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10 Different Congener s, 17 ar e

2,3,7,8-TCDD is helieve to be the most toxic
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Structures of (left) polychl()rinalcd-para-—dioxins-’_and (right) dibenzofurans.




Table 1. Toxic Equivalency Factors (TEF’s) for PCDD/F Congeners

(U.S.EPA 1994a,b)

Dibenzo-p-dioxins Dibenzofurans
Congener(s) TEF Congener(s) TEF
dibenzo-p-dioxin molecules with 0 dibenzofuran molecules with 0
three or less chorine atoms three or less chlorine atoms
27 total 59 total
2,3,7,8-TCDD 1 2,3,7,8-TCDF 0.1
all other TCDD’s (21 total) 0 all other TCDEF’s (37 total) 0
1,2,3,7,8-PeCDD 0.5 2,3,4,7,8-PeCDF 0.5
1,2,3,7,8-PeCDF 0.05
all other PeCDD’s (13 total) 0 all other PeCDF’s (26 total) 0
1,2,3,4,7,8-HxCDD 0.1 1,2,3,4,7,8-HxCDF 0.01
1,2,3,6,7,8-HxCDD 0.1 1,2,3,6,7,8-HxCDF 0.01
1,2,3,7,8,9-HxCDD 0.1 1,2,3,7,8,9-HxCDF 0.01
2,3,4,6,7,8-HxCDF 0.01

all other HXCDD’s (7 total 0 all other HXCDF’s (12 total 0
1,2,3,4,6,7,8-HpCDD 0.01 1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01

all other HpCDD’s (1 total) 0 all other HpCDEF’s (2 total) 0

| OCDD 0.001 || OCDF 0.001 |

Abbreviations:

TCDD = Tetrachlorodibenzo-p-dioxin
PeCDD = Pentachlorodibenzo-p-dioxin
HxCDD = Hexachlorodibenzo-p-dioxin
HpCDD = Heptachlorodibenzo-p-dioxin
OCDD = Octachlorodibenzo-p-dioxin

Abbreviations:

TCDF
PeCDF =

OCDF =

= Tetrachlorodibenzofuran

Pentachlorodibenzofuran
HxCDF = Hexachlorodibenzofuran
HpCDF = Heptachlorodibenzofuran
Octachlorodibenzofuran




Figure 3. Exposure to PCDD/F's from Food vs. Inhalation (U.S. Adults)
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Figure 2. Relative Importance of Dioxin Exposure from Different Foods
(Estimates are based on extremely limited data and should be regarded as preliminary approximations only)
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Note: Exposure from Egg Consumption Not Included in U.S. Data, Because of Lack of Data
U.S. Data: Schecter et al. (1994), Envr Health Persp 102(11): 962-966 (geometric mean of low & high estm's used)
Ontario Data: Birmingham et al. (1989), Chemosphere 19(1-6):507-512.




Summary of Atmospheric Deposition and Destruction

Wet Deposition

Gas-Phase PCDD/PCDF

a significant fraction of the
tetra- and penta- chloro
PCDD/PCDFs exist in the vapor
phase

Depends on solubility of pollutant in
water

but, PCDD/PCDFs are not very
soluble

Thus, this is not a very important
deposition pathway

Phenomenon Relevant to PCDD/PCDFs

Particle-Phase PCDD/PCDF

essentially all of the hexa-,
hepta- and octa-chloro
PCDD/PCDFs exist in the
particle phase

In-Cloud: Rainout

very efficient deposition
mechanism

Below-Cloud: Particle Scavenging
by falling raindrops

less efficient deposition
mechanism

Lagrangian time scale for air parcel
encountering a rain event ~ 1 week




Summary of Atmospheric Deposition and Destruction
Phenomenon Relevant to PCDD/PCDFs

Gas-Phase PCDD/PCDF Particle-Phase PCDD/PCDF

a significant fraction of the essentially all of the hexa-,
tetra- and penta- chloro hepta- and octa-chloro
PCDD/PCDFs exist in the vapor PCDD/PCDFs exist in the
phase particle phase

Dry Deposition Depends on physical chemical Primarily depends on patrticle size:
properties of pollutant:
Small particles have a lot of
e.g., adsorption to soil, surface area, but they have a

adsorption to vegetation, low deposition velocity
solubility in water, etc...

Big particles have appreciable
Depends on local meteorological deposition velocity because of
conditions: gravity, but, they don't have
much surface area
e.g., wind speed, turbulence,
and temperature Somewhat dependent on local
meteorological conditions:
And depends on nature of land e.g., wind speed and
surface: temperature

e.g., urban, agricultural, forest, Not very dependent on nature of land
desert, water surface

Atmospheric gas-phase PCDD/PCDF somewhat particle-phase PCDD/PCDF appear
Transformation vulnerable to hydoxyl radical to be much less vulnerable to
reaction; photolytic or chemical destruction

gas-phase PCDD/PCDF less
vulnerable to photolysis (but, the rate
of this process is relatively uncertain)




In 1993, we obtained the HYSPLIT model (version 3)

Several modifications made to simulate PCDD/F & Hexachlorobenzene

Deposition accounting for specific point and area receptors
Vapor/particle partitioning for semivolatile compounds
Atmospheric chemistry i reaction with OH and photolysis
Particle size distribution for particle-associated material
Particle deposition estimated for each particle size

Enhanced treatment of wet and dry deposition

O 0 0 0O 0O 0 0

Accounting for five different deposition pathways

o Dry -- gas

0 Dry -- particle

0 Wet -- below cloud high RH (droplets present below cloud)

0 Wet -- below cloud low RH (dry particles present below cloud)
o Wet -- in cloud
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C:\hysplit4\receptors\recp data.txt

minimum maximum minimum maximum
longitude longitude EWITLINIEN |atitude of
of rectangle of rectangle rectangle rectangle

Lake Chapadl@3018, 1103.343,20.223,20.289/
Lake Chapadl@3@43, 2103.194,20.211,20.288/
Lake Chapadl@3d94, 3103.085,20.163,20.285/
Lake Chapadl@3d85, 4102.974,20.177,20.331/
Lake Chapadl@2®74, 5102.766,20.173,20.311 /
Lake Chapadl@2i/66, 6102.714,20.233,20.290 /
Lake Chapadl@26/66, 7102.693,20.173,20.211/
Lake Chapadl@286l, 8102.759,20.140,20.174 /
Lake Chapadl@2®44, 9102.803,20.111,20.140/
'"Lake Chapadl@3da56]l 0103.085,20.285,20.324 /
'Lake Chapadl@3®56] *103.194,20.180,20.211/
'"Lake Chapadl@3@]19]l 2103.256,20.199,20.211/




You can add your own receptors!

Al s o, Il n addi ti on
receptors, like a lake,

point receptors can be added,

e.g., corresponding to
measurement site locations

This Is particularly useful for
model evaluation
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Fraction of Total Emissions

2.3,7.8-TCDF 2.3.4,7,8-PeCDF

2,3,7,8-TCDD OCDD
B Dry particle deposition B Wet vapor deposition
|| Dry vapor deposition "] Hydroxyl Reaction
[} Wet in-cloud particle deposition B Photolysis
[ Wet below-cloud particle deposition

Fraction of emissions of four dioxin congeners accounted for in different
fate pathways anywhere in the modeling domain for a hypothetical 1996
year-long continuous source near the center of the domain.



The fraction of emissions deposited
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continuous source near the center of the modeling domain [40° N, 95° W).



Rate of destruction of PCDD/F congeners by
photolysis I s particularly wun

To help
understand
uncertainties,
sensitivity
analyses can
be very useful



