3-8; C-1-2

plant transfer
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INDEXED LIST OF VARIABLES (contd.)
[Sections]/
Variable Units Definition Equations
0 gis COPC emisson rate 5-11; 5-14; 5-18; 5-
29; 5-30; 5-31; B-1-
1; B-2-1; B-2-7; B-
2-8; B-3-1;B-3-7;
B-3-8; B-4-1; B-4-8;
B-4-9; B-4-12; B-5-
1; B-6-1
0, gls Emission rate of COPC (i)
Oty g/s Adjusted emission rate of COPC (i)
0P uay g/s Adjusted emission rate of Table A-1
carcinogenic COPC (i)
Ocp, g/s Emission rate of Table A-1 carcinogenic COPC
()
0, wW/m? Anthropogenic hea flux [3.5.7]
Op; kg DW/day Quantity of plant type i ingested by the animal [5.4.4.2]; 5-22; 5-
each day 24; 5-25; 5-26; B-3-
10; B-3-11; B-3-12;
B-3-13; B-3-14
Os kg/day Quantity of soil ingested by the animal each day
0. W/m? Net radiation absorbed [3.5.8]
r unitless I nterception fraction—the fraction of material in
rain intercepted by vegetation and initially
retained
R atm-m¥mol-K Universal gas constant 5-7A; 5-30; 5-40; A-
2-11; B-1-6; B-2-6;
B-3-6; B-4-6; B-4-
12; B-4-19
RCF (mg COPC/g DW Root concentration factor 5-20B; [A2.4.1]; A-
plant)/(nmg 2-12A&B; A-2-13;
COPC/mL soil B-2-10
water)
RO cm/yr Average annual surface runoff from pervious 5-4; 5-5A; 5-32; B-
surfaces 1-4; B-1-5; B-2-4;
B-2-5; B-3-4; B-3-5;
B-4-4; B-4-5; B-4-
10
REL California EPA Air ToxicsHot Spots Program [7.4.2]
acute reference exposure levels
RF yrt USLE rainfal (or erosivity) factor 5-33A; B-4-13
RfC Inhalation reference dose 7-5; [A2.6.1]; C-2-2
RfD mg COPC/kg Oral reference dose 7-5; [A2.6.1]; C-1-8
body weight/day
Rp unitless Interception fraction of the edible portion of [5.3.11]; 5-14; B-2-
plant 7; B-3-7
S mg COPC/L Solubility of COPC in water [A2.3.3]; A-2-1
water
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INDEXED LIST OF VARIABLES (contd.)
[Sections]/
Variable Units Definition Equations
SD unitless Sediment delivery ratio [5.7.3]; 5-33; 5-34;
5-36C; 5-43; B-1-3;
B-2-3; B-3-3; B-4-3
DSt unitless Entropy of fusion [)S;/R = 6.79] A-2-11
SF (mg/kg-day)™ Slope factor
S, cm?/cm? air Whitby’s average surface area of particulates A-2-11
(aerosols)
T, K Ambient air temperature [3.4.2]; 5-7A; A-2-
11; B-1-6; B-2-6; B-
3-6; B-4-6
T, yr Time period at the beginning of combustion 5-1D; B-1-1; B-2-1;
B-3-1; B-4-1
T, yr Length of exposure duration 5-1C&D; B-1-1; B-
2-1; B-3-1; B-4-1
tD yr Time period over which deposition occurs (time  5-1C, D&E; B-1-1;
period of combustion) B-2-1; B-3-1; B-4-1
T K Melting point of chemical [A2.3.2]
Tp yr Length of plant exposure to deposition per [5.3.1.3]; 5-14; 5-
harvest of edible portion of plant §67; 5-21; B-2-7; B-
tp; yr Length of plant’s exposure to deposition per 5-13
harvest of the edible portion of the i th plant
group
Total Cancer  unitless Individual lifetime cancer risk through indirect 7-3;7-4; C-1-9
Risk exposure to all COPC carcinogens
Total Cancer  unitless) Total individual lifetime cancer risk through C-2-3
Riskisy direct inhalation of all COPC carcinogens
TSS mg/L Total suspended solids concentration 5-36A,; 5-36C; 5-39;
5-43; 5-46; B-4-16;
B-4-18; B-4-22; B-
4-24
Tk K Water body temperature 5-30; 5-40; B-4-12;
B-4-19;
Lo days Half-time of COPC 5-15
u m/s Current velocity 5-41A; B-4-20
URF :g/m’ Unit risk factor 7-1: C-2-1
VA, m/yr Average volumetric flow rate through water body  5-35; 5-36C; 5-43;
B-4-15; B-4-22;
VG, unitless Empirical correction factor for aboveground [5.3.2.1; 5.4.2.1]; 5-
produce (forage and silage) 18; B-2-8; B-3-8
VG ooveg unitless Empirical correction factor for below ground 5-19; 5-20B; B-2-10
produce
Vp atm Vapor pressure of COPC [A2.3.3]; A-2-1
W m/s Average annual wind speed [3.4.1]; 5-41B; 5-
42B; B-4-20; B-4-
21
W, m/yr Rate of burial 5-44
U.S. EPA Region 6 U.S. EPA

Multimedia Planning and Permitting Division

Center for Combustion Science and Engineering

XXiX

Office of Solid Waste



Human Health Risk Assessment Protocol

Contents September 2005
INDEXED LIST OF VARIABLES (contd.)
[Sections]/
Variable Units Definition Equations
X, kg/m?-yr Unit soil loss [5.7.2]; 5-33; 5-
33A; 5-36C; 5-43;
B-1-3; B-2-3; B-3-3;
B-4-3; B-4-11; B-4-
13; B-4-22
Yh kg DW Dry harvest yield
Yh, kg DW Harvest yidd of ith crop
Yp kg DW/m? Yield or standing crop biomass of edible portion  [5.3.1.4; 5.4.1.4]; 5-
of plant (productivity) 14; B-2-7; B-3-7
Yp, kg DW/m? Yield or standing crop biomass of the edible 5-13
portion of the plant (productivity)
Z, cm Soil mixing zone depth [5.2.4.1]; 5-4; 5-5A;
5-7A&B; 5-11; B-1-
1; B-1-3; B-1-4; B-
1-5; B-1-6; B-2-1;
B-2-3; B-2-4; B-2-5;
B-2-6; B-3-1; B-3-3;
B-3-4; B-3-5; B-3-6;
B-4-1; B-4-3; B-4-4;
B-4-5; B-4-6
0.01 kg cm?mg-m? Units conversion factor
10° g/ug Units conversion factor
10° kg/mg Units conversion factor
0.31536 m-g-s'cm-pg-yr  Units conversion factor
365 daysf/yr Units conversion factor
907.18 kg/ton Units conversion factor
0.1 g-kg/lem?-m? Units conversion factor
0.001 g/mg Units conversion factor
100 mg-cm?kg-cm®  Units conversion factor
1000 mg/g Units conversion factor
4047 m?/acre Units conversion factor
1x10° g/kg Units conversion factor
3.1536 x 10" slyr Units conversion factor
U.S. EPA Region 6 U.S.EPA
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Chapter 1: INTRODUCTION

What’s Covered in Chapter 1:

1.1  Objective and Document Organization
1.2 Background

1.3  Using this Document

1.4  Primary Reference Documents

1.5 Risk Nomenclature

11 OBJECTIVE AND DOCUMENT ORGANIZATION

The U.S. Environmental Protection Agency’s (“U.S. EPA” or “the Agency”) Office of Solid Waste
(OSW) has developed an approach for conducting multi-pathway, site-specific human health risk
assessments on Resource Conservation and Recovery Act (RCRA) hazardous waste combustors. The
approach, also known as the Human Health Risk Assessment Protocol (“HHRAP” or “protocol”) can be
used where the permitting authority determines such risk assessments are necessary. The HHRAP

replaces an earlier Peer Review Draft published in July 1998.

PLEASE NOTE: for the purposes of this guidance, “we” refers to the U.S. EPA OSW.

The HHRAP is written for the benefit of a varied audience, including risk assessors,
regulators, risk managers, and community relations personnel. However, the “you” to
which we speak is the performer of a risk assessment: the person (or persons) who will
actually put the recommended methods into practice.
___________________________________________________________________________________________________________|]

Our primary objective in developing the protocol was to offer a user-friendly approach to performing site-
specific combustion risk assessments. We wanted to develop a guidance document that would:

. be useful to a diverse group of users: risk assessors, permit writers, risk managers, and
community relations personnel;

U.S. EPA Region 6 U.S. EPA
Multimedia Planning and Permitting Division Office of Solid Waste
Center for Combustion Science and Engineering 1-1
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. provide a logical method for doing risk assessments of facilities that burn hazardous waste;

. completely explain the reason for each recommended procedure and parameter value;

. provide a comprehensive enough collection of default input parameters to conduct a risk

assessment. The collection would also be flexible enough to accommodate regional or
site-specific information; and finally

. make sufficient tools available to produce transparent, defensible, and realistic results. When
coupled with an ecological assessment (U.S. EPA 1999a), these tools would provide critical
information often needed by risk managers when faced with the decision of permitting a
hazardous waste combustion facility.

The HHRAP brings together information from other risk assessment guidance and method documents
prepared by U.S. EPA and state environmental agencies. It also contains the latest advancements in risk
assessment science, as well as experience EPA has gained through conducting and reviewing combustion
risk assessments. This version of the protocol also addresses the comments put forward by the public and

external scientific peer reviewers regarding earlier drafts of the HHRAP.

The first volume of the HHRAP contains the main body of the document, providing a detailed
explanation of a risk assessment approach that we recommend you consider when conducting a risk
assessment. The second volume contains the appendices, including:

Appendix A: a collection of chemical-specific information which might be of interest -

. A-1 - a compilation (from various EPA sources) of compounds of potential
interest;
. A-2 - Compound-specific parameter value information. Details the sources of, or

equations used to calculate, parameter values used in fate & transport-,
biotransfer-, exposure-, and toxicity-related equations. Parameter values
themselves are found in a companion database to the HHRAP, which is also
available for download.

Appendix B: Equations and recommended default variable values for estimating media
concentrations; and

Appendix C: Equations and recommended default variable values for estimating potential cancer
risk and non-cancer health effects.

U.S. EPA Region 6 U.S. EPA
Multimedia Planning and Permitting Division Office of Solid Waste
Center for Combustion Science and Engineering 1-2
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Please Note: Although these guidelines address many types of situations encountered in
the field, they cannot encompass every potential situation. You should ensure that the
recommendations in this guidance are appropriate for the facility, based on site-specific
information and/or circumstances.

This protocol is a “snapshot” of current risk assessment science, and we encourage you to evaluate
updates and alternatives to the recommended parameters (e.g., toxicological benchmarks; exposure
factors) when they become available. If you use alternative values, however, keep in mind how changes
in one parameter may affect other parameter values and/or calculations. We may revise the protocol in

the future if any of the following become available:

. new research in risk assessment science and/or the combustion field;
. new information gathered while conducting site-specific risk assessments; and
. new initiatives introduced by the Agency.

These types of changes are inevitable in this evolving and highly technical field.

1.2 BACKGROUND!

Hazardous waste combustors are required to meet RCRA national performance standards and obtain a
permit under 40 CFR Part 264, Subpart O; Part 266, Subpart H; and Part 270.% In addition,

Section 3005(c)(3) of RCRA [codified at 270.32(b)(2)] requires that each permit contain the terms and
conditions that the permitting authority considers necessary to protect human health and the environment.

This is commonly referred to as the “omnibus authority.” The omnibus authority gives the Agency both

1 This section summarizes the historical context of regulatory authority and associated policy regarding hazardous
waste combustion site-specific risk assessment under the RCRA program. This discussion is not intended to update, revise or
articulate new guidance or policy. Nor is it intended to update, revise or provide any new interpretations of any statutory or
regulatory authority, including those relevant to the RCRA 3005(c)(3) “omnibus authority”. In addition, it is not intended to
reopen for consideration any statutory or regulatory interpretations of other related guidance documents, or the MACT rule (64
FR 52828).

2 \When combustion sources demonstrate compliance with the Part 63, Subpart EEE MACT standards, they may
request that certain RCRA permit conditions (e.g., those based on the national performance standards) be removed from their
RCRA permit, because they are no longer applicable, through a class 1 permit modification request with prior agency approval.
In some cases, RCRA performance standards may be retained in the RCRA permit if they are more stringent than the relevant
MACT standard.

U.S. EPA Region 6 U.S. EPA
Multimedia Planning and Permitting Division Office of Solid Waste
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the authority and the responsibility to set up site-specific RCRA permit conditions as necessary to “be
protective of human health and the environment.” These permit conditions are intended to supplement,
not replace those conditions that are already required under the national performance standards [See
Federal Register 1999 (MACT Rule)].

The RCRA national performance standards for incinerators were published in 1981 (40 CFR Part 264,
Subpart O) and for boilers and industrial furnaces in 1991 (40 CFR Part 266, Subpart H). Since then,
however, new information on indirect exposure pathways and non-dioxin products of incomplete

combustion (PICs) suggests that these standards may not fully address all potentially significant risks.

For example the RCRA national standards were based on estimates of risk only from direct exposure to
(i.e. inhaling) stack emissions. New information suggests risks from indirect exposures (e.g. ingesting
contaminated soil, food, or water) are also important (Federal Register 1999). Bioaccumulation tends to
concentrate some chemicals as they migrate through the environment. These higher concentrations can
lead to exposures and risks of concern. For example, Fradkin et al. (1988) linked elevated levels of
chemical pollutants in soils, lake sediments, and cow’s milk to atmospheric transport and deposition of
pollutants from combustion sources. Also, the 1994 Draft Health Reassessment of Dioxin-Like
Compounds (U.S. EPA 1994a), and the 1997 Mercury Study Report to Congress (U.S. EPA 1997c),

indicate that indirect exposure pathways can lead to significant risks.

Indirect exposure pathways weren’t directly taken into account by the 1981 and 1991 hazardous waste
combustion standards. The regulations also didn’t take into account the uncertainty surrounding the types
and quantities of non-dioxin products of incomplete combustion (non-dioxin PICs) or any potential risks

posed by these compounds.

To address these concerns, the Agency issued the Hazardous Waste Minimization and Combustion
Strategy in 1994. This strategy recommended conducting a site-specific risk assessment for each
combustion facility seeking a RCRA permit. Permitting authorities could use the results of an assessment

to determine, on a case-by-case basis, if a combustor operating in accordance with the performance

U.S. EPA Region 6 U.S. EPA
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standards is protective of human health and the environment. If the permitting authority finds that the
combustor operating in accordance with the performance standards is not protective of human health and
the environment, the permitting authority would invoke the “omnibus authority” and either add additional
conditions to the RCRA permit, or deny the RCRA permit. The permitting authority must explain the
reasons for any additional permit conditions in the administrative record of the facility (Federal Register
1999).

In 1999 the Agency updated its earlier site-specific risk assessment recommendation, to account for the
Phase 1 Maximum Achievable Control Technology (MACT) standards for hazardous waste incinerators,
cement Kilns, and lightweight aggregate kilns (see 64 FR 52828). While the Phase 1 MACT standards
provide additional protection, we recognize that there may continue to be circumstances for which site-
specific risk assessments are appropriate. For example, a site-specific risk assessment might be
appropriate if there is reason to believe that operating in accordance with Phase 1 MACT standards alone
may not be protective of human health and the environment. So, in the MACT standards rulemaking, we
recommend that the permitting authority evaluate the need for a site-specific risk assessment on a case-
by-case basis. For hazardous waste combustors not subject to the Phase 1 MACT standards, such as
boilers and industrial furnaces, we continue to recommend that site-specific risk assessments generally be
conducted as part of the RCRA permitting process (see Federal Register 1999).

As part of the September 2005 rule finalizing MACT standards for hazardous waste-burning incinerators,
cement Kilns, lightweight aggregate kilns, boilers, and industrial furnaces, we maintain virtually the same
the site-specific risk assessment policy recommendation as conveyed in the 1999 final rule preamble (see
previous paragraph)®. That policy, which establishes that the need for an SSRA should be determined on

a case-by-case basis, now applies equally to both Phase 1 and Phase 2 sources.

® The standards for Phase 1 sources (incinerators, cement kilns, and lightweight aggregate kilns) are
referred to as Replacement Standards. The Replacement Standards replace the February 13, 2002 Interim Standards
that were developed in response to a court decision to vacate challenged portions of the 1999 Phase 1 MACT final
standards. Thus, the 2005 final rule establishes MACT standards for both Phase 1 and Phase 2 (boilers and
industrial furnaces) sources.

U.S. EPA Region 6 U.S. EPA
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In addition, the 2005 final rule codifies additional regulatory language that provides the authority for
SSRAs. Although a comparative risk analysis conducted for the 2005 final rule concluded that the
MACT standards for both Phase 1 and Phase 2 sources are generally protective, there may be instances
where we cannot be assured that emissions from each source will be protective of human health and the
environment. Because we believe that SSRAs are likely to continue to be necessary at some facilities
(i.e., mainly those that have not previously conducted an SSRA), we have codified language in
88§270.10(1) and 270.32(b)(3) that explicitly provides for the permit authority to require SSRAs on a
case-by-case basis and add conditions to RCRA permits based on SSRA results, respectively. The
language also reminds permit authorities that the determination that the MACT standards may not be
sufficiently protective is to be based only on factors relevant to the potential risk from the hazardous
waste combustion unit at the site. Additionally, guiding factors have been identified for permitting
authorities to consider in determining whether the MACT will be sufficiently protective at an individual
site. In summary, the 2005 final rule only modifies the statutory authority under which we implement the

SSRA policy, while maintaining the same SSRA policy from a substantive standpoint.

1.3 USING THIS DOCUMENT

This document contains our generally recommended approach for conducting multi-pathway, site-
specific human health risk assessments of RCRA hazardous waste combustors. This document does not

provide recommendations on how to:

. Determine if a site-specific risk assessment should be performed;

You can find U.S. EPA’s most recent recommendations for when, or if, a site-specific risk
assessment should be performed, in documentation of the MACT rule, published on September
30, 1999 (Federal Register 1999).

. Conduct stack emissions testing for a site-specific assessment;

A separate guidance document entitled Risk Burn Guidance for Hazardous Waste Combustion
Facilities EPA 530-R-01-001, July 2001 (U.S. EPA 2001c) contains approaches for collecting
emissions data to support site-specific risk assessments. This document is on the U.S. EPA OSW
website at: http://www.epa.gov/epaoswer/hazwaste/combust/pdfs/burn.pdf.

U.S. EPA Region 6 U.S. EPA
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. Develop a site-specific ecological risk assessment;

We’d previously published our recommendations for conducting screening level ecological
combustion risk assessments in a separate, companion document to the HHRAP. This companion
document, the Screening Level Ecological Risk Assessment Protocol for Hazardous Waste
Combustion Facilities (SLERAP) Peer Review Draft (U.S. EPA 1999a), is currently undergoing
substantial revision. Until revisions are complete, we can’t recommend using the SLERAP.

. Use risk assessment results in risk management decisions, such as setting RCRA permit
conditions.

Because this protocol is a technical risk assessment tool, it does not discuss risk management
issues, such as how risk managers are to use the provided information (including uncertainty
information), the potential for cumulative risks, or target risk levels. U.S. EPA’s generally
recommended risk and hazard targets can be found in Draft Exposure Assessment Guidance for
RCRA Hazardous Waste Combustion Facilities (U.S. EPA 1994f). Additionally, EPA Region 6's
region-specific risk target recommendations, Region 6 Risk Management Addendum (U.S. EPA
1998b), are available on their website at: www.epa.gov/earth1r6/6pd/rcra_c/protocol/r6add.pdf.

Please Note: the ultimate decision for how to incorporate risk assessment estimates in risk
management decisions rests with the permitting authority.

For your convenience, the HHRAP many of the recommendations found in the above-referenced
documents. However, unless we say so explicitly, the HHRAP does not intend to update, revise, or

replace any of the information contained in the above-referenced documents.

The HHRAP does update and replace the following guidance documents:

. U.S. EPA, Guidance for Performing Screening Level Risk Analyses at Combustion
Facilities Burning Hazardous Wastes, April 15, 1994 Draft and the October 4, 1994
Errata;

. U.S. EPA, Protocol For Screening Level Human Health Risk Assessment at Hazardous

Waste Combustion Facilities - Volumes 1 & 2, Internal Review Draft, EPA-R6-096-002
February 28, 1997;

. U.S. EPA, Human Health Risk Assessment Protocol, Draft Interim Final, April 1998
(CD-Rom version);
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. U.S. EPA, Human Health Risk Assessment Protocol for Hazardous Waste Combustion
Facilities - Volume 1-3, Peer Review Draft, EPA 530-D-98-001A, B & C, July 1998 and
the August 2, 1999, Errata.

We anticipate that risk assessments will be completed for new and interim-status facilities, where
necessary, when they apply for their RCRA permit. The process we recommend evaluates risks to
receptors posed by potential emissions from RCRA-regulated units. We encourage you to use existing
and site-specific information throughout the risk assessment process in order to properly evaluate actual
regulated operations for any particular combustor. We generally recommend conservative default

assumptions only when they will provide confidence that ensuing permit limits will be health protective.

Throughout the HHRAP we offer parameter values for you to consider. These values are based on a
number of elements, such as the best science available and professional judgement. Since this is a
national level guidance, the recommended values typically reflect national average conditions. The
values will be more appropriate for some sites, and less so for others. For example, the type of waterbody
near a facility (i.e. lake, river, wetland) may affect the methylation rate of mercury in the waterbody, or
the type of fish consumed may affect percent lipid content used in the assessment. So, a value that is

reasonable for one facility may be over (or under) protective at a different facility.

In all cases, though, we give the reason for the suggested value. We encourage you to consider our
reasoning, in deciding if a more representative estimate of a site-specific value (or range of values) is
available and appropriate. If you use values other than those we recommend, you should explore how, or
if, those changes may affect other parameter values and calculations used in the assessment. As with
values recommended in this guidance, using values other than those recommended here should always be
clearly identified and discussed in the risk plan and/or risk assessment (as appropriate). This will ensure

clarity and transparency of the final risk assessment results.

You would need considerable time, effort, and funding to investigate the representativeness of all the
values (or ranges of values) available in the HHRAP. As a result, you might choose to use only readily

available site-specific information in an initial assessment. You could then use the results of that
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assessment to determine where (or if) more site-specific risk information should be collected (see Figure
1-1). This allows you to use resources most efficiently and effectively, by focusing resources on areas
that are considered “risk drivers”, rather than areas that do not appreciably affect the risk outcome. For
example, if the assessment shows that the primary pollutant and exposure pathway is mercury in fish, then
you could target site-specific data gathering efforts on values related to mercury emissions, surface water
concentrations and/or fish consumption. You would not have to spend resources collecting site-specific
information that may not affect the final results of the assessment (for example, Manganese exposure

through ingestion of produce).

You can also use the HHRAP as a screening tool. For example, a facility with a highly variable waste
stream might choose to provide the permitting authority with historical data and assume that all
compounds will be retained in the risk analysis. Or you might choose to use more conservative
assumptions throughout, to make the assessment fit a more classic “screening level” approach. For
example, you could choose not to initially investigate the actual land use surrounding a facility, but
instead locate all the selected receptors at the area of greatest contaminant deposition. If estimates don’t
exceed the selected risk target, additional iterations of the assessment may not be necessary.

Regardless, every risk assessment is limited by the quantity and quality of:

. Site-specific environmental data;
. Emission rate information; and
. Other assumptions made during the risk estimation process (e.g., fate and transport

variables, exposure assumptions, and receptor characteristics).

These limitations and uncertainties are described extensively throughout the main document and the
appendices, and are summarized in Chapter 8. You should generally make every effort to reduce
limitations and uncertainties in the risk assessment process, since they can affect the confidence in the

risk assessment results.
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FIGURE 1-1

HUMAN HEALTH RISK ASSESSMENT PROCESS

Facility Characterization

- Compiling Basic Facility Information (Section 2.1)

- Identifying Emission Sources & Estimating Emission Rates (Section 2.2)
- Identifying Compounds of Potential Concern (COPC) (Section 2.3)

- Estimating COPC Concentrations for Non-Detects (Section 2.4)

- Evaluating Contamination in Blanks (Section 2.5)

v

- Using Model Output

Air Dispersion and Deposition Modeling
- Partitioning Emissions (Section 3.2)
- Site-Specific Characteristics Required for Air Modeling (Section 3.3
- Meteorological Preprocessor Data Needs (Section 3.5)
- ISCST3 Model Input Files (Sections 3.6)
- ISCST3 Model Execution (Section 3.7)

- Modeling Fugitive Emissions (Section 3.9)
- Modeling Acute Risk (Section 3.10)

v

- Exposure Setting Characterization (Section 4.1)
- Recommended Exposure Scenarios (Section 4.2)
- Selecting Exposure Scenario Locations (Section 4.3)

Exposure Scenario Selection

(Section 3.8)

v

Estimating Media Concentrations

- Calculating Concentrations in Soil (Section 5.2)
- Calculating Concentrations in Produce (Section 5.3)

- Calculating Concentrations in Drinking Water and Fish (Section 5.7)

- Calculating Air Concentrations in Air for Direct Inhalation (Section 5.1)

- Calculating Concentrations in Meats, Milk, and Eggs (Sections 5.4 through 5.6)

y

Quantifying Exposure
- Inhalation Exposure Pathways (Section 6.1)
- Ingestion Exposure Pathways (Section 6.2)
- Dermal Exposure Pathways (Section 6.3)
- Exposure Frequency (Section 6.4)
- Exposure Duration (Section 6.5)
- Averaging Time (Section 6.6)

v

Characterizing Risk and Hazard
- Quantitatively Estimating Cancer Risk (Section 7.1)

- Target Levels (Section 7.3)

- Quantitatively Estimating Noncancer Hazard (Section 7.2)

- Estimating Acute Exposure from Direct Inhalation (Section 7.4)

'

T

Risk Assessment

Interpreting Uncertainty

- Understanding Uncertainty and Limitations of the Human Health Risk Assessment Process (Section 8.1)

- Identifying Types of Uncertainty (Section 8.2)

- Determining Qualitative Uncertainty (Section 8.3)

- Determining Quantitative Uncertainty (Section 8.4)

- Discussing Human Health Risk Assessment Uncertainty (Section 8.5)

Risk Management

!
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The EPA Information Quality Guidelines (U.S. EPA 2002c) recommend ensuring the objectivity of
information found in risk assessments by applying, to the extent practicable and consistent with Agency
statutes and existing legislative regulations, the following adaptation of the quality principles found in the
Safe Drinking Water Act (SDWA) Amendments of 1996:

(A) The substance of the information is accurate, reliable and unbiased. This involves the use of:
(i) the best available science and supporting studies conducted in accordance with sound
and objective scientific practices, including, when available, peer reviewed science and
supporting studies; and
(ii) data collected by accepted methods or best available methods (if the reliability of the
method and the nature of the decision justifies the use of the data).

(B) The presentation of information on human health, safety, consistent with the purpose of the

information, is comprehensive, informative, and understandable. In a document made available to

the public, EPA specifies:
(i) each population addressed by any estimate of applicable human health risk;
(i) the expected risk for the specific populations affected;
(iii) each appropriate upper-bound or lower-bound estimate of risk;
(iv) each significant uncertainty identified in the process of the assessment of risk; and
(v) peer-reviewed studies known to the Administrator that support, are directly relevant
to, or fail to support any estimate of risk and the methodology used to reconcile
inconsistencies in the scientific data.

How risk results are viewed by the risk manager and other stakeholders is complex and can involve other
factors besides those included in this document (e.g. public concern). Consequently, interpreting risk
assessment results warrants careful consideration. Risk management decisions are beyond the scope of
the HHRAP, and we don’t provide any guidance on interpreting risk results. It should be noted, though,
that identifying potentially unacceptable risks does not necessarily signify the end of the risk assessment
process. You can view risk assessments as an iterative process®, with a number of available options once
risk estimates are produced. The iterative nature of the risk assessment/risk management interface is

graphically represented in Figure 1-1, and the various available options are briefly described below:

*As stated in the U.S. EPA (2002c) “Risk assessments may be performed iteratively, with the first
iteration employing protective (conservative) assumptions to identify possible risks. Only if potential risks are
identified in a screening level assessment is it necessary to pursue a more refined, data-intensive risk assessment.
The screening level assessments may not result in "central estimates™ of risk or upper and lower-bounds of risks.
Nevertheless, such assessments may be useful in making regulatory decisions...”

U.S. EPA Region 6 U.S. EPA
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Example 1: If the initial risk estimates (coupled with any other related factors) indicate that risks are not
expected to pose a concern to human health or the environment, the risk manager and/or permit
writer will likely end the site-specific risk assessment process and the facility will likely receive a
permit.

Example 2: If the initial risk estimates (coupled with any other related factors) indicate that the risks are
at or above a level that may pose a risk to human health or the environment, then additional
information might be added to the risk assessment (e.g. site-specific information that’s more
representative of the actual exposure settings). Additional iterations of the risk assessment could
then be performed. This iterative process enables you to determine if the risks identified in the
earlier assessment accurately represent the situation at a given combustion facility.

Example 3: If the initial risk estimates (coupled with any other related factors) or subsequent iterations
(as detailed in Example 2 above), indicate potentially unacceptable risk, risk managers and/or
permit writers might use the results of the risk assessment to propose revised or additional permit
conditions (such as waste feed limits and/or process operating conditions) to lower the potential
risk to acceptable levels. Another risk assessment could verify that the proposed permit
conditions will enable the combustor to operate in a manner that’s protective of human health and
the environment.

In some situations, target risk levels might be selected and back-calculations conducted to
determine what emission and/or waste feed rate would allow the facility to operate in a protective
manor. In any case, the acceptable waste feed rate and other appropriate conditions could be
incorporated into the RCRA permit.

Example 4: If the initial risk estimates or subsequent iterations (coupled with any other related factors)
indicate potentially unacceptable risk, risk managers and/or permit writers might also choose,
where appropriate, to deny the permit.

The HHRAP may also be useful when a facility or regulatory agency decides to perform a pre-trial burn
risk assessment. A pre-trial burn risk assessment can evaluate pre-existing permit limits (e.g. regulatory
limits such as MACT or BIF) to determine if more extensive or refined risk-based testing is necessary as
part of the trial burn testing program. Also, the pre-trial burn risk assessment can test the parameters used
in the initial trial burn sampling and analysis plan. Testing trial burn parameters minimizes trial burn
contributions to risk assessment uncertainty, and avoids the expense of multiple trial burn iterations. For
example, if the initial detection or quantitation limit for a specific compound (such as a dioxin, furan, or
bioaccumulative metal) is too high during trial burn sampling and analysis, then the final risk estimate

may be artificially inflated, especially for indirect exposure pathways. If trial burn sampling and analysis

U.S. EPA Region 6 U.S. EPA
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uses a lower detection or quantitation limit, the compound might be found not to add appreciably to the
risk results. The pre-trial burn risk assessment can also determine whether modifications to the sampling
collection (such as increased sample volumes) are needed to achieve lower detection or quantitation

limits. Please see Chapter 2 for more detailed information on how risk assessments relate to trial burns.

14 PRIMARY REFERENCE DOCUMENTS

One of the main benefits of the HHRAP is that it assembles in one place more than a decade of research
and experience regarding practices for conducting risk assessments of hazardous waste combustion
facilities. This section describes, in chronological order, the primary guidance documents we used to
prepare the HHRAP. Many other important reference materials were also needed to produce a document
of this magnitude. We have listed all reference materials used in preparing this document in the

Reference chapter.

Some of the documents we used were themselves developed over a period of several years, including
revisions. In some cases, revisions to the original document address only specific issues rather than a
complete revision of the original document. The following discussion lists and briefly describes each
document. Overall, the guidance documents listed below reflect a continual refining and enhancing of the

risk assessment method.

The following was the first U.S. EPA guidance document for conducting risk assessments at combustion

units:

U.S. EPA. 1990e. Methodology for Assessing Health Risks Associated with Indirect Exposure to
Combustor Emissions, Interim Final. Environmental Criteria and Assessment Office. ORD.
EPA-600-90-003. January.

Referred to as the “IEM” document, EPA (1990e) outlines and explains a set of general procedures for
conducting risk assessments that includes both the direct inhalation pathway and indirect food chain

pathways. The IEM document was subsequently supplemented by the following:

U.S. EPA Region 6 U.S. EPA
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U.S. EPA. 1993f. Addendum to the Methodology for Assessing Health Risks Associated with
Indirect Exposure to Combustor Emissions, Review Draft. Office of Health and Environmental
Assessment. ORD. EPA-600-AP-93-003. November 10.

Referred to as the “Addendum”, EPA (1993f) outlines recommended revisions and added new exposure
pathways to the previous U.S. EPA guidance (1990e), and has been used by the risk assessment

community since its release.

In 1994, we issued several additional hazardous waste combustion risk assessment documents, including:

U.S. EPA. 1994f. Draft Exposure Assessment Guidance for RCRA Hazardous Waste
Combustion Facilities. OSWER. EPA-530-R-94-021. April.

This document (1994f) is made up of a series of four attachments, all issued around the same time frame

(April/May 1994) as separate documents:

U.S. EPA. 1994g. Draft Guidance for Performing Screening Level Risk Analyses at Combustion
Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure Assessment Guidance for
RCRA Hazardous Waste Combustion Facilities. April 15.

U.S. EPA. 1994h. Table 1, “Chemicals Recommended for Identification,” and Table 2,
“Chemicals for Potential Identification.” Attachment A, Draft Exposure Assessment Guidance for
RCRA Hazardous Waste Combustion Facilities. April 15.

U.S. EPA. 1994i. Draft Revision, Implementation Guidance for Conducting Indirect Exposure
Analysis at RCRA Combustion Units. Attachment, Draft Exposure Assessment Guidance for
RCRA Hazardous Waste Combustion Facilities. April 22.

U.S. EPA. 1994j. Draft Guidance on Trial Burns. Attachment B, Draft Exposure Assessment
Guidance for RCRA Hazardous Waste Combustion Facilities. May 2
Combined, these four documents present a generally recommended procedure for sampling the combustor
emissions, identifying the compounds of concern, conducting both a direct and indirect risk assessment,
and implementing the results of the risk assessment for hazardous waste combustion facilities. We used
the methodologies identified in both the ORD “IEM” and “Addendum” documents as the foundation of
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our hazardous waste combustion risk assessment methodology. The “IEM” and the “Addendum” were
broader in scope than our document. We used many, but not all, of the methods, models and exposure
scenarios that are described in the two ORD documents. Because the ORD documents contain much of
the background information necessary to complete a risk assessment, that information was not repeated in
our guidance documents. Shortly after the release of our documents, the trial burn portion and the risk

assessment portion were further revised with the following releases:

U.S. EPA. 1994n. Draft Revision of Guidance on Trial Burns. Attachment B, Draft Exposure
Assessment Guidance for RCRA Hazardous Waste Combustion Facilities. OSWER. June 2.

U.S. EPA. 1994p. Errata, Draft Guidance for Performing Screening Level Risk Analyses at
Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure Assessment
Guidance for RCRA Hazardous Waste Combustion Facilities. October 4.

As a follow-up to these documents, we prepared another draft guidance. The following was released for

internal review, but never formally or officially released as a program-supported document:

U.S. EPA. 1994r. Revised Draft Guidance for Performing Screening Level Risk Analyses at
Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure Assessment
Guidance for RCRA Hazardous Waste Combustion Facilities. Office of Emergency and
Remedial Response. OSW. December 14.

In 1997, the state of North Carolina’s Department of Environment, Health, and Natural Resources

(DEHNR) developed the following guidance document for conducting risk assessments in their state:

NC DEHNR. 1997. North Carolina Protocol for Performing Indirect Exposure Risk
Assessments for Hazardous Waste Combustion Units. January.

The NC DEHNR document reiterates U.S. EPA procedures (1994r), with the addition of a tiered approach
that can help the regulatory agency or facility to choose approaches that reflect the investment they want
to make in conducting risk assessments. For instance, a small, on-site unit with limited waste stream
variability may find the first tier assessment (worst-case) in the North Carolina protocol appropriate,
whereas a larger facility with a diverse waste feed mixture may decide to complete a Tier 2 or Tier 3

assessment, which are progressively more site-specific.
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In 1998, the ORD revised, updated and combined the “IEM” and the “Addendum” documents into one

document, entitled:

U.S. EPA 1998. Methodology for Assessing Health Risks Associated with Multiple Pathways of
Exposure to Combustor Emissions (U.S. EPA 1998c).

This document is referred to as the “MPE” document. It includes information which was gained from
cross-Agency review, EPA’s Science Advisory Board (SAB) and the public on the “IEM” and the
“Addendum” documents. It also includes information from the draft dioxin reassessment “Estimating
Exposure to Dioxin-Like Compounds” (U.S. EPA 1994a) and the “Mercury Study Report to Congress”
(December 1997). As with the MPE’s predecessor documents, it is considered the foundation of our

hazardous waste combustion risk assessment methodology and is frequently referenced in the HHRAP.

In 1999 we released a technical document that detailed the risk assessment conducted to support the

hazardous waste combustion Maximum Achievable Control Technology (MACT) standards:

RTI11999. The Background Information Document to the Risk Assessment Support to the
Development of Technical Standards for Emissions from Combustion Units Burning Hazardous
Wastes Final Report. EPA Contract Number 68-W6-0053.

To ensure consistency, we considered EPA(1999) throughout the development of the HHRAP.

Finally, in 2001 we updated and finalized the document entitled:

U.S. EPA 2001c. Risk Burn Guidance for Hazardous Waste Combustion Facilities, July.

Referred to as the “risk burn guidance,” EPA(2001c) was prepared by U.S. EPA Region 4 and U.S. EPA
OSW. It details recommendations regarding stack emissions tests which may be performed at hazardous

waste combustion facilities to support site-specific risk assessments.

As previously stated, our primary objective in developing the HHRAP was to suggest a user-friendly

approach to performing site-specific combustion risk assessments. The HHRAP achieves this goal by
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offering a comprehensive set of tools. You will no longer need to search through a long list of guidance

documents to find an appropriate method and/or value when conducting a site-specific risk assessment of
a hazardous waste combustor. Instead, you have one self-contained document with the majority of all the
available information needed to complete a risk assessment. With the HHRAP’s extensive reference list,
you also have the original source of a method and/or value. This simplifies the process of deciding if the

reference is appropriate to use for your specific situation.

1.5 RISK NOMENCLATURE

Unless otherwise stated, the following definitions for risk-related terms are from the National Academy of

Sciences 1983, Risk Assessment in the Federal Government, and used throughout this guidance:

Risk Assessment The scientific evaluation of potential health impacts that may result from
exposure to a particular substance or mixture of substances under
specified conditions.

Hazard An impact to human health by chemicals of potential concern.

Risk An estimation of the probability that an adverse health impact may occur
as a result of exposure to chemicals in the amount and by the pathways
identified.

Dose The amount of a substance available for interaction with metabolic

processes or biologically significant receptors after crossing the
exchange boundary of an organism (U.S. EPA 1998c).

Exposure The condition of a chemical contacting the exchange boundary of an
organism (U.S. EPA 1998c).

Indirect Exposure Resulting from contact of human and ecological receptors with soil,
plants, or waterbodies on which emitted chemical has been deposited.
For screening level purposes, indirect exposure includes ingestion of
above ground fruits and vegetables, beef and milk, chicken and eggs,
freshwater fish and soil.

Direct Exposure Exposure via inhalation.
U.S. EPA Region 6 U.S. EPA
Multimedia Planning and Permitting Division Office of Solid Waste
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Chapter 2:
Characterizing Facility Emissions

What’s Covered in Chapter 2:

2.1 Compiling Basic Facility Information

2.2 Identifying Emission Sources & Estimating Emission Rates
2.3 Identifying Compounds of Potential Concern (COPCs)

2.4 Estimating COPC Concentrations for Non-Detects

25 Evaluating Contamination In Blanks

This chapter provides guidance on characterizing the nature and magnitude of facility emissions.
Characterizing includes (1) compiling basic facility information, (2) identifying emission sources, (3)
estimating emission rates, (4) identifying COPCs, (5) estimating COPC concentrations for non-detects,
and (6) evaluating contamination in blanks. You can consider the information listed in the highlighted
box at the end of each section the minimum that we recommend to ensure a risk assessment is
scientifically sound. However, you may want to consult up front the more detailed discussions found in
each section. A more complete understanding of the relevant issues will make sure that all appropriate
information is collected simultaneously. This will help minimize the time and effort expended collecting

site-specific information.

PLEASE NOTE: for the purposes of this guidance, “we” refers to the U.S. EPA OSW.

The HHRAP is written for the benefit of a varied audience, including risk assessors,
regulators, risk managers, and community relations personnel. However, the “you” to
which we speak is the performer of a risk assessment: the person (or persons) who will
actually put the recommended methods into practice.

. ___________________________________________________________________________________________________________________]

2.1 COMPILING BASIC FACILITY INFORMATION

If you are a risk assessor, there is basic facility information you should consider while conducting the risk
assessment, and include in the risk assessment report. Including this basic facility information in the

report will enable reviewers to establish a contextual sense of how the facility relates to other facilities
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and other hazardous waste combustors. It's also very important to thoroughly understand (and document)
any regulatory limits evaluated in the risk assessment, because the risk assessment report informs the
setting of risk-based permit limits. For example, specific emissions data might not be collected for a
particular unit where waste feeds are controlled in lieu of demonstrating compliance with an emissions
limit under the regulations (e.g., Tier | under the BIF rule for certain metals, MTEC under the HWC
MACT rule). For transparency, we therefore recommend clearly identifying the basis for the assumptions
and/or data to be used in the risk assessment, along with the rationale for how the information will be

used.

]
RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT

C Description of physical setting

C Principal business and primary production processes

C Normal and maximum production rates

C Types of waste storage and treatment facilities

C Type and quantity of wastes stored and treated

C Process flow diagrams showing both mass and energy inputs and outputs

< Relevant information from an existing or proposed permit and/or compliance documents (e.g.,

Waste Analysis Plan or Feedstream Analysis Plan; Startup, Shutdown, and Malfunction Plan;
Certifications of Compliance; etc.)

2.2 IDENTIFYING EMISSION SOURCES & ESTIMATING EMISSION RATES

Burning hazardous waste typically emits combustion by-products from a stack. In addition to emissions
from a combustion stack, types of emissions associated with the combustion of hazardous waste may
include (1) process upsets emissions, (2) accidental releases, (3) general RCRA fugitive emissions, and if
the facility is a cement kiln (4) cement kiln dust (CKD) fugitive emissions. Each of these emission source

types is defined below with regards to the context and scope of this guidance.

Stack Emissions - Release of compounds or pollutants from a hazardous waste combustor into
the ambient air while the unit is operated as intended and in compliance with a permit and/or
regulation (for interim status).
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Process Upset Emissions - Release of compounds or pollutants from a hazardous waste
combustor into the ambient air while the unit is not being operated as intended, or during periods
of startup or shutdown. Upset emissions usually occur during events and times when the unit is
not operating within the limits specified in a permit or regulation. Conditions within the
combustion system during the process upset result in incomplete destruction of the wastes, or
otherwise promote the formation and/or release of hazardous compounds from combustion stacks.
Upset emissions are generally expected to be greater than stack emissions.

Accidental Releases - an accidental release is defined in Section 112(r) of the Clean Air Act as an
unanticipated emission of a regulated substance or other extremely hazardous substance into the
ambient air from a stationary source. Accidental releases are typically associated with non-routine
emissions from RCRA facilities, such as the failure of tanks or other material storage and
handling equipment, complete failure of combustion and air pollution control systems (e.g.
resulting from explosions, and fires), or transportation accidents.

RCRA Fugitive Emissions - Release of compounds or pollutants into the ambient air from
RCRA-regulated sources other than hazardous waste combustion stacks. RCRA fugitive
emissions are typically associated with the release of pollutants from leaks in the combustion
chamber (e.g., “puffs”); tanks, valves, flanges, and other material-handling equipment used in the
storage and handling of RCRA hazardous wastes; residues from the combustion process such as
ash or quench water; and other RCRA treatment, storage, or disposal units (e.g., landfills).

CKD Fugitive Emissions - Release of pollutants into the ambient air caused by the handling,
storage, and disposal of cement Kiln dust.

We generally recommend that as applicable, all of these emission source types except accidental releases
be addressed in the risk assessment. Accidental releases aren’t within the scope of this guidance. We
generally recommend evaluating accidental releases per Section 112(r) of the CAA and current Agency
guidance (U.S. EPA 1996f) or the RMP Offsite Consequence Analysis Guidance, dated May 24, 1996.
Despite this general guidance, it is for the permitting authority to decide on a site-specific basis whether

the risk assessment will consider accidental releases.

The following subsections contain guidance for estimating emissions of the source types to be included in
the risk assessment. Guidance on air dispersion modeling of stack and fugitive emissions is presented in
Chapter 3.

2.2.1 Estimating Stack Emission Rates for Existing Facilities

We generally consider it important to determine stack emission rates (in grams per second) of every
COPC identified using the procedures outlined in Section 2.3. We anticipate that emission rates for
existing facilities (i.e. already built and operational) will be based on direct stack measurements from

regulatory performance tests, because permitting authorities generally require performance tests before
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granting a permit to burn hazardous wastes, or in order to demonstrate compliance with emission

standards.

As mentioned in the Special Note "How This Document Relates to Trial Burns" and elsewhere, we

suggest incorporating data collection for a risk assessment into the regulatory performance testing

program whenever possible. This will optimize the use of both facility and permitting agency resources,

Test Design: Performance vs. Health Criteria
Performance testing involves demonstrating compliance with
emission standards or performance criteria under any
operational circumstance. Facilities typically wish to
maximize the flexibility of operating conditions allowed by
their permit. This leads to performance tests designed to
demonstrate compliance even while operating under extreme
conditions (i.e., conditions that may only seldom occur or
may only occur for brief durations over the course of a year).

Regulatory performance requirements are generally
national-scale, technology-based instantaneous limits.
Such performance requirements might not consider various
health impacts to receptors located near a particular
facility. Therefore, data needs to assess potential health
risks are typically more comprehensive than those of a
performance test. For example, a performance test will
provide information to calculate destruction and removal
efficiency (DRE) for a principal organic hazardous
constituent (POHC) and perhaps measure total particulate
matter, but will not typically quantify the various products of
incomplete combustion (PICs) in the stack gases, nor
establish particle size distribution for gases exiting the stack.

Situations have occurred in which some facilities assume
that the only way to maximize permit flexibility and satisfy
risk assessment data needs is to conduct separate tests. We
encourage another interpretation. As mentioned elsewhere,
we suggest modifying performance-based test protocols to
include risk assessment data requirements as appropriate to
evaluate both acute and chronic exposures posed by
facility-specific operations that may occur under the terms of
the permit.

and minimize expenditures associated with stack
testing and subsequent data review, evaluation, and
permitting. Incorporating risk assessment data
collection into the performance test program can
ensure that proper evaluation across test conditions
is achieved for optimal data usability and
versatility— both engineering considerations relating
to unit operations flexibility, and streamlined data
collection considerations for characterizing

potential emissions.

Experience has shown us that in order to evaluate
both acute and chronic reasonable maximum
exposure estimates, the potential emissions
evaluated in the risk assessment need to be based on
actual operating scenarios that may occur under the
terms of the permit. We acknowledge that proper
design of a regulatory test program that includes
risk assessment data collection is challenging for
facilities that burn highly variable waste and/or
have multiple operating conditions. At the same
time, inadvertently omitting potential risk drivers
from the risk assessment due to improper or

oversimplified test design is to be avoided.

Therefore, if feed streams differ between the various test conditions in the regulatory test program, we

generally recommend providing appropriate rationale for this difference in the test plan, and discussing in

the risk assessment report any impacts the differences may have had upon the risk analysis.
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In some cases, a facility may elect to focus data collection efforts for a risk assessment into one test
condition in the regulatory testing program that demonstrates "normal operations" using feedstreams

considered "worst-case" from an operational and potential emissions standpoint.

Please Note: We suggest such a test condition only for facilities that can identify and
substantiate via historical operating records the typical (or day-to-day) operating mode
for the hazardous waste combustion unit and ancillary equipment, regardless of the type
of waste fed.

If combining multiple and variable feedstreams into a single "worst-case" feed, the mixture needs to
represent those actual waste matrices and constituents that are the most difficult to burn (ensuring that the
combustion unit is fairly challenged). A "worst-case" feed also needs to contain the most toxic
substances managed in the unit, on a mass basis proportional to that fed at any time (ensuring that all
potentially toxic emissions are quantified). Multiple and/or highly variable feedstreams that require
different extremes of a wide operating envelope, or feedstreams that are combined on a disproportional

mass basis to that fed at any time, may not be
_______________________________________________________________|

Test Conditions’ Relation to Permit Conditions
concerned that they might even result in emission The feed and operating conditions demonstrated during the
testing will define an operating envelope that not only
establishes the working assumptions for the risk assessment,

representative of actual operations. We're

estimates that are not sufficiently conservative for

) ) emissions data for the risk assessment under "normal”
Guidance for Hazardous Waste Combustion operating conditions, additional permit limitations may be

_ . . appropriate to ensure that conditions represented as normal
Facilities (U.S. EPA 2001c) for further information during the test are, in fact, normal over the long-term

on designing a testing program that integrates risk operation of the facility.
|
assessment data collection into the regulatory

testing of hazardous waste combustors.

We generally recommend including the risk assessor in the early planning efforts of the test program
development, so that the test program can be more effectively streamlined while meeting multiple and
complex data collection goals. At least three valid runs at steady state are needed to characterize a test
condition. Since steady state conditions are typically outlined in the test plan for each test condition and
verified by field observations during the test program, resulting emission rates for any particular COPC
are likely to be fairly consistent between runs for each test condition. Test reports document any
abnormalities in steady state operations for a particular run or test condition. If any one run experiences
significant issues that may impact the data quality or comparability with the other runs, the facility and

permitting authority might decide during the test to discontinue the problem run and initiate a new run to
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ensure a valid test condition. Test reports also document this occurrence and identify those valid runs of

the test condition.

For risk assessments, we generally recommend using the maximum of the three emission rates identified
for each COPC during a particular test condition, adjusted for process upsets. This approach is consistent
with implementing a steady state test designed for collecting risk data where the combustor burns
representative, yet worst-case or challenging feeds, at operating conditions that are allowable and/or
typical under the permit. This approach will also allow consistency in refinements to the final risk
analysis that may involve several risk evaluations for different operating scenarios (i.e., across the various
test conditions) in order to afford operational flexibility while maintaining permit provisions that ensure

protection of human health.

Please Note: The recommendation to use the highest of the three emission rates is an
update to Section 8.1.2 of U.S. EPA (2001c).

An alternative to a regulatory performance test is the use of data "in lieu of" testing. Permitting
authorities generally consider this type of data on a case-by-case basis. Prior to accepting such data as a
surrogate for use in the risk assessment, we recommend evaluating the data from both an engineering
perspective and a data usability perspective. To evaluate the similarities between combustors, consider
the design and construction of the combustor and associated air pollution control devices, along with the
basic operating conditions of the process equipment as tested (e.g., capacity, flow rates, supplemental
fuels used, etc.) to ensure comparable emissions. Stack test measurements from a similar combustor are
useful if the combustor burns similar waste feed(s) in terms of constituents, type of waste matrix, and
amount of waste fed on a mass basis. In addition, we recommend evaluating the methods used to quantify
COPCs and associated detection limits achieved during the test, as well as verifying that the data quality

documentation is acceptable for risk assessment purposes.
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]
SPECIAL NOTE: HOW THIS DOCUMENT RELATES TO TRIAL BURNS

We believe that generating defensible emission rates for compounds of potential concern (COPCs) is
one of the most important parts of the risk assessment process. This requires special consideration
when planning a risk assessment. Therefore, we consider emissions testing, risk assessment planning,
and implementation as interdependent aspects of the hazardous waste combustion site-specific risk
assessment process.

As described elsewhere in this chapter, traditional regulatory performance tests (e.g., RCRA trial
burns designed solely to measure DRE) do not sufficiently characterize COPC emissions for
performing site-specific risk assessments. We therefore generally recommend that collecting
emissions data for a site-specific risk assessment include a thorough understanding of the operating
limits to be established in the regulatory permit and the possible emissions that may result under the
permitted operations of the unit. Regardless of whether the emissions data for the risk assessment is
collected in a separate test condition or in multiple test conditions that are part of a regulatory
performance test program, we recommend that to the extent possible, the planning, regulatory agency
review, and collecting of emissions data be conducted simultaneously, to ensure consistency in data
evaluation across test conditions is achieved and actual operations allowable under the permit are
appropriately evaluated. This approach also eliminates redundancy or the need to repeat activities and
minimizes cost expenditures overall.

The guidance documents below relate to the RCRA hazardous waste combustion program. You may
find the listed documents useful for developing and conducting trial burns:

U.S. EPA. 1989f. Handbook: Guidance on Setting Permit Conditions and Reporting Trial
Burn Results. Volume Il of the Hazardous Waste Incineration Guidance Series. Office of
Research and Development (ORD). EPA/625/6-89/019. January.

U.S. EPA. 1989g. Handbook: Hazardous Waste Incineration Measurement Guidance
Manual. Volume Il of the Hazardous Waste Incineration Guidance Series. Office of Solid
Waste and Emergency Response. EPA/625/6-89/021. June.

U.S. EPA 1990i. Handbook: Quality Assurance/Quality Control (QA/QC) Procedures for
Hazardous Waste Incineration. Office of Research and Development. EPA/625/6-89/023.
January.

U.S. EPA. 1992c. Technical Implementation Document for EPA’s Boiler and Industrial
Furnace Regulations. Office of Solid Waste and Emergency Response. EPA-530-R-92-011.
March.

U.S. EPA. 2001c. Risk Burn Guidance for Hazardous Waste Combustion Facilities. U.S.
EPA Region 4 and OSW. EPA 530/R/01/001. July.

Generic Trial Burn Plans and/or Quality Assurance Plans and Procedures (QAPP) developed
by individual EPA regional offices or authorized states.

U.S. EPA Region 6 U.S. EPA
Multimedia Planning and Permitting Division Office of Solid Waste
Center for Combustion Science and Engineering 2-7



Human Health Risk Assessment Protocol
Chapter 2: Facility Characterization September 2005

2.2.1.1 Additional Emissions Testing Considerations

COPC emission rates demonstrated in a traditional regulatory performance test (such as a RCRA trial
burn) are expected to be greater than normal emission rates because a facility “challenges” its combustor
during a trial burn. These challenges introduce a wide range of conditions for automatic waste feed cutoff

(AWFCO) systems. Regulatory performance tests are usually conducted under two conditions:

1. a high-temperature test, in which the emission rate of metals is maximized, and

2. a low-temperature test, in which the ability of the combustor to destroy principal organic
hazardous constituents (POHCs) in the waste feed is challenged.

The combination of high POHC feed rates and extreme operating conditions tested during a
low-temperature trial burn typically produce higher PIC emission rates. However, this is not true in all
cases. For example, the formation of Polychlorinated dibenzo(p)dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) doesn’t depend on “POHC incinerability” low temperature conditions. PCDDs
and PCDFs can be formed catalytically in the low-temperature regions of the combustion unit or APCS.
We recommend basing the decision to test under low, high, or both temperature conditions on the
characteristics of the facility as discussed in the preceding section, considering facility-specific unit
operation information for the particular types of wastes burned in the combustion unit as well as the
particular APCS.
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RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT

C All stack sampling information (current and historical data relevant to the risk assessment) on
emission rates from the combustor during normal or day-to-day operating conditions and/or
regulatory performance test conditions.

C A description of the waste feed streams burned during the stack sampling. This includes
chemical composition and physical properties, which demonstrate that the waste feeds are
representative of worst-case wastes relative to producing emissions that may pose a potential
risk concern.

C Description of the operating conditions under which each set of emission rate data being used
was developed.

* % * NOTICE * * *

The permitting authority might not request a risk assessment for every possible metal or PIC
from a combustor. This doesn’t imply, however, that it will only ask for targeted sampling for
COPCs during regulatory performance tests. Based on permitting experience and discussions
with analytical laboratories, we maintain that complete target analyte list analyses conducted
when using U.S. EPA standard sampling methods (e.g., 0010 or 0030) don’t subject facilities to
significant additional costs or burdens during the trial burn process. We recommend that stack
emission samplers strive to collect as much information as possible to characterize the stack
gases generated from the combustion of hazardous waste. Facilities should, then, generally
expect that data collected for the risk assessment may include the following tests: Method
0010, Method 0030 or 0031 (as appropriate), total organic compounds (using the Guidance for
Total Organics, including Method 0040), Method 0023A, Method 26A or 26 (as appropriate),
the multiple metals train, and method for particle size distribution (e.g., CARB 501 or Method
5 Modified with analysis by Scanning Electron Microscopy [SEM]). The permitting authority
might also determine that using other test methods is appropriate for the performance test, to
address detection limit or other site-specific issues. See Table B.1-4 of the Risk Burn Guidance
for Hazardous Waste Combustion Facilities (U.S. EPA 2001c) for a complete list of methods.
_____________________________________________________________________________________________________________________________|

2.2.1.2 Estimating the Total Organic Emission (TOE) Rate

We recognize that despite all efforts, it might not be possible to identify all the compounds in the
emissions from a facility. This data gap has the potential to underestimate risks and represents a
non-conservative uncertainty. Organic compounds that can’t be identified by laboratory analysis can’t be
defensibly treated as COPC’s in the risk calculations. However, these compounds might still contribute
significantly to the overall risk, and so it’s reasonable to consider them qualitatively in the risk assessment
(DeCicco 1995; U.S. EPA 1994i).
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U.S. EPA developed the total organic emissions (TOE) test as one approach to account for unidentified
organic compounds because pre-existing methods, such as total hydrocarbon analyzers, don’t fully
determine the total mass of organics present in stack gas emissions (Johnson 1996). We anticipate that
trial/risk burns will generally include the TOE test, in order to provide sufficient information to address
concerns about the unknown fraction of organic emissions. The TOE test is used in conjunction with the
identified organic compounds to calculate a TOE factor. We recommend using the TOE factor to

qualitatively evaluate potential risks from the unidentified fraction of organic compounds in the stack gas.

The TOE test is the subject of other guidance, such as the Guidance for Total Organics (U.S. EPA 1996d)
with additional clarification provided in Section B.7 of U.S. EPA (2001c). Proper use of TOE data
depends on a good understanding of the test method and how the data is reported. The TOE method

defines total organics as the sum of three fractions:

Fraction 1: Total Volatile Organic Compounds (TO,,oc) (referred to as Field GC
Component in the TO Guidance) - The fraction of organic compounds with boiling points less
than 100°C. This VOC fraction is collected using U.S. EPA Method 0040. U.S. EPA Method
0040 allows for quantification of the total mass of organic compounds with boiling points less
than 100°C, determined by summing the gas chromatograph/flame ionization detector results as
described in the TO Guidance.

Fraction 2: Total Chromatographical Semivolatiles (TOg,oc) (referred to as Total
Chromatographical Organics Component in the TO Guidance) - The fraction of organic
compounds with boiling points from 100°C to and including 300°C. This VOC fraction is
collected using modified U.S. EPA Method 0010 procedures as defined by U.S. EPA (1996d).
The total mass of organic compounds with boiling points 200°C up to and including 300°C is
determined by summing the total gas chromatograph/flame ionization detector results as
described in the TO Guidance.

Fraction 3: Total Gravimetric Compounds (TOgray) (referred to as Gravimetric
component in the TO Guidance) - The fraction of organic compounds with boiling points
greater than 300°C. This fraction is determined by using modified U.S. EPA Method 0010
procedures defined by U.S. EPA (1996d), which quantify the mass, above this fractions boiling
point, by measuring the total mass by evaporation and gravimetry (weighing) for nonvolatile total
organics.

Please note that the TO total (TO1ora.) IS the sum of the sums of each fraction. The sum of the TO

fractions is described as follows:
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TOroryr = TOppc + TOgpoc + TOgpyy Equation 2-1
where:

TOs07aL = stack concentration of TO, including identified and unidentified
compounds (mg/m?)

TOyoc = stack concentration of volatile TO, including identified and
unidentified compounds (mg/m?)

TOsvoc = stack concentration of SVOC TO, including identified and
unidentified compounds (mg/m?)

TOgrav = stack concentration of GRAV TO, including identified and

unidentified compounds (mg/m?)

Use the TOE data in conjunction with the identified data to compute a TOE factor. Previously-computed
TOE factors range from 2 to 40. The HHRAP defines the TOE factor as the ratio of the TO;5ra, mass to

the mass of identified organic compounds, as calculated by the following equation:

Equation 2-2

where
Froe = TOE factor (unitless)
TOrora = total organic emission (mg/m?)
C = stack concentration of the ith identified COPC (mg/m?®)

Identifying the organic compounds in the denominator of Equation 2-2 is one of the most critical
components of the TOE factor. Although the permitting authority may not request that you analyze the
organic compounds with all possible analytical methods, you may wish to consider the effects that gaps in
compound-specific identification may have on the computation of the TOE factor. For example,
hazardous waste-burning cement kilns have expressed concern about the amount of light hydrocarbons
that may evolve from the raw materials processed in the cement kilns, because these light hydrocarbons
have not typically been identified in trial burns. If such concerns are significant, you and the permitting
authority might choose to use additional test methods in the trial burn in order to speciate the maximum

number of organic compounds.

We also generally recommend including tentatively identified compounds (TICs) in the denominator

when computing the TOE factor, so that appropriate credit is given to defensible efforts at identifying the
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maximum number of organic compounds. Finally, we generally recommend that non-detect COPCs be
treated consistently between the risk assessment and TOE evaluation. That is, if a non-detected
constituent is deleted as a COPC (See Section 2.3), then it would not be included in the identified fraction
of the TOE equation. COPCs identified per Section 2.3, but not detected, might be included in the TOE
factor equation at the reliable detection limit (non-isotope dilution methods) or the estimated detection

limit (isotope dilution methods).

It’s important to carefully evaluate the results of the gravimetric fraction when using the TOE factor.

Both regulated industry and U.S. EPA have expressed some concern that the gravimetric fraction may
over-report the organic fraction. It’s been suggested that the gravimetric fraction may consist of organic
and/or inorganic mass not directly attributable to organic incinerator emissions (U.S. EPA 1997a). The
U.S. EPA Office of Research and Development (ORD) National Risk Management Research Laboratory
(NRMRL) recently conducted a series of experiments to investigate this issue. The results indicate that it
is indeed possible for inorganic mass to become soluble and retained in the TOE train methylene chloride
extract. More importantly, the ORD/NRMRL research identified and demonstrated techniques for
successfully mitigating this problem. Details of the experiments, results, and procedures for mitigating
the GRAV bias will be made available in a forthcoming ORD report. Ultimately, these procedures will be
contained in the forthcoming TOE guidance currently being revised by ORD. Further information on this
topic is also available in U.S. EPA (2001c).

We recommend using the TOE factor in the uncertainty section of the risk assessment report to evaluate
the risks from the unknown fraction of organics. The permitting authority can then evaluate the TOE
factor and assess to what extent actual risks may be greater than estimated risks. For example, if the risk
from the known portion of the emissions show that risks may be borderline and/or the TOE method shows
that the unknowns are a significant portion of the emission profile, the permitting authority has several

options, including:
1. Describe in a narrative form what is known of the unknown portion of the emissions.
2. As a bounding estimate, attribute a risk to the unknown portion of the emissions.
An example is presented as a preferred option in U.S. EPA (1994f), which assumes that

the unknown compounds are similar in toxicity and chemical properties to the known
compounds taken as a whole. The referenced equation is as follows:
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TO
Qi,adj =0, o Equation 2-2A

=C;
where

Qiag = adjusted emission rate of compound i (g/s)

Q. = emission rate of compound i (g/s)

TOqo1aL = total organic emission (mg/md)

C = stack concentration of the ith identified COPC (mg/m?®)
3. Recommend additional testing to identify a greater fraction of the organic compounds.
4. Specify permit conditions that further control total organic emissions or that further

control the risks associated with known emissions.

Variations of the TOE factor can be useful to address site-specific concerns. For example, compute three
separate TOE factors based on the apportioning provided by the TOE test (i.e., TOyoc, TOgyoc, and
TOgrav)- Then evaluate the unknowns associated with each fraction of unidentified organic compounds

separately.

2.2.2 Estimating Emission Rates for Facilities with Multiple Stacks

We generally recommend that the risk assessment consider emissions from all combustors burning
hazardous waste at a facility, not just the unit currently undergoing the permitting process. As discussed
further in Chapter 3, air dispersion modeling for each combustor (source) is frequently conducted
separately, to evaluate risk on a stack- or source-specific basis. An example case is a chemical
manufacturing facility which operates both an on-site incinerator and several hazardous waste-burning
boilers. Whether it is the incinerator or the boilers being permitted, the risk assessment considers the
emissions from all the combustors in the estimate of facility risk. In addition to RCRA combustors,
emissions from other RCRA treatment, storage, or disposal units (e.g., open burning/open detonation and

thermal desorption) might also be included in the risk evaluation in some cases.
2.2.3 Estimating Stack Emission Rates for Facilities Not Yet Operational
The permitting process for new hazardous waste combustion facilities includes submitting information of

sufficient detail for the regulatory authority to evaluate compliance with existing regulations, guidance,

and standards of protectiveness. Stack (or other source) locations and dimensions, design flow and
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emission rate estimates, waste feed characteristics, surrounding building dimension data, facility plot
plans, and terrain data are frequently reviewed and used in a pre-operation risk assessment. This assists

decision-making and designing permit requirements.

We generally recommend reviewing design emission rates, waste feed characteristics, and other design
data, along with supplementary documentation, to make sure they are representative, accurate, and
comprehensive. Good engineering practice dictates a check of, and comparison with, data from similar
existing units. Stack test reports for facilities of similar technology, design, operation, capacity, auxiliary
fuels, waste feed types, and APCSs can be useful in estimating COPC emission rates for new facilities
that have not been constructed. In addition to design data, particle size distribution data from a similar
type unit that is operational may be useful. Estimated emission rates used to complete pretrial burn risk
assessments are frequently compared to the measured emission rates from actual performance tests

completed after the new facility receives a permit, is constructed and operational.

If surrogate data from similar facilities aren’t available, some state environmental agencies enforce
emission rate limits based on state laws. Since these limits cannot be exceeded, you could use them to
develop emission rate estimates for the risk assessment. A trial or risk burn could then demonstrate that

facility emissions are less than those considered in the permit and risk assessment.

2.2.4 Estimating Stack Emission Rates for Facilities Previously Operated

We generally recommend that the risk assessment also consider emissions from the historical operation of
other combustors burning hazardous waste at the facility, not just the unit currently undergoing the
permitting process. The permitting authority will determine the appropriateness of this on a case-by-case
basis. An example case might be when the emissions from historical operation of a source or sources
have already resulted in potential risk concerns at or near the facility. You could model emissions from
historical operations as a separate source o, if applicable, include them in the fate and transport equations
by adding the previous years of operation to the anticipated time period of combustion for an existing or
newly operating source. In some cases, you might also include historical emissions from other RCRA
treatment, storage, or disposal units at the facility (e.g., open burning/open detonation and thermal

desorption) in the risk assessment, in addition to RCRA combustors.
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RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT
€ All stack test reports for combustors used to develop emission rate estimates

€ If using surrogate data to assess a new facility, descriptions of how the combustion data used
represent similar technology, design, operation, capacity, auxiliary fuels, waste feed types,
APCSs, and particle size distributions

€ Demonstration that the data used to develop the emission rate estimates were collected using
appropriate U.S. EPA sampling and analysis procedures

€ The range of data obtained, and values used, in completing the risk assessment
_____________________________________________________________________________________________________________________________|

2.2.5 Emissions From Process Upsets

It is possible for unburned hazardous waste to be emitted through the stack as a result of various process
upsets, such as start-ups, shutdowns, and malfunctions of the combustion unit or APCS. Emissions can
also be caused by operating upsets in other areas of the facility (e.g., an upset in a reactor which vents
gases to a boiler burning hazardous waste could trigger a process upset in the boiler, resulting in increased
emissions). U.S. EPA (1994i) indicates that upsets aren’t generally expected to significantly increase

stack emissions over the lifetime of the facility.

To account for the increased emissions associated with process upsets, we generally recommend that the
stack emission rates estimated from trial burn data be multiplied by an upset factor. The upset factor is
not applied to non-PIC emission rate estimates where the total mass of a constituent in the waste feed is
assumed to be emitted. When available, site-specific emissions or process data can be useful to estimate

the upset factor. You may also want to consider and evaluate the following types of data to derive the

upset factor:

C Data from continuous emissions monitoring systems that measure stack carbon

monoxide, oxygen, total hydrocarbon (if requested), or opacity (if appropriate)

C Data on combustion chamber, APCS, or stack gas temperature

C Data on hazardous waste residence time

C Frequency and causes of automatic waste feed cutoffs (AWFCO)

C Frequency of start-up and shut-down events

C Ratio of AWFCO frequency and duration to operating time
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C APCS operating variables like baghouse pressure drop, liquid scrubber flow rate, or
electrostatic precipitator voltage

C Stack test data collected while the combustor was operated under upset conditions

You might use this information to estimate the magnitude of the increase in emissions and the percentage
of time, on an annual basis, that the unit operates at upset conditions. Additional information regarding
upset factors for liquid-burning BIFs is available in the Louisiana Chemical Association (LCA) Letter
Report on Upset Factors, dated October 27, 1999, available on the U.S. EPA Region 6 web site

(www.epa.gov/regionQ6/).

If you don’t have site-specific data, or they are inappropriate for deriving an upset factor, we generally
recommend estimating upset emission rates using a procedure based on work by the California Air
Resources Board (CARB) (1990).

Estimating Emissions from Process Upsets: To represent stack emission rates during process
upsets, multiply the emission rate developed from the trial burn data by 2.8 for organics and

1.45 for metals. These factors are derived by assuming that emissions during process upsets are
10 times greater than emissions measured during the trial burn. Since the unit doesn’t operate
under upset conditions continually, the factor is adjusted to account for only the period of time,
on an annual basis, that the unit operates under upset conditions. For organic compounds, the
facility is assumed to operate as measured during the trial burn 80 percent of the year and operate
under upset conditions 20 percent of the year [(0.80)(1)+(0.20)(10)=2.8]. For metals, the
combustor is assumed to operate as measured during the trial burn 95 percent of the year and
operate under upset conditions the remaining 5 percent of the year [(0.95)(1)+(0.05)(10)=1.45].

Catastrophic process upsets brought about by complete failure of combustion and air pollution control
systems (e.g. resulting from non-routine events such as explosions, fires, and power failures) are typically

considered accidental releases and consequently aren’t addressed by this guidance.
______________________________________________________________________________________________________________________|
RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT

C Historical operating data demonstrating the frequency and duration of process upsets
C A discussion of the potential cause(s) of the process upsets

C Estimates of upset magnitude or emissions

C Calculations which describe the derivation of the upset factor.
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2.2.6 RCRA Fugitive Emissions

RCRA fugitive emission sources frequently evaluated in site-specific risk assessments include waste
storage tanks; process equipment ancillary to the combustor; and the handling and disposal of combustion
system residues such as ash. Fugitive emissions from other RCRA treatment, storage, or disposal units

(e.g., landfills) may also warrant evaluation in some cases.

This section contains guidance for quantitatively estimating fugitive emissions using procedures outlined
in other U.S. EPA guidance. Guidance regarding air dispersion modeling of fugitive emissions is

presented in Chapter 3.

2.2.6.1 Quantitative Estimation of RCRA Fugitive Emissions from Process Equipment

We generally recommend the following series of steps to quantitatively estimate RCRA fugitive
emissions: (1) identify equipment to evaluate as a fugitive emission source(s); (2) group equipment, as
appropriate, into a combined source; and (3) estimate compound-specific emission rates for each resulting
source. We illustrate an example in Figures 2-1 and 2-2 and Tables 2-1 and 2-2, to help explain the
recommended steps. Figure 2-1 presents the plot plan of a hypothetical facility that includes one RCRA
combustion unit (CU-1), two hazardous waste feed storage tanks (WST-1 and WST-2), and ancillary
equipment identified in a RCRA Part B permit application.

Step 1: ldentify Fugitive Emission Sources - Generally, identify RCRA fugitive emission sources such
as waste storage tanks and process equipment that comes in contact with a RCRA hazardous
waste. Such equipment is specified in Title 40, Code of Federal Regulations (40 CFR) Part 265,
Subpart BB. Equipment covered under Subpart BB includes:

Pumps

Valves

Connectors (flanges, unions, tees, etc.)

Compressors

Pressure-relief devices

Open-ended lines

Product accumulator vessels

Sampling connecting systems

DO OO OO OO OO

Closed vent systems
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Step 2:

C Agitators

Note each fugitive emission source on a facility plot map with a descriptor and the location
denoted with Universal Transverse Mercator (UTM) coordinates (specify if North American
Datum [NAD] of 27 or NAD83).

Group Equipment Into a Combined Source - To significantly reduce the effort required to
complete air dispersion modeling and the subsequent risk assessment, group equipment in close
proximity, and evaluate as a single combined source. The speciated emission rates for the group
are the summation of the emissions from the grouped individuals. Clearly denote on a facility
plot plan or map the area extent of the grouped or combined source, as defined by UTM
coordinates (specify if NAD27 or NAD83). Define the area extent of the combined source using
the actual locations of the equipment being grouped, without exaggeration to cover areas without
fugitive sources. It may also be useful to consider how fugitive emission sources are to be
defined when conducting the air dispersion modeling (see Chapter 3).

Equipment in two areas of the hypothetical facility shown in Figure 2-1 are grouped into combined

sources; these consist of the Waste Feed Storage Area and the RCRA Combustor Area.

Step 3: Estimate Fugitive Emissions from Tanks - Obtain fugitive emission rates for waste storage tanks
from the facility’s emission inventory or Title V air permit application prepared in compliance
with Clean Air Act Amendments of 1990 (see example provided as Figure 2-2). If that
information is not available, fugitive emissions from storage tanks can be calculated using U.S.
EPA’s TANKS Program or by following the procedures outlined in U.S. EPA (1995a),
“Compilation of Air Pollution Emission Factors, January 1995.”

The information needed to accurately estimate fugitive emission rates from storage tanks
includes, but is not limited to:
C Dimensions of the tanks
- Shell height and diameter
C Characteristics of the tank roof
- Color and shade
- Condition (e.g., poor, good)
- Type (e.g., cone, dome)
- Height
- Radius or slope
- Fixed or floating
C Characteristics of the shell
- Color and shade
- Condition (e.g., poor, good)
- Heated
C Settings on breathe vents
- Vacuum setting
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- Pressure setting

C Characteristics of the stored liquids
- Maximum and annual average liquid height
- Working volume
- Turnovers per year
- Net throughput
- Average annual temperature
- Vapor pressures of speciated constituents (at annual average temperature)

Step 4: Estimate Fugitive Emissions from Process Equipment - Estimate fugitive emissions for each
type of equipment listed under 40 CFR Part 265, Subpart BB by using the following four
approaches, listed in order of increasing refinement and data requirements:

C Average Emission Factor Approach (AEFA)
C Screening Ranges Approach (SRA)

C U.S. EPA Correlation Approach (EPACA)

C Unit-Specific Correlation Approach (USCA)

These four approaches would generally be applicable to estimate fugitive emission rates of volatile
organic compounds (VOCs) from equipment on any facility. Except for the AEFA method, all of the
approaches need screening data collected using a portable monitoring device (PMD). Because data on
fugitive emissions at a facility is typically limited, the AEFA method is expected to be used in most cases,
and therefore has been selected for use in the example illustrated in Figure 2-1, and Tables 2-1 and 2-2.
However, we recommend using more refined approaches such as SRA, EPACA, or USCA, if sufficient
data is available. U.S. EPA (1995k) provides a detailed discussion on these three approaches. Additional
information on estimating fugitive emission rates is available in U.S. EPA (1995k), “Protocol for
Equipment Leak Emission Estimates, EPA-453/R-95-017."
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FIGURE 2-1
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FIGURE 2-2
EXAMPLE EMISSIONS INVENTORY
Department of Environmental Quality LOUISI AN A
Air Quality Division SINGLE POINT SOURCE / AREA SOURCE
P. 0. Box 82135 . ; i LA DEQ
Baton Rouge, LA 70884-2135 Emission Inventory Questionnaire (EIQ)
(504) 765-0219 for Air Pollutants
Company Name Plant location and name (if any) Date of submittal
Hypothetical Chemical Company Baton Rouge, LA Plant February 1996
Source ID Number | Descriptive name of the equipment served by this stack or vent Location of stack or vent (see instructions on how to determine
location of area sources)
WST - 1 Waste Feed Tank Horizontal Coordinate 589100 m E
UTM zone no. 15 Vertical coordinate 3616200 m N
STACK and DISCHARGE .
PHYSICAL Height of stack | Diameter or stack Stack gas exit Stack gas flow at process Stack gas exit velocity | Fortanks, list volume
CHARACTERISTICS . . (gals)
above grade [ft] discharge area temperature ('F) conditions, not at standard (cfm) (ft/sec) 500
Change [ ] yes [x] ng 8 0.167 ft 125 2427 1832 Date of construction
Type of fuel used and heat input (see instructions) Operating Percent of annual throughout of Normal operating time Normal
- Characteristics | Pollutants through this emission point of this point operating rate
T f Fuel Heat input (MMBtu/hr)
Fuel _ype ol tue calinpu — Dec-Feb | Mar-May | Jun-Aug | Sep-Nov | hrs/ days/ weeks/
a day week year
100%
b 25 25 25 25 °
c 2400 7 520
Air Pollutant Specific Information
Control Control Emission Rate Emission Add,
Pollutant equipment| equipment Average Maximum Annual estimation | change, Concentration in gases
code efficiency (Ibs/hr) (Ibs/hr) (tons/yr) method delete exiting at stack
code
2-Nitropropane 000 0.0000 0.0023 0.3463 0.01 3 ¢ N/A" ppm by vol
Acetaldehyde 000 0.0000 0.0041 125.00 0.081 3 c N/A ppm by vol
Acetanitrite 000 0.0000 0.0023 21.1266 0.01 3 ¢ N/A' ppm by vol
Methanol 000 0.0000 0.0023 4.502 0.01 3 ¢ N/A' ppm by vol
Non-Toxic Voc 000 0.0000 0.0062 195.3347 0.028 3 ¢ N/A_ppm by vol
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TABLE 2-1
EXAMPLE CALCULATION
TOTAL FUGITIVE EMISSION RATES FOR EQUIPMENT IN WASTE FEED STORAGE AREA
1 2 3 4 5 6 7 8 9 10
Number of Each Equipment Emission Operational
Fugitive Type of Waste Equipment PR Total VOC | Time Period of Total VOC Total Fugitive
Emission Waste Stream In Equipment Type Per Waste Weight Equipment Emissions Rate by | Emission Rate
Source Stream Service Type Stream (kg/hr) (g/sec) Fraction (days) Equipment (g/sec) (g/sec)
Light Liquid Pumps 3 0.01990 0.00553 0.9 180 0.01493
Light Liquid Valves 70 0.00403 0.00112 0.9 180 0.07056
Process
A Light Liquid Connectors 30 0.00183 0.00051 0.9 180 0.01377 0.14926
Wastes ] .
Light Liquid Tank WST-1 1 -- -- 0.9 180 0.02
Waste . -
Feed Light Liquid Tank WST-2 1 -- -- 0.9 180 0.03
Sffage Heavy Liquid Pumps 2 0.00862 | 0.00239 0.6 180 0.00287
rea
Heavy Liquid Valves 75 0.00023 0.00112 0.6 180 0.0504
Process 0.06857
B Heavy Liquid Connector 50 0.00183 0.00051 0.6 180 0.0153 :
Wastes L
Heavy Liquid | Tank WST-1 1 -- -- 0.6 0 0
Heavy Liquid | Tank WST-2 1 -- -- 0.6 0 0
Notes:
Column 1 Equipment in the Waste Feed Storage Area was identified and grouped as a combined RCRA fugitive emission source with an area extent defined by UTM
coordinates (NAD83).
Column 2 The waste streams serviced by equipment in the Waste Feed Storage Area can be determined through review of the facility's RCRA Part B Permit Application, Air
Emission Standards.
Column 3 The type of waste stream in service, defined as light or heavy for determination of equipment-specific emission factors, can be determined from review of waste
stream vapor pressure.
Column 4 Similar types of equipment can be grouped according to the most applicable equipment-specific emission factor and type of waste stream service (light or heavy)
provided in U.S. EPA (1995k).
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Column 5 The number of equipment type (per waste stream) identified in column 3.
Column 6 Emission factors specific to each type of equipment can be obtained from U.S. EPA (1995k), with the exception of storage tanks.
Column 7 Weight fraction of total volatile organic compounds was obtained from dividing the concentration of VOCs (mg/L) by the density of the waste stream (mg/L).
Column 8 Assumed the equipment is operational for 180 days a year.
Column 9 Equipment-specific fugitive emission rates were determined by multiplying Columns 5, 6, and 7. Emission rates for tanks were obtained from Title V air permit

application. In the absence of such data, emission rates for tanks can be calculated using U.S. EPA’s TANKS Program or by following the procedures outlined in

U.S. EPA (1995a).
Column 10 The total fugitive emission rate for each waste stream is determined by summing emission rates for all the equipment. Table 2-2 presents calculations for estimating

speciated fugitive emissions.
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TABLE 2-2

EXAMPLE CALCULATION
SPECIATED FUGITIVE EMISSIONS
FOR EQUIPMENT IN WASTE FEED STORAGE AREA

1 2 3 4 5 6
Total
Weight Fraction Fugitive
Fugitive of Each VOC In Emission Speciated
Emission Waste Stream Waste Stream Rate Fugitive
Source Waste Stream Composition (%) (g/sec) Emissions (g/sec)
Acetaldehyde 0.20 0.14926 0.0030
Acetonitrile 0.25 0.0037
Process A Wastes
2-Nitropropane 0.25 0.0037
Waste Feed Nitromethane 0.20 0.0030
Storage Area Acetaldehyde 0.20 0.06857 0.0137
Acetonitrile 0.10 0.0069
Process B Wastes
Methanol 0.20 0.0137
Propionitrile 0.05 0.0034
Notes:
Column 1 Equipment in the Waste Feed Storage Area was identified and grouped as a combined RCRA
fugitive emission source with an aerial extent defined by UTM coordinates (NAD83).
Column 2 The waste streams serviced by equipment in the Waste Feed Storage Area can be determined
through review of the facility’s RCRA Part B Permit Application, Air Emission Standards.
Column 3 The waste stream composition can be determined from analytical data
Column 4 Weight fraction of compounds in the waste stream can be determined from analytical data or review

of the facility’s Title V Air Permit Application, Emissions Inventory Questionnaire (EIQ) for Air
Pollutants (see example in Figure 2-2).
Column 5 The total fugitive emission rate for each waste stream was obtained from Column 10, Table 2-1.
Column 6 Speciated fugitive emissions were obtained by multiplying Column 4 and 5.

An Example Calculation Using the AEFA Method

Information needed to estimate fugitive emission rates using the AEFA method includes:

C Type of waste stream associated with each equipment type (Columns 2 and 3, Table 2-1)
- light liquids are those in which the sum of the concentration of individual
constituents with a vapor pressure over 0.3 kilopascals (kPa) at 20°C is greater
than or equal to 20 weight percent
- heavy liquids are all others liquids not meeting the definition of light liquids as
specified above
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C Number of each equipment type associated with each waste stream (Columns 4 and 5,
Table 2-1)
C Total VOC weight fraction of each waste stream (Column 7, Table 2-1)
C Weight fraction of each VOC in each waste stream (Columns 3 and 4, Table 2-2)
C Operational time period of equipment (Column 8, Table 2-1)

In the AEFA method, equipment is grouped by waste streams of similar characteristics and VOC

composition (Columns 1 and 2, Table 2-1). However, the AEFA method doesn’t account for different

site-specific conditions such as temperature, vapor pressure, or screening values, among process units

within a source category. Site-specific factors can significantly influence fugitive emission rates of leaks

from equipment.

U.S. EPA (1995k) presents the average emission factors (Column 6, Table 2-1) for synthetic organic

chemicals manufacturing industry process units, refineries, and natural gas plants. The following table is

an excerpt from this guidance document. These emission factors are most valid for estimating rates of

emissions from a grouping of equipment over a long time period.

SOCMI AVERAGE EMISSION FACTORS

TABLE 2-3

Emission factor

Equipment type Service (kg/hr/source)

Valves Gas 0.00597

Light liquid 0.00403

Heavy liquid 0.00023
Pump seals Light liquid 0.0199

Heavy liquid 0.00862
Compressor seals Gas 0.228
Pressure relief valves Gas 0.104
Connectors All 0.00183
Open-ended lines All 0.0017
Sampling connectors All 0.0150

Source: U.S. EPA (1995k)
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To calculate the total VOC emissions rate for a specified equipment type, multiply the equipment
emission factor by the total VOC weight fraction and the number of each equipment type per waste

stream (Column 9, Table 2-1 = Column 6 x Column 7 x Column 5).

Generate the total fugitive emission rate for the waste stream (Column 10, Table 2-1) by summing the
total VOC emission rates for each equipment type. Speciated fugitive emissions are then calculated by
multiplying the weight fraction of each VOC in the waste stream and the total fugitive emission rate for
the waste stream (Column 6, Table 2-2 = Column 4 x Column 5). This speciated emission rate is the

emission rate used in the risk assessment.

]
RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT

C Summary of the step-by-step process conducted to evaluate fugitive emissions

C Facility plot map clearly identifying each fugitive emission source with a descriptor and the
location denoted with UTM coordinates (specify if NAD27 or NAD83).

C Speciated emission rate estimates for each waste stream serviced by each source, with
supporting documentation

C Applicable discussion of monitoring and control measures used to mitigate fugitive emissions
______________________________________________________________________________________________]

2.2.6.2 Fugitive Emissions from Combustor Leaks

We recommend that when appropriate, the risk assessment evaluate fugitive emissions resulting from the

construction, design, or operation of a hazardous waste combustor. Examples of fugitive emissions from

combustor leaks include:

C Combustors operating under negative pressure may experience temporary positive pressures
(“puffing™) that cause fugitive emissions. This condition can occur when a slug of high BTU
waste is combusted, causing a rapid expansion in the volume of combustion gases that exceeds
the volume of the combustion chamber.

C Fugitive emissions resulting from the day-to-day operation of the combustor and APCS. These
emissions will typically include (1) leaks that occur due to a positive pressure in the APCS, and
(2) routine maintenance activities such as replacement of baghouse collection bags.
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Currently, we don’t offer any specific guidance on how to quantitatively estimate fugitive emissions from
hazardous waste combustors. However, if no site-specific quantitative methods are available, one option
is to address risks associated with leaks in the uncertainty section of the risk assessment. Under such an
approach, the permitting authority could review facility-specific data to determine whether or not the
design addresses equipment leaks and whether the operational data indicate that equipment leaks may be

a problem.

]
RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT

€ Process design information and drawings (if necessary)

€ Past operating data indicating the frequency, duration, and magnitude of combustor leaks
€ Information regarding the probable cause of combustor leaks

€ Summary of procedures in place to monitor or minimize fugitive emissions resulting from

combustor leaks
|

2.2.7 RCRA Fugitive Ash Emissions

Burning hazardous waste may produce flyash. Fugitive particle emissions may result from the associated
collection, handling, and disposal of the flyash. Typically, fugitive emissions of flyash collected from an
air pollution control device (APCD) will occur during transfer into covered trucks or other conveyance
mechanisms prior to disposal. Emissions generated during the loading process can be controlled by
APCDs or other types of equipment. However, some of the flyash may still escape into the atmosphere as

fugitive emissions.

We generally recommend the following steps to quantitatively estimate RCRA fugitive ash emissions:
(1) determine an empirical emission factor, (2) estimate the flyash generation rate, and (3) account for air
pollution control equipment, if applicable. As demonstrated in the example calculation below, it is then
possible to estimate the fugitive ash emission rate by multiplying the empirical emission factor by the

flyash generation rate and, if applicable, the control deficiency of the air pollution control equipment.
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Step 1: Determine an Empirical Emission Factor - One approach to estimate particle emissions
associated with flyash loading and unloading is to use an empirical emission factor of 1.07 Ib per
ton flyash. This factor is based on a field testing program conducted at a coal fired power plant
equipped with an electrostatic precipitator (ESP) (Muleski and Pendleton 1986). Because
burning coal and hazardous wastes are similar activities, flyash generated from similar control
devices is expected to behave similarly under the same conditions, with respect to fugitive
emissions. In general, particle behavior is dependent more on the physical form of the flyash than
on the feed (or waste) stream being burned. The emission factor determined during the empirical
study (0.107 Ib per ton flyash) can be adjusted by a factor (e.g., 10) to account for the fact that the
flyash from burning coal (in the study) was wetted. Depending on the facility, the flyash from the
hazardous waste combustion facility may or may not be wetted.

Step 2: Estimate the Flyash Generation Rate - Obtain the APCD flyash generation rate from the Part B
Permit Application. Obtain the total ash content of the “generic” waste streams created from the
waste profile. Both values should be approximately the same. Since a major portion of ash fed to
the combustor is converted to bottom ash, it is likely that this value can be assumed to be a high
estimate of the actual flyash generation rate.

Step 3: Account for Air Pollution Control Equipment - If an APCD is used for controlling emissions
during flyash handling operations, you can generally apply an efficiency factor (e.g., 99.5
percent) to the emission rate. An efficiency factor of 99.5 percent is based on typical collection
efficiencies of particulate matter control devices, for the particle sizes in the range of 2.5 to 10 um
(U.S. EPA 1995a).

Example Calculation

Multiply the empirical emission factor (Step 1) times the estimated flyash generation rate (Step 2):

[(2.07 Ib per ton) * (5,000 tons per year) = 5,350 Ibs per year].
To account for the air pollution control equipment, multiply the product of Steps 1 and 2 times one minus
the fabric filter efficiency (Step 3) to calculate the final RCRA fugitive ash emission rate for use in the
risk assessment:

[(5,350 Ibs per year) * (1 - 0.995) = 26.75 Ibs per year].

2.2.8 Cement Kiln Dust (CKD) Fugitive Emissions

CKOD is the particulate matter (PM) that is removed from combustion gas leaving a cement kiln. This PM
is typically collected by an APCS—such as a cyclone, baghouse, ESP—or a combination of APCSs.
Many facilities recycle a part of the CKD back into the kiln. Current and applicable guidance on
evaluating CKD includes (1) the Technical Background Document for the Report to Congress (U.S. EPA
1993g), and (2) the regulatory determination of CKD (60 FR 7366, February 7, 1995).
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Most CKD constituents (for example, metals) aren’t volatile but could be released to air through fugitive
dust emissions as volatile or semivolatile organics. These emissions can be in gaseous form and present
in relatively low concentrations, if at all (U.S. EPA 1993a). Dust particles may be suspended in the air by
either wind erosion or mechanical disturbances. The extent to which dust is blown into the air by wind
erosion depends on several site-specific characteristics, including (1) the texture (particle size
distribution) and moisture content of the CKD on the surface of piles, (2) non-erodible elements, such as
clumps of grass or stones on the pile, (3) presence of a surface crust, and (4) wind speeds. Mechanical
disturbances that can suspend CKD constituents in the air include (1) vehicular traffic on and around
CKD piles, (2) CKD dumping and loading operations, and (3) transportation of CKD around a plant site
in uncovered trucks. Cement plants may use various control measures to limit the release of CKD to the
air. For example, CKD may be pelletized in a pug mill, compacted, wetted, and covered to make the

material less susceptible to wind erosion.

To keep the dust down, many facilities add water to CKD before disposal, to agglomerate individual
particles. In addition, as CKD sits in a pile exposed to the elements, occasional wetting by rainfall may
form a thin surface crust in inactive areas of the pile. This acts to mitigate air entrainment of particles.
However, based on field observations by U.S. EPA (1993g), neither surface wetting nor natural surface
crusting eliminates the potential for CKD to be blown into the air. Wetting the dust before disposal
provides incomplete and temporary control because water is infrequently applied, and the dust ultimately
dries and returns to a fine particulate that is available for suspension and transport. Similarly, a surface
crust may develop, but (1) the crust breaks when vehicles or people move on the pile, and (2) fresh dust is
regularly added to the pile, providing a continual, exposed reservoir of fine particles. Please note that a

crust doesn’t always form, for a variety of reasons such as weather and CKD chemistry.

CKD constituents that are released to the air are transported and dispersed by the winds, and are
ultimately deposited onto land or water, either by settling in a dry form or by being entrained in

precipitation.

2.2.8.1 Composition and Characteristics of CKD

We evaluated the potential direct and indirect risks resulting from on-site and off-site management of

CKD (U.S. EPA 1993g; 1993h). These studies highlight the limited amount of available information

regarding variation in the chemical constituents of CKD generated by facilities burning hazardous waste
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as fuel, and by facilities burning only fossil or nonhazardous waste fuels. There may also be differences
in composition between the “as-generated” CKD -- a portion of which is recycled back into the system —

and the “as-managed” CKD that is disposed of on or offsite.

The air exposure pathway is generally of concern for CKD, because the dust is a fine PM that is readily
suspendable, transportable, and respirable in air. In general, particles that are #100 micrometers can be
suspended in the wind and transported. Within this range, particles that are #30 micrometers can be
transported for considerable distances downwind. However, particles that are #10 micrometers are of
primary concern for respiration by humans (U.S. EPA, 1993g). Virtually all of the dust generated at the
15 facilities evaluated by U.S. EPA (19939) in the Cement Kiln Dust Report to Congress may be
suspended and transported in the wind (that is, the vast majority of particles are #100 micrometers), and
over two-thirds of all CKD particles generated may be transported over long distances. Additionally, a
significant percentage of the total dust generated (from 22 to 95 percent, depending on kiln type)

comprises respirable particles that are #10 micrometers.

RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT
€ Physical data, including particle size distribution and density

€ Chemical data, including organic and inorganic analytical tests similar to those used for
sampling combustion gases

€ Plant net CKD generation rate (how much CKD per year that is available for disposal)

€ Ambient air monitoring data

€ CKD management, transportation, storage, and disposal methods

€ Containment procedures, including fugitive dust prevention measures and the area of exposed
CKD

€ Meteorological data, including wind speed and precipitation

2.2.8.2 Estimating CKD Fugitive Emissions

In general, the HHRAP doesn‘t address quantitative estimation of risk from fugitive CKD emissions.
However, risk assessments of cement manufacturing facilities are still able to evaluate the fugitive CKD

emissions qualitatively. The Technical Background Document for the Report to Congress (U.S. EPA
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1993g), includes methods to estimate the magnitude of fugitive emissions from the handling, storage, and
disposal of CKD. Sampling data of CKD collected during maximum waste metal feed rate conditions
from the trial burn, risk burn and/or certification of compliance tests may also be useful in evaluating
CKD fugitive emissions. You can then evaluate it qualitatively by comparing the risks estimated for the
kiln stack emissions, to the high end national screening level estimated by U.S. EPA for CKD in U.S.
EPA (19939g) and the regulatory determination of CKD (60 FR 7366, February 7, 1995). If the risks are
equivalent, the combined risks appear significant, or the risks attributed to the CKD are greater than the
risks estimated for the kiln stack emissions, it might be appropriate to evaluate the risk from CKD
emissions in a more quantitative fashion. We generally recommend that the permitting authority make
sure that any qualitative evaluation includes a comparison of the conditions at the facility to the
conditions at the model facilities we evaluated in U.S. EPA (1993g; 1993h). In addition, an analysis of a
specific facility’s compliance with other risk-based environmental statutes and regulations is often an
appropriate method to qualitatively evaluate risks associated with the handling, storage, and disposal of
CKD.

2.3 IDENTIFYING COMPOUNDS OF POTENTIAL CONCERN

Compounds of potential concern (COPCs) are those compounds evaluated throughout the risk
assessment. There is no universal list of COPCs, because a compound that’s a COPC for one combustor
may not be a COPC for another combustor. COPCs in the emissions from hazardous waste combustors

vary widely, depending on the type of

< combustor,
< fuel and hazardous waste feed being burned, and
< APCS used.

COPCs include metals, products of incomplete combustion (PICs), and/or reformation products. PICs are
any organic compounds emitted from a source that are present in the feed stream (even in trace amounts)
and not completely destroyed in the combustion process. Reformation products are organic compounds
that are formed immediately after combustion, due to interaction of specific constituents in the
combustion gasses and specific unit operating conditions relative to a particular combustion process and

associated air pollution control equipment.
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PICs can be formed by trace toxic organic compounds in the waste feed stream. Therefore, we generally
recommend evaluating these trace compounds as PIC precursors, in addition to those compounds more
prevalent in the hazardous waste feed. Don’t confuse PICs with principal organic hazardous
constituents (POHCs). POHCs are compounds in the waste feed stream used during a performance test
burn to measure combustor DRE. Unburned POHCs and partially destroyed or reacted POHCs are PICs,
but PICs are not necessarily POHCs. We’ve typically subdivided COPCs into seven different constituent
categories (U.S. EPA 1994g; 1994i; 1994j; 1994n).

C Polychlorinated dibenzo(p)dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs)
Polynuclear aromatic hydrocarbons (PAHSs)
Polychlorinated biphenyls (PCBs)
Nitroaromatics
Phthalates
Other organics
Metals

O O O O O O

Table A-1 (Appendix A) presents a comprehensive list of compounds typically found (1) in hazardous
waste, and (2) in hazardous waste combustion stack gas emissions. Table A-1 identifies the Chemical
Abstracts Service (CAS) number for each compound, and states whether the compound has been
identified as a carcinogen. Table A-1 also indicates whether a compound has been identified as a
potential COPC by

. U.S. EPA and state risk assessment reference documents,

. emission test results that have identified the compound in the emissions from hazardous
waste combustion facilities, or

. other literature that suggests that the risks from the compound may be significant.

We provide Table A-1 to help you make sure that the performance test program considers the full range
of compounds potentially emitted from a combustor, and the appropriate analytical method. A risk
assessment won’t necessarily evaluate every metal, potential PIC, and reformation product listed in
Table A-1. Once the performance tests are completed, we recommend selecting the risk assessment
COPCs from the stack test data and available facility-specific process information, rather than Table
A-1.

Identify COPCs from the trial/risk burn data based on their potential to pose increased risk or hazard via

one or more of the direct or indirect exposure pathways. We recommend focusing on compounds that

. are likely to be emitted because they (or their precursors) are present in the waste feed,
U.S. EPA Region 6 U.S. EPA
Multimedia Planning and Permitting Division Office of Solid Waste

Center for Combustion Science and Engineering 2-32



Human Health Risk Assessment Protocol

Chapter 2: Facility Characterization September 2005
. are likely to be emitted because they are likely reformation products,
. are potentially toxic to humans, and/or
. have a tendency to bioaccumulate or bioconcentrate in food chains.

Appendix A discusses carcinogenic and noncarcinogenic toxicity of specific compounds. The toxicity
information provided in the HHRAP Companion Database is for informational purposes, to help you

explain the basis for selecting COPCs. Please keep in mind that toxicity benchmarks and slope factors
might change as additional toxicity research is conducted. We recommend consulting the hierarchy of
human health toxicity data (see Appendix A, Section A.2.6) before completing the risk assessment, to

make sure that you use the most current toxicity data.

We generally recommend the following six-step approach (illustrated in Figure 2-3) for identifying the
COPCs to evaluate in a site-specific risk assessment (U.S. EPA 1994i).

Step 1: Evaluate analytical data from the stack tests performed during the regulatory test burn program,
and compounds associated with fugitive emissions (see Section 2.2.6). Prepare a list that includes
all the compounds specified in the analytical methods performed in the stack tests, and all
compounds found in the fugitive emissions evaluation. Also include compounds of concern due
to site-specific factors (e.g., community and regulatory concern, high background
concentrations), as well as PCDD/PCDFs, PAHSs, and PCBs if not otherwise included. Notate
whether each compound was detected or not detected.

In the recommended approach, a detection in any one of the sampling components (e.g., front half rinse,
XAD resin, condensate, Tenax tube), in any run constitutes a detection for that specific compound.
Evaluating blank contamination results [included in the quality assurance (QA) data section of the trial

burn report] may be relevant when determining the non-detect status of the compounds (see Section 2.5).

Regardless of the analytical methods performed in the regulatory test burn program, we recommend that
risk assessments consider PCDD/PCDFs, PAHSs, and PCBs (the rationale for including these compounds

is discussed in greater detail under Step 3 and in Sections 2.3.1 through 2.3.3).

Steps 2 through 4 are unnecessary for compounds detected in the stack test data analysis or identified in

the fugitive emissions evaluation; they may jump to Step 5. All other compounds continue to Step 2.
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FIGURE 2-3
COPC IDENTIFICATION
Site-specific Fugitive Trial/risk burn
concerns emissions data analysis
Trial/ris!<.burn a_na!ytes and List of Tentatively
fugitive emissions, Identified Compounds
(TICs)
PLUS compounds: with peaks >=10% | STEP 6
* With related site-specific factors; of full scale
* Otherwise recommended
STEP 1
Was compound detected? Yes
s non-detected
compound present in: Yes
STEP 2 Waste being burned; OR
other materials fed to
Does non-detect Yes
STEP 3 have a high potential
To be emitted as a
IC /Ref. product?
Yes
STEP 4 Are there:
Related site-specific factors
AND is it y STEP5S
possibly emitted?
Is toxicological
No data available?
DELETE FROM LIST v
List of COPCs List of COPCs
for for
QUANTITATIVE QUALITATIVE
human health assessment, using
isk t surrogate toxicity data
risk assessmen from a similar
compound
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Step 2: Evaluate all wastes that the unit will be permitted to burn. Retain for evaluation any non-detected
compound present in the waste (Section 2.4 discusses estimating concentrations for non-detects).

For example, if a facility is permitted to burn explosives which characteristically include nitroaromatic
compounds, yet the stack test didn’t detect any nitroaromatic compounds, it may be appropriate for
nitroaromatic compounds to still be evaluated in the risk assessment. It is prudent to also consider other

materials fed to the combustor (e.g. raw materials, or coal in a cement kiln).

Steps 3 and 4 are unnecessary for constituents retained as part of the Step 2 evaluation; they may jump to

Step 5. All other compounds, i.e. nhon-detected compounds that did not satisfy Step 2, continue to Step 3.

Step 3: Retain for evaluation any non-detect with a high potential to be emitted as a Product of
Incomplete Combustion (PIC).

As defined earlier, PICs are either present in the feed stream and not completely destroyed, or formed
during the combustion process. It’s therefore important to consider combustion chemistry in identifying
COPCs. For example, PCDDs and PCDFs may not themselves be found in any feed stream yet still be
emitted, because they can form when chlorine-containing chemicals react with organic matter in the low-
temperature regions of the combustion unit or APCS. We therefore generally recommend that PCDDs
and PCDFs be assessed. The potential for various PICs to be found in combustor emissions is dealt with
in more detail in Sections 2.3.1 through 2.3.13, as well as EPA (2001c).

Identifying/including some compounds (nitroaromatics, phthalates, hexachlorobenzene, and
pentachlorophenol) as PICs in the risk assessment may be warranted, considering waste feed composition
and their potential to be emitted (e.g., nitrogenated wastes, plastics, or highly chlorinated organic waste

streams) (see Sections 2.3.4 through 2.3.6).

Step 4 is unnecessary for PCDDs/PCDFs, PAH’s, PCB’s, and other compounds with high potential to be
emitted as PICs; they may jump to Step 5. All other compounds, i.e. non-detected compounds that did

not satisfy Steps 2 or 3, continue to Step 4.
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Step 4: Retain for evaluation those compounds that (1) are a concern due to site-specific factors, and
(2) may be emitted by the combustor.

As mentioned in Step 1, site-specific factors may contribute COPCs. For example, if there is
community/regulatory concern about high background concentrations of a substance which would not
have otherwise been assessed (i.e. it was neither a risk/trial burn analyte, nor found in the fugitive
emissions evaluation), and there is reasonable potential for it to be emitted, it may be appropriate to
include the compound. Also, if a compound found in the trial/risk burn analysis or fugitive emissions
evaluation (and therefore included in the COPC list) doesn’t satisfy Steps 2 or 3, yet is of concern for site-
specific factors and has reasonable potential to be emitted, it may be appropriate for it to continue to Step
5.

If a compound doesn’t have a reasonable potential of being present in the stack emissions, we generally
recommend that the risk assessment report justify this assertion. This information will generally provide

the risk manager with sufficient information to conclude that the facility has not overlooked a serious risk.

Compounds of concern due to site-specific factors with reasonable potential to be emitted continue to
Step 5. Delete all other compounds (i.e. non-detected compounds that did not satisfy Steps 2 through 4)

from consideration in the risk assessment.

Step 5: Research the recommended hierarchy of human health toxicity data (see Appendix A2.6) for
available compound-specific health benchmarks. Add compounds with available toxicity data to
the COPC list for quantitative assessment. Retain compounds that have no toxicity data on the
COPC list for qualitative assessment, and use surrogate toxicity data from a toxicologically
similar compound.

As detailed in Appendix A, we recommend a hierarchy of sources for toxicity data appropriate to use in
the risk assessment. The tox hierarchy represents a library of sources for scientifically defensible,

compound-specific human health benchmarks.

We generally recommend that the assessment of COPCs using surrogate toxicity data not be quantitative
but rather qualitative, and be reported in the Uncertainty section of the risk assessment. The definition of

a “toxicologically similar compound” will depend on the original compound, which in turn changes from
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assessment to assessment. We recognize
the uncertainties involved in even defining
what constitutes “toxicologically similar.”
We therefore recommend consulting with
the permitting authority when identifying
toxicologically similar compounds. It’s
also within the permitting authority’s
purview to determine that it’s technically

appropriate (on a compound-specific basis)

to use surrogate toxicity data quantitatively.

Previous guidance on how to qualitatively
assess risk is inconsistent. Common
practice is also highly variable. One option
is to generate quantitative estimates for
compounds using surrogate toxicity data.
These results, however, aren’t typically
reported with the rest of the COPCs, nor do
they contribute to risk totals. Instead, the
surrogate-based risk results are typically
reported in the Uncertainty section of the
risk assessment report, to inform risk

management decision-makers.

Please Note: The above is
only one option. We
recommend consulting with
the permitting authority
regarding the appropriate
level of effort in acquiring
surrogate toxicity data, and
other methods and
processes to use in
qualitative assessment.

SPECIAL NOTE:
REGARDING FATE & TRANSPORT DATA

Step 5 in Identifying COPCs focuses on availability of toxicity data
because it tends to be the controlling factor: without toxicity parameter
values, quantitative assessment is not possible. Depending on the
compound, though, availability of fate & transport parameter values
could also be a limiting factor.

If these parameter values are available, then it is scientifically
reasonable, and in the interest of protecting human health and the
environment, to evaluate exposure of receptors to the COPC via various
direct and indirect pathways. However, if the necessary fate & transport
properties for a particular exposure pathway aren’t available, then it
seems reasonable to exclude that COPC from consideration for the
affected pathway (or pathways). For example, if a biotransfer value for
milk (see Chapter 5) is not available for a COPC then it can be assumed
that, based on current information, the COPC won’t be assessed via the
ingestion of milk exposure pathway. This principle holds true for other
variables as well. Please note, though, that the lack of fate and transport
data doesn’t automatically equate to an absence of potential exposure
and risk. We generally recommend that as long as sufficient fate &
transport properties are available, the calculations for each exposure
pathway be completed, and any uncertainties introduced into the risk
assessment described in the uncertainty discussion of the risk assessment
report (see Chapter 8).

Fate & transport parameter data may be quite limited for some
compounds, and acquiring that data can be a labor-intensive and time-
consuming process. In an effort to streamline the risk assessment
process, the fate & transport parameter values needed to follow this
Protocol to assess the 200+ compounds most commonly found in
hazardous waste combustor risk assessments are made available in a
database companion to the HHRAP (available for download from the
HHRAP web site). For those compounds not found in the database, the
Superfund Chemical Data Matrix (SCDM)|is a good first source to
acquire the necessary values. When actual values aren’t directly
available, HHRAP Appendix A also lists our recommended methods for
estimating parameter values.

We generally recommend consulting with the permitting authority on the
appropriate level of effort to expend acquiring/estimating fate &
transport parameter values.

Step 6: Evaluate the tentatively identified compound (TIC) peaks obtained during gas chromatography
(GC) analysis, to determine whether any of the TICs have toxicities similar to the detected

U.S. EPA Region 6
Multimedia Planning and Permitting Division
Center for Combustion Science and Engineering

U.S. EPA
Office of Solid Waste
2-37


http://www.epa.gov/superfund/sites/npl/hrsres/tools/scdm.htm

Human Health Risk Assessment Protocol
Chapter 2: Facility Characterization September 2005

compounds. If they do, qualitatively assess using surrogate toxicity data, as recommended for
identified compounds in Step 5.

All organic compounds that are identified and quantified are ultimately subtracted from the total organic
emissions mass value. It is therefore beneficial for the laboratory to identify and quantify the maximum
number of compounds, including TICs. Although it’s in your interest to characterize as many TICs as
possible, extensive characterization of TICs involves a significant commitment of time and expertise and
can reach a point of diminishing returns. We therefore generally recommend characterizing TICs when
the peak intensity is 10 percent or more of the full chromatographic scale, and obtaining a quantitative
estimate of the value using the nearest eluting internal standard and a response factor of 1. Unless the
identification of the TIC is confirmed by the analysis of an authentic standard, it may be appropriate to

qualify the quantitative value as "estimated."

We recognize that for many compounds, only limited information on potential health effects is available.
Also, for those chemicals with identified health effects, the relationship between dose and response may
be poorly understood. We suggest that the risk assessment use the sum of the available toxicological
information and evaluate the uncertainty associated with these issues. As stated previously, toxicity
benchmarks and slope factors may change as additional toxicity research is conducted. You may wish to
consult with the most current versions of the resources found in the tox hierarchy (see Appendix A,
Section A2.6) before completing the risk assessment, to make sure that the toxicity data used in the risk

assessment is the most current available.

Previous Agency guidance (1989¢; 1994j; 1994n; 1998) recommended that the COPC list for indirect
exposure analysis consist of only those constituents considered to present the most significant risks.

These constituents were selected based on the

1. quantity of the hazardous waste to be burned,
2. toxicity of the hazardous waste to be burned, and
3. potential for the hazardous waste to bioaccumulate.

For direct exposure analysis, however, previous guidance recommended including all constituents for
which stack emission data and inhalation health benchmarks exist. We now recommend that a single
COPC list apply to both indirect and direct exposure analysis. We believe that, through the use of
computer-based calculations, you can efficiently assess all identified COPCs via both direct and indirect

exposure pathways. Savings gained through computer-based calculations will provide for an efficient use
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of facility and regulatory resources. Assessing the entire list of COPCs - rather than a subset as
previously recommended - may help minimize public concern over the exclusion of some COPCs and

reduce confusion for those interested in reviewing the results of the risk assessment.

RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT

C Complete evaluation of hazardous wastes to be burned in the combustor

C Complete evaluation of any raw materials or primary fuels burned in the combustor

C Waste analysis procedures used to monitor the composition of hazardous waste feed streams
C Analytical data and calculations used to complete the COPC identification process

The following subsections provide specific information and guidance on identifying COPCs for each
facility—with discussions for specific classes of compounds—that we typically recommend including in
risk assessments. Emerging issues surrounding the class of compounds referred to as “endocrine

disruptors” are also discussed.

The following subsections also focus on compounds that past experience has shown can drive risk
assessments. These compounds include PCDDs/PCDFs, PAHs, PCBs, nitroaromatics, phthalates,
hexachlorobenzene and pentachlorophenol, and metals. Volatile organic compounds are also discussed.
We also discuss specific issues that affect the COPC identification process, and evaluating these

compounds in the risk assessment.

2.3.1 Criteria Pollutants

Under the Clean Air Act, EPA establishes air quality standards to protect public health, including the
health of "sensitive" populations such as people with asthma, children, and older adults. EPA has set
national air quality standards (40 C.F.R. Part 40) for six principal air pollutants (also called the criteria
pollutants): nitrogen dioxide (NO,), ozone (O,), sulfur dioxide (SO,), particulate matter (PM), carbon
monoxide (CO), and lead (Pb). We discuss lead in Section 2.3.5.2, and PM in Section 2.3.7.

Nitrogen dioxide is a reddish brown, highly reactive gas that is formed in the ambient air through the

oxidation of nitric oxide (NO). Nitrogen oxides (NOXx), the generic term for a group of highly reactive

U.S. EPA Region 6 U.S. EPA
Multimedia Planning and Permitting Division Office of Solid Waste
Center for Combustion Science and Engineering 2-39



Human Health Risk Assessment Protocol
Chapter 2: Facility Characterization September 2005

gases that contain nitrogen and oxygen in varying amounts, play a major role in the formation of ozone,
PM, haze, and acid rain. The major sources of man-made NOx emissions are high-temperature
combustion processes such as those that occur in automobiles and power plants. Short-term exposures
(e.g., less than 3 hours) to low levels of NO, may lead to changes in airway responsiveness and lung
function in individuals with preexisting respiratory illnesses. These exposures may also increase
respiratory illnesses in children. Long-term exposures to NO, may lead to increased susceptibility to
respiratory infection and may cause irreversible alterations in lung structure. NOXx react in the air to form
ground-level ozone and fine particle pollution, which are associated with adverse health effects (U.S.
EPA 2005).

Ozone occurs naturally in the stratosphere approximately 10 to 30 miles above the earth’s surface and
forms a layer that protects life on earth from the sun’s harmful rays. Ozone is also formed at ground level
by a chemical reaction of various air pollutants combined with sunlight. The pollutants that contribute to
ozone formation are oxides of nitrogen (NOXx) and volatile organic compounds (VOCs). “Ground-level”
ozone is an air pollutant that damages human health and the environment. Even at relatively low levels,
ozone may cause inflammation and irritation of the respiratory tract, particularly during physical activity.
The resulting symptoms can include breathing difficulty, coughing, and throat irritation. Breathing ozone
can affect lung function and worsen asthma attacks. Ozone can increase the susceptibility of the lungs to
infections, allergens, and other air pollutants. Medical studies have shown that ozone damages lung tissue

and complete recovery may take several days after exposure has ended (U.S. EPA 2004a).

Sulfur dioxide (SO,) belongs to the family of SOx gases. These gases are formed when fuel containing
sulfur (mainly coal and oil) is burned at power plants and during metal smelting and other industrial
processes. High concentrations of SO, can result in temporary breathing impairment for asthmatic
children and adults who are active outdoors. Short-term exposures of asthmatic individuals to elevated
SO, levels during moderate activity may result in breathing difficulties that can be accompanied by
symptoms such as wheezing, chest tightness, or shortness of breath. Other effects that have been
associated with longer-term exposures to high concentrations of SO,, in conjunction with high levels of
PM, include aggravation of existing cardiovascular disease, respiratory illness, and alterations in the
lungs' defenses. The subgroups of the population that may be affected under these conditions include
individuals with heart or lung disease, as well as the elderly and children (U.S. EPA 1986d; 2005).

Carbon monoxide is a colorless and odorless gas, formed when carbon in fuel is not burned completely. It

is a component of motor vehicle exhaust, which contributes about 60 percent of all CO emissions
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nationwide. Other sources of CO emissions include industrial processes, non-transportation fuel
combustion, and natural sources such as wildfires. CO enters the bloodstream through the lungs and
reduces oxygen delivery to the body's organs and tissues. The health threat from levels of CO sometimes
found in the ambient air is most serious for those who suffer from cardiovascular disease such as angina
pectoris. At much higher levels of exposure not commonly found in ambient air, CO can be poisonous,
and even healthy individuals may be affected. Visual impairment, reduced work capacity, reduced manual
dexterity, poor learning ability, and difficulty in performing complex tasks are all associated with
exposure to elevated CO levels (U.S. EPA 2000d).

The permitting authority decides whether to include criteria pollutants in the quantitative risk assessment.
For example, as noted in the November 14, 1997, decision of the Environmental Appeals Board in
reference to the Ash Grove Cement Company Permit No. KSD031203318 and risks associated with
exposure to cement kiln dust controlled through the state solid waste permit, compliance with other
environmental statutes (e.g., CAA, CWA) may be an appropriate method to consider and control risks

from non-RCRA related pollutants (Environmental Appeals Board 1997).

2.3.2 Endocrine Disruptors

Endocrine disruptors are chemicals are thought to mimic natural hormones, inhibit the action of
hormones, or alter the normal regulatory function of the immune, nervous, and endocrine systems.
Possible human health endpoints affected by these agents include breast cancer and endometriosis in
women, testicular and prostate cancers in men, abnormal sexual development, reduced male fertility,
alteration in pituitary and thyroid gland functions, immune suppression, and neurobehavioral effects (U.S.
EPA 1997g).

Problems were encountered while attempting to classify chemical compounds as endocrine disruptors.
Only limited empirical data are available to support the designation of specific chemicals as endocrine
disruptors, and some of the data are conflicting. There is a lack of clear structure-activity relationship, as
well as a lack of unifying dose-response relationship, among the diverse groups of chemicals considered
endocrine disruptors. Also, there are multiple modes of action for chemicals currently considered

endocrine disruptors.

Because the information currently available on endocrine disruptors is inconsistent and limited, U.S. EPA

has not yet developed a methodology for quantitative assessments of human health risk resulting from
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exposure to potential endocrine disruptors (U.S. EPA 1996i). However, the methods for addressing
endocrine disruptors are developing at a rapid pace. We therefore generally recommend contacting the
Economics, Methods and Risk Analysis Division (EMRAD) of the Office of Solid Waste for the latest
guidance on how to address endocrine disruptors in site-specific risk assessments. Additional information

(e.g., U.S. EPA 19979) is available for review at the web site http://epa.gov/endocrine/pubs.html.

2.3.3 Hexachlorobenzene and Pentachlorophenol

In past guidance (U.S. EPA 1994g; 1994i; 1994j; 1994r) we recommended always including
hexachlorobenzene and pentachlorophenol in risk assessments of hazardous waste combustors. However,
we no longer recommend automatically including them. Rather, we generally recommend carefully
considering the information and issues presented below before deciding whether to include

hexachlorobenzene and pentachlorophenol as COPCs for quantitative assessment.

Hexachlorobenzene is an impurity in pentachlorophenol, while pentachlorophenol is formed from
hexachlorobenzene in the body as well as in some factories (ATSDR 1994a; ATSDR 1994b).
Hexachlorobenzene and pentachlorophenol, like all chlorinated aromatics, are synthesized by the reaction
of elemental chlorine with a parent aromatic (Deichmann and Keplinger 1981; Grayson 1985). The
addition of the first chlorine atom to the benzene or phenol molecule is rapid, but further chlorination
becomes progressively more difficult, requiring ferric chloride or another Lewis acid catalyst to complete
the reaction (March 1985). Therefore, these chlorinated compounds are difficult to make even under
controlled conditions. Hexachlorobenzene, but not pentachlorophenol, has been reported in emissions
from the combustion of municipal solid waste and from other processes (such as the chlorination of wood
pulp) that also produce PCDDs and PCDFs (ATSDR 1994a; ATSDR 1994b). The combustion properties
of these chlorinated compounds indicate that they aren’t likely to be formed as PICs if they aren’t present

in the waste feed stream.

We consider it prudent to include hexachlorobenzene and pentachlorophenol as COPCs for combustors
that burn waste feeds containing hexachlorobenzene and pentachlorophenol, wood preservatives,
pesticides, or highly variable waste streams such as municipal solid waste. However, we don’t
recommend precluding these compounds from analytical testing during the trial burn based only on
process knowledge and waste feed characteristics. Because PCDDs and PCDFs can be formed from fly

ash-catalyzed reactions between halogens and undestroyed organic material from the furnace, other
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Agency guidance (U.S. EPA 1994i; 1998c) recommends including potential precursor compounds in the
risk assessment and trial burn (see Section 2.3). These precursor compounds might include chlorinated
phenols (such as pentachlorophenol) and chlorinated aromatics (such as hexachlorobenzene). Also, the
toxicity and uncertainties associated with combustion chemistry suggest that stack gas testing always

confirm the absence of these compounds from stack emissions.

2.3.4 Hydrogen Chloride/Chlorine Gas

Hydrogen chloride (which becomes hydrochloric acid when dissolved in water) and chlorine are major
products of the chemical industry, with uses too numerous to list. When chlorine gas dissolves in water
(whether during drinking water treatment or when someone inhales chlorine), it hydrolyzes to form equal
amounts of hydrochloric acid and hypochlorous acid; the adverse effects of which are similar but not
identical (Stokinger 1981; ACGIH 1991).

Hydrochloric acid has many uses. It is used in the production of chlorides, fertilizers, and dyes, in
electroplating, and in the photographic, textile, and rubber industries. Hydrochloric acid is corrosive to
the eyes, skin, and mucous membranes. Acute (short-term) inhalation exposure may cause eye, nose, and
respiratory tract irritation and inflammation and pulmonary edema in humans. Acute oral exposure may
cause corrosion of the mucous membranes, esophagus, and stomach and dermal contact may produce
severe burns, ulceration, and scarring in humans. Chronic (long-term) occupational exposure to
hydrochloric acid has been reported to cause gastritis, chronic bronchitis, dermatitis, and
photosensitization in workers. Prolonged exposure to low concentrations may also cause dental
discoloration and erosion (U.S. DHHS 1993).

Chlorine is a potent irritant to the eyes, the upper respiratory tract, and lungs. Chronic (long-term)
exposure to chlorine gas in workers has resulted in respiratory effects, including eye and throat irritation
and airflow obstruction (Cal EPA 2000). Depending on the exposure concentration, acute (short-term)
exposure to chlorine elicits reactions ranging from tickling of the nose and throat (Calabrese and Kenyon
1991) to chest pain, vomiting, dyspnea, and cough (U.S. DHHS 1993). Chlorine is also extremely

irritating to the skin and can cause severe burns in humans (U.S. DHHS 1993).
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2.3.5 Metals

Previous guidance (U.S. EPA 1994g; 1994i; 1998c; NC DEHNR 1997) recommends including the
following inorganic substances in the risk assessment: antimony, arsenic, barium, beryllium, cadmium,
hexavalent chromium, lead, mercury (elemental and divalent), nickel, selenium, silver, thallium, and zinc.
All of these substances, except nickel, selenium, and zinc, are regulated by 40 CFR Part 266, Subpart H
(the BIF regulations). We recommend evaluating nickel and selenium, to determine whether additional
terms and conditions may need to be incorporated into the permit, pursuant to 42 USC 8§ 6925(c)(3) and
40 CFR Part 270.32(b)(2)-i.e., U.S. EPA’s “omnibus” authority. In addition, U.S. EPA (2001c)
recommends also characterizing the metals aluminum, copper, manganese, and vanadium. Another
potential option is applying the BIF regulation Tier | or MACT MTEC assumptions, which assume that
all metals in the waste feed pass through the combustion unit and APCS to the emission stream (U.S. EPA
1992c).

Please Note: It may be appropriate to include metals in the risk assessment even if they
aren’t present in the combustor’s feed streams. Although metals cannot be formed as
PICs, we are aware of combustors with metal emissions resulting from leaching from
stainless steel feed piping.

RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT

C Waste feed, raw material, and secondary fuel stream analytical data
€ Metal emission rate sampling data or assumptions based on waste feed data
€ Explanations for excluding specific metals from evaluation during the risk assessment

The following subsections provide additional information on our recommended procedures for evaluating
four metals—chromium, lead, mercury, and nickel. When evaluating stack emissions for the risk
assessment, we highly recommend considering how each of these metals may be affected by the

combustion process, including possible interactions with other constituents.

2.3.5.1 Chromium

The oxidation state of chromium is a crucial issue in evaluating the toxicity of this metal, and the risks

associated with exposure. Hexavalent chromium (Cr*) is the most toxic valence state of chromium and
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has been shown to be a human carcinogen through inhalation exposure (U.S. EPA 2005i). Trivalent
chromium (Cr*®) is a commonly found, less-oxidized form of chromium. Trivalent chromium has not
been shown to be carcinogenic in either humans or laboratory animals (U.S. EPA 2005i). U.S. EPA
(1990a; 1990b) has indicated that chromium emitted from a combustor is not likely to be in the
hexavalent form. However, there is not sufficient evidence to reliably estimate the partitioning of
chromium emissions into these two valence states. In addition, we recognize that chromium may exist
partially or in some cases entirely as trivalent chromium in various media. For example, Amdur et al.
(1991) states that:

“Trivalent chromium is the most common form found in nature, and chromium in
biological materials is probably always trivalent. There is no evidence that trivalent
chromium is converted to hexavalent forms in biological systems. However, hexavalent
chromium readily crosses cell membranes and is reduced intracellularly to trivalent
chromium..”

We generally consider it best to use measured, speciated emissions data in the risk assessment. If site-
specific speciated emissions data is unavailable, you may generate a default speciation. We generally
recommend using the following method (developed by us through interpretation of data available in the
MACT database, as documented in Appendix D) to generate a default speciation:

. When the measured amount of total chromium is <10 :g/dscm, we recommend a default
of 5 -g/dscm hexavalent chromium.

. When the measured amount of total chromium is in the range of 10 -g/dscm to 100
:g/dscm, we recommend assuming 45 percent is hexavalent chromium.

. When the measured amount of total chromium is >100 :g/dscm, we recommend
assuming 30 percent is hexavalent chromium.

2.3.5.2 Lead

We generally recommend that risk assessments evaluating lead as a COPC use the IEUBK model when

soil concentrations are calculated to be above the benchmark.

The Integrated Risk Information System (IRIS) doesn’t currently list an RfD or RfC for lead, because a
threshold level for exposure to lead has not been established. While the Agency has characterized lead as
a probable human carcinogen, it has not developed a quantitative estimate of cancer risk due to a number
of uncertainties, some of which may be unique to lead (U.S. EPA 2005b). The Agency has typically
relied on the neurological effects observed in children as the sensitive endpoint for evaluating lead

toxicity. Consequently, the Agency developed the integrated Exposure Uptake Biokinetic (IEUBK)
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Model for Lead in Children. Developed through the efforts of U.S. EPA (1990c) and Kneip, et al. (1983),
this model evaluates potential risks based on predicted blood lead levels associated with exposure to lead
(U.S. EPA 1994e). The IEUBK model integrates several assumptions about the complex exposure
patterns and physiological handling of lead by the body, and it has been validated at several sites at which
lead exposure data and human blood lead levels are available (U.S. EPA 1990c). The U.S. EPA Science
Advisory Board (U.S. EPA 1992b) and the U.S. EPA’s Technical Review Workgroup for Lead have both

reviewed and recommended the IEUBK model.

The Agency has developed a computerized version of the IEUBK model that predicts blood lead levels
and distributions for children O to 7 years of age (U.S. EPA 1994¢). The IEUBK model is available for
download at http://www.epa.gov/superfund/programs/lead/products.htm. The IEUBK computer model
cannot predict potential blood lead levels in adults. The Agency has developed an Interim Approach to
Assessing Risks Associated with Adult Exposures to Lead in Soil (U.S. EPA 1996r). This interim model is
intended for “assessing adult lead risks associated with nonresidential [industrial] exposure scenarios.”
However, in general, children are more susceptible to lead exposures than adults because of higher soil
ingestion rates and greater absorption by the gut, in addition to nutritional variables and lower body
weight. In fact, The Agency’s interim approach for assessing adult exposures to lead is based not on
limiting adult toxicity, but rather on limiting fetal toxicity by limiting indirect fetal exposure through
direct maternal exposures to lead (U.S. EPA 1996r).

As stated before, we generally recommend that risk assessments evaluating lead as a COPC use the
IEUBK model when soil concentrations are calculated to be above the benchmark. We don’t generally
recommend evaluating carcinogenic risks or noncarcinogenic hazards of lead. When run with standard
recommended default values (these generally represent national averages, or “typical” values), the
Agency’s IEUBK model predicts that no more than 5 percent of children exposed to a lead concentration
in soil of 400 mg/kg will have lead concentrations in blood exceeding 10 pg/dL (U.S. EPA 1994e and
19940).

2.3.5.3 Mercury

We generally recommend that the risk assessment evaluate exposure to three mercury species via varied

pathways:

1. Assess elemental mercury only through direct inhalation of the vapor phase;
U.S. EPA Region 6 U.S. EPA
Multimedia Planning and Permitting Division Office of Solid Waste

Center for Combustion Science and Engineering 2-46



Human Health Risk Assessment Protocol
Chapter 2: Facility Characterization September 2005

2. Assess divalent mercury through both direct inhalation and indirect exposure to vapor
and particle-bound mercuric chloride; and.

3. Assess methyl mercury only through indirect exposure.

Air emissions of mercury contribute to local, regional, and global deposition. The U.S. Congress
explicitly found this to be the case and required the Agency to prioritize maximum achievable control

technology (MACT) controls for mercury (U.S. Congress 1989).

The Mercury Study Report to Congress (U.S. EPA 1997c¢) found that anthropogenic mercury releases are
thought to be dominated on the national scale by industrial processes and combustion sources that release
mercury into the atmosphere. A portion of these anthropogenic releases is in the form of elemental
mercury, and a portion in the form of mercuric chloride. Coal combustion is responsible for more than
half of all mercury emissions from U.S. anthropogenic sources. The fraction of coal combustion
emissions in oxidized form (i.e. mercuric chloride) is thought to be less than the fraction in oxidized form

from other combustion emission sources (including waste incineration).

Stack emissions include both vapor and particulate forms of mercury. Most of the total mercury emitted
from the stack is in the vapor phase, although exit streams containing soot or particulates can bind up
some fraction of the mercury. Vapor mercury emissions are thought to include both elemental (Hg°) and
oxidized (e.g., Hg*?) chemical species. Particulate mercury emissions are thought to be composed
primarily of oxidized compounds, due to the relatively high vapor pressure of elemental mercury (U.S.
EPA 1997c).

The methods for analyzing mercury speciation in emission plumes are being refined, and there is still
controversy in this field. The speciation of mercury emissions is thought to depend on the fuel used, flue
gas cleaning, and operating temperatures. True speciation of mercury emissions from the various source
types is still uncertain and thought to vary not only among source types, but also between individual
plants (U.S. EPA 1997c). Total mercury exiting the stack is assumed to consist entirely of elemental and
divalent species, with no emissions of methyl mercury. The exit stream is thought to range from almost
all elemental mercury to nearly all divalent mercury. Much of the divalent mercury is thought to be
mercuric chloride (HgCL,) (U.S. EPA 1997¢), particularly in the combustion of wastes containing

chlorine. The divalent fraction is split between vapor and particle-bound phases (Lindgvist et al. 1991).
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Please note that data on mercury speciation in stack emissions is very limited. Also, the behavior of
mercury emissions close to the point of release has not been extensively studied. It is possible for
chemical reactions to occur in the emission plume. This results in a significant degree of uncertainty
implicit in modeling mercury emissions. Additional examples of uncertainties include the precision of
measurement techniques, estimates of pollution control efficiency, limited data specific to source class
and activity level. U.S. EPA (1997c¢) discusses uncertainty, and sensitivity analyses of several of the
assumptions used in the modeling of mercury emissions. Additional discussions and examples of

mercury modeling can be found in the proceedings of the 1T3 conference (Kaleri 2000).

Site-Specific Mercury Sampling

If site-specific mercury sampling information is available, one option is to estimate the oxidation state and
phase distributions. We recommend basing the estimates on the concentration of mercury in various
components of the Agency’s multiple metals sampling train (i.e., U.S. EPA Method 29 or Method 0060)

using the following guidelines:

. Mercury found in the acidic potassium permanganate impingers would be expected to be
the elemental form of mercury (HgP).

. Divalent mercury (HgCl,) is soluble in water and would be expected to be found in the
dilute nitric acid/hydrogen peroxide impinges. This is also referred to as the ionic portion.

. Mercury found in the probe and filter can be assumed to be vapor-phase mercury
adsorbed onto particulate matter or a solid-phase compound. This fraction is referred to
as Hg(PM).

We understand that these methods can be biased by high SO, and trace Cl, in the feed. This bias results
in the over-reporting of ionic vapor (or divalent form) and the under-reporting of elemental vapor

mercury. For risk assessment purposes, we consider this protective.

Default Phase Allocation and Speciation of Mercury Exiting the Stack

As discussed above, stack emissions are thought to be speciated into both divalent and elemental mercury,
and include both vapor and particle-bound forms. Vapor-phase divalent mercury is thought to be more
rapidly and effectively removed by both dry and wet deposition than particle-bound divalent mercury.
This is a result of the reactivity and water solubility of vapor-phase divalent mercury (Lindberg et al.

1992; Peterson et al. 1995; Shannon and Voldner 1994). Also, divalent mercury emitted either in the
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vapor phase or particle-bound, is thought to be subject to much faster atmospheric removal than elemental
mercury (Lindberg et al. 1992; Peterson et al. 1995; Shannon and Voldner 1994). A small fraction (about
one percent) of vapor-phase elemental mercury may be atmospherically transformed into divalent
mercury by tropospheric ozone and adsorbed to particulate soot in the air and subsequently deposited in
rainfall and snowfall (U.S. EPA 1997c).

Based on review of mercury emissions data presented for combustion sources in U.S. EPA (1997c) and
published literature (Peterson et al. 1995), estimates for the percentage of vapor and particle-bound
mercury emissions range widely from 20 to 80 percent. Therefore, unless site-specific mercury sampling
information is available, we generally recommend a protective approach that assumes phase allocation of
mercury emissions from hazardous waste combustion of 80 percent of total mercury in the vapor phase
and 20 percent of total mercury in the particle-bound phase. As illustrated in Figure 2-4, of the 80 percent
total mercury in the vapor phase, 20 percent of the total is in the elemental form and 60 percent of the
total is in the divalent form (Peterson et al. 1995). Of the 20 percent of the total mercury that is

particle-bound, 99 percent (assumed to be 100 percent in Figure 2-4) is in the divalent form. This

allocation is:
C Consistent with mercury emissions speciation data for hazardous waste combustion
sources reported in literature (Peterson et al. 1995); and
C Believed to be reasonably protective, since it results in the highest percentage of total
mercury being deposited in proximity to the source, and therefore, indicative of the
maximum indirect risk.
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FIGURE 2-4
PHASE ALLOCATION AND SPECIATION OF MERCURY IN AIR

Total Mercury Emissions Exiting Stack Into Air
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The Mercury Global Cycle

According to information in U.S. EPA (1997c¢), a vast majority of mercury exiting the stack doesn’t
readily deposit, but is vertically diffused to the free atmosphere, transported outside the study area and
into the global cycle. Regardless of the source of phase and speciation distribution values (i.e. either site-
specific sampling data or default values), we generally recommend using the following fractions from
U.S. EPA (1997c):

. A vast majority of the vapor-phase elemental mercury (over 99 percent) doesn’t readily
deposit, but becomes part of the global cycle;

. Of the mercury emitted as vapor-phase divalent mercury, about 68 percent deposits and
about 32 percent diffuses vertically to the global cycle; and

. 36 percent of the particle-bound divalent mercury deposits, and the rest diffuses vertically
to the global cycle.

Deposition and Modeling of Mercury

Based on information in U.S. EPA (1997c) and as shown in Figure 2-4, we generally assume that
deposition to the various environmental media is almost entirely divalent mercury in either the vapor or
particle-bound form. Without considering the global cycle, 80 percent of total mercury would be

deposited as divalent mercury and the remaining 20 percent would be deposited as elemental mercury.

We generally recommend using the percentages provided in U.S. EPA (1997c) to account for the global
cycle. Using these figures, the percentage of total mercury deposited would be reduced to a total of

48.2 percent (40.8 percent as divalent vapor, 7.2 percent as divalent particle-bound, and 0.2 percent as
elemental vapor). As discussed in Appendix A-2, these speciation splits result in fraction in vapor phase
(Fv) values of 0.85 (40.8/48.0) for divalent mercury, and 1.0 (0.2/0.2) for elemental mercury. Also, to
account for the remaining 51.8 percent of the total mercury mass that is not deposited, the deposition and
media concentration equations (presented in Appendix B), multiply the compound-specific emission rate

(Q) for elemental mercury by a default value of 0.002; and divalent mercury by a default value of 0.48.

Methylation of Mercury

The net mercury methylation rate (the net result of methylation and demethylation) for most soils appears
to be quite low; with much of the measured methyl mercury in soils potentially resulting from wet
deposition (U.S. EPA 1997c). Based on the information in U.S. EPA (1997c), We assume that 98 percent
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of the deposited mercury remains divalent mercury, and two percent speciates to organic mercury (methyl
mercury) in soil. A significant and important exception to mercury methylation rate being low in soils
appears to be wetland soils. Wetlands appear to convert a small but significant fraction of the deposited
mercury into methyl mercury; which can migrate to nearby water bodies and potentially bioaccumulate in
the aquatic food chain (U.S. EPA 1997c). Therefore, we assume the percentage of methyl mercury in
wetland soils is higher than the 2 percent assumed for non-wetland soils. However, wetlands soils aren’t
specifically considered in any of the exposure pathways represented in the recommended human health

exposure scenarios (see Chapter 4).

Both watershed erosion and direct atmospheric deposition can be important sources of mercury to a water
body (U.S. EPA 1997c). There appears to be a great deal of variability in the processing of mercury
among water bodies. As a result, you can generally expect different water body types to have different
ranges of methylation, with wetlands generally expected to have higher percentages of methyl mercury
than lakes, and lakes subsequently more than rivers or streams (Driscoll et al. 1994; Hurley et al. 1995;
Krabbenhoft et al. 1999; Watras et al. 1995). Studies have also shown that rivers or lakes with wetland
components (particularly riparian wetlands) have an increased methyl mercury content (Hurley et al.
1995; Krabbenhoft et al. 1999; St. Louis et al. 1996). The percentage of the water body that constitutes a
riparian wetland also contributes (i.e., the higher percentage - the higher the methyl mercury
concentration). The watershed is also an important factor in determining the methyl mercury
concentration of the water body. Waterbodies that are surrounded by agricultural or forested land tend to
have higher methylation fractions. Waterbodies that are surrounded by mining activities have high
amounts of inorganic mercury in the water, and therefore have a lower methylation efficiency
(Krabbenhoft et al. 1999). As briefly discussed later in this section, this variability in methylated mercury
concentrations is primarily due to the characteristically wide range of chemical and physical properties of
water bodies. Additionally, mercury entering the water body can be methylated predominantly through
biotic processes (U.S. EPA 1997c¢).

In the absence of site-specific measurements to support evaluation of water body properties and biotic
conditions relevant to mercury methylation, we generally recommend assuming that 85 percent of total
mercury in surface water is divalent mercury, and the remaining mass is methyl mercury. This percentage
(i.e., 15 percent as methyl mercury) is based on the average of reported values for the fraction of total
mercury that is methyl mercury in surface water (Akagi et al. 1979; Bloom and Effler 1990; Bloom et al.
1991; Gill and Bruland 1990; Kudo et al. 1982; Lee and Hultberg 1990; Parks et al. 1989; Watras and

Bloom 1992). These literature sources were originally presented in the SAB Review Draft of the
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Mercury Study Report to Congress (U.S. EPA 1996s). The final Mercury Study Report to Congress (U.S.
EPA 1997c, Volume I1I; Appendix D) also presents literature values for the fraction of methyl mercury in
the water column. However, the data are specific to the epilimnion and hypolimnion. For the epilimnion,
reported values range from 4.6 percent to 15 percent, with a point estimate of 7.8 percent. For the

hypolimnion, reported values range from 27 percent to 44 percent, with a point estimate of 36 percent.

We are modifying our previous recommendation for applying the default mercury speciation (85 percent
divalent mercury and 15 percent methyl mercury) to each calculated water body loading. Instead, we
recommend that a dissolved water concentration first be calculated for total mercury using the fate and
transport parameters specified for mercuric chloride. Then, the dissolved total mercury concentration
should be apportioned based on an 85 percent divalent and 15 percent methyl mercury speciation split in
the water body. Appendix B (Table B-4-24) presents the equations we recommend for applying the

speciation assumptions.

For most environmental systems, the literature suggests that various physical and chemical conditions
may influence the methylation of mercury. In some cases you might need to consider these conditions,
and the magnitude of their potential impact, to assess the potential for over- or under-predicting mercury
methylation in media and subsequent biotransfer up the food chain. There is extreme variation between
modeled environmental systems, and at times disagreement in the literature regarding the quantitative
influence of specific conditions on methylation. Table 2-4 summarizes the qualitative effects that some
physical and chemical conditions, as reported in literature, may have on methylation. We therefore
generally recommend conducting extensive research of literature specific to the conditions prevalent at

the site, before deviating from the protective assumptions recommended above.

More recent advances in scientific understanding of the physical, chemical, and biological processes

controlling mercury speciation and partitioning in water bodies are summarized in U.S. EPA (2005g).
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TABLE 2-4

QUALITATIVE EFFECTS OF

PHYSICAL & CHEMICAL CONDITIONS ON METHYLATION

Physical or Chemical Condition

Qualitative Influence on Methylation

Referenced Literature

Low dissolved oxygen

Enhanced methylation

Rudd et al. 1983; Parks et al. 1989

Decreased pH

Enhanced methylation in water column

Xun 1987; Gilmour and Henry 1991;
Miskimmin et al. 1992

Decreased pH

Decreased methylation in sediment

Ramlal et al. 1985; Steffan et al. 1988

Increased dissolved organic carbon
(DOC)

Enhanced methylation in sediment

Chois and Bartha 1994

Increased dissolved organic carbon
(DOC)

Decreased methylation in water column

Miskimmin et al. 1992

Increased salinity

Decreased methylation

Blum and Bartha 1980

Increased nutrient concentrations

Enhanced methylation

Wright and Hamilton 1982;
Jackson 1986; Regnell 1994;
Beckvar et al. 1996

Increased selenium concentrations

Decreased methylation

Beckvar et al. 1996

Increased temperature

Enhanced methylation

Wright and Hamilton 1982; Parks et al.
1989

Increased sulfate concentrations

Enhanced methylation

Gilmour and Henry 1991; Gilmour et
al. 1992

Increased sulfide concentrations

Enhanced methylation

Beckvar et al. 1996

The deposition and media concentration equations that we generally recommend (presented in Chapter 5

and Appendix B) have been modified specifically to account for the methylation and subsequent

biotransfer of mercury, assuming steady-state conditions. The HHRAP companion database provides the

parameter values specific for methyl mercury, and Appendix A-2 includes additional discussion and

reference on their origin.

As noted above, methylation can be highly variable between environmental systems. This results in a

significant degree of uncertainty implicit in the modeling of mercury methylation. To expand on the

qualitative information presented in Table 2-4, and to better understand conditions that may influence

mercury methylation specific to a site, we recommend reviewing the related information presented in U.S.

EPA (1997c; 2005).
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We generally recommend using the equations and protective assumptions presented in this guidance to
estimate risks associated with mercury. If estimated risks exceed target levels, it may be appropriate to
use more extensive site-specific data (if available) and subsequently a more rigorous modeling effort, to
further evaluate points of potential exposure. For example, if sufficient site-specific data is available, it
could be used in a model that predicts transformation of chemical forms and biotransfer of mercury. One
such model is the SERAFM (Spreadsheet Ecological Risk Assessment for the Fate of Mercury) model
developed by EPA's Office of Research and Development, National Exposure Research Laboratory,
Ecosystems Research Division. SERAFM updates the IEM-2M mercury fate and transport algorithms
described in detail in U.S. EPA (1997c) by incorporating more recent advances in scientific
understanding of the physical, chemical, and biological processes controlling mercury speciation and
partitioning in water bodies. The SERAFM enhancements to IEM-2M are summarized in U.S. EPA
(20059).

SERAFM is written in an easy-to-implement Microsoft Excel format so that all manipulations, parameters
and equations are readily available to the user. By specifying only a few additional water body
parameters beyond those already utilized in this guidance (i.e., water body pH, dissolved organic carbon
and color), the user is able to model specific water body mercury transformation processes instead of
using the default speciation assumptions (i.e., 85 percent divalent/15 percent methyl). In the SERAFM
model, mercury species are subject to several transformation reactions including photo-oxidation and dark
oxidation of elemental mercury in the water column, photo-reduction and methylation of divalent
mercury in the water column and sediment layers, and photo-degradation and demethylation of methyl
mercury in the water column and sediment layers. For hazardous waste combustion sources, it is
recommended that, watershed soil concentrations and water body loadings due to source deposition be
calculated externally to SERAFM using the equations presented in Chapter 5 (Equations 5-1E and 5-28)
and then linked to the appropriate SERAFM worksheets for calculation of speciated mercury

concentrations in the water body.

The decision to use more complex mercury models in a risk assessment is not precluded just because they
are different from the model we recommend in the HHRAP. It is for the permitting authority to decide
whether the assessment will use more complex mercury models. If you use more complex mercury
models, we recommend ensuring that sufficient and reliable site-specific data is readily available, and
then carefully identifying and evaluating the models' associated limitations, and clearly documenting the

evaluation in the Uncertainty section of the risk assessment report.
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Conclusion

We encourage all facilities to implement a combination of waste minimization and control technology
options to reduce mercury emission rates on an ongoing basis. Realistic expectations for mercury
emission reduction efforts may be established by considering various technology-based mercury emission
limits that apply to waste combustors (for example, standards for European combustors, the MACT
standards for hazardous waste combustors, or the MACT standards for municipal waste combustors). We
acknowledge that site-specific risk assessments as currently conducted may not identify the entire
potential risk from mercury emissions. Mercury that doesn’t deposit locally will ultimately enter the

global mercury cycle for potential deposition elsewhere.

2.3.5.4 Nickel

We generally recommend evaluating nickel as an inhalation carcinogen using the inhalation unit risk
factor for nickel refinery dust. We generally recommend evaluating nickel for other effects using the oral
RfD for nickel soluble salts, the only available nickel-related RfD (see Appendix A-2 and the HHRAP

companion database).

Nickel refinery dust is identified as a potential human inhalation carcinogen (U.S. EPA 2005i). Major
components of nickel refinery dust include nickel subsulfide, nickel oxide and nickel sulfate. IRIS
classifies nickel subsulfide - the primary component (roughly 50%) of nickel refinery dust - a Class A
human carcinogen (U.S. EPA 2005e). However, all components responsible for the carcinogenicity of
nickel refinery dust have not been conclusively established (U.S. EPA 2005c). Because the component
(or components) of nickel refinery dust causing it to be carcinogenic have not been conclusively
established, we consider it appropriate to evaluate nickel emissions as a potential carcinogen via the
inhalation pathway. In addition, nickel oxides can be reduced to nickel sulfates (some of which are
carcinogenic) in the presence of sulfuric acid (Weast 1986). Hazardous waste combustors which burn wet
wastes containing significant amounts of nickel and sulfur may need to be especially concerned with

nickel emissions.

We generally recommend evaluating nickel as an inhalation carcinogen because some forms of
nickel—including nickel carbonyl, nickel subsulfide, and nickel refinery dust—are considered

carcinogens (U.S. EPA 2005c¢,d,e). This is contrary to the Agency’s previous analysis of the toxicity of
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nickel emissions from hazardous waste combustors. These forms of nickel were not considered in
developing the BIF regulations, because the BIF regulations assumed that nickel can only be emitted as

nickel oxide, which by itself is not considered to be a carcinogen (U.S. EPA 1991a).

If the permitting authority has information at points of potential inhalation exposure that demonstrate the
absence of nickel refinery dust components, or the presence only of noncarcinogenic nickel species, it
may be appropriate to use this information as the basis for supplemental noncarcinogenic calculations.
For exposure pathways other than inhalation, nickel has not been shown to be carcinogenic (U.S. EPA
2005i).

2.3.6  Nitroaromatics

We generally recommend carefully considering the information in the following paragraphs before
deciding the appropriateness of including nitroaromatic organic compounds in the risk assessment. It is
reasonable to include nitroaromatics as COPCs if the combustor feed streams include nitroaromatic

compounds or close relatives (TDA and TDI).

Please Note: In earlier guidance (U.S. EPA 1994¢; 1994i; 1994j; 1994r) we

recommended that risk assessments always include nitroaromatic organic compounds,

including 1,3-dinitrobenzene; 2,4-dinitrotoluene; 2,6-dinitrotoluene; nitrobenzene; and

pentachloronitrobenzene. We no longer recommend automatically including

nitroaromatic organic compounds in risk assessments.
Nitroaromatic organic compounds such as 1,3-dinitrobenzene; 2,4-dinitrotoluene; 2,6-dinitrotoluene;
nitrobenzene; and pentachloronitrobenzene (or close relatives such as toluenediamine [TDA] and toluene
diisocyanate [TDI]—derivatives of dinitrotoluene) are typically associated with explosives and other
highly nitrogenated hazardous wastes. Dinitrotoluene is used to make two products: trinitrotoluene and
TDA. TDAis, in turn, used to make TDI. TDI readily reacts with water, and is therefore very unstable at

ambient conditions. TDI is typically reacted with a polyol to form polyurethane (PU) plastics.

Combustion properties of these nitroaromatic compounds indicate that they won’t be formed as PICs if
they aren’t present in the waste feed stream, mainly because of the thermodynamic and chemical
difficulty of adding a nitro group to an aromatic. The process requires that (1) nitronium ions be
generated, and (2) an aromatic ring react with the nitronium ion, with the nitronium ion attaching to the
ring. This reaction process is not likely to occur in a hazardous waste combustor because (1) the reaction

is typically carried out by using a “nitrating acid” solution consisting of three parts concentrated nitric
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acid to one part sulfuric acid, and (2) nitronium ions aren’t usually formed in a combustor environment (if
they are, a thermodynamically more favorable reaction will occur, thereby eliminating the nitronium ion)
(Hoggett, et al 1971; Schofield 1980; March 1985).

Combustion conditions most likely to result in nitrogenated PICs are associated with premature
guenching of the primary flame—resulting from low temperature or excess air in the primary combustion
chamber of the unit (U.S. EPA 1994j). Under such conditions, sampling for hydrogen cyanide is also
recommended (U.S. EPA 1994)).

2.3.7 Particulate Matter

We don’t recommend evaluating PM as a separate COPC in the risk assessment. However, PM is
generally quite useful as an indicator variable, because it can be measured in real time and is sensitive to

changes in combustion conditions.

Particle pollution is a mixture of solid particles and liquid droplets found in the air. Some particles are
emitted directly from a source, while others form in complicated chemical reactions in the atmosphere. In
general, particle pollution consists of a mixture of larger materials, called "coarse particles,” and smaller
particles, called "fine particles." Coarse particles have diameters ranging from about 2.5 micrometers
(zm) to more than 40 :m, while fine particles, also known as known as PM2.5, include particles with
diameters equal to or smaller than 2.5 -m. EPA also monitors and regulates PM10, which refers to
particles less than or equal to 10 :m in diameter. PM10 includes coarse particles that are "inhalable” -
particles ranging in size from 2.5 to 10 :m that can penetrate the upper regions of the body's respiratory
defense mechanisms (U.S. EPA 2004b).

Exposure to particles can lead to a variety of serious health effects. Scientific studies show links between
these small particles and numerous adverse health effects. Long-term exposures to PM, such as those
experienced by people living for many years in areas with high particle levels, are associated with
problems such as decreased lung function, development of chronic bronchitis, and premature death.
Short-term exposures to particle pollution (hours or days) are associated with a range of effects, including
decreased lung function, increased respiratory symptoms, cardiac arrythmias (heartbeat irregularities),
heart attacks, hospital admissions or emergency room visits for heart or lung disease, and premature
death. (U.S. EPA 1982c; 2004c).
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Ambient PM is a complex mix of constituents derived from many sources, both natural and
anthropogenic. Hence, the physicochemical composition of PM generally reflects the major contributing
local and regional sources arising locally as well as regionally. It stands to reason that the contribution of
any given component within the mix may not be equivalent in value or potency, but may well be highly
dependent on other physicochemical attributes (e.g., co- constituents, specific bioavailability, or chelates),
as well as the health status of the exposed individual. Evidence collected to date indicates that the
discovery of a uniquely responsible physicochemical attribute of PM is not likely to occur (U.S. EPA
2004c).

2.3.8 Phthalates

We generally recommend carefully considering the information in the following paragraphs before
deciding the appropriateness of including phthalates in combustor risk assessments. At the same time,
due to their toxicity and bioaccumulative potential, don’t automatically discount the evaluation of
phthalates in the risk assessment. If phthalates are included as COPCs in the risk assessment, we

generally recommend using a metabolism factor (MF) of 0.01 for BEHP, and 1.0 for all other COPCs.

Please Note: In earlier guidance (U.S. EPA 1994q; 1994i; 1994j; 1994r) we

recommended always including BEHP and DNOP in every risk assessment. We no

longer recommend automatically including phthalates in risk assessments.
Phthalates such as bis(2-ethylhexyl)phthalate (BEHP) and di(n)octyl phthalate (DNOP) are synthesized
by reacting alcohol with phthalic anhydride in the presence of an acidic catalyst in a nonaqueous solvent
(ATSDR 1993; ATSDR 1995b). Among all phthalate plasticizers, BEHP—also referred to as
di(2-ethylhexyl)phthalate or dioctyl phthalate—is produced in the largest volume; it is used in the
manufacturing of polyvinyl chloride, the most widely produced plastic. DNOP is a plasticizer that is
produced in large volumes, and is used in the manufacture of plastics and rubber materials. Because
plastics have become so widely used in society, phthalate plasticizers such as BEHP and DNOP have
become widely distributed in food, water, and the atmosphere (Howard 1990). The general public’s
exposure to phthalate-contaminated food averages 0.3 pg/day/individual, with an estimated maximum
exposure of 2 mg/day/individual (ATSDR 1992). Phthalate plasticizers are commonly found in the
environment and are practically impossible to avoid, especially at the trace concentrations that modern

analyses can detect.
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Phthalates and their predecessors are readily burned, as indicated by their flash points of 150 to 225 °C
(NIOSH 1994). There is no apparent mechanism for phthalate PICs to be formed by burning other
chemical compounds. Therefore, phthalates are very unlikely to be emitted from a combustor, although
some degradation products, such as PAHSs, are likely to be emitted when phthalates are included in the
waste feed. However, facilities that burn plastics or materials with phthalate plasticizers should carefully
consider the potential for phthalate plasticizers to exist in the stack gas emissions due to incomplete
combustion. Also, the uncertainties associated with combustion chemistry suggest that stack gas testing
confirm the absence of these compounds from stack emissions, rather than relying on process knowledge

or waste feed characterization data.

Based on the findings of long-term animal carcinogenicity studies, the Agency has classified BEHP as a
“probable human carcinogen” (class B2) (NTP 1982). Because of its octanol-water coefficient (K,,)
value, BEHP has been presumed to have a high tendency to bioaccumulate (Mackay, Shiu, and Ma 1992;
Karickoff and Long 1995). Considering its ubiquity, B2 classification, and high tendency to
bioaccumulate, BEHP is on most Agency lists of target chemicals (see Table A-1), including the Contract
Laboratory Program (CLP) semivolatile organics analysis list; the Groundwater Monitoring List (40 CFR
Part 264, Appendix 1X); and the Hazardous Substances and Reportable Quantities List (40 CFR Part
302.4).

Evidence indicates BEHP is more readily metabolized and excreted by mammalian species than other
contaminants (ATSDR 1987). As stated above, we generally recommend using an MF of 0.01 for BEHP,
and 1.0 for all other COPCs. An MF represents the estimated amount of COPC that remains in fat and
muscle. Based on a study by Ikeda et al. (1980), the Agency (EPA 1995h) used a COPC-specific MF to
account for metabolism in animals and humans. Considering the recommended values for this variable,
MF has a quantitative effect on animal and human concentrations only for BEHP. No information could
be found on the metabolism or disposition of DNOP in the peer-reviewed literature. However,
disposition data were found for an isomer of DNOP, diisooctyl phthalate (DIOP), a branched-chain
phthalate (Ikeda et al., 1978). Based upon its similarity in structure, it may be assumed that DNOP would
behave comparatively to DIOP and BEHP, and therefore, may be over estimated by approximately a
factor of 100.

The MF applies only to mammalian species, including beef cattle, dairy cattle, and pigs. It does not relate

to metabolism in produce, chicken, or fish. In addition, since exposures evaluated using this guidance are
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intake driven, only apply a metabolism factor to evaluating indirect human exposure via ingestion of beef,
milk, and pork. In summary, using an MF doesn’t apply for direct exposures to air, soil, or water, or to
ingestion of produce, chicken, or fish. Using an MF is further discussed in Section 5.4.4.7 and

Appendix B, Tables B-3-10, B-3-11, and B-3-12.

2.3.9 Polychlorinated Biphenyls

Because of evidence that PCBs can be emitted from combustion sources regardless of feed characteristics,
and considering the significant toxicity of PCBs, we recommend conducting stack testing for PCBs to
support the risk assessment. We also recommend automatically including PCBs as COPCs for
combustors that burn PCB-contaminated wastes or waste oils, highly variable waste streams such as
municipal and commercial wastes (for which PCB contamination is a reasonable assumption), and highly
chlorinated waste streams. Due to the toxicity and uncertainties associated with combustion chemistries,
we generally recommend that stack gas testing confirm the absence of these compounds from stack

emissions.

The most commercially useful property of PCBs is that they are chemically stable in relatively adverse
conditions, such as temperatures of several hundred degrees in an oxygen-containing atmosphere. The
more chlorinated congeners are more resistant to reaction. PCBs were produced commercially by the
reaction of the aromatic hydrocarbon biphenyl with chlorine gas in the presence of a suitable catalyst,
generally ferric chloride or another Lewis acid (ATSDR 1995d). The degree of chlorination was
controlled by manipulating the reaction conditions, including temperature, pressure, and the ratio of the
reactants (Erickson 1992; Grayson 1985). The uses and distribution of polychlorinated biphenyls (PCBs)
were severely restricted in the United States in the late 1970s—with additional bans and restrictions
taking effect over the next decade (ATSDR 1995d).

Due to their stability in adverse conditions, destruction of PCBs by burning generally requires contact
with high temperatures (at least 1,200 °C) for an extended period of time (more than 2 seconds), under
conditions with adequate oxygen (Erickson 1992). Waste combustors can contribute significantly to total
emission inventories of PCBs (Alcock et al. 1999; U.S. EPA 1997e). An increasing body of information
supports the likelihood that PCBs may be emitted as by-products of burning, regardless of PCB

contamination in the combustor feed.
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It is possible that PCBs can be formed by the same types of reactions that produce dioxins and furans,
including gas-phase formation, heterogeneous formation from organic precursors, and de novo synthesis
from flyash-bound carbon. Lemieux et al. (1999) hypothesized that if PCBs and dioxins and furans are
formed by similar mechanisms, then emissions of PCBs should correlate with emissions of dioxins and
furans. This hypothesis was tested by reviewing data where both PCBs and dioxins and furans were
measured. An apparent trend was indeed found showing increased PCB emissions with increased
emissions of dioxins and furans. In most cases, PCBs were found in the stack even when there were no
PCBs in the combustor feed. Overall, PCB emissions exceeded dioxin and furan emissions by
approximately a factor of 20, and this trend appeared to hold over five orders of magnitude in dioxin and

furan emissions.

In addition, there is some limited data, from both laboratory and field studies, showing that PCBs may be
formed from burning hazardous waste. Stack tests performed in U.S. EPA Region 10 on a boiler and an
incinerator burning waste with 0.07 and 1.4 percent chlorine, respectively, confirmed the presence of
PCBs in the stack gases (Kalama Chemical, Inc. 1996; Idaho National Engineering Laboratory 1997).
The concentration of detected coplanar PCBs (as defined in Section 2.3.9.1) found in the boiler stack gas
was 0.55 ng/dscm @ 7% O, at low temperature conditions (1,357° F) and 1.12 ng/dscm @ 7% O, at high
temperature conditions (1,908° F). The concentration of total PCBs detected in the incinerator stack gas
was 211 ng/dscm @ 7% O, at low temperature conditions (1,750 °F) and 205 ng/dscm @ 7% O, at high
temperature conditions (2,075° F). PCBs with more than four chlorines comprised 51 percent of the total

PCBs in the low temperature test and 59 percent of the total PCBs in the high temperature test.

Other laboratory studies suggest the possible formation of PCBs as PICs from burning hazardous waste
with a high chlorine content. Bergman et al. (1984) heated samples of two chlorinated paraffins (CP) in
conditions similar to incinerator conditions. A CP containing 70 percent chlorine did produce PCB (up to
0.3 percent of the amount of CP), as well as chlorinated benzenes (up to 0.5 percent), chlorinated toluenes
(up to 0.6 percent), and chlorinated naphthalenes (up to 0.2 percent). Similar treatment of a CP
containing 59 percent chlorine produced only chlorinated benzenes (up to 0.1 percent of the amount of
CP, based on a detection limit of 0.0005 percent for each individual compound) and almost all of those
(about 90 percent) were monochlorobenzene (Bergman 1984). This study indicates that burning highly
chlorinated wastes (60 percent or greater chlorine) can produce PCBs. Also, in an experiment involving

4 percent charcoal, 7 percent chlorine, and 1 percent copper catalyst heated to 300° C, PCBs were formed
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at levels approaching 300 ppb for the penta homologue, 200 ppb for the hexa homologue, 150 ppb for the
hepta homologue, and less than 50 ppb for the tetra homologue (Stieglitz et al. 1989).

2.3.9.1 PCB Carcinogenic Risks

In earlier guidance (1994q; 1994i; 1994j; 1994r) we recommended that risk assessments treat all 209 PCB
congeners as a mixture having a single carcinogenic potency. This recommendation was based on the
Agency drinking water criteria for PCBs (U.S. EPA 1988a), which used available toxicological

information with the following limitations:

C Aroclor 1260 was the only PCB for which a cancer SF had been developed; there was no
agreed upon procedure for applying this SF for similar mixtures with less chlorine
content.

C Available physical, chemical, fate-and-transport, and toxicological information on

individual congeners was limited (primarily because separation and synthesis of pure
congeners can be technically difficult).

C The number of tests conducted with various PCB mixtures and specific congeners to
demonstrate similar toxicological effects was very limited.

Research on PCBs has continued since the compilation of U.S. EPA (1988a),. The most important
finding of this research is that some of the moderately chlorinated PCB congeners can have dioxin-like
effects (U.S. EPA 1992¢; 1994a; 1996¢; ATSDR 1995d). This sub-category includes PCB congeners
with four or more chlorine atoms and few substitutions in the ortho positions (positions designated 2, 2',
6, or 6'). They are sometimes referred to as “coplanar” PCBs, because the rings can rotate into the same
plane if not blocked from rotation by ortho-substituted chlorine atoms. In this configuration, the shape of
the PCB molecule is very similar to that of a PCDF molecule. Studies have shown that these dioxin-like
congeners can react with the aryl hydrocarbon receptor; the same reaction believed to initiate the adverse
effects of PCDDs and PCDFs. The World Health Organization (WHO) used various test results to derive
interim toxicity equivalency factors (TEFs) ranging from 0.1 to 0.00001 for the dioxin-like coplanar PCB
congeners (WHO 1998).
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TABLE 2-5

TOXICITY EQUIVALENCY FACTORS
FOR COPLANAR PCBs

CAS Number Chemical Structure WHO 1998 TEFs
(unitless)
32598-13-3 3,3',4,4'-tetrachlorobiphenyl 0.0001
70362-50-4 3,4,4' 5-tetrachlorobiphenyl 0.0001
32598-14-4 2,3,3',4,4'-pentachlorobiphenyl 0.0001
74472-37-0 2,3,4,4' 5-pentachlorobiphenyl 0.0005
31508-00-6 2,3',4,4' 5-pentachlorobiphenyl 0.0001
65510-44-3 2',3,4,4' 5-pentachlorobiphenyl 0.0001
157465-28-8 3,3',4,4' 5-pentachlorobiphenyl 0.1
38380-08-4 2,3,3',4,4' 5-hexachlorobiphenyl 0.0005
69782-90-7 2,3,3',4,4'5'-hexachlorobiphenyl 0.0005
52663-72-6 2,3',4,4'5,5'-hexachlorobiphenyl 0.00001
32774-16-6 3,3',4,4'5,5'-hexachlorobiphenyl 0.01
39635-31-9 2,3,3',4,4'5,5'-heptachlorobiphenyl 0.0001
Source: World Health Organization (1998)

Additional congeners are suspected of producing similar reactions, but there is not yet enough data to
derive TEF values for them. Since available analytical methods can now quantify most if not all
individual PCB congeners, we generally consider it reasonable for the permitting authority to request that
additional congeners be reported. For instance, 2,2',4,4',5,5'-Hexachlorobiphenyl (CAS No. 35065-27-1)
is the most prevalent PCB congener found in human milk and fat (McFarland and Clark 1989). Work is
currently underway to develop a separate slope factor for this particular compound (not a coplanar
congener). However, until that work is complete, this compound can only be qualitatively assessed in the

risk assessment.

We generally recommend estimating risks from coplanar PCBs by computing a toxicity equivalency
guotient (TEQ) for PCBs, and then applying a slope factor for dioxin. High resolution gas chromatograph
test methods, available at most commercial laboratories with dioxin/furan analytical capabilities, are able

to identify the specific concentration of individual coplanar PCBs in stack gas.
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In addition to the coplanar (dioxin-like) PCB congeners, We also generally recommend evaluating the
remaining PCBs in the risk assessment. After considering the accumulated research on PCBs, especially
a recent carcinogenesis study of Aroclors 1016, 1242, 1254, and 1260 and a number of studies of the
transport and bioaccumulation of various congeners, USEPA (1996q) derived three new SFs to replace
the former single SF for PCBs. These new SFs became effective in IRIS on October 1, 1996. These SFs
are subject to revision as additional information from continuing research becomes available. The SFs
and the criteria for their use are as follows (U.S. EPA 1996q):

TABLE 2-6

ORAL SLOPE FACTORS FOR PCBs

Slope Factor (milligrams
per kilogram-day)* Criteria for Use

2 Food chain exposure

Sediment or soil exposure

Early-life (infant and child) exposure by all routes to all PCB mixtures

Congeners with more than four chlorines comprise more than 0.5 percent of the total PCBs

0.4 Ingestion of water-soluble (less chlorinated) congeners
(Not Typically Used) Inhalation of evaporated (less chlorinated) congeners
0.07 Congeners with more than four chlorines comprise less than 0.5 percent of the total PCBs

Source: U.S. EPA 1996q

An SF of 2 (milligrams per kilogram-day)™ is typically used in most circumstances when conducting a
risk assessment. An SF of 0.07 (milligrams per kilogram-day)™ is generally scientifically defensible for
adult exposures, when congener-specific analyses of emissions demonstrate that at least 99.5 percent of
the mass of the released PCB mixture has fewer than five chlorine atoms per molecule (U.S. EPA 1996q).
Acceptable congener-specific analyses include high-resolution gas chromatography/mass spectroscopy
(or similar means) for total PCB concentrations for each mono- through deca-isomer group. We don’t
expect that the 0.4 SF will be widely used in combustion risk assessments, because the PCB mixture will

usually contain 0.5 percent or more PCB congeners with more than 4 chlorines.
2.3.9.2 Potential PCB Non-Cancer Effects
In addition to cancer risk associated with all PCBs, we generally recommend determining noncancer

hazard for those Aroclors having RfDs. IRIS specifies RfDs for Aroclor 1254 and Aroclor 1016 (U.S.
EPA 2005i). The RfD for Aroclor 1254 (2x10° milligrams per kilogram-day) will typically be used in
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most circumstances when conducting a risk assessment. We consider this approach reasonable because
approximately 77 percent of Aroclor 1254 is composed of PCB congeners with more than 4 chlorines
(Hutzinger et al. 1974). The RfD for Aroclor 1016 (7x10° milligrams per kilogram-day) is scientifically
defensible for each homologue group demonstrating that at least 99.5 percent of the mass of the released
PCB mixture has more than four chlorine atoms per molecule (U.S. EPA 1996q). We generally consider
this approach reasonable because approximately 99 percent of Aroclor 1016 is comprised of PCB

congeners with 4 or fewer chlorines (Hutzinger et al. 1974).

We also recommend evaluating th risks to infants from exposure to coplanar PCBs in human breast milk.
Please see Section 2.3.10.2 for information on comparing estimated levels of coplanar PCBs (along with
dioxins and furans) to background. More information on the breast milk pathway is in Chapter 4, and
Tables C-3-1 and C-3-2.

2.3.9.3 Fate & Transport of PCBs

When evaluating coplanar PCB congeners, or PCB congener mixtures of which greater than 0.5 percent
contain more than 4 chlorines, we recommend using the fate and transport properties for Aroclor 1254.
When assessing risks and hazards from PCB congener mixtures of which less than 0.5 percent contain

more than 4 chlorines, we recommend using the fate and transport properties of Aroclor 1016.

2.3.10 Polychlorinated Dibenzo(p)dioxins and Dibenzofurans

As was the case with previous Agency guidance (U.S. EPA 1994i, 1994j, 1994n, 1994r, and 1998c), we
recommend including PCDDs and PCDFs in the risk assessment. Information in U.S. EPA (2000b)
suggests that there is adequate evidence that exposure to PCDDs and PCDFs results in a broad spectrum

of cancer and noncancer effects in animals, some of which may occur in humans.

PCDDs and PCDFs were first discovered as thermal decomposition products of polychlorinated
compounds, including (1) the herbicide 2,4,5-T, (2) hexachlorophene, (3) PCBs, (4) pentachlorophenol,
and (5) intermediate chemicals used to manufacture these compounds. One mode in which PCDDs and
PCDFs form is in dry APCSs, where fly ash catalyzes reactions between halogens and undestroyed
organic material from the furnace. In recent years, as chemical analytical methods have become more

sensitive, additional sources of PCDDs and PCDFs have been identified, including (1) effluent from
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paper mills that use chlorine bleaches, and (2) combustion sources such as forest fires, municipal waste
and medical incinerators, and hazardous waste combustors. Duarte-Davidson et al. (1997) noted that
burning chlorine-containing materials in municipal solid waste is responsible for about two-thirds of the
total annual emissions of newly formed TCDDs and TCDFs in the United Kingdom. In the United States,
U.S. EPA (1998a) estimated that emissions of dioxin TEQs from municipal solid waste incinerators
accounted for 37 percent of all emissions of dioxins into the environment in 1995. The current Agency
draft dioxin sources inventory suggests that open barrel burning is the largest current single source of
release of these compounds (U.S. EPA 2000).

PCDDs and PCDFs are formed at these combustion sources from the reaction of chlorine-containing
chemicals and organic matter. Predicting the formation of PCDDs and PCDFs in a specific situation is
difficult because dechlorination, which produces PAHs from PCDDs and PCDFs, occurs under similar
conditions. Recent studies (Addink et al. 1996; Environment Canada 1987; Froese and Hutzinger 1996a,
1996b; Gullett et al.1994; Kilgroe et al. 1991; Luijk et al. 1994; and Shriver 1994) have explored some of
these complexities, including (1) the formation of PCDDs and PCDFs from simple organics (such as
ethane) and complex organics (such as dibenzofuran), and (2) the catalysis of these reactions by various
common metals, such as copper. Wikstrém et al. (1996) found that the form of chlorine—whether
organic, as with chlorinated solvents, or inorganic, as with bleach and salts—nhas little effect on the
guantity of PCDDs and PCDFs formed. However, their study found that the total concentration of
chlorine is important. In particular, if the waste being burned exceeds 1 percent chlorine, the PCDD and
PCDF formation rate increases significantly. In contrast, Rigo et al. (1995) analyzed over 1,700 test
results with varying chlorine feed concentrations and found no statistically significant relationship. The
formation rate of PCDDs and PCDFs may also depend on the physical characteristics of the waste feed
stream. Solid waste streams or high-ash-content liquid waste feed streams may increase particulate levels
in the combustion system between the combustion unit and the APCS. The increased particulate levels

provide additional surfaces for catalysis reactions to occur.

A review of currently available dioxin data for combustors reveals that total PCDD/PCDF emission rates
vary by more than 28-fold between different facilities, even though they use similar combustion units and
APCSs (U.S. EPA 1996b). Site-specific emission data are therefore needed to complete a more refined

risk assessment of each combustor.
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In evaluating fate-and-transport, it is important to consider the chemical and physical properties of
dioxins. In soil, sediment, and the water column, PCDDs and PCDFs are primarily associated with
particulate and organic matter because of their high lipophilicity and low water solubility. Ambient air
monitoring studies, in which researchers studied the partitioning of dioxin-like compounds between the
vapor and particle phases, suggest that the higher chlorinated congeners (the hexa through octa
congeners) principally sorb to airborne particulates. The tetra and penta congeners significantly, if not
predominantly, partition to the vapor phase (U.S. EPA 2000b). These findings are consistent with
vapor/particle partitioning as theoretically modeled in Bidleman (1988). Dioxin-like compounds exhibit

little potential for significant leaching or volatilization (U.S. EPA 2000b).

The following subsections clarify the procedures we recommend using (in conjunction with the
procedures described in Chapter 7) to estimate risks associated with PCDDs and PCDFs. Also, we’re
aware of growing concern regarding the risks resulting from exposure to (1) fluorine- and
bromine-substituted dioxins and furans, and (2) sulfur analogs of PCDDs and PCDFs. Research
regarding these compounds is ongoing. Until such time as new information is released, though, you can
consider the following subsections as our guidance on how to evaluate fluorine, bromine, and sulfur

PCDD/PCDF Analogs as potential COPCs in hazardous waste combustor risk assessments.

2.3.10.1 PCDD/PCDF Cancer Risks

We recommend using the TEF method to assess carcinogenic risk on the basis of toxicity relative to
2,3,7,8-TCDD, which is the most toxic dioxin.

There are 210 individual compounds or “congeners” of PCDDs and PCDFs. Seventeen of these 210
congeners are considered to have "dioxin-like" toxicity. In the TEF method, each of these 17 congeners
is assigned a value, referred to as a toxicity equivalency factor (TEF), which compares its toxicity to that
of 2,3,7,8-TCDD. 2,3,7,8-TCDD then has a TEF of 1.0, and other dioxin-like congeners have TEFs

between 0.0 and 1.0. TEF values for these 17 congeners are listed in the Table 2-7.
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TABLE 2-7
PCDD/PCDF TOXICITY EQUIVALENCY FACTOR VALUES
Dioxin Congener TEF Furan Congener TEF
(unitless) (unitless)
2,3,7,8-Tetrachlorodibenzo(p)dioxin 1.0 2,3,7,8-Tetrachlorodibenzofuran 0.1
1,2,3,7,8-Pentachlorodibenzo(p)dioxin 1.0 1,2,3,7,8-Pentachlorodibenzofuran 0.05
1,2,3,4,7,8-Hexachlorodibenzo(p)dioxin 0.1 2,3,4,7,8-Pentachlorodibenzofuran 0.5
1,2,3,6,7,8-Hexachlorodibenzo(p)dioxin 0.1 1,2,3,4,7,8-Hexachlorodibenzofuran 0.1
1,2,3,7,8,9-Hexachlorodibenzo(p)dioxin 0.1 1,2,3,6,7,8-Hexachlorodibenzofuran 0.1
1,2,3,4,6,7,8-Heptachlorodibenzo(p)dioxin 0.01 1,2,3,7,8,9-Hexachlorodibenzofuran 0.1
1,2,3,4,6,7,8,9-Octachlorodibenzo(p)dioxin 0.0001 2,3,4,6,7,8-Hexachlorodibenzofuran 0.1
1,2,3,4,6,7,8-Heptachlorodibenzofuran 0.01
1,2,3,4,7,8,9-Heptachlorodibenzofuran 0.01
1,2,3,4,6,7,8,9-Octachlorodibenzofuran 0.0001

Source: World Health Organization (1998)
Van den Berg et al (1998).

To estimate the exposure media concentrations for PCDDs and PCDFs, we recommend using the
congener-specific emission rates from the stack. Then, model the fate and transport of each of these 17
congeners to the exposure site to estimate congener-specific exposure media concentrations. The
HHRAP companion database includes congener-specific fate and transport parameter values, and the
media concentration equations are provided in Appendix B. After estimating congener-specific exposure
media concentrations, we recommend using the TEFs to estimate a "toxic equivalent" (TEQ) exposure
media concentration, and an overall TEQ exposure and cancer risk, as follows:

1. convert the exposure media concentrations of an individual congener to a TEQ
concentration for that congener by multiplying the congener’s media concentrations by
the congener’s TEF;

2. sum the TEQ concentrations of the individual congeners to get an overall exposure media
concentration;

3. estimate the lifetime average daily dose (LADD) for the TEQ concentration; and

4. assess the cancer risk on a TEQ basis using the cancer slope factor for 2,3,7,8-TCDD, in

combination with the TEQ-based LADD.

Please see Chapter 7 for a more complete discussion of the steps included in the TEF method.
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2.3.10.2 PCDD/PCDF Noncancer Hazards

We generally recommend comparing PCDD and PCDF oral exposure estimates to national average
background exposure levels, using 1 pg TEQ/Kg/day for adults and 60 pg TEQ/kg/day for nursing
infants. The pertinent exposure estimate would be the ADD, or Average Daily Dose, experienced over

the course of the exposure duration, rather than the LADD, which is this ADD averaged over a lifetime.

The Agency typically evaluates noncancer effects of chemicals by comparing exposure levels to health-
based reference doses or reference concentrations. However, for reasons discussed in the Agency’s Draft
Dioxin Reassessment (U.S. EPA 2000b), the Agency has not developed these non-cancer benchmarks for

any of the PCDD or PCDF congeners, or for TEQ concentrations/doses.

One approach the Agency has taken to evaluate whether PCDDs and PCDFs emitted from hazardous
waste combustion facilities are likely to cause significant noncancer health effects is to compare estimated
TEQ exposures to national average background exposure levels (1 pg TEQ/kg/day for adults and 60 pg
TEQ/kg/day for nursing infants). The average background level of PCDD/PCDFs and co-planar, dioxin-
like PCBs in breast milk is 25 parts per trillion (ppt) of 2,3,7,8-TCDD TEQ (EPA 2000b). The 25- ppt
2,3,7,8-TCDD TEQ is the sum of the average breast milk concentration of 18-ppt TEQ from
PCDD/PCDFs and 7-ppt TEQ from co-planar, dioxin-like PCBs (EPA 200b). After normalization for
infant body weight, this breast milk concentration of 25 ppt TEQ results in an average, background intake
for the infant, ADIb-inf, of 93 picograms per kilogram per day (pg/kg-day) of 2,3,7,8-TCDD TEQ. If
exposures due to the facility’s emissions during the exposure duration of concern are low compared to

background exposures, then the emissions aren’t expected to cause an increase in noncancer effects.
In the future, the Agency may develop alternative approaches to evaluate noncancer effects from
exposures to PCDDs and PCDFs. In that case, those approaches may be included in future risk
assessments.

2.3.10.3 Fluorine, Bromine, and Sulfur PCDD/PCDF Analogs

We generally recommend deciding on a site-specific basis whether to evaluate these compounds, in

consultation with the permitting authority. Considering that neither the likelihood of the formation, nor
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the toxicity of these compounds is well understood, the permitting authority is not likely to request a

guantitative toxicity assessment of fluorine, bromine, and sulfur analogs.

The Agency is currently evaluating the potential for the formation of (1) fluorine- and bromine-
substituted dioxins and furans, and (2) sulfur analogs of PCDDs and PCDFs (U.S. EPA 1996h; 1996m).
Available information indicates that fluorinated dioxins and furans aren’t likely to be formed as PICs;
although the presence of free fluorine in the combustion gases may increase the formation of chlorinated

dioxins (U.S. EPA 1996h). We aren’t aware of any studies conducted to evaluate this relationship.

Available information indicates that there is potential for brominated or chlorobrominated dioxins to form
(U.S. EPA 1996i). The Agency has not assigned TEF values for brominated dioxins or furans (U.S. EPA
1994k). However, the toxicity of bromo- and chlorobromo-substituted dioxin analogs is comparable to

that of chlorinated dioxins in short-term toxicity assays (U.S. EPA 1996m).

Although chlorinated dibenzothiophenes (the sulfur analogs of dibenzofurans) have been reported to
form, no information is available indicating the formation of chlorinated dioxin thioethers (the sulfur
analogs of dibenzo[p]dioxins) (U.S. EPA 1996h). This may be because the carbon-oxygen bond is
stronger than the carbon-sulfur bond, and the compound furan (which is part of the dibenzofuran
structure) is more stable than thiophene (which is part of the dibenzothiophene structure) (U.S. EPA
1996¢). Another possible reason that chlorinated dioxin thioethers have not been observed is the potential
instability of these compounds. Chlorinated dioxin thioethers contain two carbon-sulfur bonds in the
central ring of the structure (U.S. EPA 1996h).

Please Note: There is currently no U.S. EPA-approved method for the sampling or

analysis of these dioxin analogs.
We generally recommend using the TOE method (see Section 2.2.1.2) to account for the potential
presence of these compounds. The Uncertainty section of the risk assessment report (See Chapter 8)

could then discuss the potential for the formation of these analogs.
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]
RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT

© Description of any combustor-specific operating conditions that may contribute to the
formation of dioxins

C Any facility-specific sampling information regarding PCDD and PCDF concentrations in air,
soil, water, or biota

C Information regarding the concentrations of sulfur, fluorine, and bromine in the combustor

feed materials
|

2.3.11 Polynuclear Aromatic Hydrocarbons (PAHS)

As is the case in previous Agency guidance (U.S. EPA 1994i, 1994j, 1994r, 1998c), we recommend
evaluating PAHs as COPCs. The following are commonly detected PAHSs:

. benzo(a)pyrene (BaP);

. benzo(a)anthracene;

. benzo(b)fluoranthene;

. benzo(k)fluoranthene;

. chrysene;

. dibenz(a,h)anthracene; and
. indeno(1,2,3-cd)pyrene.

The Agency considers all of these compounds to be carcinogenic. However, an IRIS oral cancer slope

factor is only available for benzo(a)pyrene.

PAHs are readily formed in combustors by either (1) dechlorination of other PAHSs (such as dioxins)
present in the waste feed or emissions stream, or (2) the reaction of simple aromatic compounds (benzene
or toluene) present in the waste feed or emissions stream. PAHSs are well-known as the principal organic
components of emissions from all combustion sources, including coal fires (soot), wood fires, tobacco
smoke ("tar"), diesel exhaust, and refuse burning (Sandmeyer 1981). They are generally the only
chemicals of concern in particulate matter (Manahan 1991), although the presence of metals and other
inorganics in the waste feed can add other contaminants of concern. Based on the toxicity and
combustion chemistry of PAHs, we generally recommend that stack gas testing confirm the absence of

these compounds from stack emissions.
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At present, BaP is the most studied PAH and the only one for which a 2-year feeding rodent bioassay has
been conducted (U.S. EPA 1991c). The studies available for the other carcinogenic PAHs were
conducted by injection, dermal or gavage. Multiple animal studies in rodent and nonrodent species
demonstrated BaP to be carcinogenic following administration by oral, intratracheal, inhalation, and
dermal routes. BaP also produced positive results in several in vitro bacterial and mammalian genetic
toxicity assays, in addition to numerous in vivo tests for deoxyribonucleic acid (DNA) damage. BaP
metabolizes to reactive electrophiles that are capable of binding to DNA (U.S. EPA 1990h). Therefore,
U.S. EPA (1993d) used various nonbioassay results to determine relative potency factors (RPFs) for the

class B2 carcinogen PAHs. RPFs for these seven PAHSs are listed in Table 2-8.

TABLE 2-8

RELATIVE POTENCY FACTORS
FOR CLASS B2 CARCINOGEN PAHSs

Compound RPF
Benzo(a)pyrene 1.0
Benz(a)anthracene 0.1
Benzo(b)fluoranthene 0.1
Benzo(k)fluoranthene 0.01
Chrysene 0.001
Dibenz(a,h)anthracene 1.0
Indeno(1,2,3-cd)pyrene 0.1
Source: U.S. EPA (1993d)

Obtaining test data for an individual chemical from a standard carcinogenesis bioassay that might be used

to develop a cancer slope factor requires:

1. at least 1 kilogram of relatively pure chemical (greater than 98 percent purity is the most
common specification),

2. $500,000 to $1,000,000, and
3. 5 to 6 years.

However, an alternative to the full carcinogenesis bioassay is to use in vitro studies to compare various
PAHSs. In vitro studies, such as those conducted by Knebel et al. (1994) and many other groups, require a

few milligrams of each chemical, a few weeks, and about $1,000 per chemical. Because of these
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differences, we wouldn’t anticipate that many full carcinogenesis bioassays of PAHs will be carried out in

the near future.

As with previous guidance (U.S. EPA 1994g), we generally recommend evaluating PAHSs using an
approach similar to the BaP-RPF method. We generally recommend using the fate-and-transport
properties of specific PAHs (versus those of benzo[a]pyrene) to estimate exposure concentrations. Then
following the BaP-RPF method, you adjust the concentrations of the individual PAHs and sum them to
obtain an equivalent total concentration of BaP. Multiply this summed concentration by the BaP cancer

SF to estimate total risk from all carcinogenic PAHSs.

We don’t currently recommend a metabolism factor (MF) for PAHs. A published study (Hofelt et al.
2001), however, highlights the uncertainty in the HHRAP’s approach and presents an alternative
metabolism factor for use. If this alternative metabolism factor is used, you may wish to consider the
following site-specific points:
1. If the PAHSs under consideration are metabolized in the animal (beef, pork, etc) has it
been determined that the degradation products/metabolites aren’t persistent in the

meat/and or milk? (This concern has been raised because it is the degradation products
of PAHSs that cause the toxicity.);

2. Is the extrapolation from the rat to larger animal appropriate?; and
3. If the metabolism factor is appropriate, should it be used equally for all the PAHs being
evaluated?

Using an MF is discussed further in Section 5.4.4.7 and Appendix B, Table B-3-10.

In addition to carcinogenic effects, noncarcinogenic health effects are associated with exposure to PAHSs.
However, RPFs for noncarcinogenic effects of PAHs (similar to those developed for carcinogenic effects)
have not been developed. The uncertainties associated with attempting to quantify the potential
noncarcinogenic effects of PAHs without RfDs or RfCs is typically considered greater than the
uncertainty associated with not evaluating these potential effects. However, if site-specific emissions data
indicate that significant amounts of noncarcinogenic PAHSs are emitted, we generally recommend that the
potential to underestimate the noncarcinogenic health effects associated with exposure to PAHs be

discussed in the Uncertainty section of the risk assessment report.
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2.3.12 Radionuclides

Radionuclides exist in naturally occurring materials such as coal and other rocks, and as radioactive
by-products of industrial processes. The HHRAP doesn’t consider the naturally occurring concentrations
of radioactive materials such as uranium and thorium (and their decay elements), based on Agency policy
and technical limitations for measuring such low levels. However, radioactive wastes and materials, as
defined by the U.S. Nuclear Regulatory Commission (NRC) and the U.S. Department of Energy (DOE),
are subject to evaluation through interagency agreements on this subject. The U.S. NRC considers
“radioactive waste” as waste that is, or contains, by-product material, source material, or special nuclear
material (as defined in 10 CFR Part 20.1003). The U.S. NRC considers “mixed waste” as waste that
contains both radioactive waste and hazardous waste (as defined by U.S. EPA). Both radioactive and
mixed wastes must be handled in accordance with all relevant regulations, including U.S. EPA and U.S.
NRC (10 CFR Part 20.2007) regulations. In particular, U.S. NRC licensees must comply with 10 CFR
Part 20.2004—"Treatment or Disposal by Incineration”—and applicable U.S. EPA regulations.

We generally recommend evaluating the burning of mixed waste and radioactive material if those
substances are components of the combustor feed. We also generally recommend including a
radionuclide as a COPC if it is in the combustor’s feed, and has an available toxicity value (e.g., slope
factor). Slope factors for over 300 radionuclides are available in HEAST. The slope factor for a
particular radionuclide is multiplied by the intake (pCi) or soil concentration and years of exposure (pCi/g

times years of exposure) to estimate cancer risk.

Radionuclide exposure pathways typically evaluated in human health risk assessments include inhalation,
ingestion of food products (e.g., meat, milk, vegetables), incidental soil ingestion, external exposure from
ground surface deposits, and external exposure from air concentrations (air submersion). The submersion

exposure pathway may be of particular concern for radionuclides that emit high-energy beta particles.

Environmental transport and subsequent human exposure are commonly evaluated through the use of
radionuclide “dose” codes or computer code/spreadsheet combinations. A dose code combines air
dispersion/deposition modeling with terrestrial transport models, human exposure parameters, and
pre-calculated dose conversion factors [ e.g., from Federal Guidance Report No. 11 (U.S. EPA 1988c)
and Federal Guidance Report No. 12 (U.S. EPA 1993))] to obtain dose and/or risk. The following are

several available dose codes for evaluating radionuclides from mixed waste combustion facilities:
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C CAP-88 (Clean Air Act Assessment Package - 1988)
C GENII (The Hanford Environmental Radiation Dosimetry Software System)
C MEPAS (Multimedia Environmental Pollutant Assessment System)
C ISCST3 (Industrial Source Complex Dispersion Model)
C CALPUFF (California Puff Model)

To calculate air concentrations and ground deposition rates of radionuclides, we generally recommend the
ISCST3 air dispersion model using the exponential decay option. Intake can then be calculated with
appropriate exposure scenario equations and parameters. ISCST3 is a good choice for facilities with
multiple sources, complex terrain, building downwash, and wet/dry deposition requirements. A second
option is to use the air concentration and ground deposition rate output from another dose code (e.qg.,
CAP-88 if the facility has completed its NESHAPs analysis).

We generally recommend that equations for fate and transport of radionuclides in soil and water be
consistent with those presented for non-radionuclides, while factoring in decay (and ingrowth if
applicable). The recommended food chain biotransfer parameters used to determine food concentrations
are available in the user’s guides for most of the dose codes listed previously. However, a comprehensive
reference for obtaining these values is the Handbook of Parameter Values for the Prediction of
Radionuclide Transfer in Temperate Environments; IAEA Technical Report Series No. 364 (International

Atomic Energy Agency 1994).

Decay and ingrowth of radionuclides is a special consideration for integrating radioactive materials into
risk calculations. Most radioactive materials undergo radioactive decay through a series of
transformations rather than in a single step. Until the last step, these radionuclides emit energy or
particles with each transformation and become other radionuclides. As radioactive decay progresses, the
concentration of the original radionuclides decreases, while the concentration of their decay products
increases and then decreases as the decay products themselves transform. The increasing concentration of
decay products and activity is called ingrowth. We recommend that the assessment consider decay over
both the air transport time and the surface exposure duration. Ingrowth may be important, and we
generally recommend the assessment use radionuclide slope factors that include contributions from decay

elements (“+D” slope factors). Ingrowth that involves change of physical state is another situation
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needing special attention in the fate and transport modeling. For instance, solid radium-226 decays to

gaseous radon-222, which then decays through solid polonium-218 to further decay elements.

Options for estimating cancer risks from exposure to radionuclides include using the slope factor
methodology presented in the Agency’s Estimating Radiogenic Cancer Risks (U.S. EPA 1994s), or using
estimates of the relationship between radiation dose and cancer risk to convert dose to risk. Federal
Guidance Report No. 13 (U.S. EPA 1999d) contains recent estimates of cancer risk for given radiation
dose, based on low-dose, low-Linear Energy Transfer uniform irradiation of the body. For these
conditions, radiation dose equivalent (rem) and absorbed dose (rad) are approximately equivalent. The
Report provides risk estimates in terms of mortality and morbidity. It is important to use the estimate

appropriate to the site and assessment in question.

The dose-conversion approach uses a single factor to convert dose to risk. It is limited, then, in that it
doesn’t take into account variations among radionuclides in the relationship between dose and risk. In
general, though, this approach is protective. The slope factor approach generally provides a better

estimate of risk. Limitations of the slope factor conversion methodology, however, include:

C It assumes a single chemical form, which is not necessarily site-specific or most
protective;

C External radiation slope factors are only provided for soil contaminated to an infinite
thickness, which will over-estimate exposure from radionuclide concentrations near the
surface;

C Slope factors aren’t available for the submersion in water exposure pathway; and

C Slope factors include decay chains for a limited number (18) of parent radionuclides

(although these are the most significant decay chains)

Some radioactive materials, such as uranium, also present a non-carcinogenic hazard that it is possible to
evaluate. We generally recommend also assessing these non-carcinogenic hazards. We also recommend
that the risk summary table in the risk assessment report present the cancer risk from radiological

contaminants alongside the risks from non-radiological contaminants.

To enhance transparency, we generally recommend that results include a discussion of additivity and the
uncertainties of additivity when combining risks from radiological and non-radiological contaminants.

There are fundamental differences between the slope factors for chemical and radionuclide carcinogens.
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Most notably, the slope factors for chemical carcinogens generally represent an upper bound or 95"
percent confidence limit value, while radionuclide slope factors are best estimate (50% confidence)

values.

Please Note: A prescriptive method for calculating risk from combustion facilities
burning mixed waste is beyond the scope of the HHRAP. The above information is
provided to outline the method we recommend.

2.3.13 Volatile Organic Compounds

U.S. EPA (1990e) reported that volatile organics listed as probable PICs (based on Freeman 1988 and
1989) produced by burning hazardous waste include:

. benzene;

. chloroform;

. tetrachloroethylene;

. 1,1,1-trichloroethane;
. toluene; and

. methylene chloride.

However, the validity of evaluating volatile organic COPCs through the various indirect exposure
pathways (see Chapter 4) is subject to debate. One argument to exclude these COPCs from evaluation is
that there is no empirical evidence that VOC emissions pose a hazard via indirect pathways. We’re

similarly not aware of any such evidence, but we’re also unaware of any evidence to the contrary.

Another argument to exclude VOCs from evaluation is based on the conclusion that

1. volatile organic COPCs released into the air are expected to remain in the gas phase unless or
until they are transformed into low-volatility compounds, and

2. this transformation (or atmospheric chemical reaction), and the subsequent removal of the
reaction products, makes irrelevant the toxicity of the parent volatile organic COPC.

We disagree with both aspects of this argument. First, we’re not aware of any information or research
documenting the fate-and-transport of volatile organic COPCs from hazardous waste combustors.
Second, although we agree that the toxicity of the parent COPC is irrelevant following transformation,
this argument ignores the potential toxicity of the reaction products. We’re not aware of any available
guantitation methods that could be used to predict atmospheric chemical reactions of this nature. We

therefore generally believe that evaluating the fate-and-transport (and toxicity) of the parent COPC
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remains the best available method for protectively accounting for the potential reaction products to which

receptors are ultimately exposed.

Finally, another argument to exclude VOCs from evaluation is the assertion that there is no firm technical
basis for assessing the rate of deposition of VOCs to soils or uptake by plants (discussed in detail in
Appendix A-2). Although we agree with the basic premise of this issue, we’re unaware of any other
method for evaluating the potential indirect exposure to volatile organic COPCs or their atmospheric

reaction products (empirical data aren’t available).

To summarize, we agree in principle that the science regarding the fate-and-transport of volatile organic
COPCs in the environment is poorly understood. However, because the potential risks associated with
indirect exposure to these COPCs is also poorly understood, we believe that evaluating volatile organic
COPC:s via the indirect exposure pathways—with the proper explanation of the uncertainties associated
with this process—generally provides the most reasonable (based on current science) and protective
estimate of these potential risks. We also believe that the risk equations generally address this issue
because a calculation cannot be completed unless there are sufficient fate and transport properties values
for each COPC.

Finally, current sampling and analytical methods aren’t always able to positively identify all individual
organic compound in stack emissions. We recommend accounting for the mass of unidentified organic
compounds in stack emissions on the basis of TOE from the hazardous waste combustor. The

methodology for using TOE in a risk assessment is discussed further in Section 2.2.1.2.
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24 ESTIMATING COPC CONCENTRATIONS FOR NON-DETECTS

One particularly difficult issue in a risk assessment is how to treat data that are reported as below the

“detection limit” (i.e. “Non-detects”). The following subsections:

define commonly reported detection limits;
describe the use of non-detect data in the risk assessment;

describe statistical distribution techniques applied to address this issue;

> b

summarize our recommendations on quantifying non-detects for use in risk assessments;
and

5. clarify use of data flagged as estimated maximum possible concentration (EMPC) in the
risk assessment.

2.4.1 Definitions of Commonly Reported Detection Limits

Generically, a “detection limit” is the lowest level of an analyte that can be detected using a particular
analytical method. The Agency’s commonly-used definition for the detection limit for non-isotope
dilution methods is the method detection limit (MDL), as promulgated in 40 CFR Part 136, Appendix B
(U.S. EPA 1995i). A level above the MDL is the level at which reliable quantitative measurements can
be made; generically called the “quantitation limit” or “quantitation level.” In practice, numerous terms
have been created to describe detection and quantitation levels. We have summarized below the
significance and applicability of the levels most widely reported by analytical laboratories. These

levels—Iisted generally from the lowest limit to the highest limit—include the following:

C Instrument Detection Limit (IDL): The smallest signal above background that an instrument can
reliably detect, but not quantify. Also commonly described as a function of the signal-to-noise
(S/N) ratio.

C Method Detection Limit (MDL): The minimum concentration of a substance that can be

measured (via non-isotope dilution methods) and reported with 99 percent confidence that the
analyte concentration is greater than zero. It is determined from analysis of a sample in a specific
matrix type containing the analyte. The MDL is considered the lowest level at which a
compound can be reliably detected. The MDL is based on statistical analyses of laboratory data.
In practice, MDLs are determined on analytical reagents (e.g., water) and not on the matrix of
concern. However, a laboratory may contract to do a matrix-specific “MDL Study” for a
particular project or a particular facility’s waste matrix when needed. However, routine MDL
determinations (water reagent) are conducted on at least an annual basis or whenever equipment
changes occur. MDLs for a given method are laboratory- and compound-specific.
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To determine the MDL as specified in 40 CFR Part 136, Appendix A, for example, at least seven
replicate samples with a concentration of the compound of interest near the estimated MDL are
analyzed. The standard deviation among these analyses is calculated and multiplied by 3.14. The
result of the calculation becomes the MDL. The factor of 3.14 is based on a t-test with six
degrees of freedom and provides a 99 percent confidence that the analyte can be detected at this
concentration (U.S. EPA 1995i).

Please Note: 40 CFR Part 136 is specific to the Clean Water Act, and it identifies the use of
water as the matrix for the MDL determination. The MDL was promulgated in 1984, and is
incorporated in more than 130 Agency analytical methods for determining several hundred
analytes.

C Reliable Detection Level (RDL): A detection level recommended by the National Environmental
Research Laboratory in Cincinnati. It is defined as 2.623 times the MDL (U.S. EPA 1995i).

C Estimated Detection Limit (EDL): A quantitation level defined in SW-846 that has been applied
to isotope dilution test methods (e.g., SW-846 Method 8290). A variation of the SW-846 defined
EDL is also commonly reported by commercial laboratories, however, with the addition of a
multiplication factor that generally elevates the EDL value by 3.5 to 5 times that of the SW-846
definition. Commercial laboratories sometimes report EDLSs for non-isotope dilution methods,
even though an EDL is not defined by the methods.

As defined in SW-846: The EDL is defined in SW-846 (presented in various methods,

e.g., Method 8280A) as the estimate made by the laboratory of the concentration of a given
analyte required to produce a signal with a peak height of at least 2.5 times the background signal
level. The estimate is specific to a particular analysis of the sample and will be affected by
sample size, dilution, etc. The presented equation defining EDL is as follows:

2.5-0, (H, + H,)'D

EDL = : > Equation 2-3
V-(H,+ Hy) RF,
where
EDL = Estimated detection limit (ng/L)
25 = Peak height multiplier (unitless)
Qis = Nanograms of the appropriate internal standard added to
the sample prior to extraction (ng)
H.'and H,’ = The peak heights of the noise for both of the quantitation
ions of the isomer of interest
Hland HSZ = The peak heights of both the quantitation ions of the
appropriate internal standards
D = Dilution factor - the total volume of the sample aliquot
in clean solvent divided by the volume of the sample
aliquot that was diluted (unitless)
\Y = Volume of sample extracted (L)
RF, = Calculated relative response factor from calibration
verification (unitless)
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Common commercial laboratory practice: The EDL generally reported by commercial
laboratories is defined as the detection limit reported for a target analyte that is not detected or
presents an analyte response that is less than 2.5 times the background level. The area of the
compound is evaluated against the noise level measured in a region of the chromatogram clear of
genuine GC signals times an empirically derived factor. This empirical factor approximates the
area to height ratio for a GC signal. This factor is variable between laboratories and analyses
performed, and commonly ranges from 3.5to 5. The equation is as follows:

2.5 -QB-(F~H) ‘D
EDL = i -
W- A4, RRF, Equation 2-4
where

EDL = Estimated detection limit

25 = Minimum response required for a GC signal

Qs = The amount of internal standard added to the sample before
extraction

F = An empirical factor that approximates the area to height ratio for
a GC signal

H = The height of the noise

D = Dilution factor

W = The sample weight or volume

RRF, = The mean analyte relative response factor from the initial
calibration

A = The integrated current of the characteristic ions of the
corresponding internal standard

C Practical Quantitation Limit (PQL): A quantitation level that is defined in 50 FR 46908 and

52 FR 25699 as the lowest level that can be reliably achieved with specified limits of precision
and accuracy during routine laboratory operating conditions (U.S. EPA 1992g; 1995i). The PQL
is constructed by multiplying the MDL, as derived above, by a factor (subjective and variable
between laboratories and analyses performed) usually in the range of 5 to 10. However, PQLSs
with multipliers as high as 50 have been reported (U.S. EPA 1995i).

The PQL has been criticized because of the ambiguous nature of the multiplier and because the
resulting levels have been perceived as too high for regulatory compliance purposes (U.S.

EPA 1995i).
C Target Detection Limit (TDL): A quantitation level constructed similar to the PQL.
C Reporting Limit (RL): A quantitation level constructed similar to the PQL.
C Estimated Quantitation Limit (EQL): A quantitation level constructed similar to the PQL.
C Sample Quantitation Limit (SQL): A quantitation level that is sample-specific and highly

matrix-dependent because it accounts for sample volume or weight, aliquot size, moisture
content, and dilution. SQLs for the same compound generally vary between samples as moisture
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content, analyte concentration, and concentrations of interfering compounds vary. The SQL is
generally 5 to 10 times the MDL, however, it is often reported at much higher levels due to
matrix interferences.

C Contract Required Quantitation Limit (CRQL)/Contract Required Detection Limit (CRDL): A
guantitation pre-set by contract, which may incorporate SW-846 methods, Office of Water
methods, or other methods deemed necessary to meet study objectives. These limits are typically
administrative limits and may actually be one or two orders of magnitude above the MDL.

2.4.2 Using Non-Detect Data In the Risk Assessment

In collecting waste feed or emissions data for use in risk assessments, or in setting regulatory compliance
levels, a permitting authority is often faced with data quality objectives that require analyses near or
below analytical detection or quantitation levels. In such situations, permittees often argue that the
detection levels should be set with a large factor of certainty in order to be confident that measurements
are reliable. Environmental groups frequently argue that a level of zero, or a level at which a single
researcher can demonstrate that the compound can be detected, should be used as the set level.
Measurements made below analytical detection and quantitation levels are associated with increased
measurement uncertainty, so it is important to understand the impact they may have when they are

applied.

Because of the quantitative differences between the various types of detection levels, “non-detected”

compounds pose two questions:
1. Is the compound really present?, and
2. If so, at what concentration?

The first question is generally hard to answer, and is dependent mainly on the analytical resources
available. The answer to the second question is “somewhere between true zero and the quantitation level
applied.” In earlier guidance (U.S. EPA 1994i) we recommended applying emission rates of one-half the
“detection limit” for non-detects. However, which detection limit to use was not explicitly defined or

presented in quantitative terms.

For waste feed data (e.g., used as a surrogate when emissions data is not available), we generally
recommend using the SQL, since waste feeds are typically highly concentrated organic or inorganic
matrices that require special analytical clean-up procedures and dilutions of the sample. This approach is

consistent with that used in other program offices for highly contaminated media requiring quantification
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specifically for risk assessment purposes. However, in dealing with stack emissions data, concentrations

of constituents are typically found only at trace levels (assuming good combustion). Therefore, to

increase consistency and reproducibility in dealing with non-detects for emissions data, we generally

recommend using the MDL-derived RDL to quantify non-detects for COPCs analyzed with non-isotope

dilution methods, and using the method-defined EDL to quantify non-detects for COPCs analyzed with

isotope dilution

methods. The procedures are as follows:

For COPCs Analyzed With Non-isotope Dilution Methods: Quantify non-detects by using an
MDL-derived RDL.

1.

Require the laboratory to report the actual MDL as specified in the chosen SW-846
analytical method. The laboratory should report MDLs for every non-detect compound
analyzed, in addition to the commonly used reporting limit, such as an EDL, EQL, or
PQL.

Commonly used SW-846 non-isotope dilution methods such as Method 8260 (volatiles),
and Method 8270 (semivolatiles) don’t themselves define the MDL. They reference 40
CFR Part 136 instead. Though specified in the Method, some laboratories do not always
report MDLs as defined in 40 CFR Part 136.

This would apply to the analysis of each individual component of multiple-component
samples (e.g., front half rinse, XAD resin, condensate, Tenax tube).

Note: Laboratories typically produce MDLs specific to each non-isotope dilution
method performed by the laboratory on an annual basis.

Calculate an MDL-derived RDL for each COPC non-detect by multiplying the MDL by
2.623 (interim factor) (U.S. EPA 1995i).

Another option is to request that the laboratory derive the RDLs for you (per the
definition above), as part of the analysis. Good quality assurance/quality control
(QA/QC) suggests you check to make sure the RDLs have been generated properly.

Adjust the RDL, as appropriate, to account for sample-specific volumetric treatments
(e.g., splits and dilutions) that differ from those used in the Part 136 MDL
determinations.

Again, an option is to have the laboratory perform the adjustments for you. We
recommend you check to make sure the adjustments have been done properly.

For COPCs Analyzed With Isotope Dilution Methods: Quantify non-detects using the EDL as

defined

by the analytical method, without the use of empirical factors or other mathematical

manipulations specific to the laboratory. Commonly used isotope dilution methods include
SW-846 Methods 8290, 1624, and 1625, as well as CARB 429.

Methods for Metals Analysis: Quantify non-detects for metal analysis in the risk assessment by
using the IDL as defined by the analytical method, without the use of empirical factors or other
mathematical manipulations specific to the laboratory.
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Please note this recommendation is an update to the information provided in U.S.

EPA [2001c] Risk Burn Guidance for Hazardous Waste Combustion Facilities.)
The MDL definition used in 40 CFR Part 136 addresses errors of the first type (i.e. false negatives). The
99 percent confidence limit states that the MDL has only a 1 percent chance the detects will be
misidentified as negative, when the compound of concern is actually present. Errors of the second type
(false positives) aren’t addressed. By not addressing false positives, the statistically-defined default value
becomes 50 percent. In other words, where 40 CFR did not address false positives, the system required
that 50 percent of the detects at the MDL would be false positives. This is a very protective approach,
and biased toward not missing any compounds of potential concern that may be present. The
MDL-derived RDL, and to a lesser extent the EDL, somewhat indirectly addresses the false positive
issue. As described in defining the RDL (see Section 2.4.1), by the time the standard deviation has been
multiplied by 8, the possibility of false positives is usually less than 1 percent.

2.4.3 Statistical Distribution Techniques
Many statistical distribution techniques are available for calculating a range of standard deviations to

guantify non-detect concentrations of COPCs. These include random replacement scenarios, such as
(Cohen and Ryan 1989; Rao, Ku, and Rao 1991):

. the uniform fill-in (UFI) method, in which each LOD value is replaced with a randomly
generated data point by using a uniform distribution;

. the log fill-in (LFI) method which is the same as UFI, except using a logarithmic
distribution;

. the normal fill-in (NFI) method which is the same as UFI, except using a log-normal

distribution; and

. the maximum likelihood estimation (MLE) technique.

Also, if the permitting authority determines it to be applicable, a Monte Carlo simulation might be used to

determine a “statistical” value for each non-detect concentration.
2.4.4  Our Recommendations on Quantifying Non-Detects
Using non-detects in a risk assessment depends on the analytical method(s) used to produce the data. In

most cases, the Agency estimates emission rates for undetected COPCs (see Section 2.3) by assuming

that COPCs are present at a concentration equivalent to the MDL-derived RDL for non-isotope dilution
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methods, or to the method-defined EDL for isotope dilution methods. We consider these methods
reasonable, and believe they represent a scientifically sound approach that supports maximum protection
of human health and the environment while recognizing the uncertainty associated with analytical
measurements at very low concentrations in a real world sample matrix. We also recognize that there are
subjective components and limitations to each of the non-detect methodologies presented in this and

previous guidance, including the recommended methods.

Some risk assessors have expressed the desire to obtain and use non-routine data (e.g., uncensored data)
of defensible quality in risk assessments, as a way to deal with non-detect issues. The HHRAP doesn’t
address what forms or how such data might be used. The decision to use non-routine data in a risk
assessment is not precluded just because it is different. Neither does the HHRAP necessarily endorse
using non-routine data. We generally recommend consulting with the permitting authority on the
appropriateness of using non-routine data. If non-routine data is used, we generally recommend carefully
identifying and evaluating the limitations associated with the data, and clearly document this discussion in

the Uncertainty section of the risk assessment report.

As stated previously, a pretrial burn risk assessment can help to make sure that the trial burn test will

achieve the desired quantitation limit (and, therefore, DREs and COPC stack gas emission rates).

2.4.5 Estimated Maximum Possible Concentration (EMPC)

The EMPC as defined in SW-846 is in most cases only used with the isotope dilution methods. An

EMPC is calculated for dioxin isomers that:

. have a response with a signal to noise ratio of at least 2.5 for both the quantitation ions;
and
. meet all the relevant identification criteria specified in the analytical method, except the

ion abundance ratio.

lon abundance ratios are affected by co-eluting interferences that contribute to the quantitative ion

signals. As a result, one or both of the quantitative ions signals may possess positive biases.

An EMPC is a worst-case estimate of the concentration. An EMPC is not a detection limit and should not
be treated as a detection limit in the risk assessment. We generally recommend using EMPC values as

detections without any further manipulation (e.g., dividing by 2). However, because EMPCs are worst-
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case estimates, you may wish to consult with the permitting authority on techniques to minimize EMPCs
when reporting trial and risk burn results. This is especially true when the EMPC values result in risk
estimates above regulatory levels of concern. Some techniques to minimize EMPCs include performing
additional cleanup procedures (as defined by the analytical method) on the sample or archived extract,

and/or reanalyzing the sample under different chromatographic conditions.

Please Note: using alternative quantitation ions might be acceptable, if the
signal-to-noise ratio of the ion signal is at least 2.5 and if the tune data indicate that the
mass spectrometer is operating within specifications.

Such actions to reduce the EMPC are expected to be more cost effective than the additional sample

cleanup and/or reanalysis.

RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT

C Actual MDLs for all non-detect stack emissions data, non-isotope dilution methods
C EDLs for all non-detect stack emissions data, isotope dilution methods

C SQLs for all non-detect waste feed or feedstream data used

C Description of the method applied to quantify the concentration of non-detects

2.5 EVALUATING CONTAMINATION IN BLANKS

Blank samples are intended to provide a measure of any contamination that may have been introduced

into a sample:
1. in the field while the samples were being collected,
2. in transport to the laboratory, or
3. in the laboratory during sample preparation or analysis.

Blank samples are analyzed the same way as the site samples from the trail burn. To prevent including
non-site related compounds in the risk assessment, we generally recommend comparing the
concentrations of compounds detected in blanks to concentrations detected in site samples collected

during the trial burn. Four types of blanks are defined in the Risk Assessment Guidance for Superfund
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(U.S. EPA 1989¢): trip blanks, field blanks, laboratory calibration blanks, and laboratory reagent or

method blanks. Detailed definitions of each are provided below.

Trip Blank - A trip blank is used to indicate potential contamination due to migration of volatile
organic compounds from the air on the site or in sample shipping containers, through the septum
or around the lid of sampling vials, and into the sample. The blank accompanies the empty
sample bottles to the field as well as with the site samples returning to the laboratory for analysis.
The blank sample is not opened until it is analyzed in the lab with the site samples, thus making
the laboratory “blind” to the identity of the blanks.

Field Blank - A field blank is used to determine if field sampling or cleaning procedures

(e.g., insufficient cleaning of sample equipment) result in cross-contamination of site samples.
Like the trip blank, the field blank is transported to the field with empty sample bottles and is
analyzed in the laboratory along with the site samples. Unlike the trip blank, however, the field
blank sample is opened in the field and recovered in the same manner as the collected samples.
As with trip blanks, the field blanks’ containers and labels may be the same as for site samples
and blind to the laboratory.

Instrument Blank - An instrument blank is distilled, deionized water injected directly into an
instrument without having been treated with reagents appropriate to the analytical method used to
analyze actual site samples. This type of blank is used to indicate contamination in the
instrument itself.

Laboratory Reagent or Method Blank - A laboratory reagent of method blank results from the
treatment of distilled, deionized water with all of the reagents and manipulations (e.g., digestions
or extractions) to which site samples will be subjected. Positive results in the reagent blank may
indicate either contamination of the chemical reagents or the glassware and implements used to
store or prepare the sample and resulting solutions. Although a laboratory following good
laboratory practices will have its analytical processed under control, in some instances method
blank contaminants cannot be entirely eliminated.

Water Used for Blanks - For all the blanks described above, results are reliable only if the water
comprising the blank was clean. For example, if the laboratory water comprising the trip blank
was contaminated with VOCs prior to being taken to the field, then the source of VOC
contamination in the trip blank cannot be isolated.

Blank data is generally compared to the results with which the blanks are associated. However, if the
association between blanks and data can’t be made, blank data is compared to the results from the entire

sample data set.

U.S. EPA (1989¢e) makes a distinction between blanks containing common laboratory contaminants and
blanks containing contaminants not commonly used in laboratories. Compounds considered to be

common laboratory contaminants are
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. acetone,
. 2-butanone (methyl ethyl ketone),
. methylene chloride,
. toluene, and
. the phthalate esters.

If compounds considered to be common laboratory contaminants are detected in the blanks, then sample
results are usually not considered to be detected unless the concentrations in the sample are equal to or
exceed ten times the maximum amount detected in the applicable blanks. If the concentration of a
common laboratory contaminant in a sample is less than ten times the blank concentration, then the

compound is usually treated as a non-detect in that particular sample.

In some limited cases, it may be appropriate to consider blanks which contain compounds that aren’t
considered by the Agency to be common laboratory contaminants. In these limited cases, sample results
aren’t considered to be detected unless the concentrations in the sample exceed five times the maximum
amount detected in the applicable blanks. If the concentration in a sample is less than five times the

blank concentration, then the compound would be treated as a non-detect in that particular sample.

Carefully consider the evaluation of blank data in the overall context of the risk assessment and
permitting process. We generally expect issues related to non-laboratory contaminant blanks to be
minimal, because data collection and analysis efforts in support of trial/risk burns are expected to be of
high quality and in strict conformance to QA/QC plans and SOPs. Carefully evaluating the trial/risk burn
data will avoid the potential for contaminated blanks to compromise the integrity of the data. It will also

help prevent the need for retesting to properly address data quality issues.

We highly recommend practicing caution in applying blank results to correct or qualify sample results for
any purpose, as blanks are provided in minimal quantities (e.g., one per test condition or one per test) and
therefore are at best qualitative indicators of the validity of a data set. Blank correction can reduce
accuracy and often represent a non-conservative uncertainty. Consequently a permit authority might
dedice not to allow blank correction as a conservative assumption (consistent with a screening level risk

assessment).

When considering blank contamination in the COPC selection process, we recommend that permitting

authorities ensure that:
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1) The facility or data gatherer has made every reasonable attempt to ensure good data
quality and has rigorously implemented the QA/QC Plan and good industry sampling and
testing practices.

2 Trial/risk burn data has not been submitted to the permitting authority as “blank
corrected.” Rather, the permitting authority has the full opportunity to review the data
absent additional manipulation by the data gatherer.

3) The effect of the blank correction on the overall risk estimates, if such an effect is
considered, is clearly described in the uncertainty section of the risk assessment report.

4) The risk assessment report lists emissions rates both as measured, and as blank corrected,
in situations where there is a significant difference between the two values.
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What’s Covered in Chapter 3:

31 Background on Air Dispersion Models for Risk Assessment
3.2 Partitioning Emissions

3.3 Site-Specific Characteristics Required for Air Modeling

34 Meteorological Data Primer

35 Meteorological Preprocessor Data Needs

3.6 ISCST3 Model Input Files

3.7 ISCST3 Model Execution

3.8 Using Model Output

39 Modeling Fugitive Emissions

3.10 Modeling Acute Risk

The burning of materials produces residual amounts of pollution that could be released to the
environment. Knowledge of atmospheric pollutant concentrations and deposition rates in the areas
around the combustion facility is an integral part of estimating potential human health risks associated
with these releases. Air concentrations and deposition rates are usually estimated using air dispersion
models. Air dispersion models are mathematical constructs that attempt to describe the effects of
physical processes that occur in the atmasphere on rates of dispersion of emissions from a source (such
as the stack of a combustor). These mathematical constructs are coded into computer programsto

facilitate the computational process.

PLEASE NOTE: for the purposes of thisguidance, “we” refersto the U.S. EPA OSW.

The “you” to which we speak inthis chapter isthe air modeler: the person (or persons)
who will actually put the recommended air modeling methods into practice.
. _____________________________________________________________________________________________________________|]
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This chapter provides guidance on criteriato consider when selecting an air model to use to support a
risk assessment. It also describes the development and use of the U.S. EPA air dispersion model—the
Industrial Source Complex Short-Term Model (ISCST 3)—which best addresses the selection criteria for
most risk assessments. Although the air dispersion modeling methods presented in the HHRAP focus on
use of ISCST3, other available models may be more appropriate if they better meet the selection criteria
due to study-specific objectives or assessment area characteristics. Of particular interest is the American
Meteorological Society- Environmental Protection Agency Regulatory Model (AERMOD), which has
been proposed by EPA as a replacement for the ISCST3 model for Clean Air Act regulatory purposes.
More details about AERMOD and other alternative models are provided in Section 3.1.1.

The Guideline on Air Quality Models (GAQM) (U.S. EPA 1996k; 1999b; Federal Register 2000) isa
primary reference for all US EPA and state agencies on using air models for regulatory purposes. The
GAQM isAppendix W of 40 CFR Part 51. The Office of Air Quality Planning and Support (OAQPS)
provides the GAQM and extensiveinformation on updates to air dispersion models, meteorological data,
data preprocessors, and user’ s guides on the Support Center for Regulatory Air Models (SCRAM) web
site at www.epa.gov/scram00L/index.htm. We suggest you review this web site periodically to check for
updates and changes to the recommended model. General questions regarding air modeling, or
information on the web site may be addressed to atkinson.dennis@epamail .epa.gov. Specific questions
on the use of this guidance may be addressed to the appropriate permitting authority. Pleaserefer to the
respective models User’s Manual for:

> amore in-depth discussion on the physical assumptions embodied in the ISCST3 or other

air dispersion modd that may be considered; as well as

> concepts of atmospheric processes tha are embodied in dispersion modelsin general.

Discussionsin Section 3.1 focus on a background of available models, and selection criteriato consider
when deciding which air model to use in arisk assessment. The remainder of the chapter provides
information on ISCST3 input data needs, and output file development. Chapter sections include:
. Partitioning emissions (Section 3.2)
. Site-specific characteristics needed for air modeling (Section 3.3)
- Surrounding terrain (Section 3.3.1)

- Surrounding land use (Section 3.3.2)
- Facility building characteristics (Section 3.3.4)

. Meteorological data (Section 3.5)
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If you aren’t familiar with thetypes of data used in air concentration and deposition models, Section 3.4
provides a short tutorial on the types of meteorological data needed, and potential data sources. Section
3.5 describes the data needs of the preprocessor computer program we recommend using to prepare,
organize, and format meteorological datafor usein the ISCST3 model. Section 3.6 describes the
structure and format of ISCST3 input files. Section 3.7 describes limitations to consider in executing
ISCST3. Section 3.8 describes how model outputs are used in the risk assessment computations. Section

3.9 discusses air modeling of fugitive emissions. Section 3.10 discusses air modeling for acute exposure.

3.1 DESCRIPTION OF AIR MODELS

This section givesa brief background on air dispersion models for risk assessment. This section also
introduces some data preprocessing programs developed to aid in preparing air model input files (these

preprocessing programs are described in more detail in Sections 3.3.3 and 3.5).

3.1.1 Background on Air Dispersion Models for Risk Assessment

Before 1990, the Agency and the regulated community used several air dispersion models. These models
were of limited usefulnessin risk assessments because they considered only air concentration, and not
the deposition of contaminantsto land. The arigind Agency guidance on completing risk assessments
(U.S. EPA 1990e) identified two models that were explicitly formulated to account for the effects of

deposition:
. COMPLEX I, from which anew model—COM PDEP—resulted
. Rough Terrain Diffusion Model (RTDM), from which a new

model—RTDM DEP—resulted

An updated verson of the ISCST model in use at the time, COMPDEP included building wake effects.
Subsequent Agency guidance (U.S. EPA 1993f and 1994g) recommended using COMPDEP for air
deposition modeling. U.S. EPA (1993f) specified COMPDEP Version 93252, and U.S. EPA (19949)
specified COMPDEP Version 93340. When these recommendations were made, a combined
|SC-COMPDEP model (amerger of the ISCST2 and COMPLEX | model) was gill under devel opment.
The merged model became known as ISCSTDFT. U.S. EPA guidance (1994r) recommended using the
ISCSTDFT model. After reviews and adjustments, this model was rdeased asISCST3. ThelSCST3
model contains algorithms for dispersionin simple, intermediate, and complex terrain; dry depaosition;

wet deposition; and plume depletion.
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Operating the COMPDEP, RTDMDEP, and ISCST modelsis described in more detail in the following
User’'sManuals. Please note, though, that all models except the current version of ISCST3 are

considered obsolete:

. Environmental Research and Technology (ERT). 1987. User’s Guide to the Rough
Terrain Diffusion Model Revision 3.20. ERT Document P-D535-585. Concord,
Massachusetts.

. Turner, D.B. 1986. Fortran Computer Code/User’s Guide for COMPLEX [ Version

86064: An Air Quality Dispersion Model in Section 4. Additional Models for
Regulatory Use. Source File 31 Contained in UNAMARP (Version 6). National
Technical Information Service (NTIS) PB86-222361/AS.

. U.S. EPA. 1979. Industrial Source Complex Dispersion Model User’s Guide, Volume I.
Prepared by the H.E. Cramer Company. Salt Lake City, Utah. Prepared for the Office of
Air Quality Planning and Standards. Research Triangle Park, North Carolina. EPA
450/4-79/030. NTIS PB80-133044.

. U.S. EPA. 1980b. User’s Guide for MPTER: A Multiple Point Gaussian Dispersion
Algorithm with Optional Terrain Adjustment. Environmental Sciences Research
Laboratory. Research Triangle Park, North Carolina. EPA 600/8-80/016. NTIS
PB80-197361.

. U.S. EPA. 1982a. MPTER-DS: The MPTER Model Including Deposition and
Sedimentation. Prepared by the Atmospheric Turbulence and Diffusion Laboratory
(NOAA). Oak Ridge, Tennessee. Prepared for the Environmental Sciences Research
Laboratory. Research Triangle Park, North Carolina. EPA 600/8-82/024. NTIS
PB83-114207.

. U.S. EPA. 1987b. On-Site Meteorological Program Guidance for Regulatory Modeling
Applications. Office of Air Quality Planning and Standards. Research Triangle Park,
North Carolina.

. U.S. EPA. 1995f. User’s Guide for the Industrial Source Complex (ISC3) Dispersion
Models, Volumes I and II. Office of Air Quality Planning and Standards. Emissions,
Monitoring, and Analysis Division. Research Triangle Park, North Carolina. EPA
454/B-95/003a. September.

Four air modelsin current regulatory use, or proposed by OAQPS, include ISCST3, AERMOD,
CALPUFF and ISC-PRIME. However, we generally recommend using the latest version of ISCST3in
most situations to conduct air dispersion and deposition modeling for use in a risk assessment.

This recommendation is based on ISCST3's status as the:

. Model most used by regional, state and local agencies; and
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. Model satisfying the most of the following criteria:
> Has broad regulatory acceptance and experience in evaluating the impacts of air

contaminants emitted from various industrial sources (e.g., short and tall stack
heights, fugitive emissions from process and storage areas);

> Can evaluate impacts attributable to a single source, with capability to evaluate
multiple sources;

> Can evaluate compounds emitted as vapor or particulate phase with
consideration of deposition and removd processes based on the physical
characteristics of the compound;

> Accepts placement of grid nodes at any location within the applicable range of
the air model;
> Can conduct stepwise evaluation of hourly meteorological conditions for

multiple years of data producing short-term (acute) and long-term (chronic)
averages as outputs; and

> Can evaluate building downwash effects.

The other three air models are proposed by OAQPS as refined regulatory air modelsin the revisions to
the Guideline on Air Quality Models (U.S. EPA 1996k; 1999b). Of particular interestis AERMOD.
AERMOD is proposed to replace | SCST 3 as the recommended air quality model for most regulatory
applications (Federal Register 2000). AERMOD has been evaluated extensively by the air modeling
community for improvements over the ISCST 3 algorithms for vertical contaminant distribution from
sources with tall stacks, terrain effectsin areas with terrain elevations above the top of emission source
stacks, and enhanced nighttime dispersion in urban areas. However, AERMOD currently has minimal
regulatory experience. AERMOD would be an important consideration for risk assessments if:

. it gains broad regulatory acceptance,

. the assessment area contains significant terrain features (i.e., terrain elevations above
emission source stacks)

OAQPS promulgated the California Puff Model (CALPUFF) model for use on a case-by-case basis, for
long-range transport (greater than 50 kilometers), as well as the special conditions of very light or cam

winds (less than 1 meter per second). CALPUFF may be an important consideration when modeling:

. chemical transformation of highly reactive contaminants;

. long residence times during extended periods of light winds or calm conditions;

. transport over long distances,

. recirculation of contaminants due to local wind effects; or

. hilly terrain and river valleys.
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Also, the proposed OAQPS revisionsto the GAQM recommend using the version of ISCST with the new
downwash algorithm, ISC-PRIME, for applications where aerodynamic building downwash is critical
(Federal Register 2000). The necessary information and inputs to evaluate the effects of building
downwash are further discussed in Section 3.2.4. We generally recommend determining the need for the

improved building downwash cal culation on a case-by-base basis.

Although air disperson modeling methods presented in this guidance use ISCST 3, you may want to
evaluate other models (such as ISC-PRIME, AERMOD, or CALPUFF, if the revised GAQM adopts
them), to see whether they more substantially meet the selection criteria. Specific to its ability to meet
the selection criterialisted above, the ISCST3 model istechnically capable of evaduating:

. Gaussian dispersion rates in vertical and horizontal plume cross-section;

. Urban and rural dispersion coefficients;

. Terrain effects;

. Source characterization as a discrete point, two-dimensional area, or three-dimensional
volume;

. Short-term and long-term averages (1-hour and annual);

. Surface meteorology data includes hourly observations of wind speed (nearest

1/10th mile per second), wind direction (nearest degree), stability class (6 categories),
and temperature (nearest degree);

. Mixing height datainterpolated from twice daily upper air soundings corresponding to
each hour of surface data;

. Deposition processes for conservation of mass with particle wet and dry deposition and
removal, and vapor wet deposition and removal (dry vapor deposition implemented
within the air modeling; see Section 3.6.1);

. Hourly precipitation amount and type act on wet deposition and removal; and

. Single first order exponential decay rate.

In addition, emission sources can be defined in ISCST 3 with either stack dimensions at a discrete point,
as atwo-dimensiond area source, or in three dimensions as a volume source. Therefore, ISCST3 offers

the flexibility to model sources based on source type (i.e., stack or fugitive area).
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3.1.2 Preprocessing Programs

| SCST3 needsthe help of additional computer programs, referred to as “ preprocessing” programs. These
programs format available information regarding surrounding buildings and meteorological datainto a

format that ISCST3 can read. Currently, these programsinclude:

. Building Profile Input Program (BPIP) cdculates the maximum crosswind widths of
buildings, which ISCST 3 then uses to estimate the effects on air dispersion. These
effects by surrounding buildings are typically referred to as building downwash or wake
effects. The BPIP User’s Guide contains detailed information for preparing the
necessary building dimensions (length, height, and width) and locations for the ISCST3
modd (U.S. EPA 1995c).

. Meteorologica Processor for Regulatory Models (MPRM) prepares meteorological data
for ISCST3. MPRM merges hourly measurements of surface parameters (e.g.,
precipitation, wind speed, and wind direction) into rows and columns of information that
ISCST3 canread. The MPRM User’s Guide contains instructions for using on-site
meteorol ogical data to prepare the necessary meteorological input file for ISCST3 (U.S.
EPA 1996j; 1999c). The Addendum to the MPRM User’ s Guide describes the additional
data needed in the meteorological input file for ISCST3 to model dry deposition of
vapors (U.S. EPA 1999c).

We generally recommend using MPRM to process the meteorol ogical data, because MPRM provides all
the meteorological parameter values that |SCST 3 needs to function. The peer review draft of the
HHRAP described the personal computer version of the meteorological preprocessor for the old RAM
program (FCRAMMET). Unfortunately, PCRAMMET doesn’t provide the parameters needed for
evaluating dry vapor depositionin ISCST3. Therefore, we no longer recommend using PCRAMMET.

When sufficient site-specific datais available on the location, size and shape of structures in the vicinity
of the emissions sources, you can use the BPIP program to prepare the ISCST 3 input file to consider the
effects of building downwash on pollutant transport. If sufficient site-specific datais not available torun
BPIP, then you will not be able to address building downwash in air modeling efforts. Prior to
performing the air dispersion modeling, we recommend that you consult with the appropriate parties (e.g.

regulatory authority and facility) on the decision to include or omit nearby structures.
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3.2 PARTITIONING EMISSIONS

COPC emissions to the environment occur in either vapor or particle phase. In general, you can assume;

. most meta's and organic COPCs with very low volatility (fraction of COPC in vapor
phase [Fv] less than 0.05, see Appendix A-3) occur only inthe particle phase;

. highly volatile organic COPCs occur only in the vapor phase (Fv of 1.0, see Appendix
A-3); and

. the remaining organic COPCs occur with a portion of the vapor condensed onto the

surface of particulates (i.e. particle-bound).

For modeling COPCs released only as particul ates, the mass fractions allocated to each particle size are
different than the mass fractions used for modeling organics released in both the vapor and

particle-bound phases.

Due to modd limitations, you need to run ISCST3 multiple times to generate estimates of vapor phase
COPCs, particle phase COPCs, and particle-bound COPCs. An exampleis the risk assessment for the
WTI incinerator located in East Liverpool, Ohio. The study used three runs; a vapor phase run for
organic COPCs, a particle run with massweighting of the particle phase metals and organic COPCs with

very low volatility, and a particle run with surface area weighting of the particle-bound organic COPCs.

3.2.1 Vapor Phase Modeling

Vapor phase air modeling runs do not need a particle size digributionin the ISCST3 input file. 1SCST3
output for vapor phase runs are vapor phase ambient air concentration, dry vapor deposition, and wet

vapor deposition at receptor grid nodes based on the unit emission rate.

3.2.2 Particle Phase Modeling (Mass Weighting)

| SCST 3 uses algorithmsto compute the rate at which dry and wet removal processes depost particle
phase COPCs onto the Earth’ ssurface. Particle size is the main determinant of the fate of particlesinair
flow, whether dry or wet. The key to dry particle deposition rate is theterminal, or falling, velocity of a
particle. Particleterminal velocity is calculated mainly from the particle size and particle density. Large
particles fall more rapidly than small particles, and are deposited closer to the stack. Small particles have

low terminal velocities. Very small particles remain suspended in the air flow. Wet particle deposition
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also depends on particle size as larger particles are more easily removed, or scavenged, by falling liquid
(rain) or frozen (snow or sleet) precipitation. To estimate particle phase deposition rates, | SCST3 needs
an initial estimate of the particle size distribution, broken out by particle diameter.

The diameters of small particles contained in stack emissions are usually measured in micrometers. The
distribution of particle diameters will differ from one combustion process to another, and is greatly
dependent on the:

1 Furnacetype;

2. Combustion chamber design;
3. Feed fuel composition;

4, Particulate removal efficiency;

5. APCSdesign;

0. Amount of air, in excess of stoichiometric amounts, that is used to sustain combustion;
and
7. Combustion temperature.

The particle size distribution cannot be calculated, but only directly measured or inferred from prior data.
Unfortunately, few studi es have been performed to directly measure particle size distributions from a
variety of stationary combustion sources (U.S. EPA 1986a).

We recommend that existing facilities perform stack tests to identify particle size distribution. We
further recommend that these data represent actud operating conditions for the combustion unit and air
pollution control device (APCD) that remove particulate from the stack gas. A table of particle size
distribution data may be prepared using stack test datain the format similar to the exampleillustrated in
Table 3-1.
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TABLE 3-1
HYPOTHETICAL PARTICLE SIZE DISTRIBUTION DATA
TO SUPPORT EXAMPLE CALCULATIONS
r 1+ [ =2 [ 3 T 4« T s T @& ]
Surface Proportion Fraction
Mean Particle Particle Area/ Fraction of Available of Total
Diameter * Radius Volume Total Surface Surface
(um) (um) (um™) Mass” Area Area
>15.0 7.50 0.400 0.128 0.0512 0.0149
12.5 6.25 0.480 0.105 0.0504 0.0146
8.1 4.05 0.741 0.104 0.0771 0.0224
55 275 1.091 0.073 0.0796 0.0231
3.6 1.80 1.667 0.103 0.1717 0.0499
2.0 1.00 3.000 0.105 0.3150 0.0915
11 0.55 5.455 0.082 0.4473 0.1290
0.7 0.40 7.500 0.076 0.5700 0.1656
<0.7 0.40 7.500 0.224 1.6800 0.4880

a Geometric mean diameter in adistribution from U.S. EPA (1980a), as presented in U.S. EPA (1998c)
b The terms mass and weight are used interchangeably when using stack test data

We expect that actual stack test datawill be different from the hypothetical values presented in Table 3-

1. Thisisbecause actual stack sampling will use particle “cut size” for the different cascade impactor

filters (or Coulter counter-based distributions). The test method will drive the range of particle sizes that

are presented in the results of the stack test. However, ISCST3 needs mean particle diameter for each

particle size distribution, and the stack test data identifies only the mass (“ weight”) of particlesin arange

bounded by two specific diameters. To address this, we recommend that stack test data be converted into

amean particle diameter which approximates the diameter of al the particleswithin a defined range. We

recommend using the following equation to calculate the mean particle diameter:
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D, . = [025-(D}+D!D,+ D,D;+ D))" Equation 3-1
where
D,.,., = Mean particle diameter for the particle size category (um)
D, = Lower bound cut of the particle size category (um)
D, = Upper bound cut of the particle size category (um)

For example, the mean particle diameter of 5.5 umin Table 3-1 is cal culated from alower bound cut size
(assuming a cascade impactor isused to collect the sample) of 5.0 um to an upper bound cut size of
6.15 um. In this example, the mean particle diameter is calculated as:
D, = 025 (50° + (5.02(6.15) + (5.0)(6.157 + 6.15%” = 5.5 pm
From Table 3-1, the mean particle diameter is 5.5 um. The mass of particulate from the 5.0 um stack test

datais then assigned to the 5.5 um mean particle diameter for the purpose of computing the “fraction of

total mass.”

Typicaly, eight to ten mean particle diameters are avail able from stack test results. However, as
determined from a sensitivity analysis conducted by The Air Group-Dallas under contract to U.S. EPA
Region 6 (http://www.epa.gov/region06), a minimum of three particle size categories (> 10 microns, 2-10
microns, and < 2 microns) detected during stack testing are generally the most sensitive to air modeling
with ISCST3 (U.S. EPA 1997f). For facilities with sack test results which indicate mass amounts lower
than the detectable limit (or the filter weight is less after sampling than before), a single mean particle
size diameter of 1.0 micron may be used to represent all mass (e.g., particle diameter of 1.0 micron or a
particle massfraction of 1.0) in the particle and particle-bound model runs. Because rudimentary
methods for stack testing may not detect the very small size or amounts of COPCs in the particle phase,
the use of a 1.0 micron particle size will dlow these small particles to be included properly as particlesin
the risk assessment exposure pathways while dispersng and depositing in the air model similar in
behavior to avapor. Consequently, we recommend that a minimum of three particle size categories be
used in the air modding effort.

After calculating the mean particle diameter (Column 1), you can compute the fraction of total mass per

mean particle size diameter (Column 4) from the stack test results. For each mean particle diameter, the
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stack test data provides an associated particulate mass. Calculate the fraction of total mass for each mean
particle diameter by dividing the associated particul ate mass for that diameter by the total particulate
mass in the sample. In many cases, the fractions of total masswill not sum to 1.0 because of rounding
errors. In these instances, we advocate forcing the total mass to 1.0 by adding the remaining mass

fraction into the largest mean particle diameter mass fraction.

Direct measurements of particle-size distributions may not be available a a proposed new facility. You
will need to supply ISCST3 with an assumed particle distributions. In such instances, you may use a
representative distribution. We recommend that the combustor on which the representative distribution

is based be as similar as practicable to the proposed combustor.

| SCST 3 uses the mass-based particle size distribution to apportion the mass of particle phase COPCs
(metals and organics with F, values less than 0.05) according to particle size. The ISCST3 input file uses
the datain Column 4 of Table 3-1 (as developed from actual stack test data) to perform a particulate run
with the particle phase COPCs apportioned per mass weighting.

3.2.3 Particle-Bound Modeling (Surface Area Weighting)

Use a surface area weighting of particles, instead of mass weighting, in separate particle runs of ISCST3.
Surface area weighting approximates the situation where a portion of a semivolatile organic contaminant,
volatilized in the high temperature environment of a combustion system, condenses to the surface of
particles entrained in the combustion gas after the gas cools in the gack. Apportioning emissions by
particle diameter becomes a function of the surface area of particles available for chemical adsorption
(U.S. EPA 1998c).

Thefirst step in apportioning COPC emissions by surface areais to caculate the proportion of available
surface area of the particles. If particle density is held constant (such as 1 g/cm®), the proportion of
available surface area of aerodynamically spherical particlesisthe ratio of surface area (S) to volume (7),

is estimated as follows:

. Assume aerodynamically spherical particles.

. Specific surface area of a spherical particle with aradius, r—S = 4 n/’

. Volume of a sphericd particle with aradius, r—V = 4/3 n”’
U.S. EPA Region 6 U.S.EPA
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. Ratio of Sto V—S/V =4 nr’/ (4/3 nr’) = 3/r

The following example uses the hypothetical particle size distribution in Table 3-1 to apportion the
emission rate of the particle-bound portion of the COPC based on surface area. We generally
recommend following this procedure for apportioni ng actual emissions to the actua particle size
distribution measured at the stack.

In Table 3-1, a spherical particle having adiameter of 15 um (Column 1) has aradius of 7.5 um
(Column 2). The proportion of available surface area (assuming particle density is constant) is

SV = 3/7.5 = 0.4, which isthe valuein Column 3. Column 4 shows that particles with a mean diameter
of 15 um constitute 12.8 percent of thetotal mass. Multiplying Column 3 by Column 4 yields the value
in Column 5 of 0.0512. Thisvalueis an approximation of the relative proportion of total surface area,
based on the percent of particles that are 15 pumin diameter. Totaling Column 5 yields the total surface
area of all particlesin the particle size distribution. In this example, the sumis3.4423. Column 6isthe
fraction of tota surface area represented by the specific particle diameter in the distribution. Column 6is
calculated by dividing the relative proportion of surface area (Column 5) for a specific diameter by the
total relative proportion of surface area (3.4423 square micrometers [un¥’]). In the example of the 15
um-diameter particle, the fraction of total surface area available for adsorption is 0.0149
(0.0512/3.4423). This procedure is then repeated for all particle sizesin the array.

| SCST3 usesthe surface area-based particul ate size distribution to apportion mass of particle-bound
COPCs (most organics) according to particle size. Thel SCST3 input file uses Column 6 of Table 3-1 (as
developed from actual stack test data) to perform a particulate run for the parti cle-bound COPCs

apportioned according to surface area weighting.
____________________________________________________________________________________________________________________________|]
RECOMMENDED INFORMATION FOR RISK ASSESSMENT REPORT
. Copies of all stack test data used to determine particle size distribution
. Copies of al calculations made to determine particle size distribution, fraction of total mass,

and fraction of total surface area
|
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33 SITE-SPECIFIC INFORMATION NEEDED FOR AIR MODELING

We generally recommend that the site-specific information for the facility and surrounding area used in

air dispersion modeling include:

1 the elevation of the surrounding land surface or terrain;
2. surrounding land uses; and
3. characteristics of on-site buildings that may affect the dispersion of COPCs into the

surrounding environment.

Y ou can often obtain some of the site-specific information needed for air dispersion modeling by
reviewing available maps and other gragphical data on the area surrounding the facility. Thefirst stepin
the air modeling process is reviewing these resources. Using U.S. Geologicd Survey (USGS) 7.5-minute
topographic maps (1:24,000) extending to 10 kilometers from the facility, and USGS 1:250,000 maps

extending out to 50 kilometers, you can identify much of the following:

. site location,

. nearby terrain features,

. waterbodies and watersheds,
. ecosystems,

. nearby residences, and

. land use.

Aeria photographs are frequently available to supplement the depiction of thearea. An accurate facility
plot plan—showing buildings, stacks, property and fence lines—is also needed. Facility information
including stack and fugitive source locations, building corners, plant property, and fence lines, in
Universd Transverse Mercaor (UTM?) grid coordinates in meters east and north might be availablein
both USGS reference systems. Therefore, knowledge of the horizonta datum of the geographic
coordinates from which the UTM coordinates were projected is required. We generally recommend
consulting with personnel experienced and knowledgeable in the intricacies of thesetypes of coordinate

systems, and the various software programs used to conduct conversions.

1 UTM is amap coordinate projection of geographic coordinates.
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Most USGS paper 7.5-minute topographic maps are published in the North American Datum system
established in 1927 (NAD 27). However, most digital elevation data (e.g., USGS Digital Elevation
Mapping) isin the 1983 revised system (NAD 83). We recommend taking special care not to mix source
data based on NAD 27 with data based on NAD 83. Also, we recommend obtaining emission source
information in the original units from the facility data, and convert it to metric units for air modeling, if

necessary. You can get digital terrain data from USGS, or another source.

The following subsections describe the specific information we generally recommend collecting.
Entering this information into the ISCST3 input filesis described in Section 3.6.

RECOMMENDED INFORMATION FOR RISK ASSESSMENT REPORT

. All site-specific maps, photographs, or figures used in developing the air modeling approach

. Mapped identification of facility information including stack and fugitive source locations,
locations of facility buildings surrounding the emission sources, and property boundaries of
the facility

3.3.1 Surrounding Terrain Information

Terrain isimportant to air modeling because air concentrations and depostion rates are greatly
influenced by the height of the plume above local ground level. Terrain ischaracterized by elevation
relative to stack height. For air modeling purposes, terrain is referred to as “ complex” if the elevation of
the surrounding land within the assessment area—typically defined as anywhere within 50 kilometers of
the stack—is above the top of the stack evaluated in the ar modeling analysis. Terrain at or below stack
topisreferredto as“smple” ISCST3 implements U.S. EPA guidance on the proper application of air
modeling methodsin all terrain if you include terrain elevation for each receptor grid node and specify

the appropriate control parametersin the input file.

Even small terrain features may have a large impact on the air dispersion and deposition modeling results
and, ultimatdy, on the risk estimates. We generally recommend that air modding include terrain
elevations for every receptor grid node. Some exceptions may be those sites characterized by very flat
terrain where the permitting authority has sufficient experience to comfortably defer the use of terrain

data because the terrain’ s historical effect on ar modeling results have been minimal.
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We generally recommend including electronic copies of the digital terrain data used to extract receptor
grid node elevations in the risk assessment report. One way to obtain receptor grid node elevationsis
using digital terrain data available from the USGS on the Internet at web site

http://edc.usgs.gov/gui des/dem.html. For most locations, an acceptable degree of accuracy is provided
by the USGS “One Degree” (e.g., 90 meter data) data available as“DEM 250" 1:250,000 scale for the
entire United States free of charge. For areas requiring more accurate terrain, USGS 30-meter (1:24,000
scale) data might be considered, thoughit is not universally available. Either 90-meter or 30-meter data
is sufficient for most risk assessments which utilize 100 meter or greater grid spacing. Digital terrain
dataisalso available for purchase from a variety of commercial vendors, who may require
vendor-provided programs to extract thedata. Y ou can also manually extract the elevation of each

receptor grid node from USGS topographic maps.

RECOMMENDED INFORMATION FOR RISK ASSESSMENT REPORT

. Description of the terrain data used for air dispersion modeling
. Summary of any assumptions made regarding terrain data
. Description of the source of any terrain data used, including any procedures used to

mani pulate terrain datafor use in air dispersion modeling
________________________________________________________________________________________________________________________|]

3.3.2 Surrounding Land Use Information

Land use information is needed in the risk assessment for air dispersion modeling, as well as identifying
and selecting exposure scenario locations (see Chapter 4). Land useanalysisfor air dispersion modeling
usually occursout to aradius of 3 kilometers from the centroid of the stacks from which emissons are
being modded. Certain land uses, as defined by air modeling guidance, affect the selection of air
dispersion modeling variables. These variables are known as dispersion coefficients and surface
roughness. You typically use USGS 7.5-minute topographic maps, aerial photographs, or visual surveys
to define the air dispersion modeling land uses.

Land use information is also important for selecting exposure scenario locations, but at a radius further
(50 kilometers) from the emission source(s), to make sure all receptors that may beimpacted are

identified. In most cases, though, air modeling performed out to aradius of 10 kilometers all ows

U.S. EPA Region 6 U.S.EPA
Multimedia Planning and Permitting Division Office of Solid Waste
Center for Combustion Science and Engineering 3-16


http://edc.usgs.gov/guides/dem.html

Human Health Risk Assessment Protocol
Chapter 3: Air Dispersion and Deposition Modeling September 2005

adequate characterization for evaluating exposure scenario locations. If you are evaluating afacility with
multiple stacks or emisson sources, we generally recommend extending the radius from the centroid of a

polygon drawn connecting the various stack coordinates.

3.3.2.1 Land Use for Dispersion Coefficients

Y ou need to specify the appropriate dispersion coefficients for ISCST3 to run properly. Land uses need
to be defined in order to specify dispersion coefficients. We generally recommend using the Auer
method specified in the Guideline on Air Quality Models (40 CFR Part 51, Appendix W) (U.S. EPA
1996k; 1999b) to define land use. Land use categories of “rural” or “urban” are taken from Auer (1978).
Areas typically defined as rural include residences with grass lawns and trees, large estates, metropolitan
parks and golf courses, agricultural areas, undeveloped land, and water surfaces. Auer typically defines
an area as “urban” if it has less than 35 percent vegetation coverage or the areafallsinto one of the

following use types:

TABLE 3-2
URBAN LAND USE TYPES
Urban Land Use
Type Use and Structures Vegetation
11 Heavy industrial Less than 5 percent
12 Light/moderate industrial Less than 5 percent
C1 Commercial Less than 15 percent
R2 Dense single/multi-family Less than 30 percent
R3 Multi-family, two-story Less than 35 percent

In general, the Auer method is described as follows:
Step 1 Draw aradius of 3 kilometers from the center of the stack(s) on the site map.

Step 2 Inspect the maps, and define in broad terms whether the area within the radiusis rural or
urban, according to Auer’ s definitions.

Step 3 Classify smaller areas within the radius as either rural or urban, based on Auer’s
definitions. (It may be prudent to overlay agrid [for example, 100 by 100 meters] and
identify each square as primarily rural or urban)

Step 4 Count the number of rural squares; if morethan 50 percent of thetotal squares are rural,
the areaisrural; otherwise, the areais urban.
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Alternatively, digital land use databases may be used in a computer-aided drafting system to perform this

analysis.

RECOMMENDED INFORMATION FOR RISK ASSESSMENT REPORT

. Description of the methods used to determine land use surrounding the facility
. Copies of any maps, photographs, or figures used to determine land use
. Description of the source of any computer-based maps used to determine land use

3.3.2.2 Land Use for Surface Roughness Height (Length)

Surface roughness height—al so referred to as (aerodynamic) surface roughnesslength—is the height
above the ground at which the wind speed goes to zero. Surface roughness affects the height abovelocal
ground level that a particle moves from the ambient air flow above the ground (for example in the plume)
into a“captured” depasition region near the ground. That is, ISCST3 assumes the particle is deposited to
the ground at some point above the actual land surface, based on surface roughness height. Surface

roughness height is defined by individual elements on the landscape, such as trees and buildings.

There are several methods for computing surface roughness. One uses measurements of hourly surface
roughness based on wind direction (fetch). Another uses the change in wind speed with height in the
surface layer, as measured on an instrumented tower operated at the site. We recommend deciding which
method to useto characterize surface roughness based on the variability of surface features and seasonal
values for the site. In lieu of any other method, the paragraphs below describe our recommendations for

computing surface roughness.

In order to be consistent with the recommended method for determining land use for dispersion
coefficients (Section 3.3.2.1), the land use within 3 kilometers generally is acceptable for determining

surface roughness. Surface roughness height values for various land use types are as follows:
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TABLE 3-3
SURFACE ROUGHNESS HEIGHTS

Surface Roughness Heights for Land Use Types and Seasons (meters)

Land Use Type Spring Summer Autumn Winter
Water surface 0.0001 0.0001 0.0001 0.0001
Deciduous forest 1.00 1.30 0.80 0.50
Coniferous forest 1.30 1.30 1.30 1.30
Swamp 0.20 0.20 0.20 0.05
Cultivated land 0.03 0.20 0.05 0.01
Grasdand 0.05 0.10 0.01 0.001
Urban 1.00 1.00 1.00 1.00
Desert shrubland 0.30 0.30 0.30 0.15

Source: Sheih, et al. (1979)

If asignificant number of buildings are located in the area, higher surface roughness heights (such as
those for trees) may be appropriate (U.S. EPA 1995g). Previous guidance documents do not recommend
a specific method for determining average surface roughness height. If you are using National Weather
Service surface meteorological data, we generally recommend setting the surface roughness height for
the measurement site at 0.10 meters (grassland, summer). If you intend to propose a different value for
the measurement site, we recommend using the following procedure to determinethe value:

Step 1 Draw aradius of 3 kilometers from the center of the stack(s) on the site map.

Step 2 Inspect the maps, and use professional judgment to classify the area within the radius
according to land use type (for example water, grasdand, cultivated land, and forest); a
site visit may be necessary to verify some classifications.

Step 3 Dividethe circular areainto 12 angular sectors of 30 degrees.

Step 4 |dentify asingle representative surface roughness height for each sector, based on an
area-weighted average of the land use types within the sector using the categories
identified above.

Step 5 Input the area-weighted surface roughness height value representative of each of the 12
sectorsinto MPRM for preprocessing the meteorological datafile.

Site-specific conditions might be such that you consider methods other than those described above more
appropriate for determining surface roughness height. In such instances, we recommend clearly
identifying and discussing the alternative methods with the appropriate parties (regulatory authority or

facility) prior to use.
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3.3.3 Information on Facility Building Characteristics

Building wake effects, also referred to as* building downwash,” have a significant impact on the
concentration and deposition of COPCs near the stack. Building wake effects are flow lines that cause
plumes to be forced down to the ground much sooner than they would if the building was not there. The
ISCST3 model contains algorithms for evaluating this phenomenon. We recommend that the downwash
analysis consider al nearby structures with heights at least 40 percent of the height of the shortest stack
to be modeled. The 40 percent value is based on Good Engineering Practice (GEP) stack height of 2.5
times the height of nearby structures or buildings (stack height divided by 2.5 is equal to 0.40 multiplied
by the stack height [40 CFR Part 51 Appendix W]). BPIP uses Building dimensions and locations, and
stack heights and locations, to identify the potential for building downwash. BPIP and the BPIP User’s
Guide are available for download from the SCRAM web site (http://www.epa.gov/scram001/) to address
specific questions. The BPIP output fileisin aformat that can be copied and pasted into the source (SO)
pathway of the ISCST3 input file. We generally recommend the following procedure to identify
buildings for input to BPIP:

Step 1 Lay out facility plot plan, with buildings and stack locations clearly identified (building
heights identified for each building); for buildings with more than one height or roof
line, identify each height (BPIP refersto each height as atier).

Step 2 ldentify the buildings to be included inthe BPIP analysis by comparing building heights
to stack heights. The building height test specifies that only buildings at least 40 percent
of the height of apotentially affected stack be included in the BPIP input file. For
example, if a combustion unit stack is 50 feet high, only buildings at least 20 feet tall
(0.40 multiplied by 50 feet) will affect air flow at stack top. Any buildings shorter than
20 feet need not be included in the BPIP analysis. The building height test is performed
for each stack and each building.

Step 3 Use the building distance test to check each building to be included in BPIP from the
building height test. For the building distance test, only buildings“nearby” the stack will
affect air flow at stack top. “Nearby” is defined as “five times the lesser of building
height or crosswind width” (U.S. EPA 1995c). A simplified distance test may be used by
considering only the building height rather than the crosswind width. While some
buildings with more height than width will be included unnecessarily using this
simplification, BPIP will identify correctly only the building dimensions required for
ISCST3.

An example, hypothetical plot planidentifies a 25-foot tall building that is 115 feet from
the 50-foot tall combustion unit stack center to the closest building corner. The building
distance test, for this building only, is five times the building height, or 125 feet (five
multiplied by the building height, 25 feet). This building would be included in the BPIP
analysis, because it passesthe building height test and building distance test.
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Step 4

Step 5

Repeat steps 2 and 3 for each building and each stack, identifying all buildings to be
included in the BPIP. If the number of buildings exceeds the BPIP limit of eight
buildings, consider combining buildings, modifying BPIP code for more buildings, or
using third-party commercial software which implements BPIP. If two buildings are
closer than the height of the taller building, the two buildings may be combined. For
example, two buildings are 40 feet apart at their closest points. One building is25 feet
high, and the ather building is 50 feet high. The buildings could be combined into one
building for input to BPIP. For input to BPIP, the corners of the combined building are
the outer corners of the two buildings. For unusually shaped buildings with more than
the eight corners allowed by BPIP, approximate the building by using the eight corners
that best represent the extreme corners of the building. The BPIP User’s Guide contains
additional description and illustrations on combining buildings, and BPIP model
limitations (U.S. EPA 1995c).

Mark off the facility plot plan with UTM grid lines. Extract the UTM coordinates of
each building corner and each stack center to beincluded in BPIP input file. Although
BPIP allows the use of “plant coordinates” we recommend that all inputsto the air
model be prepared using UTM coordinates (meters) for consistency. UTM coordinates
arerectilinear, oriented to true north, and needed in metric units for ISCST3 modeling.
Almost all air modeling will need to use USGS topographic data (digital and maps) for
receptor elevations, terrain grid files, locating plant property, and identifying
surrounding site features. Therefore, using an absolute coordinate system will enable
you to check inputs at each step of the andysis. Also, the meteorological data are
oriented to true north. Significant errors will result from ISCST3 if incorrect stack or
building locations are used, plant north isincorrectly rotated to true north, or incorrect
base elevations are used. With computer run times requiring many hours (up to 40 hours
for one deposition run with depletion), verifying locations at each step while preparing
modd inputswill prevent the need to remodel.

We recommend observing several precautions and guidelines while preparing input filesfor BPIP:

Graphically confirming the correct locations before BPIP isrun. One method isto plot
the buil dings and stack locations using graphi cs software. Several commercial programs
incorporating BPIP provide graphic displays of BPIP inputs.

In addition to using UTM coordinates for stack locations and building corners, also use
meters as the units for height.

Carefully indude the stack base elevation and building base elevations according to
BPIP User’s Guide instructions.

Note that the BPIP User’s Guide (revised February 8, 1995) has an error on page 3-5,
Table 3-1, under the “TIER(i,j)” description, which incorrectly identifies tier height as
base elevation.

BPIP mixes the use of “real” and “integer” vaduesintheinput file. To prevent possible
errorsin theinput file, note that integers are used where a count is requested (for
example, the number of buildings, number of tiers, number of corners, or number of
stacks).
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. Make the stack identifiers (up to eight characters) in BPIP identical to those used in the
ISCST3input file, or ISCST3 will report errors.

For most sites, BPIP executesin less than 1 minute. The array of 36 building heights and 36 building
widths (one for each of 36 10-degree direction sectors) are input into the ISCST3 input file by cutting
and pagting from the BPIP output file. We recommend deleting the five blank spaces preceding “SO” in
the BPIP output file, so that the “SO” begins in thefirst column of the ISCST3 input file.

One use of BPIP isto design stack heights for new facilities. Another isto determine what stack height
increases are necessary to avoid building influence on air flow, which may cause high concentrations and
deposition near the facility. The output for BPIP provides the GEP heights for stacks. Significant
decreases in concentrations and deposition rates will begin at stack heights at least 1.2 times the building
height, and further decreases occur at 1.5 times building height, with continual decreases of up to 2.5

times building height (GEP stack height) where the building no longer influences stack gas.

34 METEOROLOGICAL DATA PRIMER

Air dispersion and deposition modeling is extremely complicated, and uses data potentially unfamiliar if
your expertise lies outside meteorology and air modeling. Section 3.4 is an introduction to the types of
meteorol ogical data used by air dispersion and deposition models, as well as information on potential
data sources. Section 3.5 continues this introduction into the specific data parameters required by
MPRM, the data preprocessor for the ISCST3 ar model.

Generally speaking, air concentration and deposition models attempt to characterize the effects of
atmospheric forces on amass of COPC found in theair. These forces can be divided between:
. those which transport the COPC (the dominant factor is wind);
. those which disturb the straight flow of the COPC away from the source (also known as
mixing, examplesinclude building downwash effects, and atmospheric stability); and

. those actors which remove, or conditions which encourage the removal of, the COPC
from the atmosphere (An example of aremoval actor would be rain, whereas an example
“condition” would be the point above the ground a which windspeed slows to zero).

Air concentration and deposition models need a variety of meteorological information, at different levels

of temporal definition. The ISCST3 model requires the following:
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. Hourly values (also know as* surface data, as they describe conditions closer to ground
level)
a Wind direction (degrees from true north)

b Wind speed (m/s)
C. Dry bulb (ambient air) temperature (K)
d. Opague cloud cover (tenths)
e Cloud ceiling height (m)
f. For dry particle deposition:
i. surface pressure (millibar)
i solar radiation (watts/m?)
g. For wet particle deposition:
i Precipitation amount (inches)
ii. Precipitation type (liquid or frozen)

. Daily values (also called “upper air data’ as they describe conditions higher in the
atmosphere)
a Morning mixing height (m)
b. Afternoon mixing height (m)

The following subsections describe important characteristics of the needed data.

RECOMMENDED INFORMATION FOR RISK ASSESSMENT REPORT

. I dentification of all sources of meteorological data
________________________________________________________________________________________________________________________|]

3.4.1 Wind Direction and Wind Speed

Wind direction and speed are two of the most critical parametersin air modeling. The wind direction
promotes higher concentrati on and deposition if it persists from one direction for long periods during a
year. For example, a predominantly south wind, such as on the Gulf Coast of Texas, will contribute to
high concentrations and depositions north of the facility. Wind speed isinversely proportional to
concentration predicted using air modeling: The higher the wind speed, the lower the concentration will
be. If wind speed doubles, the concentration and deposition will be reduced by one-half. Air models
need wind speed and wind direction at the stack top. Most air modeling is performed using government
sources of surface data. Wind data are typically measured by National Weather Service (NWS) stations
at a height of 10 meters. However, since some stations have wind speed recorded at a different height,
we recommend always verifying the anemometer height, and that the correct value isinput into the
meteorological data preprocessing program. ISCST3 uses awind speed profile to calculate wind speed at

stack top. This calculation exponentially increases the measured wind speed from the measured height to
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acal culated wind speed at stack height. ISCST3 assumes that wind direction at stack height is the same
as that measured at the NWS station height (U.S. EPA 1995¢).

3.4.2 Dry Bulb Temperature

Dry bulb temperature, or ambient air temperature, is the same temperature reported on the television and
radio stations across the country each day. Dry bulb (ambient) temperature contributes to describing the
surface conditions that vary from hour to hour in the measured meteorological data needed for air

modeling. It therefore has a direct effect on the modeling results, as described below.

Dry bulb temperatureis typically measured at 2 meters above ground level. 1SCST3 usesair temperature
in the buoyant plume rise equations developed by Briggs (U.S. EPA 1995f). The model results are not
very sensitive to air temperature, except at extremes. However, buoyant plume rise isvery sensitive to
the stack gastemperature. Buoyant plumeriseis mainly aresult of the difference between stack gas
temperature and ambient air temperature. Conceptualy, itissimilar to ahot air balloon: The higher the
stack gas temperature, and lower the ambient temperature, the higher will be the plumerise. High plume
heights result in low concentrations and depositions as the COPCstravel further and arediluted in a
larger volume of ambient air before reaching the surface. A large variation in ambient temperature will
affect buoyant plume rise, but not as much as variations in stack gas temperature. The fact that the stack
gas temperature is constant (for most modeling analyses) is the very point for noting that it is the changes
in the dry bulb temperature that createsthe temperature differential affecting plume risein the air model
(see also Section 3.6.2.2 regarding selection of stack gas exit temperature). The temperature is measured
in K, so a stack gas temperature of 450°F is equal to 505 K, an ambient temperature of 90°F = 305 K, and
32°F =273 K.

When determining values for dry bulb temperature (or ambient air temperature), it isimportant not to
appear to be ‘data shopping’ by artificially selecting a period of meteorological data that has either
average or above-average ambient temperatures that will reduce plumerise. The skewing of resultsin
one direction or another may over-estimate concentrations near the source, but under-estimate
concentrations and depositions away from the source where more sensitive receptors may be located (see
Chapter 4 for more on Exposure Scenario location) . Attempts to increase protectiveness by applying

such approaches may not achieve the desired result.
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If the meteorological data sets you use, and your choice of dry bulb temperature are not consistent with
the HHRAP, we recommend clearly identifying and discussing them in the risk plan and/or cost estimate

(as appropriate) to ensure clarity and transparency of the final risk assessment resuilts.

3.4.3 Opaque Cloud Cover

Observations of opaque cloud cover are used to calculate the stability of the atmosphere. Stability
determines the disperson, or dilution, rate of COPCs in the atmosphere. Rapid dilution occursin

unstable air conditions, while stable air resultsin very little mixing, or dilution, of the emitted COPCs.

With clear skies during the day, the sun heats the Earth’ s surface, which heats the air immediately above
it. Thewarm air risesand overturnswith the cooler air above it. During this“unstable” condition, while

layers of air are moving through one another, the stack plume mixes as the air mixes.

A cool surface occursat night because of radiative loss of heat on clear nights. With acloud cover,
surface heating during the day and heat loss at night are reduced, resulting in moderate mixing rates, or
neutral stability.

Opague cloud cover is a measure of the transparency of the clouds. For example, a completely overcast
sky with 10/10ths cloud cover may have only 1/10th opaque cloud cover if the clouds are high,

translucent clouds that do not prevent sunlight from reaching the Earth’ s surface.

3.44 Cloud Ceiling Height

ISCST3 needs cloud ceiling height to calculate stability. Specifically, the height of the cloud cover
affects the heat balance at the Earth’ s surface.

3.4.5 Surface Pressure

The MPRM preprocessor for ISCST 3 requires station (i.e. surface) pressure. MPRM uses station
pressure to compute Monin-Obukhov Length and Friction Velocity, two boundary layer parameters that

| SCST3 needsto perform dry particle deposition. ISCST3 is not very sensitive to surface pressure.
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3.4.6 Incoming Short-wave Radiation\Leaf Area Index

Solar radiation affects the respiratory activity of leaf surfaces, which afects the rate of dry vapor
deposition. Werecommend using the method described in Section 3.6.1 to address the effects of dry
vapor deposition. Specify asingle value in the ISCST3 input file for dry vapor deposition velocity for all
hours. Even though incoming solar radiation and leaf areaindex are not used when specifying the dry
vapor deposition velocity, the ISCST3 model will not run properly if values for these two data fields
aren’t included in the meteorological input file.

Though we don’t recommend it, ISCST3 is able to compute the hourly dry vapor deposition velocity by
combining hourly incoming short-wave (solar) radiation with the user-specified, site-specific leaf area
index. The default value specified in the Addendum to the MPRM User’s Guide (U.S. EPA 1999¢) may

be used for leaf areaindex when site-specific datais not available.

3.4.7 Precipitation Amount and Type

In order to calculate wet deposition of vapor and particles, ISCST3 requiresthat MPRM process
precipitation amount and type into the |ISCST3 meteorological file. Precipitation is measured at 3 feet
(roughly 1 meter) above ground level. The amount of precipitation will directly influence the amount of
wet deposition at a specific location. Particles and vapor are both captured by falling precipitation,

known as precipitation scavenging.

Scavenging coefficients are needed as inputs to ISCST 3 for vapors, with a rate specified each for liquid
and frozen precipitation. The precipitation typein a SAMSON weather report (see Section 3.4.9 for
more information on SAMSON) will identify to ISCST3 which event is occurring for gppropriate use of
the scavenging coefficients entered (see Section 3.6.2.6). MPRM can also read supplemental
precipitation files from NCDC, and integrate the datawith CD-144 datain the |SCST3 meteorol ogical
file. We discuss the importance of precipitation to ISCST3 results further in Section 3.4.9 ( Potential
Data Sources).

3.4.8 Upper Air Data (Mixing Height)

Upper air data are needed to run the ISCST3 model. MPRM uses measurements of morning and

afternoon (twice daily) upper air datato calculate an hourly mixing height using interpolation methods
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(U.S. EPA 1996j). Werecommend that only years with complete upper air data be used as input for air
modeling. Itisimportant that the yearsyou select for upper air data match the years you select for
surface data. If matching years of data are not available from a single upper air station, we recommend
another upper air station be used for completing the five years. We also recommend discussing your

choice of representative data with the appropriate authorities prior to performing air modeling.

3.4.9 Potential Data Sources

Asshown in Figure 3-1, these data are avail able from several different sources. For most air modeling,
we recommend five years of data from a representative NWS gation. However, in some instances where
the closest NWS data is clearly not representative of site-specific meteorological conditions, and there is
insufficient time to collect 5 years of onsite data, you might use 1 year of onsite meteorological data
(consistent with GAQM) to complete the risk assessment. We recommend clearly identifying and
discussing your choice of representative meteorological data with the appropriate parties (e.g. permitting

authority or facility) prior to air modeling.
FIGURE 3-1
SOURCES OF METEOROLOGICAL DATA

Meteorological Data Processing - Government Sources
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Meteorological Data Processing - Commercial Sources

Surface Data Upper Air Data
. NCDC
On-Site MPRM <« Mixing

Surface Height

NCDC
Precipitation
Data Required if not

included incommercial
on-site source data

ISCST3
Meteorological File

Hourly data, also know as “surface data” because it tends to characterize meteorology nearer the surface,
can be obtained from the National Climatic Data Center (NCDC) web site at address
(http://lwf.ncdc.noaa.gov/oa/ncde.html). We recommend data in the SAMSON format (available on
CD-ROM). SAMSON data are available for 239 airports across the U.S. for the period of 1961 through
1990. SAMSON data contain all of the needed input parameters used by ISCST3 to compute

concentration, dry and wet particle deposition, and dry and wet vapor deposition.

You could also get hourly surface data from NCDC in TD-3280 format, then reformat it to CD-144
format for input to MPRM. Precipitation data in TD-3240 format is also available from NCDC. TD-
3240 formatted data is processed by MPRM to supplement the hourly surface data.

National Climatic Data Center
Federal Building
37 Battery Park Avenue
Asheville, NC 28801-2733

Customer Service: (704) 271-4871

File type: File name:
Hourly precipitation amounts NCDC TC-3240
Hourly surface observations with precipitation type NCDC TD-3280
Hourly surface observations with precipitation type NCDC SAMSON CD-ROM (Vol. I, 11, and/or I11)
Twice daily mixing heights from nearest station NCDC TD-9689
(also available on SCRAM web site for 1984 through 1991)
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Currently, MPRM isthe most appropriate Agency meteorological preprocessor program for preparing the
surface and upper air datainto an | SCST3 meteorological input file. Most air modeling analyses will use
MPRM to process the National Wesather Service daa.

We recommend using the most recent 5 years of complete meteorological data available on SAMSON (or
more recent sources) for the air modeling. It’s desirable, but not mandatory, that the 5 years be

consecutive.

Each year of the 5 years of data should be compl ete before being processed by MPRM. If data gaps
exist, we recommend filling in all missing data. The procedures we recommend for filling missing
surface and upper air data are documented on the SCRAM web site under the meteorol ogical data
section. If the missing data are not addressed by the Agency objective procedures, then with the approval
of the permitting authority, you can devel op a subjective method for filling in missing data. If conditions
occur such that:

1 missing values are not able to be replaced; and

2. the permitting authority approves the use of the meteorological datain that condition

then specify theMSGPRO keyword in the COntrol pathway of the ISCST3 input file. Note that the
DEFAULT keyword can't be used with MSGPRO.

If you wish to use less than 5 years of meteorological data, we recommend clearly identifying and

discussing thiswith all appropriate parties (e.g. permitting authority, or facility).

To prevent the need to repeat air modeling activities, we recommend that your choi ces of representative
upper ar and surface data be clearly identified and discussed with the appropriate parties (e.g. regulatory
authority, facility) before you begin preprocessing and air modding. Also, we recommend compl etely
documenting all processing of meteorological data, including sources of data, selection criteria,
consideration for precipitation amounts, preprocessor options selected, and filled missing data. If your
choices of meteorological data (e.g. selection of upper air data, or determination of dry bulb temperature)
are inconsistent with this guidance, we further recommend clearly identifying and discussing these
choices in the risk plan and/or cost estimate (as appropriate) to ensure clarity and transparency of the

final risk assessment results.
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RECOMMENDED INFORMATION FOR RISK ASSESSMENT REPORT
. Electronic copy of the ISCST3 input code used to enter meteorological information

. Description of the selection criteria and process used to identify representative years used for
meteorol ogical data

. Identification of the 5 years of meteorological selected

. Summary of the procedures used to compensate for any missng data

3.5 METEOROLOGICAL PREPROCESSOR DATA NEEDS

After selecting the appropriate surface and upper air data using the procedures outlined in Section 3.4,
you still need to put the datainto aform that ISCST3 can use. As stated above, we recommend using the
meteorological preprocessor MPRM to do this. Thefollowing Section describesthe dataMPRM itself
requires in order to performthe preprocessing. Agency approval is recommended in the selection of

MPRM parameter values.

We recommend preparing an | SCST 3 meteorological file that can be used to calculate either
concentration or deposition (what MPRM terms an “ISCGASW” file). All necessary parameters will
then be available to ISCST3 for any subsequent concentration or deposition modeling. For example, if
only the concentration option is selected in ISCST3 for a specific run, ISCST3 will ignore the
precipitation values in the meteorological file. For subsequent air deposition modeling, 1SCST3 will

access the precipitation data from the same preprocessed meteorological file.

MPRM includes extensive QA/QC to check for valuesthat are out of range. MPRM also checks for
missing data and summarizes values that require editing to fill missing data. After acomplete surfacefile

passes the quality checks, it is processed with NCDC upper air data.

MPRM needs the following input parameters representative of the meteorol ogical measurement site
(typically the neared representative National Weather Station):
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. Minimum M onin-Obukhov length
. Anemometer height
. Surface roughness length (at measurement site)
. Noon-time albedo
. Bowenratio
. Anthropogenic heat flux
. Fraction of net radiation absorbed at surface

MPRM also needs the following input parameter representative of the application site (e.g., source
location):

. Surface roughness length (at application site)

The MPRM User’ s Guide contains detailed information for preparing the |ISCST3 meteorological input
file (U.S. EPA 1996j). The parameters listed are briefly described in the following subsections. These
data are not included in the surface or mixing height data files obtained from the U.S. EPA or NCDC.
We recommend taking special care, while using the tables in the MPRM User’s Guide or reference
literature, to select values representative of the meteorological measurement site and the site to be
modded. Werecommend clearly identifying and discussing the selected val ues with the appropriate

parties (e.g. permitting authority, or facility) before processing the meteorological data.

3.5.1 Monin-Obukhov Length

The Monin-Obukhov length (L) is a measure of atmospheric stability. It is negative during the day, when
surface heating causes unstable air. It ispositive at night, when the surface is cooled and the atmosphere
more stable. In urban areas during sable conditions, the estimated vaue of L may not adequately reflect
the less stable atmosphere associated with the mechanical mixing generated by buildingsor structures.
However, MPRM needs an input for minimum urban Monin-Obukhov length, even if the areato be
analyzed by ISCST3 isrural. A nonzero vaue for L must be entered to run MPRM. We recommend
using a value of 2.0 meters for L when the land use surrounding the siteisrural (see Section 3.3.2.1). For

urban areas, Hanna and Chang (1991) suggest that a minimum value of L be set for stable hoursto
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simulate building-induced instability. The following are general examples of L values for various land

use classifications:

TABLE 3-4

L VALUES FOR VARIOUS LAND USES

Land Use Classification Minimum L
Agricultural (open) 2 meters
Residential 25 meters
Compact residential/industrial 50 meters
Commercial (19 to 40-story buildings) 100 meters
Commercial (>40-story buildings) 150 meters

MPRM will use the minimum L valuein cal culating urban stability parameters. These urban values will
be ignored by ISCST3 during the air modeling analyses for rural sites.

3.5.2 Anemometer Height

ISCST3 model results are very sensitive to small variations in wind speed. The height of the wind speed
measurements is needed by | SCST 3 to cdculate wind speed at stack top. Thewind sensor (anemometer)
height for every National Weather Service station is identified in the station history section of the Local
Climatological Data Summary available from NCDC. Since 1980, most National Weather Service
stations measure wind speed at the height of 10 meters. However, some stations operate at other heights
or have data at more than one height. We generally recommend verifying the correct measurement height

for each year of dataprior to processing with MPRM and running the ISCST3 model.

3.5.3 Surface Roughness Length at Measurement Site

Surface roughness length (or height) is a measure of the height of obstaclesto wind flow. It isimportant
in ISCST3 because it determines how close a particle must be to the ground before it is “captured” for
deposition on the ground. Slight variaions in surface roughness can lead to dramatic differencesin
ISCST3 results. For surface meteorological datafrom a National Weather Station, we typically
recommend using a value of 0.10 meters for the “ measurement site.” Surface roughness is proportional,
but not equal, to the physica height of the obstacles. Table 3-3 (in Section 3.3.2.2) lists available

roughness height values. These values are based on the general land use in the vicinity of the
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measurement site. We recommend considering these values in discussions with the appropriate parties

prior to air modeling.

3.5.4 Surface Roughness Length at Application Site

MPRM also needs the surface roughness length at the facility (application site) in order to prepare the
ISCST3 meteorological file. ISCST3 model results are very sensitive to the vdue used in MPRM for this
parameter. Table 3-3 in Section 3.3.2.2is also applicable to the application site. Compute a single
surface roughness val ue representative of the site by usng the method described in Section 3.3.2.2. We
recommend clearly identifying and discussing the computed surface roughness length for the application
site, along with maps or photographs illustrating land use, with the appropriate parties (e.g. permitting

authority or facility) prior to use.

3.5.5 Noon-Time Albedo

“Noon-time albedo” is the fraction of the incoming solar radiation that is reflected from the ground when
the sun is directly overhead. Albedo isused in calculating the hourly net heat balance at the surface. Net
heat balance at the surface is then used in calculating hourly values of Monin-Obukhov length. MPRM
automatically adjusts for the variation in albedo with solar elevation angle. Experience suggests that

I SCST3 modeling results are not sensitive to the vaue selected for this parameter. Table 3-5 presents
typical albedo values. Albedo values vary from 0.10 to 0.20 on water surfaces from summer to winter.
Cultivated farmland val ues vary the most, from 0.14 during spring when land is tilled to expose dark

earth, to 0.60 in winter when areas are snow-covered.
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TABLE 3-5
ALBEDO OF NATURAL GROUND COVERS FOR LAND USE TYPES AND SEASONS
Season*
Land Use Type
Spring Summer Autumn Winter
Water surface 0.12 0.10 0.14 0.20
Deciduous forest 0.12 0.12 0.12 0.50
Coniferous forest 0.12 0.12 0.12 0.35
Swamp 0.12 0.14 0.16 0.30
Cultivated land 0.14 0.20 0.18 0.60
Grasdand 0.18 0.18 0.20 0.60
Urban 0.14 0.16 0.18 0.35
Desert shrubland 0.30 0.28 0.28 0.45

Source—Igbal (1983)

? The various seasons are defined by Igbal (1983) as follows:

Spring:

Summer:

Autumn:

Winter:

Periods when vegetation is emerging or partially green; thisis atransitional Stuation that appliesfor 1 to
2 months after the last killing frost in spring.

Periods when vegetation is lush and healthy; thisis typical of mid-summer, but also of other seasonsin

which frost is less common.

Periods when freezing conditions are common, deciduous trees are leafless, crops are not yet planted or
are already harvested (bare soil exposed), grass surfaces are brown, and no snow is present.

Periods when surfaces are covered by snow and temperatures are below freezing. Winter albedo depends
on whether a snow cover is present continuously, intermittently, or seldom. Albedo ranges from about

0.30 for bare snow cover to about 0.65 for continuous cover.

Based on the information in Table 3-5, rural area albedo estimates vary from 0.14 to 0.20 for cultivated

land, and from 0.18 to 0.20 for grassland. For urban areas without snow, values vary from 0.14 to 0.18.

For prectical purposes, it is desirableto process a complete year of meteorological data with asingle

value for noon-time albedo. For example, the single value of 0.18 may be appropriate to process dl

meteorological datafor an urban site. For rural sites, asingle albedo value of 0.18 for grassland and

cultivated land may be appropriate for areas without significant snow cover during winter months. For

desert shrubland, a single value of 0.28 may be appropriate. A single value of 0.12 could be

representative of forested areas. We recommend discussing the proposed values with the permitting

authority prior to air modeling.
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3.5.6 Bowen Ratio

The Bowen ratio is the ratio of the sensible heat flux to the evaporative or latent heat flux at the ground
surface. The presence of moisture affects the heat balance through evaporative cooling, which, in turn,
affects the hourly Monin-Obukhov length calculated by MPRM. Surface moistureis highly variable.
Daytime Bowen ratios are presented in Table 3-6.

Bowen ratio values vary throughout the country. For example, in urban areas where annud rainfdl is
less than 20 inches, asingle Bowen ratio value of 4.0 may berepresentative. For rural areas, a Bowen
ratio value of 2.0 may be appropriate for grasdand and cultivated land. For areas where annual rainfall is
greater than 20 inches, we recommend a single Bowen ratio value of 2.0 for urban areas; and 0.7 for rural
forests, grasd ands, and cultivated lands. Y ou can refine the Bowen ratio estimates provided in Table 3-6
by using site-specific precipitation and wind speed data. We recommend clearly identifying and

discussing the proposed vdues with the appropriate parties (e.g. permitting authority or facility) prior to

use.
TABLE 3-6
DAYTIME BOWEN RATIOS BY LAND USE, SEASON,
AND PRECIPITATION CONDITIONS
Season®
Land Use Spring Summer Autumn Winter
Dry Conditions
Water (fresh and salt) 0.1 0.1 0.1 20
Deciduous forest 15 0.6 20 2.0
Coniferous forest 15 0.6 15 20
Swamp 0.2 0.2 0.2 20
Cultivated land 1.0 15 2.0 20
Grasdand 1.0 2.0 20 2.0
Urban 20 4.0 4.0 2.0
Desert shrubland 5.0 6.0 10.0 2.0
Average Conditions
Water (fresh and salt) 0.1 0.1 0.1 15
Deciduous forest 0.7 0.3 1.0 15
Coniferous forest 0.7 0.3 0.8 15
Swamp 0.1 0.1 0.1 15
Cultivated land 0.3 05 0.7 15
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TABLE 3-6
(contd.)
Season®
Land Use Spring Summer Autumn Winter
Grasdand 0.4 0.8 1.0 15
Urban 1.0 2.0 20 15
Desert shrubland 3.0 4.0 6.0 6.0
Wet Conditions

Water (fresh and salt) 0.1 0.1 0.1 0.3
Deciduous forest 0.3 0.2 04 0.5
Coniferous forest 0.3 0.2 0.3 0.3
Swamp 0.1 0.1 0.1 0.5
Cultivated land 0.2 0.3 0.4 0.5
Grasdand 0.3 0.4 0.5 0.5
Urban 0.5 1.0 10 0.5
Desert shrubland 1.0 5.0 2.0 2.0
Source—Paine (1987)
® The various seasons are defined by Igbal (1983) as follows:

Spring: Periods when vegetation is emerging or partially green; thisis atransitional Stuation that appliesfor 1 to

2 months after the last killing frost in spring.
Summer: Periods when vegetation is lush and healthy; thisis typical of mid-summer, but also of other seasonsin
which frost is |ess common.
Autumn: Periods when freezing conditions are common, deciduous trees are leafless, crops are not yet planted or

are already harvested (bare soil exposed), grass surfaces are brown, and no snow is present.

Winter: Periods when surfaces are covered by snow and temperatures are below freezing. Winter albedo depends
on whether a snow cover is present continuously, intermittently, or seldom. Albedo ranges from about
0.30 for bare snow cover to about 0.65 for continuous cover.

3.5.7 Anthropogenic Heat Flux

Anthropogenic heat is the surface heating caused by human activity, including automobiles and heating

systems. Itisusedto calculate hourly L values (Monin-Obukhov lengths). Table 3-7 presents

anthropogenic heat flux (Q)) values for several urban areas around the world (U.S. EPA 1995g). In rural

areas, we recommend using a value 0.0 Watts/n¥ for the 0. A value of 20.0 Watts/n? is appropriate for

large urban areas, based on the annual value for Los Angeles.
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TABLE 3-7

ANTHROPOGENIC HEAT FLUX (@) AND NET RADIATION (Q.)

FOR SEVERAL URBAN AREAS

5 Population Per Capita 2
S| fomner | ey | Enele | O |0
Ttude Hions (Persons/km?) (MJ x 10%/year)
Manhattan 17 28,810 128 117 (Annual) 93 (Annual)
(40° North) 40 (Summer)
198 (Winter)
Montreal 11 14,102 221 99 (Annual) 52 (Annual)
(45° North) 57 (Summer) 92 (Summer)
153 (Winter) 13 (Winter)
Budapest 13 11,500 118 43 (Annual) 46 (Annual)
(47° North) 32 (Summer) 100 (Summer)
51 (Winter) -8 (Winter)
Sheffield 05 10,420 58 19 (Annual) 56 (Annual)
(53° North)
West Berlin 2.3 9,830 67 21 (Annual) 57 (Annual)
(52° North)
Vancouver 0.6 5,360 112 19 (Annual) 57 (Annua)
(49° North) 15 (Summer) 107 (Summer)
23 (Winter) 6 (Winter)
Hong Kong (22° 39 3,730 34 4 (Annual) 110 (Annual)
North)
Singapore 21 3,700 25 3 (Annual) 110 (Annual)
(1° North)
Los Angeles (34° 7.0 2,000 331 21 (Annual) 108 (Annual)
North)
Fairbanks 0.03 810 740 19 (Annual) 18 (Annual)
(64° North)

Source—Oke (1978)

3.5.8 Fraction of Net Radiation Absorbed at the Ground

Also used for calculating hourly values of Monin-Obukhov length, fraction of net radiation absorbed at

the ground isthe last component of radiative heat balance. Based on:
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. the net radiation (Q.) values presented in Table 3-7, and
. recommendations presented in the MPRM User’ s Manual, themselves based on Oke
(1982),

we recommend values of 0.15 for rural areas and 0.27 for urban areas (U.S. EPA 1995¢).

3.6 ISCST3 MODEL INPUT FILES

The ISC3 User’'s Guide, Volume | (U.S. EPA 1995f) offers athorough instruction on how to prepare the
ISCST3input files. The User’s Guide isavailable for downloading from the SCRAM at
http://www.epa.gov/scram001. We provide an example ISCST3 input file in Figure 3-2.
Thisexampleillustrates asngle year run (1984), for particle phase COPC emissions from a single stack.
The run is used to compute acute (1-hour average) and chronic (annual average) values. It provides
singleyear resultsin a one hour and annud average plot file for post-processng. Specifying aterrain grid
filein the TG pathway is optional. You generally only consider it for modeling dry vapor depositionin
highly variable terrain. Each air modeling analysis has unique issues and concerns that we recommend
you address in the risk assessment report. We recommend using an air modeling methodol ogy
consistently throughout, from data collection and model set-up, to modd output. Thiswill assigt both
you and the permitting authority in interpreting and communicating mode results. A transparent and
scientifically defensible risk assessment report will identify consistent methods while documenting each
section of the ISCST3 input file.
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CO
CO
CO
CO
CO
CO
CO
CO
CO

* K
* K

CO

SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO

RE
RE
RE
RE
RE

STARTING
TITLEONE
TITLETWO
MODELOPT
AVERTIME
POLLUTID
TERRHGTS
RUNORNOT
SAVEFILE

INITFILE
FINISHED

STARTING
LOCATION
SRCPARAM
BUILDHGT
BUILDHGT
BUILDHGT
BUILDHGT
BUILDHGT
BUILDWID
BUILDWID
BUILDWID
BUILDWID
BUILDWID
PARTDIAM
MASSFRAX
PARTDENS
PARTSLIQ
PARTSICE
SRCGROUP
FINISHED

STARTING
ELEVUNIT
DISCCART
DISCCART
DISCCART

Example input file,
1984 met data,

1 ANNUAL

UNITY
ELEV
RUN

84SAVE1l 5 84SAVE2
Restart incomplete runs with INITFILE,

84SAVE1L

STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
ALL

METERS

630000.
630500.
631000.

FIGURE 3-2
EXAMPLE INPUT FILE FOR “PARTICLE PHASE”

particle phase run

POINT 637524.
1.0 23.0

18.
18.
18.
18.
18.
14.
12.
14.
15.
le.
0.3
0.2
1.0
TE-
2E-

29
29
29
29
29
02
10
02
51
53
5

2

5
5

18.
18.
18.
18.
18.
15.
14.
12.
14.
15.
0.70
0.08
1.0
5E-5
2E-5

565000.
565000.
565000.

447.0

29
29
29
29
29
51
02
10
02
51

18.
18.
18.
18.
18.
16.
15.
14.
12.
.02 .
2.00 3.60 5.
0.11 0.10 O.
1.

352.
365.
402.

567789.

3

14.7 1.9

29
29
29
29
29
53
51
02
10

1.

(ARRAY OF DISCRETE RECEPTORS)

DISCCART
FINISHED
STARTING
INPUTFIL
ANEMHGHT
SURFDATA

UAIRDATA
FINISHED

STARTING
INPUTFIL
LOCATION
ELEVUNIT
FINISHED

STARTING
RECTABLE
PLOTFILE
PLOTFILE
FINISHED

635000.

570000.

84BTR.WET

10.0

13970 1984 BATON ROUGE

387.

12884 1984 BOOTHVILLE

TERRAIN.TER

0.0 0.0
METERS

ALLAVE FIRST

1 ALL FIRST BTR841.PLT

ANNUAL ALL BTR84A.PLT

18.
18.
18.
18.
18.
17.
16.
15.
14.
12

0 1
4E-5

29
29
29
29
29
05
53
51
02
10

.0

Baton Rouge Surface,
DFAULT CONC DDEP WDEP DEPOS DRYDPLT WETDPLT RURAL

changing

47.

18.
18.
18.
18.

17.
17.
16.
15.

29 18.
29 18.
29 18.
29 18.

05 16.
05 17.
53 17.
51 1leo.

Tk Y

to

18.
18.
18.
18.

15.
16.
17.
17.

'CO!

29
29
29
29

51
53
05
05

18.
18.
18.
18.

14.
15.
16.
17.

50 8.10 12.5 15.0
07 0.10 0.11 0.13

0 1.0
1.3E-4 2.6E-4 3.9E-4 5.2E-4 6.
9E-5 1.3E-4 1.7E-4 2.

1.0

1.

0

Boothville Upper Air

TE-4
2E-4

.1E-4
.2E-4
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As discussed in Section 3.2, ISCST3 requires separate runs to model vapor phase COPCs, particle phase
COPCs, and particle-bound phase COPCs, for atotal of three runs per COPC source (stack or fugitive).
The ISCST3 “Control Secondary Keywords® used for these three runs are:

Vapor Phase: CONC DDEP WDEP DEPOS
Particle Phase: CONC DDEP WDEP DEPOS
Particle-Bound Phase: CONC DDEP WDEP DEPOS

I SCST 3 needs site-specific inputs for source parameters, receptor |ocations, meteorological data, and
terrain features. Prepare the modd for execution by creating an input file. Theinput fileis
structured in five (or six, if aterrain grid fileis used) sections, or pathways, designated by two-letter

abbreviations;

TABLE 3-8
ISCST3 INPUT FILE SECTIONS
Section Abbreviation
Control Co
Source SO
Receptor RE
Meteorology ME
Terrain Grid (Optional) TG
Output ou

The following subsections describe how to specify the parameters for each pathway in the ISCST3 input

file.
|
RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT

. Electronic and hard copiesof ISCST3 input file for all air modeling runs
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3.6.1 COntrol Pathway

Y our choice of model options (MODELOPT) in the COntrol pathway will direct ISCST3 in the types of
computations to perform. We generally recommend specifying the DFAULT parameter for particleand

particle-bound phase runs, so that ISCST3 will implement the following regul atory default options:

. Use stack-tip downwash (except for Schulman-Scire downwash).

. Use buoyancy-induced dispersion (except for Schulman-Scire downwash).

. Do not use find plume rise (except for building downwash).

. Use the calms processing routines.

. Use upper-bound concentration estimates for sources influenced by building downwash

from super-squat buildings.
. Use default wind speed profile exponents.

. Use default vertical potential temperature gradients.

The CONC parameter specifies calculation of air concentrations. The DDEP and WDEP parameters
specify dry and wet deposition. The DEPOS specifies computation of total (wet and dry) deposition flux.
DRYDPLT and WETDPLT are used for plume depl etion resulting from dry and wet removal. We
recommend the following command lines for the vapor and two particle runs (these are for rural areas;

substitute URBAN for urban areas):

Vapor: CO MODELOPT TOXICS CONC DDEP WDEP DEPOS DRYDPLT
WETDPLT RURAL
CO GASDEPVD 0.01

Particle Phase: CO MODELOPT DFAULT CONC DDEP WDEP DEPOS DRYDPLT
WETDPLT RURAL

Particle-Bound: CO MODELOPT DFAULT CONC DDEP WDEP DEPOS DRYDPLT
WETDPLT RURAL

Note that for vapor phase model runs, the DFAULT option is replaced by the TOXICS option. This
directs | SCST 3 to execute the dry vapor deposition algorithm in addition to the regulatory default

parameters. Y ou need to add an additional COntrol command line for the vapor phase run, to provide the
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single value of the dry vapor deposition velocity. In order to set a single dry vapor deposition velocity in
ISCST3, usethe following options:

. Remove the DEFAULT keyword from the CO MODELOPT card. (Thisoptionis
incompatible with the TOXICS option.)

. Add the TOXICS keyword on the CO MODEL OPT card. (This option isneeded when
using dry vapor deposition.)

. Add the keyword CO GASDEPV D<Uservd>, where Uservd in the dry vapor deposition

velocity (meters/second).

We recommend a dry vapor deposition velocity of 0.5 centimeter per second (cm/s) for organic
contaminants, chlorine, and HCl. We recommend a dry vapor deposition velocity of 2.9 cr/s for divalent
mercury. The recommended dry vapor deposition velocity value of 0.5 cm/sfor organic contaminantsis
consistent with the range specified for pesticides (0.01 - 1.1 cm/s) and dioxinsand furans (0.27 - 0.78
cm/s) (U.S. EPA 2000b). A recent review of dry deposition (Wesely and Hicks 2000) demonstrates
considerable uncertainty about dry deposition even for well-measured species such as ozone and sulfur
dioxide. Uncertainty is greater for organic compounds, with very few measurements availableto support
defensible values (seefollowing table).

TABLE 3-9

DRY DEPOSITION VELOCITY ESTIMATES AVAILABLE IN LITERATURE

Chemical Dry Deposition Velocity (cm/s) Reference

Aceticacid 0.64-1.0 Hartmann et al. (1991)
0.7 Sanheuza ¢ al. (1992)

Formic acid 11 Sanheuza et a. (1992)!

Chlordane 0.01-0.04 Bidleman (1988)

Arochlor 1242 0.02-0.1

Arochlor 1254 0.08-0.2

p.p’-DDT 0.1-07

TCDD 0.5 Trapp and Mathies (1995)
05 McLachlan et al. (1995)
0.27-0.78 Smith and Heinhold (1995)

PCDD/Fs 0.19 (0.06-0.60) K oester and Hites (1992)

! Ascited in Wesely and Hicks (2000)
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The modeling reported in the Mercury Study Report to Congress (U.S. EPA 1997¢) used a value of

0.3 cnvVsfor nighttime dry deposition of divalent mercury, but used daytime values ranging from 0.20 to
4.83 cm/s depending upon atmospheric stability and land-use category. The daytime values were based
on data developed from nitric acid data, not from measurements of divalent mercury. U.S. EPA (1997c)
used an average | SC model-cal culated dry deposition velocity of 2.9 cm/sfor divalent mercury vapor and
0.06 cm/sfor elemental mercury. Higher values were expected for chemicalswith greater reactivity than
acetic acid or formic acid, but no measured values were identified for any organic compounds higher

than 1.1 cm/s. As aresult, we recommend the default of 2.9 for divalent mercury.

U.S. EPA (1997c) also calculates site- or contaminant-specific dry vapor deposition vel ocities based on
various parameters i ncluding molecular diffusivity, a sol ubility enhancement factor, pollutant reactivity,
mesophyll resistance, and Henry's law constant. If you are assessing a facility surrounded by land uses
other than pine forest (for instance urban, agricultural lands, or wetlands), you may wish to consider how
asite-specific valuefor this parameter could be caculated. Two important parameters are the stability
class (from the air modeling) and the land use surrounding the facility. The following information can be
found in Section 5.1.2.3 (Dry Deposition of Vapors), page 5-12, in the technical background document of
the MACT rule: "Human Health and Ecological Risk Assessment Support to the Development of

Technical Standards for Emissions from Combustion Units Burning Hazardous Wastes: Background

Document, Final Report (F-1999-RC2F-S0014)", which explans that:

To calculate the weighted dry deposition velocity, it is recommended that land use be obtained
from 1:250,000 scale quadrangles of land use and GIRAS spatial data obtained from EPA
website and placed in an ARC-INFO format (U.S. EPA, 1994b). Table B-6 of Appendix B of the
MACT rule background document shows the land use data for the sites that were detailed in the
MACT rule. Inthe MACT rule, the fraction of time in each stability class was based on 5-year
hourly meteorological files used inthe ISCST3 modeling. Table B-8 of Appendix B in the
MACT rule background document shows the weighted dry deposition velocity for divalent
mercury vapor at the modeled facilities. Dry deposition of elemental mercury was not included
inthe MACT analysis, which is consistent with the 1997 Mercury Report to Congress.

Site-specific dry deposition velocity for divalent mercury vapor can be calculated by weighting
land use and stability class. Valuesfor dry deposition velocity for each land use category and
stability class can be found in the "Mercury Study Report to Congress Volume IIl: Fate and
Transport of Mercury in the Environment, December 1997, EPA-452/R-97-003" in Table 4-3 and
Table 4-4, respectively. It isrecommended that these va ues be averaged to annualized values.
Generally, night time dry deposition velocities can be treated as constant across all stability.
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As more research to measure deposition vel ocities of more organic compounds under a variety of
conditions becomes available, it may be appropriate to develop site- and chemical- specific default dry
deposition of vapor velocities. It isimportant to note that although we recommend inputting the dry
vapor deposition velocity directly into ISCST 3, you might instead el ect to execute the dry gas deposition
agorithms within ISCST 3 to cal culate a deposition velocity. However, we caution you to read

Section 3.1.2 (Preprocessing Programs) and Section 3.4.6 (Solar Radiation), which note additiond data
needs and potential limitations to |SCST3 cal cul ating deposition velocities. Having ISCST3 calculate a
deposition velocity may also require that you conduct compound-specific air modeling runs, deviating
from the unit emission rate approach as outlined in this guidance. This may significantly increase the

number of air modeling runs needed.

Note that for each of the three runs for each emission source, 5 complete years of off-site (e.g., National
Weather Service from SAMSON) meteorological data are used. For sites with meteorological data
collected on-site, we recommend that the permitting authority be notified of the data period needed for a
risk assessment. Specify ‘ANNUAL’ for the averaging times (AVERTIME) to compute chronic (annual
average) health risk, and/or ‘1’ to compute acute health ri sks based on the maximum 1-hour average
concentrations over the 5-year period (see Section 3.10). We generally recommend repeating each phase
run five times (one for each year, or atotal of 151SCST3 runs) to complete aset of 15 runs for the full

five years of meteorological data.

Alternaively, you can combine the 5 years of meteorological data into a single meteorological datafile
and complete only 3 runs for each emission source (one run for each phase). Section 3.5.1.1 of the ISC3
User’s Guide (U.S. EPA 1995f), includes a complete discussion of combining multiple years of
meteorological datainto asingle fileprior to running ISCST3. You may select the ‘ANNUAL’ averaging
time for all risk assessment runs, regardless of the number of yearsin the meteorological datafile. The
incorrect selection of ‘PERTIOD’ will not compute the correct deposition rates needed by the risk
assessment equations (refer to Section 3.2.3 of the ISC3 User Guide, Volume ). No additional ISCST3

model executiontime is needed to obtain 1-year or 5-year air modeling values.

ISCST3 also dlows you to specify COPC half-life and decay coefficients. Unless clearly identified and

discussed with the appropriate parties (regulatory authority or facility), we don’t recommend using these
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keywords when conducting air modeling for risk assessments. You typically use the TERRHGTS
keyword with the ELEV parameter to model terrain elevations at receptor grid nodes. The FLAGPOLE
keyword specifies receptor grid nodes above local ground level and isnot typically used for mog air

modeling to perform impacts at ground level.

We also recommend using SAVEFTL to restart ISCST3 in the event of acomputer or power failure
during longruns. SAVEFIL is best used by specifying two save files, each with adifferent name. We
recommend that the save interval not be longer than 5 days for large runs. If two save files are used, and
afailure occurs during writing to the save file, no morethan 10 dayswill belost. Usethe INITFILE

command to restart the runs after thefailure, as shown in the following example:

CO SAVEFILE SAVEl 5 SAVE2
** INITFILE SAVE1

ISCST3 will save theresults alternately to SAVE1 and SAVE2 every 5 days. If the run fails after
successfully writingto SAVE1, you can restart the ISCST3 run by replacing the two asterisks (*) in the
INITFILE linewith CO and running ISCST3 again. Therun will begin after the last day in SAVEL.
Note that you don’t use the MULTYEAR keyword for computing long-term averages, and it should not be

specified.

The following is an example of the COntrol pathway computer code for asingle-year ISCST3 particle

run:

CO STARTING

CO TITLEONE Example input file, particle phase run, 1 year

CO TITLETWO 1984 met data, Baton Rouge Surface, Boothville Upper Air
CO MODELOPT DFAULT CONC DDEP WDEP DEPOS DRYDPLT WETDPLT RURAL
CO AVERTIME 1 ANNUAL

CO POLLUTID UNITY

CO TERRHGTS ELEV

CO RUNORRUN RUN

CO SAVEFILE 84SAVEl 5 84SAVE2

** Restart incomplete runs with INITFILE, changing ‘**’ to ‘CO’
** INITFILE SAVEL

CO FINISHED

The corresponding COntrol pathway computer code for asingle-year ISCST3 vapor runis:
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CO STARTING

CO TITLEONE Example input file, vapor phase run, 1 year

CO TITLETWO 1984 met data, Baton Rouge Surface, Boothville Upper Air
CO MODELOPT TOXICS CONC DDEP WDEP DEPOS DRYDPLT WETDPLT RURAL
CO GASDEPVD 0.01

CO AVERTIME 1 ANNUAL

CO POLLUTID UNITY

CO TERRHGTS ELEV

CO RUNORRUN RUN

CO SAVEFILE 84SAVEl 5 84SAVE2

** Restart incomplete runs with INITFILE, changing ‘**’ to ‘CO’
**% INITFILE SAVE1l

CO FINISHED

Additional runsfor the other 4 years are set up with the same COntrol pathway, except for thetitle

description and SAVEFILE filenames.

3.6.2 SOurce Pathway

Asdiscussed in Section 3.8, ISCST3 normally uses a unit emission rate of 1.0 g/s. Additional source
characteristics the model needs (typically found in the Part B permit gpplication and trial burn report)

include the following:

. Source type (point source for stack emissions; area or volume for fugitive emissions)
. Sourcelocation (UTM coordinates, m)

. Source base elevation

. Emission rate (1.0 g/s)

. Stack height (m)

. Stack gas temperature (K)

. Stack gas exit velocity (nvVs)

. Stack insi de diameter (m)

. Buil ding heights and widths (m)

. Particle size distribution (percent)

. Particle density (g/cm?®)

. Particle and gas scavenging coefficients (unitless)

RECOMMENDED INFORMATION FOR RISK ASSESSMENT REPORT

. Input values with supporting documentation for each parameter identified in Section 3.7.2
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3.6.2.1 Source Location

The location keyword of the SOurce pathway (so nocaTion) identifiesthe:

. source type,
. location, and
. base elevation.

The source type for any stack is referred to as a “point” source in ISCST3. Fugitive source emissions are
discussed in section 3.9. The source location must be entered into ISCST3. We recommend entering
source locationsin UTM coordinates. The easterly and northerly coordinates are entered to the nearest
meter; for example, 637524 meters UTM-E, or 4567789 meters UTM-N (no commas are used). Enter the
base elevation of each stack in meters. Sources for base elevations include USGS topographic maps,
facility plot plans or USGS digital data bases.

An example input for the location keyword on the SOurce pathway includes source type, location, and

base elevation in the following format:

SO LOCATION STACK1 POINT 637524. 4567789. 347.

3.6.2.2 Source Parameters

The source parameters keyword of the SOurce pathway (so srcrparam) identifiesthe:

. emission rate,

. stack height,

. stack temperature,
. stack velocity, and
. stack diameter.

Enter the unit emission rate as 1.0 g/s. Stack height is the height above plant base elevation on the so
LOCATION keyword. Stack gas exit temperature is the most critical stack parameter for influencing
concentration and deposition. High stack gas temperaures result in high buoyant plume rise, which, in

turn, lowers concentration and deposition rates. We recommend basing stack gas temperatures on stack
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sampling testsfor existing stacks. For new or undefined stacks, you might use manufacturer’s data for
similar equipment. Calculate stack gas exit veocity from actual stack gasflow rates and stack diameter.
Actual stack gas flow rates can be measured during existing stacks during stack sampling. Y ou can get
representative values for new or undefined sources from manufacturer’ s data on similar equipment.
Stack diameter is the inside diameter of the stack at exit.

We highly recommend using a site- or unit-specific stack temperature (low, average, high). Similar to the
Chapter 2 discussion on emissions testing, we recommend choosing the stack gas temperature based on
the objectives of the risk assessment. For example, if permitting is the objective, ‘typical’ operating
temperatures with all control devices operating might be a possible testing condition to select. On the
other hand, you might select low or high operating temperatures because of the potential for emitting
certain COPCs, or the production of specific PICs, regardless of plume rise considerations. We
recommend avoiding the practice of always choosing the lowest stack temperature, in order to decrease
buoyancy and thereby increase concentration and deposition near the source. Thisis agross over-
simplification of conditions. Increasesin concentration and deposition near the source may
underegtimate concentrations and deposition rates away from the source where more critical receptors

may be located (see Chapter 4).

Following is an example of the source parameter input in the SOurce pathway for emission rate (grams
per second), stack height (meters), stack temperature (K), stack velocity (meters per second), and stack

diameter (meters):

SO SRCPARAM STACK1 1.0 23.0 447.0 14.7 1.9
3.6.2.3 Building Parameters
The building height and width keywords of the SOurce pathway (so BUILDHGT; SO BUILDWID)

identify the building dimensions that most influence the air flow for each of the 36 10-degree directions

surrounding a stack. Calculate the dimensions using BPI P software, as described in Section 3.2.4.
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The BPIP output file is transferred into the ISCST3 SOurce pathway as follows:

SO BUILDHGT STACK1l 18.29 18.29 18.29 18.29 18.29 18.29 18.29 18.29
SO BUILDHGT STACK1l 18.29 18.29 18.29 18.29 18.29 18.29 18.29 18.29
SO BUILDHGT STACK1l 18.29 18.29 18.29 18.29 18.29 18.29 18.29 18.29
SO BUILDHGT STACK1l 18.29 18.29 18.29 18.29 18.29 18.29 18.29 18.29
SO BUILDHGT STACK1l 18.29 18.29 18.29 18.29

SO BUILDWID STACK1l 14.02 15.51 16.53 17.05 17.05 16.53 15.51 14.03
SO BUILDWID STACK1l 12.10 14.02 15.51 16.53 17.05 17.05 16.53 15.51
SO BUILDWID STACK1 14.02 12.10 14.02 15.51 16.53 17.05 17.05 16.53
SO BUILDWID STACK1 15.51 14.02 12.10 14.02 15.51 16.53 17.05 17.05
SO BUILDWID STACK1l 16.53 15.51 14.02 12.10

3.6.2.4 Particle Size Distribution

ISCST3 needs a particle size distribution for determining deposition velocities. We recommend using

site-specific stack test data for existing sources.

The following example is an ISCST3 input for aparticle phase run. From Table 3-1, the distribution for
9 mean diameter sizes includes the data needed for the keywords of the SOurce pathway
(SO PARTDIAM; SO MASSFRAX). TheparrpIiaM istaken from Column 1 (Mean Particle Diameter).

Themassrrax istaken from Column 4 (Fraction of Total Mass).

SO PARTDIAM STACK1l 0.35 0.70 1.10 2.00 3.60 5.50 8.10 12.5 15.0
SO MASSFRAX STACK1l 0.22 0.08 0.08 0.11 0.10 0.07 0.10 0.11 0.13

The example for the ISCST3 input for the particle-bound run is described below. From Table 3-1, the

PARTDIAM iSthe same. Themassrrax istaken from Column 6 (Fraction of Total Surface Area).

SO PARTDIAM STACK1l 0.35 0.70 1.10 2.00 3.60 5.50 8.10 12.5 15.0
SO MASSFRAX STACK1 0.49 0.17 0.13 0.09 0.05 0.02 0.02 0.01 0.02

3.6.2.5 Particle Density

ISCST3 also needs particle density in order to model the air concentration and deposition rates of
particles. We recommend determining site-specific measured data on particle density for all modeled
sources when possible. For new or undefined sources requiring air modeling, we recommend using a
default particle density of 1.0 g/cm®. Particles from combustion sources, however, may have densities
that are less than 1.0 g/cm® (U.S. EPA 1994d), which would reduce the modeled deposition flux.

U.S. EPA Region 6 U.S.EPA
Multimedia Planning and Permitting Division Office of Solid Waste
Center for Combustion Science and Engineering 3-49



Human Health Risk Assessment Protocol
Chapter 3: Air Dispersion and Deposition Modeling September 2005

Following is an example of the particle density portion of the SOurce pathway (so parTpENS) for the

9 mean particle size diameters of the previous example:

SO PARTDENS STACK1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

3.6.2.6 Scavenging Coefficients

I SCST3 calculates wet deposition flux by multiplying a scavenging ratio timesthe vertically integrated
concentration. The scavenging ratio isthe product of a scavenging coefficient and a precipitation rate.
Studies show that best fit values for the scavenging coefficients vary with particle size. For vapors, wet
scavenging depends on the properties of the COPCsinvolved. However, not enough data are now
available to adequatdy develop COPC-specific scavenging coefficients. Therefore, assume that vapors
are scavenged at the rate of the smallest particles, with behavior in the atmosphere that is influenced
more by the molecular processes that affect vaporsthan by the physical processes that may dominate the
behavior of larger particles (U.S. EPA 1995f).

Wet deposition only occurs during precipitation. To use the wet deposition option in ISCST3, input
scavenging coefficients for each particle size and afile that has hourly precipitation data. For wet
deposition of vapors, we suggest using a scavenging coefficient for a 0.1-um particle, to simulate wet
scavenging of very small (molecular) particles. ISCST3 will also accept site-gpecific measured washout
data, or avalue calculated based on Henry’s Law constant. If you choose an option other than the
coefficient for a 0.1-um particle, we recommend clearly identifying and discussing it with the appropriate
parties (e.g. permitting authority, or facility) prior to analysis. Y ou can establish scavenging coefficients
for each particle size from the best fit of the curves presented in the ISC3 User’s Guide (U.S. EPA
1995f). The curvesare based on the work of Jindal and Heinhold (1991). The curves are limited to a
maximum particle size of 10-um. Assume that all scavenging coefficients for particle sizes greater than
or equal to 10-um are equal. This assumption follows research on wet scavenging of particles (Jindal
and Heinhold 1991).

The ISCST3 model differentiates between frozen and liquid scavenging coefficients. Research on sulfate
and nitrate data shows that frozen precipitation scavenging coefficients are about one-third of the values
of liquid precipitation (Scire et al. 1990; Witby 1978). It is protective to assume that the frozen
scavenging coefficients are equal to theliquid scavenging coefficients (Pei and Cramer 1986). If desired,

you may input separate scavenging coefficientsfor frozen precipitation.
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The following is an example of the particleliquid (rain) and frozen (sleet or snow) scavenging
coefficients input in the SOurce pathway for 9 mean particle size diameters, assuming particles are

scavenged by frozen precipitation at 1/3 the rate of liquid precipitation:

SO PARTSLIQ STACK1l 7E-5 5E-5 6E-5 1.3E-4 2.6E-4 3.9E-4 5.2E-4 6.7E-4 6.
SO PARTSICE STACKl1 2E-5 2E-5 2E-5 4E-5 9E-5 1.3E-4 1.7E-4 2.2E-4 2.

The complete SOurce pathway for the example particle phase input file is as follows:
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When modeling air vapors using ISCST 3, the following is an example of the SOurce pathway input for

wet vapor scavenging coefficients that replaces the PARTDIAM, MASSFRAX, PARTDENS,

PARTSLIQ and PARTSICE lines in the above example:

SO GAS-SCAV STACK1 LIQ 1.7E-4
SO GAS-SCAV STACK1l ICE 0.6E-4

3.6.3 REceptor Pathway

The REceptor pathway identifies sets or arrays of receptor grid nodes (identified by UTM coordinates)
for which ISCST3 generates estimates of air parameters including:

. air concentration,

. dry and wet deposition, and

. total deposition.
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Previous U.S. EPA guidance (19941) recommended using a polar receptor grid to identify maximum
values. Polar grids provide coverage over large areas with fewer receptor grid nodes than other grid
types, thereby reducing computer run times. However, U.S. EPA Region 6 experience indicates that,
although polar grids may reduce computer run times, air modelers typically choose a different option.
The benefit of reduced run time is offset by difficulties in identifying polar grid locations in absolute
UTM coordinatesfor (1) extracting terrain values from digital terrain files, and (2) sdecting exposure

scenario locations (see Chapter 4). Using a Cartesian grid is an alternative to a polar grid.

One method of obtaining a Cartesian grid with terrain elevationsis to open both the grid array and the
USGS DEM file in a graphics program (e.g., SURFER®). The software samples the DEM file at the
user-specified locations (i.e. the grid nodes), each defined as the intersection of east (x) and north (y)
values. The software extractsterrain elevation (z) from the DEM file associated with the desired
location. These x, y, and z values are saved as atext file with one receptor grid node per line. Use atext
editor to prefix each linewith“RE DISCCART,” to specify a discrete receptor grid node in ISCST3
format. Commercial software is available that generates the recommended receptor grid node array and

extractsterrain elevations from the USGS DEM downloaded files, or any terrain file in x-y-z format.

The following is an example of the REceptor pathway for discrete receptor grid nodes at 500-meter

spacing that includes terrain devations (in meters):

RE STARTING

RE ELEVUNIT METERS

RE DISCCART 630000. 3565000. 352.
RE DISCCART 630500. 3565000. 365.
RE DISCCART 631000. 3565000. 402.

l

RE DISCCART 635000. 3570000. 387.
RE FINISHED

We recommend that air modeling for each risk assessment include, at a minimum, an array of receptor
grid nodes covering the area within 10 kilometers of the facility. Locate the origin of the grid at the
centroid of a polygon formed by the locations of the stack emission sources. This receptor grid node
array may consist of a Cartesian grid with grid nodes spaced 100 meters apart extending from the
centroid out to 3 kilometers. For the disances from 3 kilometers out to 10 kilometers, the receptor grid
node spacing can be increased to 500 meters. The single grid node array contains both grid node
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spacings. Include the same receptor grid node array in the REceptor pathway for all ISCST3 runs for all

years of meteorological data and for all emission sources.

We recommend specifying individual terrain elevations for all receptor grid nodes. Several methods are
available for assigning terrain elevations to grid nodes using digital terrain data. The 1:250,000 scale
DEM digital dataare available for download a the USGS Internet site
(http://edc.usgs.gov/guides/dem.html). This data has horizontal spacing between digital terrain values of

approximately 90 meters, which provides sufficient accuracy for air modeling.

During the risk assessment, select air parameter (concentration and deposition) values for asingle
receptor grid node to evaluate a specific exposure scenario location. Y ou can al'so compute an area
average of air parameter values across multiple receptor grid nodes, to represent the average
concentration or deposition over awatershed or water body (see Chapter 4). However, depending on

site-specific considerations, a different receptor grid node array may be more appropriate.

In addition to the receptor grid node array evaluated out to 10 kilometers, you might consider additional
grid node arrays for evaluating water bodies and their watersheds located beyond 10 kilometers. We
recommend a grid node spacing of 500 meters between nodes for arraysthat are morethan 10 kilometers
from the emission source. An equally spaced grid node array facilitates subsequent computation of area

averages for deposition rates onto waterbodies and their associated watersheds.

RECOMMENDED INFORMATION FOR RISK ASSESSMENT REPORT

. Summary of all information regarding the coordinates and placement of the receptor grid node
array used in air modeling

. Copies of any maps, figures, or aerial photographs used to develop the receptor grid node
array
. Map presenting UTM locations of receptor grid nodes, along with other facility information.
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3.6.4 MEteorological Pathway

The file containing meteorological datais specified in the MEteorological pathway. MPRM creates
individual files for each of the 5 years as ASCII files. ISCST3 uses them to compute hourly
concentrations and deposition rates. Y ou can ether specify a single year of meteorological datain each
ISCST3 run, or combine thetotal period of meteorological data into asingle meteorological file, which
ISCST3 will processin asingle 5-year run. When combining meteorological files, we caution you to

consider the following:

. Preprocess each year separately using MPRM into an ASCII format
. Combine the yearsinto asingle file (using atext editor or DOS COPY command)
. |SCST3 compares the first line (header) of the combined file to the Surface and Upper

Air Station ID numbers specified in the input file ME pathway

. | SCST3 reads the headers of subsequent years unless they' re deleted in the combined
file. If subsequent year headers are included in the combined file, ISCST3 will compare
the station IDsto the input file station ID.

Y our analysis might use meteorological data from more than one surface station or upper
air station (e.g., the upper air station is moved after the third year of the period and
assigned a new station ID by the National Weather Service). If thisisthe case, delete the
headers for subsequent yearsin the combined file.

. For sites where the anemometer height is changed during the 5 year period (e.g., during
the period 1984-1988, the anemometer was rel ocated on December 15, 1985, changing
the height from 20 feet to 10 meters), we recommend running each year separately. Use
the anemometer height in the ISCST3 input file ME pathway which corresponds to that
year's meteorological data.

We recommend completing each year in thefile with afull year of data (365 days, or 366 daysfor leap
years). Verify theanemometer height for the surface station from Local Climate Data Summary records,
or other sources, such as the state climatologist office. We recommend identifying the correct
anemometer height ANEMHGHT for the wind gpeed measurements at the surface station before air
modeling. Details of specifying the meteorological datafile are in the ISC3 User’s Guide, Section
3.5.11.
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The following is an example input section for the M Eteorological pathway, using the 1984 Baton Rouge

file, with an anemometer height of 10 meters and station identification numbers:

ME STARTING

ME INPUTFIL 84BR.WET

ME ANEMHGHT 10.0

ME SURFDATA 13970 1984 BATON ROUGE
ME UAIRDATA 12884 1984 BOOTHVILLE
ME FINISHED

3.6.5 Terrain Grid (TG) Pathway

Computing dry plume depletion is sensitiveto terrain elevation. In the absence of aterrain grid file,

| SCST3 autometically assumesthat the terrain slope between the stack base and the receptor grid node
elevationislinear. In concept, this assumption may underestimate plume deposition. However, based on
experience, the magnitude of the differencesin computed concentrations and deposition rates is nominal.
Sinceincluding aterrain grid file in the TG pathway significantly increases model execution time, we
suggest that a terrain grid file may not be necessary for al sites. If aterrain gridfileis desired for a
specific site based on highly variable terrain over short distances, theformat of the TG fileisavalable in
the 1ISC3 User's Guide.

The location keyword of the TG pathway (Tc Locar1on) identifies the x and y values to be added to the
source and receptor grid to align with the terrain file coordinates. If the source and receptor grid nodes
arein relative units such that the source is at location 0,0, the location keywords in the TG pathway
would be the UTM coordinates of the source. We recommend specifying all emission sources and
receptor grid nodesin UTM coordinates (note NAD27 or NAD83 format), and that the TG file, if used,
bein UTM coordinates. Therefore, the location of the origin of the TG file relativeto the source location
will be0,0. Also, we recommend presenting the terrain elevationsin the TG file in meters. Followingis
an exampl e of the TG pathway:

TG STARTING

TG INPUTFIL TERRAIN.TER

TG LOCATION 0.0 0.0

TG ELEVUNIT METERS
TG FINISHED
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3.6.6 OUtput Pathway

I SCST3 output comes in two basic file types: the mandatory “ output summary file” type (mandatory
because |SCST3 automatically creates the file), and numerous optional file formats. As part of itsinput
file structure, | SCST 3 requires the name of the output summary file (See Section 3.8.2). Using text and
tables, this file summarizes the ISCST 3 run results, including repeating back al input data (e.g., sources
with parameters, control pathways, grid node list, model options selected), and results summaries for
each annual and 1-hour averaging period. It also statesif the run finished successfully. The summary
file also alerts you to special meteorological conditions that were found during runtime (e.g. number of
calm hours, and relationships between source base elevation and grid node elevations). It provides
impacts for the highest grid node values, not the results at every grid node required to perform the
methods found in the remainder of the HHRAP. We recommend using the output summary file for

quality checking, to make sure the run executed successfully and correctly.

| SCST3 provides numerous optional output file formatsin addition to the results in the output summary
file, as specified in receptor tables (RECTABLE). The“plot files” format is the most useful option for
facilitating post-processing of the air parameter values in the model output. For this reason, though “plot
files’ are optional in executing ISCST3, they are necessary for HHRAP methods. There are two plot
files for each ISCST3 run on asingle source — the‘annual’ and ‘ 1-hour’ plot files. The 'annual’ plot file
contains all air modeling results at each grid node, for the annual average of five years of met data. The
"1-hour' plot file contains the air modeling results at each grid node for the ‘highest 1-hour' impact for all

fiveyears. Thefile presents datain tabular form, with impacts at every grid node.

The plot file lists the x and y coordinates, and the concentration or deposition rate values for each
averaging period. Dataare listed in aformat that can easily be pulled into a post-processing program
(e.g. spreadsheet). Note that the ISCST3-generated plot file is not the same format as the ISCST 3-

generated post file. We recommend using the plot file, not the post file.

Following is an example OUtput file specification for single-year run of 1-hour and annual average plot

files:

OU STARTING

OU RECTABLE ALLAVE FIRST

OU PLOTFILE 1 ALL FIRST BTR841.PLT

OU PLOTFILE ANNUAL ALL BTR84A.PLT

OU FINISHED
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The second line directs ISCST 3 to create atable of values for each receptor grid node for dl averaging
periodsin the model run (1-hour and annual). The third line directs ISCST3 to create a separate plot file
(named BTTR841.PLT) of the 1-hour average results for all emission sources in the run using the first
highest (e.g., maximum) valuefor al hours of results during the year for each receptor grid node. The
fourth line directs ISCST 3 to create another separate plot file (named BTR84A.PLT) of the annual

average results for al sourcesin the run for each receptor grid node.

3.7 ISCST3 MODEL EXECUTION

Consider model execution time needs for each analysis. A complete air modeling run—including air
concentration, wet and dry deposition, and plume depl etion—may require 10 times the run time for the
same source and receptor grid nodes for ar concentration only. Y ou can avoid wasted modeling effort

and analysis time by verifying input parameters and conducting test runs prior to executing |SCST3.

Long run times result mainly from two algorithms—plume depletion and terrain grid file. 1SCST3 run
timesincrease as much as tenfold for runs applying plume depletion. We bdievethat constituent massis
conserved between suspended concentration and deposition rate by allowing for depletion of deposited
mass from the plume concentration in ISCST3. The overestimate of plume concentration, and the
subsequent overestimate of deposition which results when plume depletion is not allowed, istoo
protective. At the same time, we don’t believe the nominal benefits of including aterrain grid filejustify
the added run times. Therefore, we recommend that plume depl etion always be included. We don't

recommend terrain grid files.

3.8 USING MODEL OUTPUT

ISCST3 output (air concentrations and deposition rates) are usually provided on a unit emission rate
(2.0 g/s) basis from the combustor or emission source, and aren’t COPC-specific. Thisisto preclude
having to run the model for each individual COPC. Use the COPC-specific emission rates fromthetrial
burn (see Chapter 2) to adjust the unitized concentration and deposition output from ISCST3. The
resulting COPC-specific air concentrations and deposition rates will be used in the estimating media
concentration equations (see Chapter 5). Concentration and deposition are directly proportional to the

unit emission rate used in the ISCST3 modeling. However, there might be some instances where the risk
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assessor will need to convert modeled output to COPC-specific output for the risk assessment. For
example, the risk assessor may want to compare modeled COPC concentrationsin ambient media to

concentrations actually measured in the field.

For facilities with multiple stacks or other emission sources, we recommend that each source be modeled
separatdy. Thisis because modeling multiple sources at one time resultsin an inability to estimate
source-specificrisks. This limits the ability of apermitting agency to evaluate which sourceis
responsgble for the resulting risks. Such ambiguity makes it impossible for the agency to specify
protective, combustion unit-specific permit limits. If afacility has two or more sources with identical
characteristics (emissions, stack parameters, and nearby locations), it may be appropriate to model them
with asingle set of runs. We recommend getting the approval of the permitting authority prior to such
multi-source modeling.

TABLE 3-10

ISCST3 AIR PARAMETER OUTPUT

Air Parameter Description Units

(Used for most soil-based exposure pathways)

Cyv Unitized yearly average air concentration from vapor phase pg-s/'g-m?
Cyp Unitized yearly average air concentration from particle phase pg-s/'g-m?
Dydv Unitized yearly average dry deposition from vapor phase sim?-yr
Dywv Unitized yearly average wet deposition from vapor phase s/m?-yr
Dydp Unitized yearly average dry deposition from particle phase s/m?-yr
Dywp Unitized yearly average wet deposition from particle phase sm?-yr

(Used for fish and drinking water ingestion exposure pathways)

Cywv Unitized yearly (water body or watershed) average air concentration ug-s'g-m?
from vapor phase

Dytwv Unitized yearly (water body or watershed) average total (wet and dry) sim?-yr
deposition from vapor phase

Dytwp Unitized yearly (water body or watershed) average total (wet and dry) s/m?-yr
deposition from particle phase

(Used for evaluation of acute risk via direct inhalation exposure pathway)

Chy Unitized hourly air concentration from vapor phase ug-s'g-m?

Chp Unitized hourly air concentration from particle phase ug-s'g-m?

Chpb Unitized hourly air concentration from particle-bound phase ug-s'g-m?
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3.8.1 Unit Rate Output vs. COPC-Specific Output

The relationship between the unit emission rate and the unit air parameter values (air concentrations and
deposition rates) islinear. Similarly, the relationship between the COPC-specific emission rate (Q) and
the COPC-specific air parameter values (air concentrations and deposition rates) is dso linear if the

COPC-specific emission rate isused in the air model.

In this Section we discuss using the unit emisson rate. We also advance the rational e that you should
use aunit emission rate instead of the COPC-specific emission rate. Using aunit emission rate
precludes having to run ISCST 3 separately for each individual COPC. We advocate using a unit
emission ratein the air modeling because you can develop a common ratio rel ationship between the unit
emission rate and the COPC-specific emission rate. The ratio is based on the fact that both individual
relationships are linear in the ar model. Thisratio relationship is expressed by the following equation:

COPC- Specific Air Concentration _ Modeled Output Air Conceniration
COPC- Specific Emission Rate Unit Emission Rate

Equation 3-2

To use this equation, you must know three of the variables. |SCST3 provides the modeled output air
concentration (or deposition rate). The unit emission is 1.0 g/s. Y ou can get the COPC-specific emission

rate directly from stack or source tes data.

3.8.1.1 Determining the COPC-Specific Emission Rate (Q)

The COPC-gpecific emission rate from the stack, prior to any goplicable adjustments (e.g., upset
emissions scaling, revisions based on hours of operation, feed rate adjustments, etc.) is afunction of the
stack gas flow rate and the stack gas concentration of each COPC. It can be calculated from the

following eguation:

SGC- CFO,
Q= SGF ——— Equation 3-3
1x108

where

0 = COPC-gpecific emission rate (¢/s)

SGF = Stack gas flow rate at dry standard conditions (dscnvs)
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SGC

COPC stack gas concentration at 7 percent O, as measured in the trial burn

(ng/dscm)
Correction factor for conversion to actual stack gas concentration O, (unitless)

Unit conversion factor (.g/g)

CFO,
1x10°

Guidance for adjusting COPC-specific emission rates, as well as determining emission rates for fugitive
emisson sources, isavailable in Chapter 2. Also, it is sometimes necessary to derive the COPC-specific
emission rate from surrogate data, such asfor a new facility that has not yet been constructed and trial
burned (see Chapter 2).

3.8.1.2 Converting Unit Output to COPC-Specific Output

Once three of the four variablesin Equation 3-1 are known, you can derive the COPC-specific air

concentrations and deposition rates by multiplying as follows:

COPC- Specific _ Modeled Output Air Concentration - COPC- Specific Emission Rate .
Air Concentration Unit Emission Rate Equation 3-4

For example, if COPC A isemitted at arate of 0.25 g/s, and the ISCST3 modeled concentration & a
specific receptor grid node is 0.2 pg/m?® per the 1.0 g/s unit emission rate, the concentration of COPC A
at that receptor grid node is 0.05 pg/m® (0.25 multiplied by 0.2). Calculating deposition is smilarly
proportional to the emission rate of each COPC. Y ou are reminded once again that the process of
converting modeled unitized output into COPC-specific output is taken directly into account in the
estimating media concentration equationsin Chapter 5 and Appendix E.

3.8.2 ISCST3 Model Output

It isimportant that the risk assessor understand how to read the ISCST 3 output structure, in order to
ensure accurate use of modeled output in the risk assessment. The output from each ISCST3 model run
iswritten to two separate file formats. The ‘output summary file' is specified by name at runtimein the

execution command. Typical command line nomenclatureis:

ISCST3 inputfile.INP outputfile.OUT
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where

ISCST3: specifies executing the ISCST3 model

inputfile.INP: isthe input file name you (the modeler) select

outputfile.OUT: is the output summary file name you select, typically the same as the

input file name (but with a different suffix)

For example, the following ISCST3 input line would run the input file (PART84R.INP) created by the
mode er for particul ate emissions using 1984 meteorological data on the receptor grid. ISCST3 will
automatically write the output summary file (PART84R.OUT) during execution.

ISCST3 PART84R.INP PART84R.0OUT

Y ou specify the second file format, the output ‘ plot file,” in the ISCST3 input file OUtput pathway.
|SCST3 creates it during the run (see Section 3.6.6). The “plot file” istypically then imported into a

post-processing program (e.g. a spreadsheet) before entry into the risk assessment computations.

Vapor phase and Particle-bound phase runs produce similar plot files. The plot files for the vapor phase
runs will include average concentrations and wet deposition rates. The plot files for the particle and
particle-bound phase runs will include average concentrations, dry depositions, wet depositions and total
depositions. You can average the 1-year values at each receptor grid node for a5-year value at each
node, unless a single five-year ISCST3 run using a combined meteorological fileis used. If you usethe
5-year combined file, the risk assessor can use the results from the ISCST3 plat file directly in the risk
assessment without averaging over the five years. All values are used in the estimating media

concentration equations (see Chapter 5).

3.8.3 Using Model Output to Estimate Media Concentrations

Section 3.2 discussed how partitioning of the COPCs affects the development of 1SCST3 modeling runs.
The choices of which modeled air parameter values (air concentrations and deposition rates) to usein the
estimating media concentration equations is based on this same partitioni ng theory.

3.8.3.1 Vapor Phase COPCs

I SCST 3 generates the following output for vapor phase air modeling runs:
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. vapor phase air concentrations (unitized Cyv and unitized Cywv),
. dry vapor deposition (unitized Dydv), and
. wet vapor depostions (unitized Dywv and unitized Dywwv)

for organic COPCs at receptor grid nodes based on the unit emission rate. These values are usedin the
estimating media concentration equations for al COPC organics except the polycyclic aromatic
hydrocarbons (PAHSs) dibenzo(a,h)anthracene and indeno(1,2,3-cd)pyrene”. The air concentration
(unitized Cyv), dry vapor deposition (unitized Dydv), and wet vapor deposition (unitized Dywv) from the
vapor phase runis also used in the estimating media concentration equations for mercury. Y ou select
values for these COPCs from the vapor phase run because the mass of the COPC emitted by the

combustor isassumed to have either all or a portion of its massin the vapor phase (see Appendix A-3).

3.8.3.2 Particle Phase COPCs

| SCST3 generates the following output for particle phase air modeling runs:

. air concentration (unitized Cyp),

. dry deposition (unitized Dydp),

. wet deposition (unitized Dywp), and

. combined deposition (unitized Dytwp)

for inorganics and relatively non-volatile organic COPCs at receptor grid nodes based on the unit
emission rate. Thesevalues are used in the estimating media concentration equations for all COPC
inorganics (except mercury, see Chapter 2 and Appendix A-3) and polycyclic aromatic hydrocarbons
with fraction of vapor phase, Fv, less than 0.05 (e.g., dibenzo(a,h)anthracene and
indeno(1,2,3-cd)pyrene). Y ou choose valuesfor inorganic and releively non-volatile COPCsfrom the
particle phase run because the all the mass of the COPC is assumed to be in the particul ate phase (see

Appendix A-3). Themassis apportioned across the particle size distribution based on mass weighting.

2 These two PA Hs have vapor phase fractions, Fv, less than five percent.

U.S. EPA Region 6 U.S.EPA
Multimedia Planning and Permitting Division Office of Solid Waste
Center for Combustion Science and Engineering 3-62



Human Health Risk Assessment Protocol
Chapter 3: Air Dispersion and Deposition Modeling September 2005

3.8.3.3 Particle-Bound COPCs

| SCST 3 particle-bound runs generate the following output:

. air concentration (unitized Cyp),

. dry deposition (unitized Dydp),

. wet deposition (unitized Dywp), and

. combined deposition (unitized Dytwp)

for organic COPCs and mercury (see Chapter 2 and Appendix A-3) at each receptor grid node. Use these
values in the “ estimating media concentration” equations to account for the portion of the vapor
condensed onto particulate surfaces. Select vaues for these COPCs from the particle-bound run because
the mass of the COPC emitted by the combustor is assumed to have a portion of its mass condensed on
particulates (see Appendix A-3). ISCST3 uses surface area weighting to apportion the particle-bound

mass across the particle size distribution.

3.9 MODELING FUGITIVE EMISSIONS

The procedures presented in this chapter for modeling stack source emissions are also effective for
modeling fugitive source emissions, as defined in Chapter 2. However, you can represent fugitive
emissions in the ISCST3 input file SOurce pathway as either “area’ or “volume” source types. Model
fugitive emissions of volatile organics only in the vapor phase. Modd fugitive emissions of ash only in

the particle and particle-bound phases, not vapor phase.

As discussed in Chapter 2, fugitive emissions of volatile organic vapors are associated with combustors
that include storage vessels, pipes, valves, sed's and flanges. Enter the horizontal area of the fugitive
source into the ISCST3 input file according to the instructions found in the ISC3 User’s Guide, Volume |
(U.S. EPA 1995f). You can get the horizontal area from the facility plot plan. The height of the fugitive
source is defined as the top of the vertical extent of the equipment. If thevertical extent isn't known, you
can use a default height of ground level (release height of zero). This provides a protective estimate of
potential impacts. The ISCST3 model run timeisfaster for volume source types than for area source

types. We generally recommend considering the volume source type for most applications. We
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recommend following the methods in the ISCST3 User’s Guide to define the input parameters

representing the fugitive source.

The following example is for organic fugitive emissions only (modeling only vapor phase emissions)
modeled as a volume source type. The example includes a facility with two stack emission sources (B1,
B2) and two fugitive emission sources (areas F1, F2). A total of four runs for each year (or 5-year

combined file) of meteorological data is needed.

Plot Plan . ISC3 Volume| rFia| F18| Fic
B2 &
A Fl F1D
F2

Perform one run for each of the two stacks as point sources. Perform one run for each of the two fugitive
areas as volume sources (Note: or you could model as area sources). Since the emissions are fugitive
volatile organics, model only the vapor phase. The vertical extent of the pipes, valves, tanks and flanges
associated with each fugitive emission area is 15 feet (about 5 meters) above plant elevation. To define
the sources for input to ISCST3, specify the release height as 2.5 meters (% of vertical extent of fugitive
emissions). Specify the initial vertical dimension as 1.16 meters (vertical extent of 5 meters divided by
4.3, as described in the ISC3 User’s Guide).

The initial horizontal dimension is the side length of the square fugitive area (footprint) divided by 4.3. If
fugitive area F2 has a measured side of 30 meters, the initial horizontal dimension is 6.98 (30 meters
divided by 4.3). For fugitive area F1, subdivide the area on the plot plan (ISC3 Volume) to create square
areas for input to ISCST3. The four areas depicted represent subdivision into square areas. Fugitive
source F1 is input into a single ISCST3 run as four separate volume sources (F1A, F1B, F1C, F1D). The

initial horizontal dimension for each volume source is the side of the square divided by 4.3.

It is very important to allocate the unit emission rate (1.0 gram per second) proportionately among the
subdivided areas. For example, if the areas of the subdivided squares in the ISC3 Volume figure results

in F1A equal to F1B each with 1/8th the total area, the proportion of the unit emissions allocated to each
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of these volume sources is 0.125 grams per second. The remaining two areas are each 3/8ths of the total
area of fugitive F1, so that 0.375 grams per second is specified for the emission rate from each source.
The total emissions for the four volume sources sum to the unit emission rate for the F1 fugitive source
(0.125 + 0.125 + 0.375 + 0.375 = 1.0 g/s).

If you tell ISCST3 to include dl sources in the model results (SO SRCGROUP AL L), the model will
appropriately combine al four volume source subdivisions into combined impact results for fugitive
source F1. You can use the resulting air parameter values in the plot files directly in the risk assessment
eguations, the same asif the emissions were modeed as a single point source. Theinitial vertical
dimension is defined the same as F2, using the vertical extent of 5 meters divided by 4.3 and arelease
height of 2.5 meters (Y2 vertical extent). For volume sources, the location is specified by thex and y

coordinates of the center of each square area.

The COntrol parameters can follow the recommendations for setting up a vapor phase computation.

CO CONC WDEP

Fugitive emissions of ash particles are from the storage piles associated with combustion units. Enter the
horizontal area of the storage pile into the ISCST3 input file according to the ISCST3 User’s Guide,
Volume | (U.S. EPA 1995f). The height of emissionsisthe top of the pile. If you don’t know the
vertical extent, you could use ground level (or zero height). You'll typically model fugitive ash as area
source type. However, the permitting authority might consider volume source type prior to air modeling.
We generally recommend following the methods in the ISCST3 User’ s Guide when defining the input

parameters to represent the ash release as an area source.

We recommend the COntrol parameters follow the recommendations for setting up a particul ate phase

computation.

CO CONC DDEP WDEP DEPOS

We recommend documenting the emissions characterization and source type.
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3.100 MODELING ACUTE RISK

It might be important for you to evaluate the acute, or short-term, effects dueto the direct inhalation of
vapor phase, particle phase and particle-bound phase COPCs in the risk assessment. We recommend
considering site- or unit-specific factors such as unit operating conditions during emissions testing,
emission rates to be used in the acute screen, exposure scenario locations, etc. (see Sections2.2.1, 4.2,

4.3, and 7.5) prior to conducting air modeling for an acute evaluation.

Since only ambient air concentrations are included in the direct inhalation pathway, Y ou can compute the
air parameters needed for a screening acute assessment in the same ISCST3 runs (i.e., same input values
for meteorological data, stack gas exit temperature and velocity, etc.) that compute the air parameters for
the long-term chronic effects. However, aswith chronic modeling, a non-steady state dispersion model
(e.g., CALPUFF) might provide a more representative estimate of concentration and deposition. Thisis
because of differences in methodology for modeling time-varying emissions and time- and space-varying

meteorological fields.

Methods outlined in this section focus on supporting a screening type acute assessment using the existing
air modeling runs executed for the chronic risk assessment. However, it isimportant to note that while
this approach provides some obvious efficiencies with regard to air modeling, you might need to execute
separate air modeling runs. For example, you might consider site- or unit-specific characteristics

(i.e., conditions of most concern for a short term or acute release scenario) in order to provide the most
protective or appropriate acute assessment. As discussed in Section 3.1, site-specific conditions and
assessment objectives might result in your choosing a different air model for the acute portion than for

the chronic assessmernt.

In air modeling for an acute type assessment, the goal istypically to compute the highest 1-hour average
air concentration for each phase (particle-bound, etc) for each source, for the entire period of analysis. In
most cases, this period is the five years of meteorological data. For ISCST3 to identify the highest
one-hour average concentration at each grid node, we recommend making two specificationsin the
ISCST3input files.
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First, you must specify the 1-hour average as one of the averaging times in the COntrol pathway. The
example of this specification isincluded in Section 3.6.1. The ISCST3 input file includes:

CO AVERTIME 1 ANNUAL

where “1" specifies the 1-hour averaging time ISCST3 computesfor each hour of meteorological data.

Remember that the ' ANNUAL’ is specified for the chronic effects.

Second, we recommend that the OUtput pathway include the specification of a 1-hour average plot file
which containsthe highest 1-hour concentration at each receptor grid node for all the hours evauated in
the ISCST3 run. For asingle year run, the 1-hour concentration reported in the plot file is the highest
value computed at each x, y grid node location for the total hours in the year (8760, or 8784 for leap
years). The acute risk assessment needs the highest 1-hour concentration for the 5-year period. We
recommend reviewing each of the five single year values to identify the highest for all five years at each
receptor grid node. However, if you run a combined 5-year meteorological input file, the resulting plot
file will already identify the highest value for the 5-year period at each grid node with no additional
processing needed. The OUtput pathway instructionsto create the plot file for one-hour average

concentrations are;

OU PLOTFILE 1 ALL FIRST BTR841.PLT

where
1 specifies the 1-hour averaging period,
ALL: instructs ISCST3 to include all sourcesin the run,
FIRST: instructs the model to include only thefirst highest vaue at each

receptor grid node, and
BTR841.PLT: isthe namefortheplot file.

The plot file name isunique for the run and the one-hour averaging period results.

The highest air concentration for the 1-hour averaging period isinput asthe air parameters, Chv, Chp,
and Chpb in the acute risk assessment equations (see Section 7.5 and Appendix B, Table B-6-1).
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Chapter 4
Exposure Scenario Identification

What’s Covered in Chapter 4:

4.1 Characterizing the Exposure Setting

4.2 Recommended Exposure Scenarios
- Farmer
- Farmer Child
- Resident
- Resident Child
- Fisher
- Fisher Child
- Acute Receptor

4.3 Selecting Exposure Scenario Locations

The purpose of this chapter is to provide guidance on identifying “exposure scenarios” to evaluate in the
risk assessment. Evaluating exposure scenarios will estimate the type and magnitude of human exposure
to COPC emissions from hazardous waste combustors (including fugitive emissions). In this document,

identifying exposure scenarios consists of :

. characterizing the exposure setting,
. identifying recommended exposure scenarios, and
. selecting exposure scenario locations.

Characterizing the exposure setting includes defining the dimensions of the assessment area (or “study
area”). It also includes identifying the current and potential human activities and land uses within those
boundaries. Within the context of the exposure setting, an exposure scenario is a combination of

“exposure pathways” to which a “receptor” may be subjected.

PLEASE NOTE: for the purposes of this guidance, “we” refers to the U.S. EPA OSW.

The HHRAP is written for the benefit of a varied audience, including risk assessors,
regulators, risk managers, and community relations personnel. However, the “you” to
which we speak in this chapter is the performer of a risk assessment: the person (or
persons) who will actually put the recommended methods into practice.

C
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For this guidance, we define a receptor as a human being potentially exposed to COPCs emitted to the
atmosphere from a hazardous waste combustion facility. An exposure “route” is the particular means of
entry into the body. For the purposes of the HHRAP, receptors come into contact with COPCs via two
primary exposure routes: either directly—via inhalation; or indirectly—via COPC deposition and
subsequent ingestion of water, soil, vegetation, and animals that have been contaminated by COPCs

through the food chain.

An exposure “pathway” is the course a chemical takes from its source to the person being exposed. An

exposure pathway consists of four fundamental components:
1. a source and mechanism of COPC release (see Chapter 2);

2. a retention medium, or a transport mechanism and subsequent retention medium in cases
involving media transfer of COPCs (see Chapter 3 for air transport of COPCs, and
Chapter 5 for bioaccumulation of COPCs in the food chain);

3. a point of potential human contact with the contaminated medium; and
4, an exposure route.

Exposure to COPCs can occur via numerous exposure pathways, such as ingestion of diary products and

home grown produce (see Section 4.2).

The HHRAP identifies a number of generic exposure scenarios (Farmer, Farmer Child; Fisher, Fisher
Child; Resident, and Resident Child). Used as presented, these standardized scenarios should be
reproducible across most sites and land use areas. We intend these scenarios to be appropriate for a
broad range of situations, rather than to represent actual scenarios. We believe that the recommended
exposure scenarios and associated assumptions are reasonable. They represent a scientifically sound
approach that is protective of human health and the environment, while recognizing the uncertainties
associated with evaluating real world exposures. For example, the scenarios are designed with a level of
protectiveness intended to address potential receptors not directly evaluated, such as populations with
somewhat higher exposures than the general public. At the same time, you can easily alter these
scenarios to more closely reflect site-specific conditions. To be transparent, we recommend well-
documenting, supporting and discussing any changes (i.e. deletions, additions, or modifications) to a
recommended exposure scenario or scenario location with the appropriate parties (regulatory agency,

facility, interested community members).
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Selecting exposure scenario locations involves identifying the physical positions of the exposure
scenarios within the study area. For example, you can position scenarios based on current or future
human activities or land use. Alternatively, you can position scenarios artificially, as part of a screening
assessment. You could, for example, locate all selected receptors at the area of greatest contaminant
deposition, to maximize potential exposure. The HHRAP focuses on placement based on actual or

potential activities and land use.

The following sections describe how we recommend
1. characterizing the exposure setting,

2. identifying which of the recommended exposure scenarios are appropriate for the risk
assessment, and

3. selecting the exposure scenario locations.

4.1 CHARACTERIZING THE EXPOSURE SETTING

The purpose of characterizing the exposure setting is to identify the human receptors, their land uses and
activities, which might be impacted by exposure to emissions from the facility being assessed. The
exposure setting might include multiple sources (e.g., multiple stacks, fugitive emissions), as well as
terrain both inside and outside the facility boundary (or “fenceline”). We believe both current and
reasonable potential human activities or land uses are relevant, when determining which recommended

exposure scenarios are appropriate for the risk assessment (see Section 4.2).

Experience has shown us that most significant deposition occurs within a 10 km radius, as measured
from the centroid of a polygon centered on the stacks of the facility being assessed. Consequently,
resources for characterizing the exposure setting might initially be focused within this area. Also, most
recommended exposure scenarios appropriate for the assessment will likely be located within this area.

It may be prudent, however, to also characterize the exposure setting beyond the 10 km radius, to
determine if conditions exist which warrant additional exposure scenarios. Such conditions might
include (but are not limited to) recommended exposure scenarios or special populations (see Section
4.1.3) not found within the 10 km area, or topographic features - such as hills - that tend to increase
potential deposition. A 50 km radius is the recognized limit of the ISCST3 air dispersion model, and can

be used as the outer boundary for characterizing additional exposure settings (See Chapter 3 for
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information on air modeling beyond a 50 km radius). All affected parties (i.e. regulators, facilities,
interested community members) can then discuss if additional scenarios need to be assessed, and if so,

their locations.

The study area might include land use and water bodies both inside and outside the facility fenceline.
It’s important to understand that some of the recommended scenarios might most appropriately be placed
within facility boundaries. For example, some facilities located on substantial property rent portions of

the property to the public for farming, ranching, or recreational purposes (e.g., fishing).

When characterizing the exposure setting, we highly recommend considering

. current and reasonable potential future land use,
. waterbodies and their associated watersheds, and
. special populations.

The following subsections provide information on these aspects.

4.1.1 Current and Reasonable Potential Future Land Use

Land use is an important factor in characterizing the exposure setting. When land use is overlaid with
the air dispersion modeling results, the combination will demonstrate which recommended exposure

scenarios (and their locations) are most relevant for the risk assessment. We recommend considering
both current and reasonable potential future land use (i.e. “future land use”), because risk assessments

typically evaluate the potential risks from facilities over long periods of time (greater than 30 years).

One can typically identify current land use, and indications of future land use, by reviewing hard copy
and/or electronic versions of Land Use/Land Cover (LULC) maps, topographic maps, and aerial
photographs. We list some sources below, and general information associated with several potential data
and map resources. Also, as noted in Chapter 3, we recommend verifying that all mapping information
you use is in the same Universal Transverse Mercator (UTM) coordinate system format (NAD27 or

NADS83), to ensure consistency and prevent erroneous geo-referencing of locations and areas.

Land Use/Land Cover (LULC) Maps - you can download LULC maps directly from the United
States Geological Survey (USGS) web site (http://mapping.usgs.gov/index.html), at a scale of
1:250,000, in the GIRAS file format. LULC maps are also available from the EPA web site
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(ftp://ftp.epa.gov/pub), at a scale of 1:250,000, in an Arc/Info export format. Within your study
area, we recommend verifying the exact boundaries of polygons defining land use areas using
available topographic maps and aerial photographs.

Topographic Maps - Topographic maps are readily available in both hard copy and electronic
format directly from the USGS or numerous other vendors. These maps are commonly at a scale
of 1:24,000, and in TIFF file format with a TIFF World File included for georeferencing.

Aerial Photographs - Y ou can purchase hard copy aerial photographs directly from the USGS in
a variety of scales and coverages. Electronic format aerial photographs or Digital Ortho Quarter
Quads (DOQQs) are also available for purchase directly from the USGS, or from an increasing
number of commercial sources.
Properly georeferenced DOQQs covering a 3-km or more radius of the assessment area, combined with
overlays of the LULC map coverage and the ISCST3 modeled receptor grid node array, provide an
excellent reference for identifying land use areas and justifying your choices of exposure scenario
locations. The information above does not represent the universe of data available on human activities

or land use. They are, however, readily available for little or no cost from a number of government

sources, often via the Internet.

If feasible, we recommend verifying the accuracy of land use information with a site visit. Also,
organizations exist that routinely collect and evaluate land use data (agricultural extension agencies,
U.S. Department of Agriculture, natural resource and park agencies, and local governments). You may
find discussions with these organizations helpful in updating current land use information or providing
information regarding future land use. Local planning and zoning authorities are also potential sources
of information on reasonable potential future land use. These authorities have information on the level of
development allowed under current regulations, and what development may be expected in the future.
The general public is another excellent source of information about land use in the area. Conducting a
public workshop early in the data gathering process for the risk assessment can provide valuable
information on land use, crops, special populations, etc. as well as starting a positive dialogue with the
community. For example, by communicating with local tribes you might find that certain locations hold

special significance for cultural or religious activities.

You can also use site-specific data on physiographic features (e.g., plant types, soil characteristics, land
use, etc.) to verify the land uses identified using the resources listed above. You can readily determine

the presence, type, and extent of physiographic features from the following sources:

. USGS topographic maps,
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. Soil Conservation Service reports,
. county and local land use maps, and
. information from state departments of natural resources or similar agencies.

A study area might include multiple land uses, with differing current or potential human activity/land use
characteristics. Your activity/land use analysis could identify multiple population centers (e.g.,
communities, residential developments, or rural residences), farms and ranches, or other land use types in
the study area that would support recommended exposure scenarios. For example, if a study area
includes a farm and a small residential community, you could consider both areas as possible exposure

scenario locations (see Sections 4.2 and 4.3).

Once you’ve identified current land uses, we generally recommend also identifying areas with different
reasonable potential future land use characteristics. For example, if a study area includes undeveloped
property which could be converted to a residential community in the future, you might consider both of
these land use types (i.e. undeveloped property, and residential community) in the risk assessment (see
Sections 4.2 and 4.3). We recommend considering only potential future land uses which might
reasonably be expected to occur. For example:

1. A rural area currently characterized as undeveloped open fields, could reasonably be
expected to become farmland if it is able to support agricultural activities;

2. A rural area currently characterized by open fields and intermittent housing, could
reasonably be expected to become a residential subdivision; and

3. An area currently characterized as a tidal swamp would not reasonably be expected to
become farm land.
For transparency and clarity, we recommend describing any current or reasonably expected future land
use in the risk assessment report. Of all the land use areas you identify, we generally recommend

focusing on those areas that could be impacted by the COPC emissions you’re evaluating in the risk

assessment.
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RECOMMENDED INFORMATION FOR RISK ASSESSMENT REPORT

. Identification and/or mapping of current land uses in the area, a description of the use, the
area of the land described by the use, and the source of the information. You might choose to
focus initially on those land use areas impacted by emissions of COPCs.

. Identification and/or mapping of the reasonable potential future land use areas, a description
of the use, the source or rationale on which the description is based. You might choose to
focus initially on those land use areas impacted by emissions of COPCs.

4.1.2 Water Bodies and Their Associated Watersheds

Surface water bodies and their associated watersheds are important factors in evaluating some of the
recommended exposure scenarios. Specifically, water bodies can be important sources of fish for the
fish ingestion pathway, or sources of water for the drinking water pathway (see Section 4.2). Your
careful consideration is warranted when identifying which water bodies in the study area to assess. For
the Fisher scenario, an appropriate water body (and/or its associated watershed) would receive deposition
from the emission source, and be able to sustain a fish population harvested by humans. For the drinking
water ingestion pathway, an appropriate waterbody (and/or its associated watershed) would receive
deposition from the emission source, and be used as a direct drinking water source (i.e. not processed by
a drinking water treatment facility). We recommend considering both current and potential human uses
of water bodies found within the study area. In addition to identifying the human uses of water bodies,
we recommend defining the surface areas and exact locations of the water bodies, and their associated
watersheds. See Section 4.3 for a further discussion of selecting exposure scenario locations and their

associated water bodies.

You can typically identify the use, area, and location of water bodies and their associated watersheds by
reviewing the same hard copy and /or electronic versions of LULC maps, topographic maps, and aerial
photographs used to identify land uses. We present sources and general information associated with each

of these data types or maps in Section 4.1.1.

You might also get information on water body use from local authorities (e.g., state environmental
agencies, fish and wildlife agencies, or local water control districts). This might include information

about viability to support fish populations and drinking water sources. Surface water bodies that are used
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As drinking water sources in the assessment area are generally evaluated in the risk assessment. While
water bodies closest to the facility will generally have higher deposition rates, risk estimates are also
affected by other physical parameters (e.g. the size of the water body and the associated watershed) and
by the properties of the COPCs being emitted.

Once you’ve selected a water body, we recommend identifying the area extent (defined by UTM
coordinates) of its watershed. Watershed runoff can be a significant contributor to overall water body
COPC loadings. Media concentration equations use the extent of pervious and impervious areas in the
watershed, as well as COPC concentrations in watershed soil, to calculate the water body COPC
concentrations (see Chapter 5 and Appendix B). We therefore recommend clearly identifying and
discussing the area extent of the watershed with the interested parties (both permitting authority and

facility).

You generally define the area extent of a watershed by identifying topographic highs that result in
downslope drainage into the water body. We recommend ensuring that the watershed and it’s
contribution to the water body are defined relative to the exposure scenario location associated with the
water body (e.g. location on the water body of the drinking water intake, fishing pier, etc.), and
subsequent risk estimates. Please keep in mind that the total watershed area can be very extensive

relative to the area that is impacted from facility emissions.

For example, if facility emissions principally impact an area of land which drains into a specific tributary
of a large river system and immediately upstream of a private drinking water intake point, you may wish
to consider evaluating an “effective” watershed area rather than the entire watershed area of the large
river system. For such a large river system, the watershed area can be on the order of thousands of
square kilometers and can include numerous tributaries draining into the river at points that would have
no net impact on the drinking water intake or on the water body COPC concentration at the exposure

point of interest.

To use the HHRAP as recommended, you will need the following water body and watershed parameters

(on an average annual basis):

. Water body surface area

. Watershed surface area

. Impervious watershed area
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. Average water body volumetric flow rate
. Water body current velocity
. Depth of water column
. Total suspended solids (TSS)
. Universal Soil Loss Equation (USLE) rainfall/erosivity factor

The impervious watershed area is generally a function of urbanization within the watershed, and is
typically presented as a percentage of the total watershed area. Volumetric flow rate and water body
current velocity are typically annual average values. State or local geologic surveys often keep records
on flow rate and current velocity of larger water bodies. You can calculate the volumetric flow rates for
smaller streams or lakes by multiplying the watershed area by one-half of the local average annual
surface runoff. Lacking site-specific data, you can calculate current velocities by dividing the volumetric
flow rate by the cross-sectional area (NWOTE: current velocities are not used in the equations for lakes).
State or local sources sometimes have information on the depths of water bodies available. Discussions

on determining the USLE rainfall/erosivity factor are included in Chapter 5 and Appendix B.

RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT

. Identification and/or mapping of water bodies and associated watersheds potentially impacted
by facility emissions of COPCs, including surface area of the water body and area extent of
the contributing watershed, defined by UTM coordinates

. Rationale for selecting or excluding water bodies within the assessment area from evaluation

. Information on water body use that may justify including or excluding the water body from
evaluation

. Documentation of water body area, watershed area, impervious area, volumetric flow rate,

current velocity, depth of water column, total suspended solids (TSS), and the USLE
rainfall/erosivity factor

. Description of assumptions made to limit the watershed area to an “effective” area
. Copies of all maps, photographs, or figures used to define water body and watershed
characteristics
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4.1.3 Special Population Characteristics

Special populations are human receptors or segments of the population that may be at higher risk due to
increased sensitivity and/or increased exposure to COPCs. Fetuses, infants and children, and the elderly
are examples of human life stages (i.e. populations) which might be more sensitive to COPC exposure.
You might consider some tribal groups a special population because their ingestion of fish at rates higher
than the general public increases their exposure to chemicals that bioaccumulate. Subsistence residents
are also likely to have higher exposures from ingestion of meat (locally harvested game), produce (wild
berries and onions, for example), and soil. There may be special locations where cultural activities are

conducted, or that are sacred to the tribes, and we encourage evaluating exposures at these locations.

We’ve developed the assumptions specified in this guidance — such as the protective nature of the
recommended exposure scenarios (see Section 4.2), and the use of RfDs which have been developed to
account for toxicity to sensitive receptors — to also protect the health of special populations. However,
you may also need to specifically address populations that are located in impacted areas because of
unique characteristics of the exposure setting or to address particular community concerns. For example,
a day care center or hospital may be located in an area that is directly impacted by the facility stack
emissions. Receptors at these locations may be especially sensitive to the adverse effects and/or the
exposure setting is particularly conducive to exposure. Consequently, due to site-specific exposure
characteristics, exposure to children at the day care center, or to the sick in the hospital, might need to be
specifically evaluated. Section 4.2 provides additional discussion on evaluating potential exposure of
special populations, as part of evaluating recommended exposure scenarios. Additionally, the Agency
has a stated policy focused on consistently and explicitly evaluating environmental health risks to infants

and children in all risk assessments (U.S. EPA 1995j).

Concemns about special populations can arise at any time in the permitting process. We therefore
recommend identifying special populations as part of characterizing the exposure setting. You can
identify special populations in the assessment area based on the location of schools, hospitals, nursing
homes, day care centers, parks, community activity centers, etc. If available information indicates that
there are children exhibiting pica behavior (defined for risk assessment purposes as “an abnormally high
soil ingestion rate”) in the assessment area, these children could also represent a special population (see

Section 6.2.3.1).
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RECOMMENDED INFORMATION FOR THE RISK ASSESSMENT REPORT

. Identification and/or mapping of the locations of special populations at potentially higher risk
from exposure to facility sources (anticipated to be located in areas impacted by facility
emissions); focusing on the characteristics of the exposure setting to ensure that selected
exposure scenario locations are protective of the special populations.

]

4.2 RECOMMENDED EXPOSURE SCENARIOS

We recommend evaluating the following exposure scenarios when they are consistent with site-specific

exposure settings (also see Table 4-1):

. Farmer

. Farmer Child

. Resident

. Resident Child

. Fisher

. Fisher Child

. Acute Receptor

. Nursing Infant (Covered as exposure pathway under adult exposure scenarios)

These are the same exposure scenarios recommended by earlier OSW guidance, with the exception of the
Farmer Child, Fisher Child, and acute receptor. The Farmer Child scenario was introduced into the
indirect screening process in the risk assessment completed to support the proposed Hazardous Waste
Combustion Rule and by NC DEHNR (1997). We include the Fisher Child scenario in order to be
consistent with the adult/child pairings we recommend for the Resident and Farmer scenarios. We
include the acute receptor scenario to ensure that the assessment evaluates all receptors that may be

significantly exposed to emissions from facility sources.

In addition to the recommended exposure scenarios listed above, we recommend evaluating, where
appropriate, special populations (as defined in Section 4.1.3) and communities of concern. Do this by
identifying their locations, and determining whether they are located in areas with exposure setting
characteristics that are particularly conducive to COPC impacts from facility emissions. Examples of

additional exposure scenarios include hunters, trespassers, workers (see below), recreational fishers, etc.
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You could evaluate some populations using a combination of a recommended exposure scenario expected
to overestimate exposure compared to the populations, and maximum modeled air parameter values
specific to the location (see Section 4.3). If this initial evaluation suggests that the receptors are
protected, then no additional assessment is necessary. If, on the other hand, this evaluation estimates
levels of risk which are of concern, a refined evaluation may be needed. The refined exposure scenario

would evaluate the specific exposure pathways appropriate to the special population.

Take, for example, a children’s school or day care center located in an area receiving deposition of
facility emissions. You could evaluate potential exposure of children at this location using the Resident
Child scenario at the location of the school or day care center. In most cases, evaluating this scenario at
the school location will over-estimate exposure. This is because the Resident Child scenario includes an
exposure pathway (ingestion of homegrown produce) which is most likely not occurring at that location.
Also, the residential scenario assumes that a child breaths the air 24 hours/day, ingests 100 mg of
soil/day; and is exposed for 6 years - when the child is probably only at day care 5 days/week and up to
10 hours/day. If this generates risk estimates of concern, you could conduct a more refined evaluation

that adjusts the exposure assumptions to be more representative of the site.

We don't routinely recommend assessing workers at a facility that burns hazardous waste in the risk
assessment, because we assume that those workers are protected by regulation and guidance of the U.S.
Occupational Safety and Health Administration (OSHA). There are, however, some instances where
workers impacted by exposure to facility emissions are not covered by the appropriate OSHA
regulations. For example, workers located at a nearby but separate facility or commercial area, whose
duties are independent of combustor operations, are not necessarily covered by the appropriate OSHA
regulations. Also, on a site with multiple on-site activities (e.g., manufacturing, hazardous waste
combustion, and military operations) the OSHA regulations would address the worker at the
manufacturing operations with respect to those operations and not the emissions from the separate
hazardous waste combustion operations. Considering such instances in the risk assessment may be

appropriate.

We no longer refer to our recommended farmer and fisher exposure scenarios as “subsistence” scenarios.
The associated daily consumption amounts (see Table 4-2, as well as Appendix C) are more comparable

to reasonable (versus subsistence) amounts.
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As mentioned above, an exposure scenario is defined as a combination of exposure pathways to which a
receptor is subjected at a particular location. Table 4-1 presents the exposure pathways we recommend
evaluating for each of the exposure scenarios. Food-related ingestion pathways could represent
significant potential exposure to COPCs released from combustion sources (U.S. EPA 1994l; 1994g;
1998c; NC DEHNR 1997), due primarily to the potential for COPCs to bioaccumulate up the food chain.

TABLE 4-1

RECOMMENDED EXPOSURE SCENARIOS FOR A
HUMAN HEALTH RISK ASSESSMENT

Recommended Exposure Scenarios?
_CL
e = 2
= - © o
O = = = <
- - c c O o
I I - T - - I (™
Exposure Pathways £ £ 2 2 2 2 =
] © Q 5 1) i (=}
LL L 04 04 I LL <
Inhalation of Vapors and Particulates . . . . . . .
Incidental Ingestion of Soil . . . . . . --
Ingestion of Drinking Water from Surface Water Sources . . . . . . --
Ingestion of Homegrown Produce . . . . . . --
Ingestion of Homegrown Beef . . -- -- -- -- --
Ingestion of Milk from Homegrown Cows . . -- -- -- -- --
Ingestion of Homegrown Chicken . . d d d d --
Ingestion of Eggs from Homegrown Chickens . . d d d d --
Ingestion of Homegrown Pork . . -- -- -- -- --
Ingestion of Fish d d d d . . -
Ingestion of Breast Milk c -- c -- c -- --
Notes:
. Pathway is included in exposure scenario.
- Pathway is not included in exposure scenario.
@ Exposure scenarios are defined as a combination of exposure pathways evaluated for a receptor at a specific location.
b The acute receptor scenario evaluates short-term 1-hour maximum COPC air concentrations (see Chapter 3) at any
land use area that would support the other recommended exposure scenarios, as well as commercial and industrial
land use areas (excluding workers at the facility being directly evaluated in the risk assessment).
¢ Infant exposure to PCDDs, PCDFs, and dioxin-like PCBs via the ingestion of their mother’s breast milk is evaluated
as an additional exposure pathway, separately from the recommended exposure scenarios identified in this table (see
Chapter 2).
d Site-specific exposure setting characteristics (e.g., presence of ponds on farms, or presence of ponds or small
livestock within semi-rural residential areas) may warrant the permitting authority consider adding this exposure
pathway to the scenario (see Section 4.2).
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As indicated in Table 4-1, some exposure setting characteristics may warrant you consider including
additional exposure pathways when evaluating a particular exposure scenario. For example, the
recommended Farmer exposure scenario doesn’t typically include the fish ingestion exposure pathway.
However, in some areas of the country it’s common for farms to have stock ponds that are fished on a
regular basis for the farm family’s consumption. Since the ingestion rates we recommend for those food
pathways already considered in the evaluation are not significant enough to preclude the Farmer also
ingesting the fish caught from the local pond, the fish ingestion exposure pathway may also be relevant in
such locations. You could use the same rationale for residential scenarios where residents are located in
semi-rural areas which allow small livestock (e.g., free range poultry for eggs), and/or residents located

by small ponds suitable for fishing, or wetlands that support crawfish harvest.

We also recommend evaluating infant exposure to PCDDs and PCDFs via the ingestion of their mother’s
breast milk as an additional exposure pathway at all recommended adult exposure scenario locations.

Chapter 2 and Appendix C further describe the ingestion of breast milk exposure pathway.

In addition, although some risk assessments conducted by U.S. EPA (1996b) have discounted the direct
inhalation risks to all receptors except the adult Resident (nonfarmer) and Resident Child (nonfarmer),

we generally recommend evaluating the direct inhalation exposure pathway for all receptors.

We don’t typically recommend evaluating the following exposure pathways as part of an exposure

scenario:

Ingestion of Ground Water - U.S. EPA (1998c¢) found that ground water is an insignificant
exposure pathway for combustion emissions; in addition, U.S. EPA (1994k) noted that uptake
from ground water into food crops and livestock is minimal because of the hydrophobic nature of
dioxin-like compounds. We anticipate potential exposure to COPCs through ingestion of
drinking water from surface water bodies to be much more significant. Ingestion of ground water
is further discussed in Section 6.2.4.2.

Inhalation of Resuspended Dust - U.S. EPA (1990e¢) found that risk estimates from inhalation of
resuspended dust was insignificant. We anticipate exposure through direct inhalation of vapor
and particle phase COPCs and incidental ingestion of soil to be much more significant.

Inhalation of resuspended dust is further discussed in Section 6.2.3.3.

Dermal Exposure to Surface Water, Soil, or Air - Available data indicate that the contribution
of dermal exposure to soils to overall risk is typically small (U.S. EPA 1996g; 1995h). For

example, the risk assessment conducted for the Waste Technologies Industries, Inc., hazardous
waste incinerator in East Liverpool, Ohio, indicated that—for an adult farmer in a subarea with
high exposures—the risk resulting from soil ingestion and dermal contact was 50-fold less than
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the risk from any other exposure pathway and 300-fold less than the total estimated risk (U.S.
EPA 1996g; 1995h). Also, there are significant uncertainties associated with estimating potential
COPC exposure via the dermal exposure pathway. The most significant of these uncertainties
are associated with determining the impact of soil characteristics and the extent of exposure (e.g.,
the amount of soil on the skin and the length of exposure) on estimating compound-specific
absorption fractions (ABS).

We don’t generally recommend evaluating the dermal exposure to soil pathway as part of the
recommended exposure scenarios. However, if either a facility or a permitting authority feel
that site-specific conditions indicate dermal exposure to soil may contribute significantly to total
soil-related exposures, we recommend following the relevant methods described in U.S. EPA
NCEA document, Methodology for Assessing Health Risks Associated with Multiple Pathways of
Exposure to Combustor Emissions (U.S. EPA 1998c). Dermal exposure is further discussed in
Section 6.2.3.2 of this guidance.

Inhalation of COPCs and Ingestion of Water by Animals - We don’t recommend these animal
exposure pathways in calculating animal tissue concentration because we expect their
contributions to total risk to be negligible compared to the contributions of the recommended
animal exposure pathways. However, you might need to evaluate these exposure pathways on a
case-by-case basis considering site-specific exposure setting characteristics.

Our recommended exposure scenarios are further discussed in the following subsections.

4.2.1 Farmer

The Farmer exposure scenario is made up of the exposure pathways through which an adult member of a
farming or ranching family could be exposed. We recommend including this scenario when farming or
ranching takes place, or may reasonably take place some time in the future, in the study area. As
indicated in Table 4-1, we recommend assuming the Farmer is exposed to COPCs emitted from the

facility through the following exposure pathways:

. Direct inhalation of vapors and particles

. Incidental ingestion of soil

. Ingestion of drinking water from surface water sources

. Ingestion of homegrown produce (i.e. fruits and vegetables)

. Ingestion of homegrown beef

. Ingestion of milk from homegrown cows

. Ingestion of homegrown chicken

. Ingestion of eggs from homegrown chickens

. Ingestion of homegrown pork

. Ingestion of breast milk (evaluated separately, for an infant of the Farmer; see Chapter 2)
U.S. EPA Region 6 U.S.EPA
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While on the farm property, the Farmer inhales air containing COPC-impacted vapors and suspended
particles. Through daily activities, the Farmer ingests incidental amounts of soil. If site characterization
suggests that impacted surface waterbodies are used as direct drinking water sources (see Section 4.1.2),
the farm family receives its water from a surface waterbody. The farm family raises and consumes beef
and milk cattle, pigs, and free-range chickens (including eggs). Cattle ingest soil while foraging on a
grazing field, as well as being fed silage and grain grown on the farm. Pigs are contained within a yard
or small field, where they are assumed not to forage, but ingest soil while being fed a combination of
silage and grain grown on the farm. Free-range chickens are contained within a yard or field, where they
ingest soil while being fed grain grown on the farm. The Farmer grows enough fruits and vegetables to

supply the family with produce.

The scenario assumes that a portion of the Farmer’s diet comes from each homegrown food type listed
above (see Table 6-1 and Appendix C for consumption rates). All of these portions are impacted by
emissions from the facility being assessed. The recommended consumption rates don’t represent the
Farmer’s entire intake of each food type, but rather only the homegrown portion of the Farmer’s diet. It
is therefore reasonable to assume that 100% of this subset of each food type (i.e. the homegrown portion)
is contaminated. Also, because the portions represent only the homegrown portion of the Farmer diet,
assuming ingestion of all meat groups by the Farmer does not grossly overestimate the total amount of
meat a farmer or rancher could reasonably consume. Breaking out consumption by food type is an

important step in estimating the relative contributions to COPC-specific risk from ingestion of each food

type.

Previous Agency guidance (for example, U.S. EPA 1993f and U.S. EPA 1994f) didn’t include the
ingestion of chicken and eggs exposure pathways. NC DEHNR (1997) considers chicken and egg
ingestion pathways only for exposure to dioxins and furans, because biotransfer factors were only
available for dioxins and furans when that guidance was published. U.S. EPA (1998c¢) includes ingestion
of both poultry and eggs. Currently, biotransfer factors can be derived from literature data for other
organic compounds and metals. Therefore, we generally recommend including the chicken and egg
ingestion exposure pathways for all COPCs with available biotransfer factors. Further discussion of
these exposure pathways, including numeric equations, parameters values, and COPC-specific inputs, can

be found in Chapter 5 and Appendices A, B, and C.
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When evaluating the ingestion of drinking water from surface water for the Farmer scenario, we
generally recommend also considering the potential for ingestion of cistern water at farm or ranch
locations, in addition to surface water sources. If site-specific information (e.g. interviews with local
health departments) suggests that cistern water is likely used, or could be used for a drinking water
source, you could evaluate ingestion of cistern water in a manner similar to that used to evaluate
ingestion of water from a surface water body (see Chapter 5 and Appendix B). Site-specific information
(e.g. do cisterns in the study area tend to be covered or uncovered?) can educate decision makers as to
appropriate equations and parameter values to use in assessing the ingestion of drinking water from

cisterns.

We don’t usually recommend the ingestion of fish exposure pathway for the Farmer exposure scenario.
However, as indicated in the notes to Table 4-1, we do recommend that you consider evaluating the fish
ingestion pathway if regional or site-specific exposure setting characteristics (e.g., presence of ponds on
farms or ranches that support fish for human consumption) are identified that warrant consideration. You
can use the applicable estimating media concentration equations for ingestion of fish as presented in
Chapter 5 and Appendix B. Also, evaluating the Fisher and Fisher Child exposure scenarios (see
Sections 4.2.5 and 4.2.6) at farm or ranch locations may be appropriate where on-site ponds are used as

sources of fish for human consumption.

We recommend evaluating the exposure of an infant to PCDDs, PCDFs, and dioxin-like PCBs via the
ingestion of breast milk as an additional exposure pathway, separately from this exposure scenario (see

Chapter 2).

If site-specific information is available indicating that farmers in the study area don’t raise a type of
livestock, nor is raising that type of livestock likely to occur in the future, then you could reasonably
consider eliminating the related exposure pathway (or pathways, in the case of chicken and egg
ingestion). However, if one meat source is not used, its place in the diet is often taken by one or more of
the remaining exposure pathways. Take care, therefore, to consider the intake rates of the remaining
exposure pathways, to ensure that the total amount consumed (summed fraction from each food group) is
representative. See Chapter 6 (Quantifying Exposure) for further discussion of the implications of

modifying our recommended exposure pathways.
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4.2.2 Farmer Child

The Farmer Child exposure scenario is made up of the exposure pathways through which a child member
of a farming or ranching family may reasonably be expected to be exposed. Agency policy recommends
consistently and explicitly evaluating environmental health risks to infants and children in all risk
assessments (U.S. EPA 1995j). As indicated in Table 4-1, the scenario assumes the Farmer Child is
exposed to COPCs emitted from the facility through the same exposure pathways as the Farmer. The
primary differences between the Farmer and Farmer Child are in exposure duration (6 years for the child
vs . 40 years for the adult), and consumption rates (e.g. 1.4 homegrown produce servings per week for

child vs. 2.8 homegrown produce servings per week for adult, see Table 6-1).

4.2.3 Resident

The Resident exposure scenario is made up of the exposure pathways through which an adult receptor
may be exposed in an urban or nonfarm rural setting. We recommend including the adult Resident
scenario, because potential exposure to COPCs through ingesting homegrown produce has been shown to
be potentially significant. This exposure scenario equates with the “Home Gardener” scenario
recommended by U.S. EPA (1994g) and NC DEHNR (1997). As indicated in Table 4-1, the scenario
assumes the adult Resident is exposed to COPCs from the emission source through the following

exposure pathways:

. Direct inhalation of vapors and particles

. Incidental ingestion of soil

. Ingestion of drinking water from surface water sources

. Ingestion of homegrown produce

. Ingestion of breast milk (evaluated separately, for an infant of the Resident; see Chapter
2)

While on their property, the Resident inhales air containing COPC-impacted vapors and suspended
particles. Through daily activities, the Resident ingests incidental amounts of soil. If site
characterization suggests that impacted surface waterbodies are used as direct drinking water sources
(see Section 4.1.2), the resident family receives its water from a surface waterbody. The Resident grows
fruits and vegetables for home consumption (NC DEHNR 1997). Breaking out consumption by exposure

pathway is an important step in estimating the relative contributions to COPC-specific risk from
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ingestion of each food type. Further discussion of these exposure pathways, including equations,

parameter values, and COPC-specific inputs, can be found in Chapter 5 and Appendices A, B, and C.

We don’t usually recommend evaluating the ingestion of fish exposure pathway for the Resident
exposure scenario. However, as indicated in the notes to Table 4-1, we do recommend that you consider
evaluating the fish ingestion pathway if exposure setting characteristics (e.g., presence of ponds within
semi-rural residential areas that support fish for human consumption) are identified that warrant
consideration. It may be appropriate to evaluate the Fisher and Fisher Child exposure scenarios (see
Sections 4.2.5 and 4.2.6) at residential locations where ponds or surface water bodies are used as a

potential source of fish for human consumption.

We recommend evaluating exposure of an infant to PCDDs, PCDFs, and dioxin-like PCBs via the
ingestion of breast milk as an additional exposure pathway, separately from this exposure scenario (see

Chapter 2).

4.2.4 Resident Child

The Resident Child exposure scenario is made up of the exposure pathways through which a child
receptor may be exposed in an urban or nonfarm rural setting. This exposure scenario equates with the
“Child of the Home Gardener” scenario recommended by U.S. EPA (1994g) and NC DEHNR (1997).
Agency policy recommends consistently and explicitly evaluating environmental health risks to infants
and children in all risk assessments (U.S. EPA 1995j). As indicated in Table 4-1, the scenario assumes
the Resident Child is exposed to COPCs emitted from the facility through the same exposure pathways as
the Resident adult. The primary differences between the Resident and Resident Child are in exposure
duration (6 years for the child vs . 30 years for the adult), and consumption rates (e.g. 1.2 homegrown
produce servings per week for the child vs. 2.3 homegrown produce servings per week for the adult, see

Table 6-1).

4.2.5 Fisher

The Fisher exposure scenario is made up of the exposure pathways through which an adult receptor may

be exposed in an urban or nonfarm rural setting where fish is the main source of protein in the receptor

diet. We recommend including the Fisher scenario, because food-related ingestion routes may represent
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significant potential exposure to COPCs released from combustion sources (U.S. EPA 19941; 1994¢;
1998¢c; NC DEHNR 1997). The potential exposure is due primarily to the potential for COPCs to
bioaccumulate up the food chain. Breaking out consumption by exposure pathway is an important step in
estimating the relative contributions to COPC-specific risk from ingestion of each food type. As
indicated in Table 4-1, the scenario assumes the Fisher is exposed to COPCs emitted from the facility

through the following exposure pathways:

. Direct inhalation of vapors and particles

. Incidental ingestion of soil

. Ingestion of drinking water from surface water sources

. Ingestion of homegrown produce

. Ingestion of fish

. Ingestion of breast milk (evaluated separately, for an infant of the Fisher; see Chapter 2)

While on their property (i.e. where they reside), the Fisher inhales air containing COPC-impacted vapors
and suspended particles. Through daily activities, the Fisher ingests incidental amounts of soil. If site
characterization suggests that impacted surface waterbodies are used as direct drinking water sources
(see Section 4.1.2), the fisher family receives its water from a surface waterbody. The Fisher grows
fruits and vegetables for home consumption (NC DEHNR 1997). The Fisher harvests enough fish from
waterbodies in the study area impacted by facility emissions to supply the family with a significant
portion of their protein. Further discussion of these exposure pathways, including numeric equations,

parameters values, and COPC specific inputs, can be found in Chapter 5 and Appendices A, B, and C.

We recommend evaluating the exposure of an infant to PCDDs, PCDFs, and dioxin-like PCBs via the
ingestion of breast milk as an additional exposure pathway, separately from this exposure scenario (see

Chapter 2).

4.2.6  Fisher Child

The Fisher Child exposure scenario is made up of the exposure pathways through which a child receptor
may be exposed in an urban or nonfarm rural setting where fish is the main source of protein in the
receptor diet. Evaluating this exposure scenario is the same as the adult/child pairings recommended for

the Farmer and Resident scenarios. In addition, Agency policy recommends consistently and explicitly
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evaluating environmental health risks to infants and children in all risk assessments (U.S. EPA 1995j).

As indicated in Table 4-1, the scenario assumes the Fisher Child is exposed to COPCs emitted from the
facility through the same exposure pathways as the Fisher. The primary differences between the Fisher
and Fisher Child are in exposure duration (6 years for child vs. 30 years for the adult), and consumption
rates (e.g. 1.2 homegrown produce servings per week for the child vs. 2.3 homegrown produce servings

per week for the adult, see Table 6-1).

4.2.7 Acute Receptor Scenario

In addition to long-term chronic effects evaluated in the other recommended exposure scenarios, we
generally recommend evaluating the acute exposure scenario. The acute receptor scenario accounts for
short-term effects of exposure to maximum 1-hour concentrations of COPCs in emissions from the
facility (see Chapter 3) through direct inhalation of vapors and particles (see Table 4-1 and Chapter 7).

A receptor could be exposed in an urban or rural setting where human activity or land use supports any of
the recommended exposure scenarios. The receptor could also be exposed in commercial and industrial
land use areas (excluding workers from the facility) not typically covered by the other recommended
exposure scenarios. As mentioned in Section 4.2 above, we assume that workers from the facility being
assessed in the risk assessment are protected by OSHA programs, and therefore aren’t generally included

in hazardous waste combustion risk assessments.

We discuss further this recommended exposure scenario and associated exposure pathway, including
numeric equations, parameters values, and COPC-specific inputs, in Chapter 7 and Appendices A, B, and

C.

4.3 SELECTING EXPOSURE SCENARIO LOCATIONS

Exposure scenario locations are the physical places within the study area selected for evaluating one or
more of the recommended exposure scenarios. We generally recommend choosing exposure scenario
locations based on COPC air concentrations and deposition rates from ISCST3 (see Chapter 3) specific
to land use areas defined during exposure setting characterization (see Section 4.1). Location-specific air

concentrations and deposition rates are then used as inputs to the equations which estimate media

concentrations.
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We would like to emphasize that the method and resulting selection of exposure scenario locations is one
of the most critical steps of the risk assessment process, with huge impacts on standardization across all
facilities evaluated, and reproducibility of results. This is, at least partly, because ISCST3-modeled air
parameter values (and the resulting media concentration estimates) can vary significantly, even within

individual land use areas.

To ensure consistent and reproducible risk assessments, we recommend using the following procedures
to select your exposure scenario locations. These procedures also reduce the chances that the location(s)
you select to evaluate a land use area overlook locations within that same land use area that would result
in higher risk estimates. This can be important given the complexity of multiple modeled air parameters
and phases per location, possibly multiple facility emission sources, each with multiple source-specific
COPCs. This approach also provides a more complete risk evaluation of areas surrounding the facility.
This information often becomes relevant later in the permitting process and in risk communication to the

surrounding public.

As detailed in Chapter 3, ISCST3 estimates COPC concentrations in the air above, and deposition rates
onto, specific locations (i.e. receptor grid nodes) around a central point (e.g. combustor facility stack). If
all the locations modeled by ISCST3 are viewed as a group, they form a grid of horizontal and vertical
lines on a map, with each location a node, or intersection between vertical and horizontal lines; hence the
name “grid nodes” for modeled locations. Also, Section 4.1 of this chapter explained the steps and issues
involved in characterizing the various uses of the land in the study area. Figure 4-1 is a graphic
representation of these two sets of information, and demonstrates some of the relationship between them.
For example, a single land use area can have multiple grid nodes associated with it, each node with its
own air concentration and deposition levels. Choosing exposure scenario location(s) for a land use area
is a matter of choosing which grid node(s) will provide the data used to generate media concentrations

used in the exposure scenario. We recommend the following steps:
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FIGURE 4-1

ISCST3 GRID NODES AND LAND USE DESIGNATIONS
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Step 1: Define Land Use Areas To Evaluate - To avoid confusion and misidentification, land
use areas, water bodies, and watersheds identified during the exposure setting characterization
step, are best defined and mapped using UTM coordinates in a format consistent with that used
to define locations of facility emission sources and the ISCST3 receptor grid nodes. Formats
include NAD27 or NAD83 UTM.

Step 2: Identify Receptor Grid Node(s) Within Each Defined Land Use Area - For each defined
land use area, identify the receptor grid nodes within or on the boundary of that area (defined in
Step 1) that represent the location of highest yearly average concentration for each ISCST3 air
parameter output (i.e., air concentration, dry deposition, wet deposition) for each phase

(i.e., vapor, particle, particle-bound). We recommend choosing concentrations specific to each
facility emission source (e.g., stacks, fugitives), as well as all emission sources at the facility
combined. This results in selecting one or more receptor grid nodes (and therefore the exposure
scenario locations for that land use area), with the following attributes:

. Highest vapor phase air concentration

. Highest vapor phase dry deposition rate
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. Highest vapor phase wet deposition rate
. Highest particle phase air concentration
. Highest particle phase wet deposition rate
. Highest particle phase dry deposition rate
. Highest particle-bound phase air concentration
. Highest particle-bound phase wet deposition rate
. Highest particle-bound phase dry deposition rate

With the exception of water bodies and watersheds (discussed in Step 4 below), we recommend
using only air parameters for a single receptor grid node as inputs into the media equations for
each exposure scenario location. We also recommend using actual parameter values, without
averaging or other statistical manipulation. However, based generally on the number and
location of facility emission sources, you might select multiple exposure scenario locations for a
specific land use area.

U.S. EPA Region 6 applied these criteria to actual sites, using actual modeled air parameters, and
found that only 1 to 3 receptor grid nodes were typically selected per land use area. This was
because, in most cases, the highest air concentration and deposition rate occurred at the same
receptor grid node.

Please note: while these criteria tend to minimize the chances of overlooking maximum
risk within a land use area, they do not preclude you from selecting additional exposure
scenario locations within that same land use area based on site-specific risk
considerations (see Step 3 below).

Step 3: Identify Receptor Grid Nodes For Acute Risk and Site-Specific Risk Considerations -
In addition to the receptor grid nodes selected in Steps 1 and 2 above, you might consider
additional receptor grid nodes to evaluate acute risk or site-specific risk considerations (e.g.,
special populations).

To evaluate a land use area (including commercial and industrial land use areas) for acute risk,
choose location(s) from receptor grid nodes with the highest modeled hourly vapor phase air
concentration and highest hourly particle phase air concentration (see Chapter 3) specific to each
emission source, as well as all emission sources combined. For site-specific risk considerations,
we recommend considering the receptor grid node closest to the exposure point being evaluated
(e.g. school, hospital). However, in some cases, a more protective approach might select the
closest receptor grid node or nodes with the highest modeled air parameter values.

Step 4: Identify Receptor Grid Nodes For Water Bodies and Watersheds - For recommended
exposure scenarios that include evaluating water bodies and their associated watersheds, we
recommend considering the receptor grid nodes within their area extent or "effective" areas
(defined and mapped in Step 1). For water bodies, you could select the receptor grid node with
the highest modeled air parameter values. You could also average the air parameter values for all
receptor grid nodes within the area of the water body. For watersheds, you could average the
modeled air parameter values of all receptor grid nodes within the drainage basin (excluding the
area of the water body). Media concentration equations for water bodies and watersheds need
the same air parameter values as found in Step 2 above; yearly averages for each ISCST3

U.S. EPA Region 6 U.S.EPA
Multimedia Planning and Permitting Division Office of Solid Waste
Center for Combustion Science and Engineering 4-24



Human Health Risk Assessment Protocol
Chapter 4: Exposure Scenario Identification September 2005

modeled air parameter (e.g., air concentration, dry deposition, wet deposition) for each phase
(e.g., vapor, particle, particle-bound); specific to each emission source (e.g., stacks, fugitives) as
well as all emission sources at the facility combined.

For evaluating potential exposure routes other than ingestion of fish, we consider it reasonable to assume
that the Fisher and Fisher Child reside at the same exposure scenario locations as the Resident scenario.
You can similarly assume that the Fisher and Fisher Child exposure scenarios are exposed through
ingestion of fish from the water body with the highest modeled combined deposition, that can or does
support fish populations. As a result of some site specific conditions, it may be appropriate to evaluate
the Fisher and Fisher Child assuming exposure through ingestion of fish calculated using COPC water
concentrations from one water body, and exposure from ingestion of drinking water calculated using

COPC water concentrations from a different water body.

To reiterate, we recommend initially evaluating current and reasonable potential future land use areas
defined during the exposure setting characterization, using the most representative recommended

exposure scenario(s), at actual receptor grid nodes selected using the four-step process explained above.
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Chapter 5
Estimating Media Concentrations

What’s Covered in Chapter 5:

51 Calculating COPC Concentrations in Air for Direct Inhalation
5.2 Calculating COPC Concentrations in Soil

5.3 Calculating COPC Concentrations in Produce

5.4 Calculating COPC Concentrations in Beef and Dairy Products
55 Calculating COPC Concentrations in Pork

5.6 Calculating COPC Concentrations in Chicken and Eggs

5.7 Calculating COPC Concentrations in Drinking Water and Fish
5.8  Using Site-Specific vs. Default Parameter Values

The purpose of this chapter is to describe the equations (and associated parameters) for estimating media
concentration that we recommend using to evaluate the exposure scenarios presented in Chapter 4. In
most cases, we include the origin and development of each of these equations, and describe the associated
parameters. We also present the equations in Appendix B in a more condensed form (i.e. without
derivation), and organize them according to exposure pathway. Discussions of ISCST3-modeled unitized
air parameters are presented in Chapter 3. Appendix B also includes equations for modeling phase
allocation and speciation of mercury concentrations. Appendix A-2 lists compound-specific parameters
the equations need to estimate media concentrations, as well as our recommended hierarchies of sources.

The HHRAP companion database provides recommended values for compound-specific parameters.

___________________________________________________________________________________|]
PLEASE NOTE: for the purposes of this guidance, “we” refers to the U.S. EPA OSW.

The HHRAP is written for the benefit of a varied audience, including risk assessors,
regulators, risk managers, and community relations personnel. However, the “you” to
which we speak in this chapter is the performer of a risk assessment: the person (or
persons) who will actually put the recommended methods into practice.

. ___________________________________________________________________________________________________________________]

Section 5.1 describes the equations that estimate air concentrations for evaluating direct inhalation of

COPCs. Section 5.2 describes equations for estimating COPC concentrations in soils. Section 5.3
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describes equations for estimating COPC concentrations in produce. Sections 5.4 through 5.6 describe
equations for estimating COPC concentrations in animal products (such as milk, beef, pork, poultry, and
eggs) resulting from animals ingesting contaminated feed and soil. Section 5.7 describes equations for
estimating COPC concentrations in fish through bioaccumulation (or, for some compounds,
bioconcentration) from the water column, dissolved water concentration, or bed sediment—depending on
the COPC.

Please Note: references made throughout Chapter 5 to particle phase are generic and made
without distinction between particle and particle-bound.

5.1 CALCULATING COPC CONCENTRATIONS IN AIR FOR DIRECT INHALATION

‘l‘ We recommend calculating COPC concentrations in air by summing the vapor phase and particle
phase air concentrations of COPCs. To evaluate long-term or chronic exposure via direct
inhalation, we generally recommend using unitized yearly air parameter values to calculate air
concentrations, as specified in Appendix B, Table B-5-1. To evaluate short-term or acute exposure via
direct inhalation, we recommend using unitized hourly air parameter values to calculate air

concentrations, as specified in Appendix B, Table B-6-1.

Emissions

Vapor Fhase Particle Phase
Air Concentration Air Concentration

Direct Inhalation

Figure 5-1 - COPC Concentration in Air for Direct
Inhalation
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5.2 CALCULATING COPC CONCENTRATIONS IN SOIL

S - We recommend estimating COPC concentrations in soil by summing the vapor phase and

: particle phase deposition of COPCs to the soil. We generally recommend considering wet and
dry deposition of particles and vapors. Calculate dry deposition of vapors from the vapor air
concentration and the dry deposition velocity. We consider it appropriate for soil concentration
calculations to account for loss of COPCs by several mechanisms, including leaching, erosion, runoff,
degradation (biotic and abiotic), and volatilization. These loss mechanisms all lower the soil
concentration associated with the deposition rate. We present our recommended equations for calculating
soil concentration and soil losses of COPCs in Appendix B, Tables B-1 for land use areas, and Tables B-4

for watersheds (see Section 5.7).

FIGURE 5-2 -
COPC CONCENTRATION IN SOIL

COPC
Emissions

Vapor Phase Particle Phase
Air Concentration Air Concentration
Vapor Phase Particle Phase
Deposition Deposition
to Soil to Soil
Leaching, Degradation
Erosion, |4 corore . (Biotic + Abiotic)
and Runoff and Volatilization

A

COPC Concentration
in Soll

Soil concentrations might require many years to reach steady state. As a result, the equations we suggest

to calculate the average soil concentration over the period of deposition were derived by integrating the
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instantaneous soil concentration equation over the period of deposition. For carcinogenic COPCs, we
recommend using two variations of the equation (average soil concentration over exposure duration):

1. one variation if the exposure duration (72) is greater than or equal to the operating
lifetime of the emission source or time period of combustion, and

2. the other form if the exposure duration is less than the operating lifetime of the emission
source or time period of combustion.
For noncarcinogenic COPCs, we recommend using the second form of the carcinogenic equation. This
equation calculates the highest annual average COPC soil concentration occurring during the exposure

duration. We describe these equations in more detail in Section 5.2.1.

Soil conditions—such as pH, structure, organic matter content, and moisture content—affect the
distribution and mobility of COPCs. Modeling the loss of COPCs from soil uses rates specific to the
physical and chemical characteristics of the soil. We describe these variables and their use in the

following subsections, along with the recommended equations.
5.2.1 Calculating Cumulative Soil Concentration (Cs)

U.S. EPA (1990¢) recommended using Equation 5-1—adapted from Travis, et al. (1983)—to calculate

cumulative soil concentration:

cg - 100-(Dydp+ Dywv)-[1.0- exp (- ks-tD)]

Z-BD- ks Equation 5-1
where
Cs = Average soil concentration over exposure duration (mg COPC/kg soil)
100 = Units conversion factor (mg-m*/kg-cm?)
Dydp = Unitized yearly dry deposition from particle phase (s/m*-yr)
Dywy = Unitized yearly wet deposition from vapor phase (s/m*-yr)
ks = COPC soil loss constant due to all processes (yr ')
tD = Time period over which deposition occurs (time period of combustion)
(yr)
Z, = Soil mixing zone depth (cm)
BD = Soil bulk density (g soil/cm® soil)

U.S. EPA (1993f) stated that Equation 5-1 evaluated deposition of particle phase COPCs, but failed to
consider vapor phase deposition or diffusion. To account for vapor phase diffusion, U.S. EPA (1998¢)

recommended using the following equation:
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100 - (Dydp + Dywv + Ldif).[l'o - exp (- ks tD)]

§ = ZS'BD°kS‘ Equation 5-1A
where
Cs = Average soil concentration over exposure duration (mg COPC/kg soil)
100 = Units conversion factor (mg-m?/kg-cm?)
Dydp = Unitized yearly dry deposition from particle phase (s/m*-yr)
Dywyv = Unitized yearly wet deposition from vapor phase (s/m*-yr)
Ly, = Dry vapor phase diffusion load to soil (g/m?*-yr)
ks = COPC soil loss constant due to all processes (yr ')
tD = Time period over which deposition occurs (time period of combustion)
(yr)
Z, = Soil mixing zone depth (cm)
BD = Soil bulk density (g soil/cm” soil)

Other guidance (U.S. EPA 1994¢g) recommended the original Equation 5-1, but only for calculating Cs for
2,3,7,8-TCDD. U.S. EPA (1994g) also recommended setting the COPC soil loss constant (ks) equal to 0
for all other COPCs. For COPCs other than 2,3,7,8-TCDD, U.S. EPA (1994g) recommended Equation 5-

1B—which eliminates the COPC soil loss constant:

Cs = 100- 24+ Dyw

s

Equation 5-1B

where
Cs = Average soil concentration over exposure duration (mg COPC/kg soil)
100 = Units conversion factor (mg-m?/kg-cm?)
Dyd = Yearly dry deposition rate of pollutant (g/m?*-yr)
Dyw = Yearly wet deposition rate of pollutant (g/m*-yr)
tD = Time period over which deposition occurs (time period of combustion)
(yr)
Z, = Soil mixing zone depth (cm)
BD = Soil bulk density (g soil/cm” soil)

More recent guidance documents—U.S. EPA (1994r) and NC DEHNR (1997)—recommended using two
different equations (Equations 5-1C and 5-1D) with carcinogenic COPCs. Equation 5-1C was
recommended for T, < tD and Equation 5-1D was recommended for 7, < ¢tD < T,. For noncarcinogenic

COPCs, Equation 5-1E was recommended.
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We recommend using Equations 5-1C, 5-1D, and 5-1E to calculate Cs. Appendix B, Table B-1-1

discusses further how to use these equations.

Recommended Equations for Calculating:

Cumulative Soil Concentration (Cs)

Carcinogens:

For T, < tD

Ny exp(-ks:T
Ds D exp (-ks-tD)| _ T + p( D

+

ks-(D-T,) ks ! ks

Equation 5-1C

ForT,<tD <T,

Ds-tD - Cs,, Cs,p
)+ (=) (- exp [-ks- (T, - tD)])
Cs - ks ks Equation 5-1D
(T2 - T1)
Noncarcinogens:

Ds-[1- exp(-ks-tD)]

CStD = ks Equation 5-1E

where

Cs = Average soil concentration over exposure duration (mg COPC/kg soil)

Ds = Deposition term (mg COPC/kg soil/yr)

ks = COPC soil loss constant due to all processes (yr ')

tD = Time period over which deposition occurs (time period of combustion) (yr)

T, = Time period at the beginning of combustion (yr)

Cs, = Soil concentration at time tD (mg/kg)

T, = Length of exposure duration (yr)

We discuss the deposition term further in this Section, as well as Section 5.2.3. Section 5.2.2 discusses
the COPC-specific soil loss constant (ks). Chapter 2 discusses how the period of time at the beginning of
combustion (7)) relates to characterizing site conditions immediately preceding the study period. Chapter

2 also addresses the time period during which burning - and therefore deposition - occurs (¢D), as it
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relates to setting emission rates. Chapter 3 addresses air dispersion modeling aspects of zD. Chapter 6

further discusses how the duration of exposure (7,) relates to characterizing exposure.

As in U.S. EPA (1994r) and NC DEHNR (1997), we recommend using Equation 5-1C when you model
an exposure duration that is less than or equal to the operating lifetime of the emission source or
hazardous waste combustor (7, < tD). We recommend using Equation 5-1D when you model an
exposure duration greater than the operating lifetime of the hazardous waste combustor (7,< tD < T,).

For noncarcinogenic COPCs, we recommend Equation 5-1E.

We generally recommend using the COPC soil concentration averaged over the exposure duration
(represented by Cs) for carcinogenic compounds. Carcinogenic risk is averaged over the lifetime of an
individual. Because the hazard quotient associated with noncarcinogenic COPCs is based on a threshold
dose rather than a lifetime exposure, we recommend using the highest annual average COPC soil
concentration (Cs,,) occurring during the exposure duration period for noncarcinogenic COPCs. Cs,,

typically occurs at the end of the operating life of the emission source or the time period of combustion.

As in U.S. EPA (1994r) and NC DEHNR (1997), we recommend using the highest 1-year annual average
soil concentration, determined using Equation 5-1E, to evaluate risk from noncarcinogenic COPCs (see

Chapter 7).

5.2.2  Calculating the COPC Soil Loss Constant (ks)

Organic and inorganic COPCs can be lost from the soil by several processes that may or may not occur
simultaneously. The rate at which a COPC is lost from the soil is known as the soil loss constant (ks).
We recommend determining ks by using the soil’s physical, chemical, and biological characteristics, to
estimate the COPC-specific loss resulting from:

(1) leaching,

2) runoff,

(3) erosion,

4) biotic and abiotic degradation, and

(5) volatilization.
U.S. EPA Region 6 U.S. EPA
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U.S. EPA (1990¢) recommended Equation 5-2 to calculate ks:

ks = ksl + ksg + ksv Equation 5-2
where
ks = COPC soil loss constant due to all processes (yr ')
ksl = COPC loss constant due to leaching (yr ')
ksg = COPC loss constant due to biotic and abiotic degradation (yr ')
ksv = COPC loss constant due to volatilization (yr )

We recommend using Equation 5-2A to calculate ks. We describe this equation further in Appendix B,
Table B-1-2. Using Equation 5-2A is consistent with U.S. EPA (1994g), U.S. EPA (1994r), U.S. EPA
(1998c) and NC DEHNR (1997).

Recommended Equation for Calculating:
COPC Soil Loss Constant (ks)

ks = ksg + kse + ksr + ksl + ksv Equation 5-2A

where

ks = COPC soil loss constant due to all processes (yr ')

ksg = COPC loss constant due to biotic and abiotic degradation (yr ')

kse = COPC loss constant due to soil erosion (yr ')

ksr = COPC loss constant due to surface runoff (yr ')

ksl = COPC loss constant due to leaching (yr ')

ksv = COPC loss constant due to volatilization (yr ')

Section 5.2.2.1 discusses loss due to biotic and abiotic degradation (ksg). Section 5.2.2.2 discusses loss
due to erosion (kse). Section 5.2.2.3 discusses loss due to surface runoff (ksr). Section 5.2.2.4 discusses

Loss due to leaching (ks/). Section 5.2.2.5 discusses loss due to volatilization (ksv).

As highlighted in Section 5.2.1, using Equation 5-2A in Equations 5-1C and 5-1D assumes that you can
define COPC loss using first-order reaction kinetics. First-order reaction rates depend on the
concentration of one reactant (Bohn et al. 1985). The loss of a COPC by a first-order process depends
only on the concentration of the COPC in the soil, and a constant fraction of the COPC is removed from
the soil over time. Those processes that apparently exhibit first-order reaction kinetics without implying a
mechanistic dependence on a first-order loss rate are termed “apparent first-order” loss rates (Sparks

1989). The assumption that COPC loss follows first-order reaction kinetics may be an oversimplification
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because—at various concentrations or under various environmental conditions—the loss rates from soil
systems will resemble different kinetic expressions. However, at low concentrations, a first-order loss

constant may be adequate to describe the loss of the COPC from soil (U.S. EPA 1998c).

COPC loss in soil can also follow zero or second-order reaction kinetics. Zero-order reaction kinetics are
independent of reactant concentrations (Bohn et al. 1985). Zero-order loss rates describe processes in
which the reactants are present at very high concentrations. Under zero-order kinetics, a constant amount
of a COPC is lost from the soil over time, independent of its concentration. Processes that follow
second-order reaction kinetics depend on the concentrations of two reactants or the concentration of one
reactant squared (Bohn et al. 1985). The loss constant of a COPC following a second-order process can
be contingent on its own concentration, or on both its concentration and the concentration of another

reactant, such as an enzyme or catalyst.

Because COPC loss from soil depends on many complex factors, it may be difficult to model the overall
rate of loss. In addition, because the physical phenomena that cause COPC loss can occur
simultaneously, using Equation 5-2A might also overestimate loss rates for each process (Valentine
1986). We recommend, when possible, taking into account the common occurrence of all loss processes.
It’s possible to derive combined rates of soil loss by these processes experimentally. U.S. EPA (1986¢)

presents values for some COPCs.

5.2.2.1 COPC Loss Constant Due to Biotic and Abiotic Degradation (ksg)

Soil losses resulting from biotic and abiotic degradation (ksg) are determined empirically from field
studies and should be available in the literature (U.S. EPA 1998c). According to Lyman et al. (1982), it’s
reasonable to assume that degradation rates follow first order kinetics in a homogenous media. You’re
therefore able to relate the half-life of a compound to the degradation rate constant. Ideally, ksg is the
sum of all biotic and abiotic rate constants in the soil media. Therefore, if the half-life of a compound (for
all of the mechanisms of transformation) is known, you can calculate the degradation rate. However,
literature sources don’t provide sufficient data for all such mechanisms, especially for soil. Earlier
Agency guidance (U.S. EPA 1994¢g) recommended setting ksg for all COPCs other than 2,3,7,8-TCDD
equal to zero. The HHRAP companion database presents our recommended values for this COPC-

specific variable.
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Recommended Values for:
COPC Loss Constant Due to Biotic and Abiotic Degradation (ksg)

COPC-Specific
(See the HHRAP companion database)

The rate of biological degradation in soils depends on the concentration and activity levels of the
microbial populations in the soil, the soil conditions, and the COPC concentration (Jury and Valentine
1986). First-order loss rates often fail to account for the high variability of these features in a single soil
system. However, using simple rate expressions may be appropriate at low chemical concentrations (e.g.,
nanogram per kilogram soil). A first-order dependence on chemical concentration may be reasonable at
low chemical concentrations. The rate of biological degradation is COPC-specific, and depends on the
complexity of the COPC and the usefulness of the COPC to the microorganisms. Some substances, rather
than being used by the organisms as a nutrient or energy source, are simply degraded with other similar
COPCs, which can be further utilized. Environmental- and COPC-specific factors that can limit the

biodegradation of COPCs in the soil environment (Valentine and Schnoor 1986) include:

. availability of the COPC;

. nutrient limitations;

. toxicity of the COPC; and

. inactivation or nonexistence of enzymes capable of degrading the COPC.

Chemical degradation of organic compounds can be a significant mechanism for removing COPCs from
soil (U.S. EPA 1998c). Hydrolysis and oxidation-reduction reactions are the primary chemical
transformation processes occurring in the upper layers of soils (Valentine 1986). General rate expressions
describing the transformation of some COPCs by all non-biological processes are available. These

expressions are helpful when division into component reactions isn’t possible.

Hydrolysis in aqueous systems is characterized by three processes: acid-catalyzed, base-catalyzed, and
neutral reactions. The overall rate of hydrolysis is the sum of the first-order rates of these processes
(Valentine 1986). In soil systems, sorption of the COPC can increase, decrease, or not affect the rate of
hydrolysis, as numerous studies cited in Valentine (1986) have shown. We recommend predicting the
overall (i.e. total) rate of hydrolysis in soil by adding the rates in the soil and water phases. We
recommend assuming that these rates are first-order reactions at a fixed pH (Valentine 1986). Lyman et

al. (1982) describes methods for estimating these hydrolysis constants.
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Organic and inorganic compounds also undergo oxidation-reduction (redox) reactions in the soil
(Valentine 1986). Organic redox reactions involve the reacting molecules exchanging oxygen and
hydrogen atoms. Inorganic redox reactions may involve the reactants exchanging atoms or electrons. In
soil systems where the identities of oxidant and reductant species aren’t known, you can acquire a
first-order rate constant for describing loss by redox reactions (Valentine 1986). Redox reactions
involving metals may promote losses from surface soils by making metals more mobile (e.g., leaching to

subsurface soils).
5.2.2.2 COPC Loss Constant Due to Soil Erosion (kse)

U.S. EPA (1998c) recommended using Equation 5-3 to calculate the constant for soil loss resulting from

erosion (kse).

0.l-X,-SD-ER  Kd,- BD

e = Equation 5-3
BD-Z, 6,,+ (Kd,-BD) 1
where
kse = COPC soil loss constant due to soil erosion
0.1 = Units conversion factor (1,000 g-kg/10,000 cm*-m?)
X, = Unit soil loss (kg/m?-yr)
SD = Sediment delivery ratio (unitless)
ER = Soil enrichment ratio (unitless)
BD = Soil bulk density (g soil/cm® soil)
Z, = Soil mixing zone depth (cm)
Kd, = Soil/water partition coefficient (ml water/g soil)
0., = Soil volumetric water content (ml water/cm” soil) = 0.2 ml/cm’

We recommend using the Universal Soil Loss Equation (USLE) to calculate unit soil loss (X,)(See
Section 5.7.2). We describe soil bulk density (BD) in Section 5.2.4.2. We describe Soil mixing depth

(Z,) in Section 5.2.4.1. We describe soil volumetric water content (0,,) in Section 5.2.4.4. We discuss

sSw.

site-specific variables associated with Equation 5-3 further in Appendix B.

U.S. EPA (1994g and 1994r) recommended setting all kse values equal to zero. U.S. EPA (1994r)

recommended setting kse equal to zero because contaminated soil erodes both onto and off of the site.

As in U.S. EPA (1994¢g and 1994r), we recommend setting kse equal to zero.
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Recommended Value for:
COPC Loss Constant Due to Erosion (kse)

0

For additional information on addressing kse, we recommend consulting U.S. EPA (1998c). We also

further describe using kse values in Appendix B, Table B-1-3.

5.2.2.3 COPC Loss Constant Due to Runoff (ksr)

Earlier U.S. EPA guidance (1994g) recommended setting all ks» values equal to zero.

As in U.S. EPA (1994r; 1998c) and NC DEHNR (1997), we recommend using Equation 5-4 to calculate

ksr. We further discuss using Equation 5-4 in Appendix B, Table B-1-4.

Recommended Equation for Calculating:
COPC Loss Constant Due to Runoff (ksr)

ksr = —RO_. L Equation 5-4
- quation 5-
GSW°ZS 1+(KdS°BD/6SW)

where

ksr = COPC loss constant due to runoff (yr ')

RO = Average annual surface runoff from pervious areas (cm/yr)

0., = Soil volumetric water content (ml water/cm” soil) = 0.2 ml/cm’

Z, = Soil mixing zone depth (cm)

Kd, = Soil/water partition coefficient (ml water/g soil)

BD = Soil bulk density (g soil/cm® soil) = 1.5 g/cm’

The average annual surface runoff from pervious surfaces (RO) is a site-specific water loss term discussed

in Section 5.2.4.3. Section 5.2.4.4 describes soil volumetric water content (0, ). Section 5.2.4.1 discusses

the depth of soil mixing (Z,). Appendix A-2 explains how we recommend calculating the COP C-specific

soil/water partition coefficient (Kd,). Section 5.2.4.2 describes soil bulk density (BD).
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5.2.2.4 COPC Loss Constant Due to Leaching (ks/)

Losses of soil COPCs due to leaching (ks/) depend on the amount of water available to generate leachate

and soil properties such as bulk density, soil moisture, soil porosity, and soil sorption properties.
U.S. EPA (1990¢) recommended using Equation 5-5 to calculate ks/.

) P+1-E,

ksl - .
0_-Z-[1.0+ (Kd-BD /0_)] Fauation 3-3

where
ksl = COPC loss constant due to leaching (yr ')
P = Average annual precipitation (cm/yr)
1 = Average annual irrigation (cm/yr)
E = Average annual evapotranspiration (cm/yr)
0 = Soil volumetric water content (ml water/cm” soil) = 0.2 ml/cm’
Z = Soil mixing zone depth (cm)
Kd = Soil/water partition coefficient (ml water/g soil)
BD = Soil bulk density (g soil/cm? soil)

U.S. EPA (1993f) determined that Equation 5-5 does not properly account for surface runoff. U.S. EPA

(1994g) recommended setting all ks/ values to zero.

More recent guidance (U.S. EPA 1994r; 1998c; NC DEHNR 1997) have recommended using Equation 5-
5A to calculate ks/. As with U.S. EPA (1994r), U.S. EPA (1998c), and NC DEHNR (1997), we
recommend using Equation 5-5A to account for runoff while calculating ks/. We further discuss the use

of this equation in Appendix B, Table B-1-5.
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Recommended Equation for Calculating:
COPC Loss Constant Due to Leaching (ks/)

ksl = P+ I- RO- Ev .
esw . Zs . [1.0 4 (BD ,de/esw)] Equation 5-5A

where
ksl = COPC loss constant due to leaching (yr ')
P = Average annual precipitation (cm/yr)
1 = Average annual irrigation (cm/yr)
RO = Average annual surface runoff from pervious areas (cm/yr)
E, = Average annual evapotranspiration (cm/yr)
0., = Soil volumetric water content (ml water/cm® soil) = 0.2 ml/cm’
Z, = Soil mixing zone depth (cm)
BD = Soil bulk density (g soil/cm’® soil) = 1.5 g/cm’
Kd, = Soil/water partition coefficient (cm’ water/g soil)

Appendix B describes how we suggest acquiring site-specific variables associated with Equation 5-5A.
The average annual volume of water available to generate leachate is the mass balance of all water inputs
and outputs from the area under consideration (P + /- RO - E ). These variables are described in

Section 5.2.4.3. Section 5.2.4.4 describes soil volumetric water content (0,,). Section 5.2.4.1 describes

sw.

the soil mixing depth (Z,). Section 5.2.4.2 soil bulk density (BD). Appendix A-2 describes how we

recommend calculating the COPC-specific soil/water partition coefficient (Kd,).

5.2.2.5 COPC Loss Constant Due to Volatilization (ksv)

Semi-volatile and volatile COPCs emitted in high concentrations may become adsorbed to soil particles
and exhibit volatilization losses from soil. The loss of a COPC from the soil by volatilization depends on
the rate of movement of the COPC to the soil surface, the chemical vapor concentration at the soil

surface, and the rate at which vapor is carried away by the atmosphere (Jury 1986).

U.S. EPA (1990¢; 1993f; 1998c) recommended using Equation 5-6 to calculate ksv.

ksv = Ke*Kt Equation 5-6
where
ksv = COPC loss constant due to volatilization (yr ')
Ke = Equilibrium coefficient (s/cm-yr)
Kt = Gas phase mass transfer coefficient (cm/s)
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U.S. EPA (1990¢; 1993f; 1998c) don’t identify a reference for Equation 5-6. U.S. EPA (1993f) stated
that Equation 5-6 had been independently verified as accurately representing volatilization loss, but that
the equation for K¢ (Equation 5-8) appeared to fit to data empirically. U.S. EPA (1993f) also stated that
ksv is modeled as a means of limiting soil concentration. Because this mass flux never experiences rain
out, or washout and subsequent re-deposit, soil COPC concentrations are underestimated for soluble
volatile COPCs. U.S. EPA (1993f) further reccommended that additional research be conducted to
determine the magnitude of the uncertainty introduced for volatile COPCs. U.S. EPA (1998c¢)
recommended not considering the volatilized residues of semi-volatile COPCs (such as dioxin). U.S.

EPA (1994g) recommended setting all ksv values to zero.

U.S. EPA guidance (1994r) and NC DEHNR (1997) recommended using Equation 5-6A to calculate ksv.
Equation 5-6A appears to incorporate equations that U.S. EPA (1990e) recommended for calculating Ke

(equilibrium coefficient) and K¢ (gas phase mass transfer coefficient).

0.11
0.67
v = 3.1536<10"-H | | 0482 - w08 Ma ||| 44 Equation 5-6A
ZKd R-T, BD o,-D, m
where
ksv = COPC loss constant due to volatilization (yr ')
3.1536 x 107 = Units conversion factor (s/yr)
H = Henry’s Law constant (atm-m*/mol)
Z, = Soil mixing zone depth (cm)
Kd, = Soil/water partition coefficient (cm® water/g soil)
R = Universal gas constant (atm-m*/mol-K)
T, = Ambient air temperature (K) = 298.1 K
BD = Soil bulk density (g soil/cm’ soil)
0.482 = Empirical constant (unitless) Units conversion factor
[(3600 s/hr)*7*(100 cm/m)/(3600 s/hr)] - (empirical constant
0.0292)
w = Average annual wind speed (m/s)
0.78 = Empirical constant (unitless)
K, = Viscosity of air (g/cm-s)
P, = Density of air (g/cm®)
D, = Diffusivity of COPC in air (cm?/s)
-0.67 = Empirical constant (unitless)
A = Surface area of contaminated area (m?)
-0.11 = Empirical constant (unitless)
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U.S. EPA (1990e) recommended using Equation 5-7 to calculate Ke and Equation 5-8 to calculate Kz.

3.1536 x 107 - (H x 10%)

Ke = .
e Z-Kd-R-T, BD Equation 5-7
Kt = 0482 WO™.8c %7 g~ o1 Equation 5-8
where
Ke = Equilibrium coefficient (s/cm-yr)
3.1536 x 107 = Units conversion factor (s/yr)
H = Henry’s Law constant (atm-L/mol)
10° = Units conversion factor (L/m?)
Z, = Soil mixing zone depth (cm)
Kd, = Soil/water partition coefficient (cm® water/g soil)
R = Universal gas constant (atm-m*/mol-K)
T, = Ambient air temperature (K) = 298.1 K
BD = Soil bulk density (g soil/cm® soil)
Kt = Gas phase mass transfer coefficient (cm/s)
0.482 = Units conversion factor [(3600 s/hr)*’*(100 cm/m)/(3600 s/hr)] -
(empirical constant 0.0292)
w = Average annual wind speed (m/s)
Sc, = Schmidt number for gas phase (unitless)
d, = Effective diameter of contaminated media (m)

U.S. EPA (1990¢) also recommended using Equation 5-9 to calculate the Schmidt number for gas phase

(Sc,), and Equation 5-10 to calculate the effective diameter of contaminated media (d,).

M,
Sc, = D Equation 5-9
pa a
de = _4 4 Equation 5-10
T
where
Sc, = Schmidt number for gas phase (unitless)
u, = Viscosity of air (g/cm-s)
P, = Density of air (g/cm?)
D, = Diffusivity of COPC in air (cm?/s)
d = Effective diameter of contaminated media (m)
e
A = Surface area of contaminated area (m?)
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As in U.S. EPA (1998c¢), we recommend using Equation 5-7A to calculate ksv, in cases where high

concentrations of volatile organic compounds are expected to be present in the soil.

Recommended Equation for Calculating:
COPC Loss Constant Due to Volatilization (ksv)

3.1536 x 10"-H | (Da) |, _ [ BD

= ®Sw Equation 5-7A
Zs ) de ‘R Ta *BD Zs psoil
where
ksv = COPC loss constant due to volatilization (yr ')
3.1536 x 107 = Units conversion factor (s/yr)
H = Henry’s Law constant (atm-m’/mol)
Z, = Soil mixing zone depth (cm)
Kd, = Soil/water partition coefficient (ml/g)
R = Universal gas constant (atm-m°*/mol-K)
T, = Ambient air temperature (K) = 298.1 K
BD = Soil bulk density (g soil/cm® soil) = 1.5 g/cm’
D, = Diffusivity of COPC in air (cm?/s)
Peoil = Solids particle density (g/cm’) = 2.7 g/cm’
0., = Soil volumetric water content (ml/cm’ soil) = 0.2 ml/cm’

Henry’s Law constants are compound-specific, and we supply recommended values in the HHRAP
companion database. We describe the soil mixing depth (Z,) in. Appendix A-2 describes how we
recommend calculating the COP C-specific soil/water partition coefficient (Kd,). The Universal gas
constant (R) and ambient air temperature (7,) are discussed further in Appendix B, Table B-1-6. Soil
bulk density (BD) is described below, as well as in Section 5.2.4.2. Appendix A-2 discusses the
diffusivity of a COPC in air (D). Solids particle density (p,,;) is discussed in this Section, below. Soil

volumetric water content (0,,) is further described below, as well as in Section 5.2.4.4.

SW.

Equation 5-7A is based on gas equilibrium coefficients and gas phase mass transfer, and combines
Equations 5-7, 5-7B, and 5-7C. You can derive ksv by adapting the Hwang and Falco (1986) equation for
soil vapor phase diffusion, to obtain Equation 5-6, as previously reported by U.S. EPA (1990¢). Based on
general soil properties, you can also write the gas-phase mass transfer coefficient, K,, as follows (Hillel

1980; Miller and Gardiner 1998):
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Kt = Equation 5-7B

where

K, = Gas phase mass transfer coefficient (cm/s)
V4 = Soil mixing zone depth (cm)

D = Diffusivity of COPC in air (cm?/s)

0 = Soil void fraction (cm*/cm?)

s
a

v

We describe Soil mixing depth (Z,) in Section 5.2.4.1. The soil void fraction (0,) is the volumetric

fraction of a soil that does not contain solids or water, and can be expressed as:

0,=1- (@) - O Equation 5-7C
Ps
where
0, = Soil void fraction (cm®/cm?)
BD = Soil bulk density (g/cm’) = 1.5 g/cm’
Psoit = Solids particle density (g/cm’) = 2.7 g/cm’
0., = Soil volumetric water content (ml water/cm’ soil) = 0.2 ml/cm’

The expression containing bulk density (BD) divided by solids particle density (p,,;) gives the volume of
soil occupied by pore space or voids (Miller and Gardiner 1998). Soil bulk density is affected by the soil
structure, such as looseness or compactness of the soil, and depends on the water and clay content of the
soil (Hillel 1980). A range for bulk density of 0.83 to 1.84 was originally cited in Hoffman and Baes
(1979). Blake and Hartge (1996) and Hillel (1980) both suggest that the mean density of solid particles is
about 2.7 g/cm’®. We recommend a default soil bulk density of 1.5 g/cm’, based on a mean value for loam

soil from Carsel et al. (1988).

The soil water content (0,,) depends on both the available water and the soil structure of a particular soil.
Values for 6, range from 0.03 to 0.40 ml/cm’ depending on soil type (Hoffman and Baes 1979). The
lower values are typical of sandy soils, which can’t retain much water; the higher values are typical of
soils such as clay or loam soils which can retain water. If site-specific information isn’t available, we
recommend a mid-point default value of 0.2 ml water/cm’ soil. However, since 6, is unique for each soil

type, we highly recommend using site-specific information.

We discuss ksv further in Appendix B, Table B-1-6.
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5.2.3 Calculating the Deposition Term (Ds)

We recommend using Equation 5-11 to calculate the deposition term (Ds). This equation is further
described in Appendix B, Table B-1-1. Using Equation 5-11 to calculate Ds is consistent with U.S. EPA
(1994r) and NC DEHNR (1997), which both incorporate Ds into Equation 5-1C.

Recommended Equation for Calculating:
Deposition Term (Ds)

Ds=| 2V 2\ (7, (Dydv + Dywy) + (Dydp + Dywp) (1~ )] Equation 51
S
where
Ds = Deposition term (mg COPC/kg soil/yr)
100 = Units conversion factor (mg-m?/kg-cm?)
0 = COPC emission rate (g/s)
Z, = Soil mixing zone depth (cm)
BD = Soil bulk density (g soil/cm’ soil) = 1.5 g/cm’
F, = Fraction of COPC air concentration in vapor phase (unitless)
Dydv = Unitized yearly average dry deposition from vapor phase (s/m*-yr)
Dywyv = Unitized yearly average wet deposition from vapor phase (s/m?-yr)
Dydp = Unitized yearly average dry deposition from particle phase (s/m*-yr)
Dywp = Unitized yearly average wet deposition from particle phase (s/m*-yr)

Chapters 2 and 3 explain how we suggest quantifying the COPC emission rate (Q). Chapter 3 describes
generating modeled air parameters Cyv, Dydv, Dywv, Dydp, and Dywp. We describe the soil mixing
depth (Z,) in Section 5.2.4.1. Soil bulk density (BD) is described in Sections 5.2.2.5 and 5.2.4.2, as well

as Appendix B. Appendix A-2 describes how we suggest determining the COPC-specific parameter Fv.

5.2.4  Site-Specific Parameters for Calculating Cumulative Soil Concentration

Calculating Cs requires the following site-specific parameters:

. Soil mixing zone depth (Z)

. Soil bulk density (BD)

. Available water (P + /- RO - E))

. Soil volumetric water content (0,,)

We discuss these parameters further in the following subsections, and in Appendix B.
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5.2.4.1 Soil Mixing Zone Depth (Z))

When modeling exposures to COPCs in soils, the depth of contaminated soils is important in calculating
the appropriate soil concentration. Tilling might mix deposited COPCs deeper into the soil, whether
manually in a garden or mechanically in a large field. Increasing the volume of soil through which
COPCs are mixed will tend to decrease (i.e. dilute) concentrations. The value of Z, you choose may
affect the outcome of the risk assessment, because soil concentrations that are based on soil depth are

used to calculate exposure via several pathways:

. ingestion of plants contaminated by root uptake;
. direct ingestion of soil by humans, cattle, swine, or chickens; and
. surface runoff into water bodies.

For example, in calculations of exposures resulting from uptake through plant roots, the average

concentration of COPCs over the depth of the plant root determines plant uptake.

In general, U.S. EPA (1992d, 1998c¢) estimated that if the area under consideration is likely to be tilled,
soil depth is about 10 to 20 centimeters, depending on local conditions and the equipment used. If soil is
not moved, COPCs were assumed to be retained in the shallower, upper soil layer. In this case, earlier

Agency guidance (U.S. EPA 1990e; U.S. EPA 1998c) typically recommended a value of 1 centimeter.

U.S. EPA (1998c) recommended selecting Z_ as follows:

Soil Depth (Z)) Exposure Description

1 cm Direct ingestion of soil Human exposure: in gardens, lawns, landscaped areas, parks, and
recreational areas.
Animal exposure: in pastures, lawns, and parks (untilled soils).

1 cm Surface water runoffin These areas are typically assumed to be untilled.
nonagricultural areas

20 cm Plant uptake for agricultural | The root depth is assumed to equal the tilling depth of 20 centimeters.
soils In untilled soils, t