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Monsanto

Monsanto Company

800 N. Lindbergh Boulevard
St. Louis, Missouri 63167
Phonae: (314) 634-1000

July 10, 1985

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
Attention: Dioxin

Air Resources Board

P.0O. Box 2815

Sacramento, CA 95812

- Dear Mr. Loscutoff:

Monsanto is hereby submitting comments on the health effects and

- exposure assessments for "dioxins'", now under consideration by the Air
bl

Resources Board.

Much of what we have to say is based on recent information. It is
presented here only in summary form because the time allowed for comment
proved too short for us to develop comments in appropriate depth. More
detailed comments will follow.

Both the health effects and exposure assessments described in the
"Report to the Scientific Review Panel on Chlorinated Dioxins [sic] and
Dibenzofurans" contain assumptions that we now know to be incorrect.
These assumptions overestimate the possible risk from these materials in
the air by at least a factor of 100.

In the exposure assessment, all the many chlorodibenzodioxin and
-dibenzofuran species are assumed to be equally biologically active.
This is known not to be correct, and is contrary to both the
recommendations contained in the health effects assessment and practices
of U.S. EPA's Chlorinated Dioxins Working Group. In addition, the
exposure assessment appears to assume that PCDD's and PCDF's emitted as
vapor from incinerators condense and become biologically available as
the particulate-bound PCDD/PCDF's are. This assumption is also
incorrect: at the low concentrations found, the di- through hexachloro
CDD's/CDF's in the vapor phase will tend to remain there and be
photodegraded. The first assumption causes biologically relevant
exposure to be overestimated by at least 50 times; the effect of the
second is hard to ascertain without more information than presented in
the report. Contrary to what was stated, it is possible to separate
particulate-bound and vapor-phase PCDD/PCDF's; two recent publications
describe such experiments.
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Although the "Overview" section does not describe these
conclusions, the "Risk Assessment" section describes as scenario 3
{pp. 10-22 ret seq.) the relative hazard estimation proposed by EPA's
Chlorinated Dioxin Working Group. A position more '"comnservative than
this is not scientifically defensible.

ames D. Wilson, Ph.D.
///Planning & Information Director
Environmental Policy Staff

J/dkxr

cc: Mr. R. Barham
Toxic Pollutants Branch
Attention: Dioxin
Air Resources Board
P.0. Box 2815
Sacramento, CA 95812
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GEORGE DEUKMEAN, Governor

James D. Wilson, Ph.D.

Planning and Information Director
Environmental Policy Staff
Monsanto Company

800 N. Linbergh Blvd.

St. Louis, MO 63167

Dear Mr. Wilson:

Your letter of July 10, 1985 concerning Report to
the Scientific Review Panel on Chlorinated Dioxins and
Dibenzofurans has been reviewed. Comments pertaining to Part B
have been forwarded to the Department of Health Services. They
will prepare responses to your comments which we will include
along with your letter in Part C of the reviseé report. Monsanto
will receive the revised report when it is submitted to the
Scientific Review Panel.

Some comments in your letter pertained to Part A
. of the report. 1In particular, you raised the issue ¢of Photo-
( degradation of chlorinated dioxins and dibenzofurans. Chlorinated
) dioxins and dibenzofurans in the vapor phase are thought to be
susceptable to photodegradation in the atmosphere. Laboratory
studies have shown that chlorinated dioxins and dibenzofurans
in the vapor phase can be degraded. in sunlicht. Unfcrtunately,
no studies, to our knowledge, have been conduc:ied documenting
the rate and extent of photodegradation in the real world
environment. In the absense of hard data on the significance
of photodegradation of chlorinated dioxins and dibenzofurans in
the atmosphere, we assumed no photodegradation in the risk
assessment. This assumption was made to provicde maximum protection
of public 'health. If you have information on atmospheric photo-
degradation of chlorinated dioxins and dibenzoZfurans which you
believe would be of value to us, we would be very interested in
reviewing it.

Thank you for your comments.

Sincerely,

Witte ()

William V. uOS off,
Toxic Pollutents Branch
Stationary Source Division

. cc: Peter Venturini, ARB
Raymond Neutra, DHS
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July 11, 1985

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
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Dioxin

Air Resources Board
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Sacramento,
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the Air Resources Board and Department of Health Services
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We appreciate the opportunity to present comments upon

draft reports on polychlorinated dibenzo-p-dioxins {(dioxins)
and polychlorinated dibenzofurans (furans).
both agencies' efforts to protect the health and welfare of
the people of California.

L. D. Attaway, Ph.D., agree with the finding that dioxins
and furans should be listed as toxic air contaminants.

We also appreciate

The experts with whom we have consulted, particularly

The

restriction to dioxins and furans with four to seven chlorine
atoms per molecule, with the lateral 2, 3,
occupied by chlorine atoms, appears reasonable to them based

upon information available at this time.

However,

7 and 8 positions

the experts

recommend that these restrictions be made conditional at this
time, until more complete results on the health effects of all
of these substances make a more definitive declaration possible.
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Further, even though we agree with your final determina-
tion, the experts believe that you have considerably under-
estimated the health threat posed by dioxin and furan emissions
from municipal solid waste (resource recovery) incinerators.
Because these incinerators are likely to be the principal source
of these toxic air contaminants, we believe that it is important
to evaluate their impact as accurately as possible at this time.
We have therefore enclosed with this letter a discussion by
Dr. Attaway of recommended amendments to the ARB and DHS analyses
which we believe will improve its overall results.

In that discussion, Dr. Attaway refers to a Swedish
Environmental Protection Agency moratorium on the construction
of new MSW incinerators. Since English translations of
these announcements may not already be available to you, we
also enclose copies of such translations for your use.

Thank you again for this opportunity. We hope these
comments are useful in your continuing work on dioxins and

furans.
Very truly yours,
McKENNA, CONNER & CUNEO
oy ;jj22%{f67 éﬁéifﬂ_\
Michael D. Berk
MDB: 1k
Enclosures

cc: L. D. Attaway, Ph.D.




Leland D. Attaway & Associates

1005 A Strees © Suiste 405 ® San Rafael, CA 94901 o (415} 459-3124

RECOMMENDED AMENDMENTS TO ARB/DHS DIOXIN/FURAN ANALYSES
L.D. Attaway, Ph.D.

1. [EMISSION RATES

The upper limits on emission rates used in this analysis are too low for
both dioxins and furans. In Appendix B to Part A are presented a table giving
a “"Quantitative Determination of PCDDs in Airborn Particulate and Flue Gas
Condensate from Municipal Incinerators", and a similar table for PCDPs. These
emission rates are the same as those presented in ARB_reference (1), except for

_.an error for PCOF $3, which should be 1.4416 Wg/NmS. If these results are

__ complemented with those in references (2, 3), and all emission rates are
- converted to standard physical conditions, then the following emission range,
and average emission rate, result:

PCDD & PCDF
Bgission Ratg
Hg/m 1b/18°BTU
Lowest 8.2 2.2 % lﬂ:z
Highest 56.9 617.6 x 10 .
Average 7.7 85.8 x 18

Table 1 - Emission Rate Range in Literature

Because of current controversy over the actual formation mechanism and
location (combustion or post-combustion) (2, 3), it is not possible to specify
where in this range mass-burn incinerators will opgrate. However, ARB has
chosen for this analysis an upper limit of 8.8 MHg/m° (page 4 of Appendix A to
Part A). Further, the ARB has stated (page 1 of Appendix A to Part A) that
their 1lower 1limit "should be considered as the most reasonable scenario” and
their upper limit "as the worst plausible scenario.” Nothing in the literature
we have revieued leadg to this conclusion, and we recommend that an upper
1imit near 56.8 Wg/m° be used in this analysis and represented as just as
- likely as the lower limit used.

2. SIGNIPICANT PATHWAYS

The ARB/DHS analyses do not consider pathways from MSW incinerators to man
other than the direct inhalation pathway. On page I11I-6 of Part A this narrow
..focus {s based upon previous analyses which allegedly showed other pathuways
were insignificant relative to direct inhalation. However, more careful
evaluation of these pathways leads to a contrary conclusion. In the case of
the North County Associates (4) assessment of hand-to-mouth ingestion and skin

Environment — Energy — Resources



absorption via hands of indoor dusts, that analysis failed to reflect the
number of times that the human (especially infant) hand touches down on
contaminated surfaces. When this is properly reflected (e.g., 199 such touch-
downs per day) the following table results (Table 4-5 on page 46 of (5),
extended here):

MAXIMUM UPTAKE PERCENT OF TOTAL UPTAKE
(mg/kg/day)
1 Touchdown/Day 18§ Touchdowns/Day 1 Touchdown/Day 189 Touchdowns/Day
PATHWAY (NCRRA Results) (Amended Result) {NCRRA Results) (Amended Result)
Direct Inhalation 1.9 x 19719 1.9 x 19719 51.9 2.27
Ingestion
. -9
Soi} x 191 3.8 x 1873, 19.8 86.2
i - 5.7 x-18 N | :
B, P Rk 44 i
Dermal Absorption 1.6 x 19712 1.6 x 19719 2.4 10.4
Total Uptake 1aaxu ¥ s xw? 199.9 199.4

Table 2 - Estimated Maximum Uptake of Dioxins and Furans
By Various Pathways

As can be seen from Table 2, appropriate reflection of the number of hand
touchdowns per day completely reverses the relative importance of the direct
inhalation and soil ingestion pathways as evaluated by the NCRRA model. We do
not necessarily hold with the results of Table 3 -- for example, the ingestion
by diet analysis is also inadequate -- but we are simply emphasizing that the
ARB should not dismiss other pathways based upon these other analyses. Please
also see reference (§) for a review of the Brooklyn Navy Yard analysis.

We would recommend that the ARB address the pathways (originating with air
emissions) shown in Table 3 below with screening models to determine their
relative importance. Those which remain as possibly significant should then be
subjected to a more full-blown analysis. The Swedish Environmental Protectior
Agency (7) has recently imposed a one-to-two year ban on the construction i«
new MSW incinerators, largely because of foodchain contaair:%ion by dioxins aud
furans; so these pathways should not be rejected out-of-L - ..

3. BIGH-TO-LOW DOSE EXTRAPOLATION

Although the multi-stage model used in the DHS analysis (Part B) for
extrapolating from high to low dcses i{s usually more conservative than other
wmodels, in this case it was not for 2,3,7,8-TCDD. Even so, it was used by the
DHS in its risk assessment. We suggest it would be more zppropriate to use the
more conservative Weibull model results.




o [ w o~
[ . ® .

DIRECT INHALATION
INBALATION OF RESUSPENDED INDOOR DUST AND OUTDOOR SOIL
INGESTION OF DEPOSITIONS TO INDOOR DUST AND OUTDOOR SOIL
DERMAL ABSORPTION OF DEPOSITIONS TO INDOOR DUST AND OUTDOOR SOIL
POOD CHAIN:
- DEPOSITION ON ANIMAL FORAGE FOODS

DEPOSITION ON SOILS NEAR FORAGE FOODS
CONTAMINATION OF SURFACE AND GROUNDWATERS

CONTAMINATION OF FOOD PROCESSOR PRODUCTS

DEPOSITION ON HUMAN FOOD CROPS

Table 3 - Pathways of Possible Concern for Air Emissions



4. CARCINOGENIC MECHANISM POR 2,3,7.8-TCDD

2,3,7,8-7cDD is suspected of being both an initiator and a promoter of
cancer (page 18-2 of Part B). Both aspects of its carcinogenicity should be
reflected in the DHS risk assessment. For one approach to treating 2,3,7,8-
TCDD promoter effects, see reference (§).

5. MNON-CANCER AND SYNERGISTIC EFFECTS

The above recommended treatment of 2,3,7,8-TCOD as a promoter (as well as
an initiator) of cancer addresses a synergistic relationship between 2,3,7,8-
TCDD and other carcinogens. Its is therefore appropriate to consider at least
this synergism between 2,3,7,8-TCDD and other substances.

On page 19-1 of Part B it is stated: "“Therefore, there is a safety factor
of over 1889 incorporated in Longstreth and Hushon's ADI. The airborne

concentration necessary to give an exposure equivalent to the ADI is
approximate]g 9.33 x 18~% nanograms of 2,3,7,8-TCDD per cubic meter. This ADI
ov

is near or above the highest exposure level projected by the ARB for PCDDs and
PCDFs (see Section 18.4 and Part A)."™ The ADI referenced here is 1 pg/kg/day.

However, the mgximum exposure level Broéected by the ARB for PCDDs and
PCDFs is 1.3 x 19-¢ ng/m3 (page III-3 of Part A) or 3.94 times the above

equivalent exposure. Since the safety factor of 188f has been introduced by
Longstreth and Hushon in order to be conservative, it is not appropriate to use
its inclusion in the ADI as grounds for ignoring the possibility of toxic
~effects. Furthermore, when maximum expected emission rates for PCDDs/PCDFs are

increased to reflect their possible range (see item 1 above), when possible
underestimates of ambient concentrations are amended (see ftem 6 below), and
when azbient concentration uncertainty due to PCDD/PCDP sources other than MSW

incinerators is reflected (see item 7 below), ambient concentrations will be
even higher.

At these ambient concentrations consideration of synergisms between
PCDD/PCDFs and other pollutants becomes appropriate. At the very least, the
additivity approach suggested by EPA (8), ACGIH (9) and NSF (18) should be used
(summation of ratios of ambient concentrations to acceptable ambient
concentrations and comparison with unity). The minimum set of other pollutants
which should be considered are those emitted by MSW incinerators. A partial
l1ist is shown in Table 4 (4); please note that the majority of the organics and
metals in Table 4 are currently under consideration by t-« ARB for listiny as
toxic air contaminants (ll)--indicated with an (*) in T2&le 4. The list in
Table 4 should be extcnded as appropriate to include al: %he air pollutants now
ARB candidates for 1isting under the AB1887 program; these are shown in Table §
(11), with those emitied by MSW incinerators underlined.




Polycyclic Aromatic Hydrocarbons (PAH)¥
Polychlorinated Biphenyls (PCB)*¥

Polyvinyl Chloride (PVC)*

Polychlorinated Dibenzo-p-Dioxins (Dioxins)*
Polychlorinated Dibenzofurans (Purans)#

METALS

Carcinogens
Arsenic*
Beryllium*
Cadmium®
Chromium*
Nickel*

Others
Antimony
Copper
Mercury*
Molybdenun
Manganese®
Lead®
Selenium
Tin
Vanadium
Zinc

CRITERIA POLLUTANTS

Sulfur Dioxide (Plus Sulfates)
Nitrogen Dioxide

Carbon Monoxide

Hydrocarbons

Ozone (Precursors Emitted)
Particulate Matter

Table 4 - Toxic Air Pollutants Emitted
By Municipal Solid Waste Incinerators (4, 1l1)

*On List Of Compounds To Be Considered By California Air Resources Board As
Toxic Air Contaminants Under AB 1887.



LEVEL 12

Asbestos Pormaldehyde
Benzene lnorggni Arsenic
Cadmjun
Carbon Tetrachloride Eg_lxm:_u_ Aromatic Hydrocarbons (PAH)
Chloroform_ . Polychlorinated Biphenyls
Dioxins

Chromjum
Ethylene Dibromide Furans

Ethylene Dichloride Viny] Chlorjde
Ethylene Oxide

LEVEL 1B

Inorganic Lead Perchloroethylene
Manganese Radionuclides
Methyl Cloroform Trichloroethylene
Methyl Chloride

LEVEL 2
Acetaldehyde p-Dichlorobenzene Nitrobenzene
Acrolein Dialkyl Nitrosamines Nitrosomorpholine
Acrylonitrile 1,4-Dioxanes Phenol and Chlorinated
Allyl Chloride Epichlorohydrin Phenols
Benzyl Chloride Bexachlorocyclo- Phosgene
Beryllium pentadient Propylene
Chlorobenzen Maleic Anhydride Oxide
Chloroprene Methyl Bromide Vinylidene Chloride
Cresol Mercury Xylene
Table 5 - California Air Resources Board Candidates For
Listing As Toxic Air Contaminants (1l1)
NOTES:

(1) Level 1: Considered of Concern And For Which Sufficient
Information Exists To Pursue Listing
Level 2: Considered To Be of Potential Concern

(2) Underlined Substances Emitted by MSW Incinerators.
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6. EMISSION CBARACTERISICS

It would appear that some of the emission characteristics for the nine
sources may need clarification. Por example, in the ARB memorandum on
diffusion modeling for the present study (Table 1 of ([12]) the Irwindale
facility is given a stack height of 197 meters. However, the stack is to be
located on the bottom of an abandoned quarry above the lip of which the stack
reaches only 45.7 m (13). It is not clear whether or not this condition has
been reflected in the ARB diffusion modeling; if not, its amendment will lead
to significant increases in ground level concentrations. Purther, the simple
downwash/turbulence routines used in the ARB diffusion analysis are probably
inadequate in this complex situation. Other emission parameters also appear to
be different for this facility.

7. SENSITIVITY/UNCERTAINTY ANALYSIS

There s great uncertainty in the data and models employed in this
analysis by the ARB and DHS. It is therefore essential to perform a careful
sensitivity/uncertainty analysis of the overall final results in order to fully
understand their meaning. We recommend this be done by describing the
uncertainty (distributions) of each major variable, and then combining these
analytically or via Monte Carlo techniques to assess the overall uncertainty.
The uncertainty introduced by not being able to include sources other than MSW
incinerators, as well as already existing human tissue, mothers' milk and
foodchain burdens (14), should be addressed.
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12 April 1985

Technical Department

Disposal and Recycling Unit
Departmental Director S. Modig

Swedish Embassy
Washington
Att.: Elisabeth Lagerldf

Telex:

The Environmental Protection Agency, which, in compliance with

the environméntal protection law, makes no independent decisions
in licensing natters, has, as a consulted party, stated, in a
licensing matter with the Public Utilities Commission for Environ-
mental Protection, that no license for new incinerative plants
should be granted until certain questions have been investigated.
The reason involves the dioxin émission from waste combustion.

In our memo, which is part of our statement to the Commission, we
have stated the following:

"Concerning the consideration of new waste incinerative plants,

the Agency suggests that they await the results of ongoing research
and development, particularly in regards to steps to continuously
maintain good combustion efficiency, the plants' emergency systems,
the refining of smoke gas and the treatment of waste water."

We further stated:

"In 1986, significantly more iInformation will be awvailable

for determining which disposal demands should be made on a new
waste incinerative plant and consequently, the plant's design
and emission filtering steps. Such a delay ought not cause any
major inconveniences for the handling of the waste either."

The Public Utilities Commission has hot yet reached a decision on
the matter. ' ' .

The embassy will receive our memo by mail.

Sincerely,
On behalf of the Environmental Protection Agency,
Staffan Modig '



12 February 1985

Environmental Protection Agency
Technical Department

Disposal and Recycling Unit
Departmental Director S. Modig

Public Utilities Commission

for Envirommental Protection
Box 2121 ' ’
10313 STOCKHOLM

Statement regarding Sodertdrn District Heating Co.'s and Sddertdrn
Refuse Collection Co.'s application for waste combustion license, etc.

The Environmental Protection Agency made its first statement on this
matter on Octoder 12, 1984. Thereafter the Public Utilities Commission
has suggested that the Agency render an account of the Research

results that are now avallable concerning the emissions of chlorodibenzo-
dioxins, dibenzo-furans, et al. in waste combustion, information about
ongoing research concerning those emissions and an account of the
Agency's opinion about the emissions.

In an enclosed memo the Agency supplies the requested account.

From this account it is eyident that dioxins have been found in
mother's milk and in fish in amounts which, if generally toxic, would
exceed the 1limit for "tolerable daily intake” in normal consumption.

A quantification of the existence of dioxins in the enviromment and
where they come from is, however, not possible with today's knowledge.
Waste combustion in Sweden and sources outside of Sweden are, however,
significant. These circumstances and others presented in the memo

are reasons for partially altering the position on this matter.

It is furthermore evident from the enclosed memo that in well maintained

incinerative plants of modern construction the emission of chloro-
dibenzo-dioxins and dibenzo-furans ought to be kept at a low level.
The risk estimate that has been made does not indicate any significant
danger for that population which is censidered to be-the most exposed.
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as much as possible in new plants. Despite the given information,
there is no reason for questioning the ﬁérﬁissibility‘of'the'plaﬁﬁed
waste incinerative plant. ‘

In order to secure such operational conditions which lead to low
emissions it 1s required that a plant be equipped with sufficient
supervision, with equipment for supplementary oil burning or the
equivalent thereof so as to ensure that the entire volume of smoke
gas 1s heated to a sufficiently high temperature, and with other
filtering equipment in addition to electrical filters/obstruction
filters, e.g. smoke gas condensation. It is, however, at the present
moment uncertain what form these measures should take. Several
investigations are currently being conducted to clarify these
relationships and full-scale experiments are in the planning stages
as well. Until at least some of these investigations are concluded
it 1s not possible to formulate the demands for a limitation of

the necessary dioxin emissions. It is particularly urgent to under-
line the 1mportance of intensified supervision and control,
supplementary oil burning, and smoke gas purification via condensation
for the dioxin emissions. The implementation of the condensation
treatment with lime insemination + electrical filter and obstruction
filter will most likely produce a dioxin‘removal as well.

With reference to what has been said above, the Agency thinks that
prior to making a final decision about emissions 1imits and other
conditions, the company should in&estigate the possiblities of
continously securing low emissions of dioxins through the use of
different technical devices. ‘

The results of the investigations in Umed (supervision, supplementary
cil burning) and Avesta (condensation) are expected this summer, while
the evaluations of the condensation technique, in full scale inv
Uppsala and 1n pilot scale in Hégdalen, will not be ready until next
summer. EPA's own investigationoghe implementation of supplementary
oil burning is expected to be concluded late this fall. It should be
up to the company to determine when to act on the matter, depending
on the results of the .aforementioned investigatiéns and other possible

ones abroad, or on ones the company itself might want to conduct.



If the results from Umed and Avesta are sufficiently clarifying and
a condensation technique 1s selected, a supplement to the application
should be avallable in as early as six months.

In other combustion matters, the questlon of guicksilver removal in
condensation has been considered. At the investigation of one plant
the Agency has moved to a separation level of 80%. The Agency
therefore wants to supplement their earlier motion with a demand for
an emission limit of quicksilver. This limit should be placed at
80% removal.

In summary, the Agency's investigation of dioxins indicates that the
planned waste incinerative plant is permissible, but that further
investigation 1s needed in order to design a plant with the lowest
possible emission of dioxins. The Agency also specified a demand
for a 1imit of quicksilver emissions at 80% removal.

Otherwise, the Agency's motlon remains the szme as the statement of
12 October 1984,

On behalf of the Envirommental Protection Agency,
Lars Lindau

Staffan Modig




11 Pebruary 1985

Swedish Environmental Protection Agency
Technical Department
Disposal and Recycling Unit -

MEMO ON DIOXIN EMISSIONS PROM WASTE COMBUSTION
The content of this memo is mainly based on information from Swedish and

foreign sources.

General Information About Chlorodibenzo-p-dioxins Ané Dibenzo-furans

Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) are
two series of aromatic substance groups, which consist of 218 different
substances 1in all. The number of chlorine atoms in these groups can vary
between one and eight and exist in different positions in the molecule. There
are, thus, 75 different PCDD-isomers® and 135 different PCDF-isomers. 12 of
these chlorinated compounds are extremely toxic. In Appendix 1, the molecules
are shown graphically, as is the placement of the chlorine atoms. The key to
the abbreviations used is presented as well. Below, the term dioxin(s) is used
as a comprehensive term for chlorinated dioxins and furans in general.

The most toxic of the 218 compounds are considered to 'be 2,3,7,8-
tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD). It is mainly this substance which
has been the subject for studies regarding toxicity, etc.

The first time 2,3,7,8-TCDD was mentioned in literature was in 1872. It
was  not until the 1958's that research started on the toxicity of dioxins.
When dioxins exist in very small amounts, wvery low levels must be detected.
With the testing and analyzing techniqufi in use today it 1is possible to
analyze quantities on a pikogram-level (18~ °“9)

Dioxins can occur as a pollutant in technical products (pesticides, and
others).

2,3,7,8-TCDD has been found in pesticides containing 2,4,5-T (e.g. Agent
Orange). Agent Orange has the capacity to contain about 5f mg/kg of 2,3,7,8-
TCDD. During the Vietnam War (1962-1971) the amount of 2,3,7,8-TCDD spread was
estimated at ca. 168 kg as a pollutant included in Agent Orange (1l). In
comparison it can be said that at the accident in Seveso, Italy in 1976 ca. 2.5
kg of the isomer 2,3,7,8-TCDD were instantly released.

*Translator's_nbte: The word "isomer™ was used throughout the original Swedish
document, even though in most cases "congener™ was the appropriate noun. The
word "isomer™ has been left in the English text.



2,4,5-T has during about 2§ years, up until 1977, been spread on wooded
and cultivated soil in Sweden. During the 1950's, about 2§ tons/year were
spread and during the 1979's until its prohibition, about 89 tons/year. With a
content of 2,3,7,8-TCDD of 1 ppm, about B9 g/year of this dioxin was thus
spread in the 1979's.

Apart from waste incinerative plants for household waste, dioxin can be
brought into the environment by combustion of other kinds of waste
(particularly waste, hazardous to the environment, containing chlorine) and
industrial processes where chlorinated products are used. In accidents with
PCB-containing transformers and condensers, dioxin can be emitted. The burning
of, 1in particular, chlorophenol impregnated firewocod can also be a source of
dioxin emission. Similarly, dioxin can occur as a pollutant in chemical
products (PCB, PBB, hexachlorophene, chlorophenols, etc.) other than 2,4, 5-T.
Other sources that have been discussed are the burning of oil, coal, peat and
other bio-fuels, and the operation of motor vehicles.

The Formation Of Dibenzo-p-dioxins and Dibenzofurans In Waste Combustion

i ————— e ———————vete S S——

Dioxins are formed in many different ways. There are 3 principally
different reasons for the occurence of dioxins in connection with waste
combustion.

1. Dioxins occur in the waste (and are not destroyed completely in the
combustion).

2. Dioxins are formed during the combustion process from certain chlorinated
organic compounds.

3. Dioxins are formed during the combustion process "from scratch” via a
complex system of thermal reactions between organic materials and chlorine
in some form.

At the end of the 1978's, when it was determined that dioxins could also
occur in the smoke gas from waste incinerative plants, several researchers
tried to find our how the formation of dioxins occurs. Experiments were
conducted at laboratory scale using different additions to the fuel. So far
this has only resulted in the development of testing and analyzing techniques,
but the question of formation mechanisms has not been ultimately solved.
Efforts to find some connection between content of dioxins and other parameters

suchdas BC1, 502 and CO have been made, but no simple connection has yet been
found.

Measurements carried out on waste incinerative plants have in some
instances showed that the 1level of dioxins was highsr at combustion
temperatures around 598°C than at temperatures exceeding 888°C.
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Toxicity

'Tﬁé sgcfion below {5 based on a reseé:ch‘appliéition'to the Agency from
Ulf Ahlborg, SML. ' .

The toxicity of the different isomers is of a highly varying degree. The
most studied bond is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). The toxicity
in TCDD is very high, as is the species variation. Thus, the acute toxicity
varies fom #.6 - 2 n/kg for guinea pigs, to 1157 - S899 n/kg for Syrian gold
hamsters. Other isomers vary in toxicity, but in general, one can say that the
precondition for a high toxicity is that the molecule is chlorinated in a
symmetrical lateral position, i.e., in the positions 2,3,7,8. Lower
chlorinated dioxins have a lower toxicity. HBigher chlorinated dioxins still
have a high, although decreasing, toxicity, but the £fully chlorinated
octachlorodioxin is relatively low in toxicity.

2,3,7,8-tetrachlorodibenzofuran (TCDF) and 2,3,4,7,8-pentachlorodibenzo-
furan have an acute toxicity which is somewhat lower than TCDD's (LDS§ for
guinea pigs 5 - 19 u/kg). At present, the same relations are assumed to apply
as for isomers of dioxins.

Only TCDD has been studied extensively in animal experiments. These have,
on the one hand, shown that TCDD is cancer producing (2, 3, 4), and, on the
other hand, that the most sensitive parameter is reproduction disturbances in
apes (5) and rats (8).

The risk estimate for TCDD has either been left out of the cancer studies
and through extrapolation therefrom led to a tolerable daily intake with the

acceBtance of one cancer case Yer 19 inhabitants (Z), or a safety factor (299
- 1988) on NOEL (no effect level) has been applied in the reproduction or

cancer studies. These risk estimates have led to acceptable daily intakes in
the magnitude of 1 - 5 pg/ka body weight. These acceptable daily intakes refer
to a 1lifelong exposure, but no particular considerations have been made
regarding infants. Generally speaking, infants are considered to have a higher
sensitivity to toxic substances since their toxification (SIC) mechanisas are
not fully developed.

Concerning chlorinated dioxins and dibenzofurans, there exist data which
offer particular reasons for assuming that infants can constitute a
particularly sensitive risk group.

A risk estimate for a mixture of dioxins and dibenzofurans can, at
present, not be made on the basis of data concerning the toxicity of individual
isomers. In risk evaluations tentatively made in different countries, the term
TCDD-equivalents has had to be used. Researchers used TCDD's toxicity as a
starting point and related the other isomer's toxicity to this by comparing
data concerning acute toxicity, enzyme induction, binding of receptors etc.,
with TCDD, and in this manner gave each isomer or group of isomers a certain
weight, which then can be weighed together for an appraisal of the potential
toxicity of a test or an obtained level. In one case they also started out
from carcinogenicity. The procedure necessarily implies a significant
uncertainty for the following reasons:



1. The large species variation which TCDD's toxicity shows implies
significant uncertainty in the appraisal of where man is in this. respect.
A series of accidents have occurred where people were exposed to TCDD or
mixtures in which TCDD was a component. In many of these accidents the
exposed people and their state of health was monitored during time periods
as long as 39 vyears. In an examination of this material, done in
connection with the preparation of a draft to a WHO/IPCS document about
PCODs and PCDFs, it was found that man should probably not be considered
as belonging to the most sensitive species when it comes to the effects of
these substances. Such an assumption can, however, not be described in
quantitative terms since the exposure data are extremely uncertain.

2. The effects on which the weighting of different isomers' toxicity were
based do not necessarily correlate to the long term effects in areas with
low doses.

3. The effect mechanism for TCDD is not known. Several theories have been
constructed but these have not yet been able to satisfactorily explain
species variation in sensitivity.

4, In most cases the appraisal is based on in-vitro testings. No
consideration has been given to the varying toxicokinetics of the
different isomers, mainly because this is unknown.

Some of the methods and weight factors that have been used are shown in
Table 1.

Degradation Ability

2,3,7,8-1CDD can be degraded through biodegradation as well as through
photodegradation (degradation through the influence of ultraviolet light). The
informaton from literature, however, does not make it possible to determine the
speed of the degradation in different environments. At the accident in Seveso
in 1976, the soil and vegetation were tested immediately after the accident and
the tests were analyzed with regard to the existence of 2,3,7,8-TCDD. In the
vegetation tests levels as high as 5f u/g were measured. Studies indicate that
the half-life of 2,3,7,8-TCDD in the ground is 18-12 years. One year after the
accident in Seveso no trace of TCDD could be detected either in the meat of
apples, peaches or pears, nor in corn growing in the vicinity of the factory
that had emitted the dioxin cloud. TCDD was, however, found on the peels and
this could be interpreted in such a way that the contamination was not due to
absorption by the plant but to particles that stick to the surface. A
corresponding condition can be assumed to exist for deposition on pasture land.
Grazing cows can in this manner get dioxin in their system via deposition on
grass.




Isomers

PCODs

Cl 1-2

Cl1 3
2,3,7,8-TCDD
other TCDDs
2,3,7,8-PeCDDs
other PeCDDs
2,3,7,8-BxCDDs
other BxCDDs
2,3,7,8-BpChDs
other HpCDDs
OoCDD

PCDFs

cl 1-3
2,3,7,8-TCDP
other TCDFPs
2,3,7,8-PeCDFs
other PeCDFs
2,3,7,8-B%CDFs
other BxCDFs
BpCDFs

OCDF
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Existence In The Environment

Research goes on at several institutions the world over to, among other
things, determine the background level and what level existed earlier. This is
being done through analyzing human fat tissue and mother’'s milk, through
analyzing reference tests on herring, seal and sea birds in the Baltic Sea/Culf
of Bothnia, and through analyzing fish in the collection at the Natural Bistory
Museum as well as through analyzing sediments (3). Dioxins were identified in
all the tests. The levels in the 9 tests on mother’'s milk and in some tests on
fish exceed the above mentioned "acceptable daily intake®™. Any general
- conclusion can, however, not be drawn until there exists more complete material
which describes the levels in the environment.

Dioxins have been traced in sediments 59 years back in time in research
done at Siskiwit Lake on Isle Royale in the United States (18). The author of
the article states that this pollution is due to atmospheric precipitation
since the lake is situated on a high level in relation to other lakes and there
can be no inflow of polluted water. To trace this precipitation is often very
difficult, since the source that caused it may be situated far from where it
fell to the ground. The investigation shows an increasing level of PCDD in the
three tests from the years 1935, 1953, and 1982.

Considering the stability of the dioxins and that they are emitted in gas
phase or adsorbed on fine particles, the dioxins could be spread very far from
the disposal source. We, therefore, probably have a contributing intransport
of dioxins from other countries in a similar way as for sulphur, quicksilver
and DDT.

Investigation And Research Concerning Emissions From Waste Combustion

Tests and analyses of PCDD</PCDFs in smoke gas from a few waste
incinerative plants have been done both in Sweden and abroad. These tests
indicated a large spread of the levels of PCDDs/PCDFs.

In Sweden, analyses of PCDDs/PCDFs were done earlier at incinerators in
Lovsta, Bogdalen, Sotenas and Eksjo. The combustion efficiency at these places
was very poor, with high levels of carbon monoxides in the smoke gas. This
manner of operating was the normal way earlier, since waste combustion most
often was a way to diminish the volume of the waste, and the energy in the
waste was not used for production of district heating. In addition,
measurements were made under the DRAV-project in Linkoping and Malmo. These
measurements showed that the level of total TCDD was low, below 1 ng per normal

cubic meter of dry gas converted to the condition at 9°C and a carbon dioxide
level of 19% (lng/Nm~). These incinerators were then tuned and optimized, and

were operated sfficiently, as is evident from the fact that the CO level wmas
below 186 mg/Nm°.

The Institute For Water And Air Protection Research (IVL) in 1979
conducted an investigation of organic substances which were emitted from 4

municipal waste incinerative plants (11). In this investigation the
incinerators were forced to operate at low temperatures in order to find out if
organic emissions increased. This way of operating with 1low combustion

tempg;ature produced‘igcreased emissions of organic substances.




At the end of 1984, measurements of PCDDs/PCDFs were made at waste
incincerators in Avesta and Umea.  The results from these measurements .are
expected to be available in Pebruary/March. At the plant in Umea, measurements
were made at the start-up and shut-down operations of the incinerator as well.
In Hogdalen new measurements have been made. The final results from these
tests are also expected within a short while. In Appendix 2 data are shown
from the measurements made under the DRAV-project and from one measurement made
in Avesta.

Bigh levels were found in some measurements in Italy and Bolland (12, 13).

The results from the measurement in_Italy have indicated levels of PCDD (totgl
dioxins) as an average at 11|¢ng/m3 and in the Dutch measurement at 500 ng/m”.

PCDDs/PCDFs In Ashes And Slag

Dioxin analyses in Sweden have mainly been done on emitted smoke gas. The
occurence of pollutants in ashes and slag has been examined on a larger scale
in Germany. They have analyzed ashes and slag from most of the plants.
Dioxins that are in the ashes and the slag will be deposited on municipal
disposal sites. Since PCDDs and PCDFs are considered to be very firmly bound
to the particles (8), it means that the risk from leaching is small.

A German study (14) shows the average level in results from 68 tests on
flue ashes from 25 plants in Europe. This information, however, does not make
it possible to determine the removal level in the dust for dioxins. It is,
however, safe to assume that a significant amount will be separated, especially
when using obstruction filters.

Exposure Estimates

In most analyses done on smoke gas emitted from uagte incinerative plants,
the level of 2,3,7,8-TCDD has been much below 1 ng/Nm°. For the plants in
Malmo and Linkopigg, which were investigated under the DRAV-project, the level
was 35 9.95 ng/Nm°. In the estimation of the deposited amount of 2,3,3;8-TCDD
per m¢ during & months, the value of the emission was set at #.5 ng/Nm°.  The
calculation was made in the same fashion as for a 59 MW incinerator burning
wood chips in regards to the dust. The calculating method was produced by Ulf
HBogstrom in Uppsala.

Other assumptions for the deposition calculations are that the combustion
capacity is 18 tons per hour (corresponds to 75888 tons per year), the height
of the stack is 88 m, and that the size of the particle is less than 1
micrometer.

With the above inputs to the calculation, we reach a deposited amount per
m? per 188 days_of #.81 ng. This result comprises both wet and dry deposition.
The level per m” of air in the7nost heavilly afflicted area between 1-4 km from
the disposal source is 5 x 19~ " ng/m”.

The daily intake can be divided up into, on the one hand, inhaled
quantities and, on the other hand, via food.
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The inhaled quantity becomes )} x 19_3 ng at an inhalation volume of 29
.3/day and a level gn the 5round of % X 10‘7 ng/n§~

The éntake via food can be calculated by assuming that a cow eats grass
from 69 m“ per day, that 29% of the 2,3,7,8-TCDD secretes into the milk, and

that the milk production per day is 28 liters. With these assumptions the
amount of dioxin per liter of produced milk becomes #.896 ng. The intake per
day at 1 liter milk consumption provided that it comes from a cow that grazes
only in the vicinity of a waste incinerative plant, and that this milk does not
pass through a dairy, becomes #.9896 ng. The total intake may increase if the
individual also consumes meat and vegetables produced in the area connected
with the plant.

Risk Evaluation

As mentioned above, the toxicological evaluations made in several
countries have resulted in an “acceptable daily intake" of 1-5 pg/kg body

uegght of TCDD. The starting point has been the cancer effect (one case per
18° inhabitants) or the effect on growth with a safety factor of 288-188¢.

Researchers have furthermore started out from 2,3,7,8-TCDD and for other toxic
dioxins they have calculated so called TCDD equivalents, i.e., the level that
has the same effects as 2,3,7,8-TCDD.

The only way of exposure of any significance is intake via food. Dioxins
have been found in fish from the Baltic Sea. The levels in milk from dairies
have so far been below the detection limit. The tests are made on milk with a

low fat content. The levels in the few tests made on mother's milk are,
however, above the limit for "acceptable daily intake”.

Above, a calculation has been made of the exposure from an individual
waste incinerative plant burning about 75,888 tons of waste per year. The most
exposed group is estimated to be individuals who drink milk from cows razing
in the vicinity of the plant. 1If the emission rate is #.5 ng/Nm° 2,3,7,8-TCDD,
i.e., a level which today's Swedish plants can attain, and if they drink one
liter of milk per day, the intake will be about #.886 ng/day, i.e., 19-5@ times
below the above indicated acceptable level. For those individuals there must
then be added the intake of other dioxins, plus background and intake from
other sources.

For the general population, the contribution from a waste incincerative
plant with the above mentioned emission level becomes very small, because the
dioxins are diluted with large quantities of milk from other areas in the
treatment at the dairy.

The Waste Combustion Situation

Waste combustion has occurred in Sweden for about 88 years. The Lovsta
plant in Stockholm started operating in 1986. In the beginning of the 1968s
when close to 209,989 tons were burned, an estimated 1889 tons of dust were
emitted every year. Today, the annual emission of dust from all plants is

- estimated at 600 tons.
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Waste combustion today comprises about 1, 2ll 99 tons of u&ste per year

Of this amount, about 1,992,980 tons have. been sanctianed with . considerably
stricter conditions than before Current applications under consideration -and
tecently investigated plants comprise another 350,999 tons/year.  The
tequirements on the plants have the effect that, despite increased quantities
of waste for combustion, the emission of dust and other known pollutants
have not increased, except for quicksilver, compared to what was emitted from
wste combustion before 1988.

Earlier, the .control and the demands that were made on the plants were
much lower than today. The composition of the waste is mainly assumed to have
been the same since the beginning of the 1958s but with an increase in the
share of plastic. At that time the plants did starting and stopping operations
every day which have been proven to increase the emission of organic compounds
considerbly. The demands that today are made on waste combustion with the
stating of lowest temperature in a combustion 2zone, supervisory equipment,
continuous operation, different fuel with starting and stopping operations,
etc., should, according to current knowlege, be enough to keep the dioxin and
dibenzofuran emissions at an acceptable level. :

Measures To Limit Or Avoid Dioxin Emissions

Swedish and foreigh experience suggest that the best way to minimize
dioxin emissions is to assure oneself of good combustion conditions.

There can be assumed to exist a connection between dioxin dispcsal and
combustion temperature. The demands that the EPA makes in licensing matters

specify that the total amount of smoke gas must have a temperature of at least
888°C. The temperature indication must not be interpreted as an average

temperature over a certain time.

All Swedish incincerative plants are, which follows from Appendices 3a, b,
c, equipped with electrical filters or textile obstruction filters. Today's -
demangds are that the emission of particles (dust) can, at its highest, reach 58
mg/Nm°. Many plants show considerably lower levels. The more efficient the
filters, the more efficiently the fine dust particles are removed. There 1is
much evidence that a significant share of the dioxins is adsorbed on fine
particles. A textile obstruction filter has a higher ability than an electical
filter to separate fine particles.

An important measure to decrease emissions is to supply the plant with
operation-safe supervisory instruments, 1like carbon monoxide meters, in order
to be able to directly follow and correct errors that occur. The level of
carbon monoxide (CO) in the smoke gas is a direct measurement of ths plant’s
combustion efficiency. When the level of CO is below 188-25¢ mg/Nm~ organic
emission is normally small as well. Continuous operation is another step which
has as a consequence decreased emissions since starting and concluding
operations mean an increased level of pollution in the smoke gas. Trained
personnel are also an important factor from the viewpoint of emissions.
Knowledge of the plant’s function and why and when certain steps should be
taken have proved to be of the utmost importance for the size of emissions.
Starting and concluding burning with a different fuel and supplementary oil
burning are other measures that can decrease the emission of pollutants.



The DRAV-measurements at some combustion plants have shown that during
about 13 of the operation time, the temperature is below 889°C. Other plants

may have higher frequency of operational disturbances. In order to sustain a
high combustion temperature, even during operational disturbances,
supplementary o0il burners may be jnstalled. An investigation of the

significance of such an installation is being conducted in Umea. A report from
this investigation is expected in March of 1985. Considering that the produced
energy is utilized, an introduction of supplementary oil burning will not mean
any large increase in cost. As an alternative, after-burning or the supplying
of oxygen can be considered. The smoke gases contain, apart from dioxins,

hydrogen chloride and quicksilver et al. In order to limit these emissions
there is a plant with lime insemination in the smoke gas and seperation in the
electrical filter or in the obstruction filter. . An alternative under

investigation at the present moment is condensation of the smoke gases. A part
scale (28%), as well as a full scale project are being planned. Both these
techniques will further separate dioxins. Low temperature causes some of the
dioxins to be condensed so that they can be separated. An estimate of the
degree of separation is not possible but must be determined in tests.

Conclusions

As mentioned above, the toxicological evaluations made in several
countries have reached the conclusion of an "acceptable daily intake"” of 1-5

pg/kg body usight of TCDD. The starting point has been the cancer effect (one
case per 18° 1nhabitants) or the effect on growth and a safety factor of 280-

1008, Furthermore, they started out with 2,3,7,8-TCDD and for other toxic
dioxins they have estimated so called TCDD-equivalents, i.e., the amount that
has the same effect as 2,3,7,8-TCDD.

The only route for dioxin exposure that has significance is intake wvia
food. Dioxins have been found in fish in the Baltic Sea. Measurements on milk
from dairies have so far remained under the limit for detection. Those tests
were done on milk with low levels of fat. The few times mother’'s milk has been
tested, however, the levels are above the limit for "acceptable daily intake”.

A quantification of the existence of dioxins in Sweden is not possible to
make with today's knowledge. An important source is, however, waste combustion
in Sweden. But sources outside of Sweden may also be of significance. Dioxins
are such stable substances that they are surely transported from afar. Other
sources discussed are other combustion plants for oil, coal, peat and other
bio-fuels, and also, the operation of motor vehicles.

The measurement of dioxins in waste combustion indicages large variations.

It 1§ clear, however, that levels smaller than 1 ng/Nm> for TCDD and #.95
ng/Nm> for 2,3,7,8-TCDD can be attained at today's best plants. These levels

ought te be reached during long periods of time as well, but this then implies
significant efforts in supervision and control.

The installation of supplementary oil burning will probably be a
complement to maintaining high combustion efficiency. This will result in low
levels of dioxin in emissions and should lead to lower 1levels than those
mentioned above. The installation of equipment for purification of smoke
gases, for example, condensation equipment, increases further the possibility
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In regard to the complexity and the significance of the problems with
emission and the existence of dioxins, the EPA plans to appoint-a special group
to discuss and evaluate problems and coordinate efforts. The group is to
consist of representatives from the EPA, the FPishery Agency, the Pood and Drug
Administration and the Department of Bealth, Education and Welfare. It is safe
to assume that relatively comprehensive research and investiations in which
different problems regarding dioxins will be illuminated will be made in
the near future. In the recent past, research and investigation activities,
especially the DRAV-study, have pointed out different measures to improve
combustion conditions, and thereby decrease the risk in the emission: of
dioxins. Mentioned above are continuously registering carbon monoxide meters,
significantly increased supervision of the temperature, starting and concluding
burning with other fuels and training personnel, etc. Such measures can be
taken quickly and at a relatively low cost. EPA plans to hold discussions in
the near future with the Association of Refuse Collection regarding these
matters with the goal of having the aforementioned measures carried out at all
plants. When the results from the investigations in Umea are available, the
Agency intends to bring up the question of the introduction of supplementary
oil burning as a further step at existing plants. The smoke gas from waste
combustion contains, Dbesides different dioxins, hydrogen chloride and
quicksilver. In order to limit the emission of these waste products, there are
plans to refine smoke gas, especially via condensation, in existing plants as
well. These systems will limit dioxin emission as well. Such measures cahn,
however, not be taken until the ongoing experiments are concluded. The above
suggested steps at existing plants are urgent and will limit the preconditions
for the creation and emission of dioxins.

Concerning the consideration of new waste incinerative plants, the Agency
suggests that they await the results of ongoing research and development,
particularly in regards to steps to continuously maintain good combustion
efficiency, the plants emergency systems, the refining of smoke gas and the
treatment of waste water. The experiments in Umea and Avesta, and in other
countries as well, regarding combustion techniques, supplementary oil burning
etc., the work with condensation of smoke gases at partial scale at the waste
incinerative plants in Hogdalen and Avesta as well as the work at the waste
incinerative plant in Uppsala to construct a condensation plant in full scale,
will produce conclusive information on how a new waste incinerative plant
should be constructed and equipped, and what demands should and can be made in
regard to dioxin emission. In 1986, significantly more information will be
available for determining which disposal demands should be made on a new waste
incinerative plant and, consequently, the plant’'s design and emission filtering
steps. Such a delay ought not cause any major inconveniences for the handling
of the waste either. Few waste incincerative plants are currently under
investigation, and only a few more applications are expected. Alternative
treatments of waste exist and can be used.

EPA wishes, however, to stress that waste combusiton is a suitable
treatment for waste and that it should be possible to find a solution for the
problem of dioxin. The alternatives for disposal of waste may be worse from an
environmental standpoint. 1f the above measures to secure good combustion
conditions and good operational supervision are taken, the Agency sees, at the
present time, no reason to interfere with existing waste incinerative plants in
any other way than indicated above.
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APPENDIX 1

Polychlorinated dibenzo-p-dioxins and dibenzofurans

)
2
3

' L
Cly

x+y=1-28

The most toxic PCDD and PCDF isomers

PCDDs

2,3,7,8-Tetra~-CDD (TCDD)
1,2,3,7,8-Penta-CDD  (PnCDD)
1,2,3,6,7,8-Bexa-CDD (ExCDD)
1,2,3,7,8,9-Bexa-CDD (ExCDD)
1,2,3,4,7,8-Bexa-CDD (ExCDD)

PCCEs

2,3,7,8-Tetra~CDF
1,2,3,7,8-Penta-CDF
2,3,4,7,8-Penta-CDF
1,2,3,6,7,8-Bexa-CDF
1,2,3,7,8,9-Hexa-CDF
1,2,3,4,7,8-Bexa~CDF
2,3,4,6,7,8-Hexa-CDF

(TCDF)

(PnCDF)
(PnCDF)
(BxCDF)
(BExCDF)
(BxCDF)
(BExCDF)



APPENDIX 2

SYSAV LinkGping Avesta
—— obeh. RDF RDF (ofe] ;400 CO mzx 200

2,3,7,8 TCDD 0,01 0,03 0,02 2,3 1,2
TCDD 0,15 0,6 0,3 180 82

2,3,7,8 TCDF 0,5 0,2 1 15 6,8
TCDF 2 4,5 4 615 258
1,2,3,4,8/12378 PnCDF 0,15 0,3 0,3 66 34
2,3,7,.8 PnCDF 0,45 0,3 0,9 66 34
PnCDF. 3 4 6 850 340

1,2,3,7,8-PnCDD 0,015 0,04 0,03 33 14
PnCDD 0,15 0,1 0,1 €50 258
HxCDD 345 163
HxCDF 26 113 225 570 233
BxCDD 270 136

BxCDF 260 156
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STATE OF CALIFORNIA GEORGE DEUKMéIAN, Governor

~AIR RESOURCES BOARD
1102. Q STREET
P.O. BOX 2815
(“ SACRAMENTO, CA 95812

i

August 20, 1985

Mr. Michael A. Berk

McKenna, Conner & Cuneo
Twenty-Eighth Wilshire Blvd.
Los Angeles, CA 90010

Dear Mr. Berk:

Your Comments on Chlorinated Dioxins
and Dibenzofurans

Your letter of July 11, 1985 concerning the Report to ~™~
the Scientific Review Panel on Chlorinated Dioxins and
Dibenzofurans has been carefully reviewed. Comments pertaining
to Part B of the report have been forwarded to the Department of
Health Services. They will prepare respomses to your comments,

‘ wnich we will include along with your letter in Part C of the

N revised report. McKenna, Conner, and Cuneo will receive a copy
of the revised report when it is submitted to the Scientific
Review Panel,

The majority of the comments prepared by
Dr. Leland Attaway deal with topics contained in Part A of this
report., We have prepared responses to some of the issues raised
in these comments,-

EMISSION RATES

A wide range of dioxin emission rates have been cited in
the literature for waste-to-energy facilities. We based the
range of expected emission rates on facilities of a configuration
and design consistent with those being proposed for construction
in California. We believe that the most likely emission rate
will fall somewhere within the range contained in the report.

The high estimate you_mention is based on a single very
high test result. The 56 ug/m3 emission rate seems to be an
isolated case as it is nearly twice as high as any other value
found in the literature. Cavallaro, who presents this value in a
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1982 paper, examined six incinerators. This value was six times
greater than the next highest emission rate determined by
Cavallero and over one hundred times the lowest dioxin emission
rate sited in this study.

An incinerator in Hamilton, Canada was investigated by
Ozvacic and found to have a high chlorinated dioxin and
dibenzofuran emission rate (29 ug/m3). Ozvacic found that this
was a poorly operated facility. Corrective action was taken
which reduced chlorinated dioxin and furan emissions to 8.1
ug/m3. Tests of waste-to-energy facilities have generally
shown lower total chlorinated dioxin and dibenzofuran emission
rates than the more recent test of the Hamilton facility.

A few very high values skew the average chlorinated
dioxin and dibenzofuran emission rate you calculated upward. For
example, if the two highest and two lowest measured emission
rates sited in Air Pollution Control at Resource Recovery
Facilities are dropged when calculating an average, the value
drops from 7.7 ug/m? to 0.9 ug/m3. A review of existing -~
source test results strongly suggests that a well designed and
managed facility would be very likely to have an emission rate
within the range presented in the report.

-

SIGNIFICANT PATHWAYS

This report does discuss ingestion and dermal exposure
as other possible routes of chlorinated dioxin and dibenzofuran
exposure. The investigations of this issue we sited conclude
that exposure due to ingestion and dermal exposure may equal that
due to air exposure. There is no accepted methodology for
quantifying the exposure due to these pathways which makes any
assessment of the risk posed by these pathways open to guestion.
We did not intend to dismiss these pathways, and included them to
show that the risk posed by dioxin emissions may be greater than
air exposure alone, We plan to give more emphasis to these
alternative exposure pathways in the final report.

EMISSION CHARACTERISTICS

At the time the modeling analysis was performed, we were
unaware of the relationship between the stack at Irwindale and
the surrounding terrain. We are in the process of evaluating the
effect of the lower stack height (45.7 m) on exposure.
preliminary results indicate that the change in stack height will
not affect the maximum exposure level which is used in the risk
assessment. The facilities examined in the modeling study were
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selected to provide an estimate of the ambient levels which might
be expected to occur in Los Angeles. The énalysis was not
intended to serve as a risk assessment for any proposed facility
currently under review,

Thank you for your comments,

Sincerely,

wis%%w&*_
<l William V. Loscutoff, Chief
Toxic Pollutants Branch

Stationary Source Division

cc: Peter Venturini, ARB
Raymond Neutra, DHS
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Southern California Edison Company

P. 0. BOX 800
2244 WALNUT GROVE AVENUE
ROSEMEAD. CALIFORNIA 981770
EDWARD J. FAEDER, Ph.D. TELEPHONE

MANAGER OF ENVIRONMENTAL OPERATIONS (818) 302-2009

July 11, 1985

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
Attention: Dioxin

Air Resources Board

1800 15th Street

P.0O. Box 2815

Sacramento, CA 95812

SUBJECT: Report to Scientific Review Panel on
Chlorinated Dioxins and Dibenzofurans

Southern California Edison Company has reviewed the Air
Resources Board report concerning the health risks of airborne
polychlorinated dibenzodioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) and we would like to submit these brief
comments on the methods used to assess the carcinogenic potency
of these compounds and the risks they pose to public health.

This evaluation of PCDDs and PCDFs is different from
previous evaluations of toxic air contaminants in several ways.
The assessment of potential public health risks is not based
upon actual measurements of these compounds in the ambient air,
but is instead based upon a presumed mixture of PCDDs and PCDFs
resulting from 9 hypothetical (nonexistent) resource recovery
facilities which have been presumed to be located within the
South Coast Air Basin. Regulations governing the evaluation of
toxic air contaminants indicate that the process should include
"the range of risk to humans resulting from current or
anticipated exposure." However, we feel that this type of
anticipated risk estimate must be differentiated from risks
calculated from actual air quality monitoring and exposure
data. The actual risks resulting from these resource recovery
facilities will depend on where, when and if they are sited and
become operational within the state. The hypothetical nature of
these risk estimates should be pointed out in the report. The
actual risks from PCDD and PCDF sources at present and in the
future may be quite different from those presented.

The PCDD and PCDF evaluation is also different from previous
ones in that the compounds being evaluated are actually broad
groups of several related compounds which vary in chemical
structure and toxicological effects. This creates two problems:
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1) Since carcinogenicity data are available for only a few
of the many forms of PCDDs and PCDFs, some method must
be devised to estimate the carcinogenic potency of
compounds for which little or no toxicity data are
available.

2) Information on PCDDs and PCDFs found in ambient air is
limited: therefore some method must be devised to
estimate the total amount and the specific mix of the
various PCDD and PCDF isomers which people are exposed
to at present and in the near future.

These problems are both dealt with in the development of
"TCDD Equivalent Proportions" presented in Section 10.4 of your
report. This section estimates carcinogenic potencies, the mix
of compounds resulting from resource recovery facilities, and
the resulting risk to the public from the siting of 9 of these
facilities in the South Coast Air Basin. Because the mixture of
these compounds emitted from specific sources and found in
ambient air is not known at this time, we believe it would be
more appropriate to deal with the two problems separately. The
toxicity of various classes of PCDDs and PCDFs should be
determined, and then these potency estimates can be combined
with emissions data to determine the extent of risk from
specific facilities or source categories.

ARB presents three scenarios for estimating the toxicity of
the various forms of PCDDs and PCDFs. In Scenario 1, all PCDDs
and PCDFs are assumed to be equivalent to 2,3,7,8 tetrachloro-
dibenzodioxin (2,3,7,8 TCDD) in structure and carcinogenic
potential (alternatively, the compounds are acknowledged to have
different structures but are nevertheless assumed to have a
potency equivalent to 2,3,7,8 TCDD). These assumptions are
clearly inappropriate given the available data on chemical
structure and toxicologic potency.

Scenario 2 assumes that 2,3,7,8 TCDD and the
hexachlorodibenzodioxins (HxCDD) chlorinated in the 2,3,7,8
positions each have the carcinogenic potency which they have
demonstrated in animal biocassays. It is furthermore assumed
that all pentachlorodioxins (PeCDD) and dibenzofurans (PeCDF)
and heptachlorodibenzodioxins (HpCDD) and dibenzofurans (HpCDF)
which are chlorinated in the 2,3,7,8 positions are of equal
carcinogenic potency as 2,3,7,8 TCDD.

This scenario also incorporates inappropriate assumptions.
The results from the bioassay on HxCDD demonstrate that the
carcinogenicity of these compounds is not solely determined by
chlorination at the 2,3,7 and 8 positions; hence the 38 fold
" reduction in carcinogenic potency of 2,3,7,8 HxCDD as compared
to 2,3,7,8 TCDD.,
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The basic problem faced by ARB and DHS is to estimate a
carcinogenic potency for compounds when there are no
carcinogenicity data available. The most logical approach would
be to use all available toxicologic data on this class of
compounds in the estimation of such a potency factor.

The EPA's Chlorinated Dioxin Work Group has compiled
toxicity endpoint information for this class of compounds,
including carcinogenicity, acute lethality, enzyme induction,
receptor binding and others. The data indicate that
chlorination at the 2,3,7 and 8 position is an important
indicator of toxicity. However, the data also show that the
degree of total chlorination (as one progresses from tetrachloro
to octachloro 2,3,7,8 derivatives) is also an important
determinant of toxicity. Thus, just as the addition of two
chlorines reduces the carcinogenic potency of TCDD by 38 fold,
the available toxicity data indicate that one would expect the
2,3,7,8 HpCDDs to show a lesser biological potency than the less
chlorinated HxCDDs. The same would be true for the
dibenzofurans. The potency of the 2,3,7,8 PeCDDs would be
expected to lie somewhere intermediate between TCDD and HxCDD.
The toxicity data also indicate that the dibenzofurans would be
expected to have less biological potency than their similarly
chlorinated dibenzodioxin counterparts.

An approach available to the ARB is that taken by the EPA's
Chlorinated Dioxin Working Group whereby all toxicity endpoints
are assessed, including acute toxicity data and in vitro
bioassay data. These data are then used to estimate the
carcinogenic potency of a particular isomer. The ARB has
included this approach as Scenario 3 in the report but state
that they favor Scenario 2 because it "takes a health
conservative approach".

We feel that this graded toxicity estimate is the preferred
approach given the absence of carcinogenicity data for the
majority of chlorinated dioxins and dibenzofurans. The best
scientific judgement approach utilized by the Chlorinated Dioxin
Working Group (and outlined in ARB's Scenario 3) should be
adopted for use in estimating these potencies, rather than adopt
a worst case scenario and assume that all 2,3,7,8 cogeners are
as potent as TCDD (unless evidence is available to the
contrary).

The multistage model, it should be noted, produces highly
conservative risk predictions. The exposure estimates included
in this report are themselves likely to be highly conservative.
Choosing this conservative definition of carcinogenic potency
(i.e. Scenario 2), repeatedly applying these highly conservative
assumptions, will result in an unreasonably high risk estimate.
SCE therefore recommends that Scenario 3 be used for estimating

cancer potencies of those isomers for which the data are not
available.
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Thank you for the opportunity to provide comments during the
development of this important document.

Sincerely,

e |




" SACRAMENTO, CA 95812

STATE OF CALIFORNIA

AlIR RESOURCES BOARD
1102.Q STREET
P.O. BOX 2815

GEORGE DEUKMEJIAN, Governor

August 9, 1985

4

pr. Edward J. Faeder, Ph.D.

Manager Manager of Environmental Operations
Southern California Edison Co.

PO Box 800

Rosemead, CA 91770

Dear Dr. Faeder:
Subject: Your Comments on Chlorinated Dioxins and Dibenzofurans

vyour letter of July 11, 1985, concerning Report to the
Scientific Review Panel on Chlorinated Dioxins and Dibenzofurans,
Part B has been forwarded to the Department of Health Services,
They will prepare responses to your comments, which we will
include along with your letter in Part C of the revised report.
Southern California Edison will receive the revised report when
it is submitted to the Scientific Review Panel,

Thank you for your comments.

Sincerely,

Iy, zoazzfr/é/

William V. Loscutoff, Chief
Toxic Pollutants Branch
Stationary Source Division

cc: P. Venturini, ARB
R. Neutra, DHS






c» THE DOW CHEMICAL COMPANY‘F_

MIDLAND, MICHIGAN 48640

2030 Willard H., Dow Center
July 11, 1985

Mr. William V. Loscutoff, Chief
Toxic Polliutants Branch
Attention: Dioxin

California Air Resources Board
P.0, Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

In response to the dJune 12, 1985, notice of opportunity to review and
comment on reports pertaining to chlorinated dioxins and dibenzofurans,
The Dow Chemical Company is submitting the following comments. Due to
the short period of time available for comment, we were not able to
provide a more detailed critique. However, we believe the following
comments will hopefully assist your agency in understanding and
clarifying the numerous references reviewed in the Health Effects
Report.

On page 1-3 of the Executive Summary, the DHS Heaith Effects Report
states the foliowing: "In addition, because of structure activity
considerations and the lack of chronic exposure studies on penta and
hepta CDD and CDF isomers, DHS has concluded that these isomers must
also be considered potential human carcinogens." I1Nhis rationale
whereby only (1) structure-activity relationships and (2) the lack of
chronic exposure studies are the sole basis for considering these other
isomers to be potential human carcinogens is inadvisable and unconven-
tional, as this approach has typically not been used by regulatory
agencies. The categorization of a chemical as a potential human
carcinogen has been typically made only after actual experimental data
from Taboratory animal studies are available and interpreted as
indicative of a positive carcinogenic response in the laboratory
animais. Furthermore, in keeping with the general theme in the draft
document whereby DHS agrees with the general concepts regarding the
categorization of the experimental evidence of carcinogenicity of
2,3,7,8-TCDD for Taboratory rodents, it would appear more scien-
tifically appropriate for DHS to not distort or deviate from the
conventional format of requiring validated experimental data as the
basis for categorization of a substance as a potential human carcinogen.
This is particularly important in this case since a Targe number of
distinct compounds are being implicated as carcinogens.




Mr. William Loscutoff
July 11, 1985
Page 2

In the case of the 2 Hexa CDD's that have been bicassayed for carcino-
genic potential in laboratory animals, there appears to be rather
substantial differences among the diagnoses rendered by different
pathologists who have examined the same liver sections. The
examination of Squire (1983) reported only neoplastic nodules with no
actual cancer induction in the female rats given the Hexa CDD's. 1In
view of the fact that Squire is the only pathologist who has had
occasion to histopathologically examine the tissues from animals used
in the bioassays of 2,3,7,8-TCDD and Hexa CDD's, his data would appear
to be the most valid for comparative assessment of carcinogenic potency
of the chlorinated dioxins. As the examination of Squire reported only
neoplastic nodules with no actual cancer induction with the Hexa CDD's,
this raises the question as to the appropriateness of DHS utilizing
these data for the mathematical modeling of carcinogenic risk assess-
ment for these Hexa CDD's, especially when the DHS has characterized
the Hexa CDD's bioassay as suggesting only a tumorigenic response (page
8-12 of draft).

Based on the weight of the evidence as presented in the DOHS proposal
indicating that 2,3,7,8-TCDD has caused the carcinogenic response in
laboratory animals through an indirect mechanism of action (such as
promotion) and in view of the fact that 2,3,7,8-TCDD has been shown to
have essentially no potential for interaction with DNA, it would be
scientifically more valid to use a threshold-based approach or one of
the less conservative models in the risk assessment for 2,3,7,8-TCDD,

On pages 8-6 to 8-9 of the draft document, the results of the NTP bio-
assay of 2,3,7,8-TCDD in rats and mice are discussed. Both the text
and Tables 8.1-4 and 8.1-5 list certain tumor type tabulations in a
manner that incorrectly implies that all of these tumor types were
considered to be related to treatment with TCDD., If one closely
evaluates the actual data in the NTP report of this bioassay, one finds
substantial variability in spontaneous tumor incidences among the
various control subgroups. The variability in spontaneous tumor
incidences indicate that not all of the tumor types listed in

Tables 8.14 and 8.15 were related to treatment with 2,3,7,8-TCDD.

The issue of decreased bioavailability of chlorinated dicxins adsorbed
onto particles such as soil or dust particles should be more adequately
factored into the draft proposal. Table 10.3-2 and Figure 10.3-1 are
based on air exposures but calculated from gavage exposures (NTP,
1982a). Thus the bioavailability of chlorinated dioxins on dust is a
critical component of the calculation. Recent data generated by
Dr. Michael Gallo of Rutgers University indicates a relative lack of
absorption of a toxic dose of chlorodioxins when present in a soil
matrix. This new information should be obtained from Dr. Gallo for
inclusion in the document, particularly since these data would indicate
an "order of magnitude" difference in dose to the subject.
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The section of the draft document on Risk Assessment outlines three
scenarios offered by DHS as proposed methods of estimating cancer risk
for the assumed mixture of chlorinated dioxins and furans. For reasons
outlined above, there are scientifically valid and substantive reasons
to not utilize the proposed nonthreshold mathematical modeling for
purposes of risk assessment of these mixtures.

However, if certain revisions were made in accordance with the reasons
stated above, a revised version of the assumptions in Scenario 3 would
be more scientifically valid when compared to the assumptions in
Scenarios 1 and 2,

The assumptions in both Scenarios 1 and 2 are flawed and contradicted
by the composite of the known scientific data regarding the comparative
toxicity and biologic activity of the chlorinated dioxins and furans.
The assumption in Scenario 1 (assuming that all PCDD/PCDF isomers are
as potent as 2,3,7,8-TCDD) and Scenario 2 (assuming that PCDD's and
PCDF's that are chlorinated on the 2,3,7,8 positions and have at least
one ring position unchlorinated are as potent as 2,3,7,8-TCDD) are
contradictory to what is known about the relative toxicity/biologic
activity of these PCDD's and PCDF's, The EPA paper by Bellin and
Barnes (1984) as well as the paper by Kociba and Cabey (1984) indicate
substantial differences in toxicity/biologic activity among these
PCDD's and PCDF's. For example, the compilation of relative toxicities
of PCDD's and PCDF's prepared by Bellin and Barnes of EPA indicate a
1000x differential between 2,3,7,8-TCDD and the 2,3,7,8 Hepta CDD's or
the 2,3,7,8 Hepta CDF's,

Thus, the available scientific data do not support the assumptions made
in either proposed Scenario 1 or Scenario 2. A revised application of
the assumptions in Scenario 3 more adequately reflects the actual
scientific data on the relative toxicity/biologic activity of the
PCDD's and PCDF's.

In addition, the Health Effect Report could be improved by inclusion of
several additional reported references, a more complete reporting of

the results of some of the studies considered and a different view of

the concept of confounding. In addition, some of the specific comments
in the Report could lead to a misinterpretation of the study conclusions.

Several missing literature articles, which we referenced to your agency

in our earlier correspondence (Nov. 14, 1984), can be itemized: 1) The
American Medical Association Review which should be a part of Section 2.

2) The Fingerhut presentation at Rockefeller symposium was reported to

the board as being in press in 1984 and considerably updates Fingerhut

and Halperin (1983) reported on page 8-24. 3) A Cook (1984) publi-

cation was provided to the Board with reference to Ekland (1983).

These studies reviewed the soft tissue sarcoma reports of Hardel and

noted the probability of observer bias which is not discussed on page 8-19.
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There are several examples of selective use of literature perspective
in the Health Effect Report. Examples, but not an inclusive list, is
presented here for clarification of the point.

The Townsend (1982) study (Pg. 6-7) is reported to have stated
“the power to detect risks of 1.5 or more was only 50%---."
However, the full quote would read: "the power to detect a crude
adds ratio of 1.5 or greater varied from less than 50% for Still-
births, Indicator Malfunction and Infant Deaths to 80% or greater
for all Conceptus Deaths, all Unfavorable Outcomes, and for
Spontaneous Abortions."

The Townsend study was also judged likely to be inaccurate due to
the use of historical data but the Hardell reports which used
similar historical data were not downgraded in a like fashion.

The Zack and Gaffy (1983) study attributed bladder cancers to
other exposures and did not include a smoking history. Since lung
and bladder tumors are specifically discussed on page 8-22, these
facts should also be reported.

On page 8-24, the Report notes that Bond et al., (1983) reported
increased ulcers and diseases of the digestive system, but omits
the fact that such increases were not dose related. A summary
comment on this study notes that "the study might have missed the
most affected workers" without acknowledging the equal probability
of missing the Teast affected workers.

The authors of the Report have misused the Concept of Confounding in
Section 6.2. Several of the negative studies are dismissed because
they suffer from serious problems in "their failure to rule out that
multiple exposures to various agents did not have significant con-
founding effect on the outcomes studied." The confounder would have
to be protective if such logic were to be considered valid.

A limited number of specific comments that have been identified are
listed below.

Page 1-3 - Line three states "shown elevated risks." Since debate
is continuing on these data, it should state, "reported
elevated risks."

Page 8-18 - Section 8.2.1 line 5 notes a history of "heavy" exposure.
The exposures recorded in this study were variable, not
consistently heavy.

Page 8-25 - Reports one study as "carefully conducted." It is our
opinion that most studies are carefully conducted even
though some of the conclusions are subject to debate.
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Risk assessment is a complex procedure requiring a large number of
assumptions, most of which are made with very lTittle scientific
guidance. In the interest of protecting human health, these
assumptions generally take the most conservative position. This is
done as a matter of policy in the absence of a rigorous scientific
understanding.

This compounding of conservative assumptions results in assessments
which are, at best, extreme upper limits on risk and do not translate
into actual number of cases of cancer per year. These estimates also
have a tremendous amount of uncertainty due to the possible choices of
assumptions. One measure of the uncertainty in the estimates is the
difference between the "best estimate" of risk for the multistage model
and the upper 95% confidence limit. However, this difference represents
only one of the uncertainties in the entire process. As an example of
the impact of assumptions, the DHS document estimates risks ranging
from less than 1 up to 1400 per million as a result of differing
assumptions on the carcinogen potency of the untested PCDD's and PCDF's
and depending upon whether "best estimates" or 95% upper bounds are
used.

DHS has explicitly listed the assumptions to be made and the specific
options that were taken. They have also stated in a number of cases
that a conservative position was taken as a matter of policy because of
scientific uncertainty. The uncertainty in these estimates can be
reduced, however, when assumptions can be replaced by data. It has
been generally recognized that when these data are available, they
should be used (EPA, 1984; NAS, 1983; 0STP, 1984),

In particular, the following assumptions listed in Section 10 of the
DHS document need re-examination:

1. Use of the most sensitive sex, species, study.

This assumption is often made as a matter of policy to protect public
health., It must be clearly stated, however, that the resulting
estimates cannot be literally translated into actual cancer cases per
year. Instead, the numbers represent only worst case scenarios.

2. Route of exposure.

In the absence of pharmacokinetic data, equivalency of routes of
exposure is sometimes assumed. In the case of inhalation exposure to
PCDD's and PCDF's, the assumption of 100% bioavailability of the active
compound is very questionable. There are data indicating that this
family of compounds tend to bind to particles and are not 100%
biologically available Poiger and Schlalter, 1980 (Appendix E,
reference), Gallo, personal communication.
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3. Surface Area.

In the absence of data, it is often assumed that man is approximately
six times more sensitive than a rat and 13 more sensitive than a mouse
to exposure expressed on a mg/kg/day basis. This is based on man's
lower metabolic rates and lower surface area/body weight ratio. In the
case of 2,3,7,8-TCDD, there are indications that man is likely less
sensitive than rats to the toxic effects of the compound. Therefore,
the risk assessment for TCDD should incorporate, at most, equal
sensitivity on a mg/kg/day basis. Equal sensitivity is the general
assumption made for most other toxicological endpoints. Increased
sensitivity for carcinogenic effects in man has been assumed as a
policy decision but is not appropriate for TCDD.

There are other assumptions listed in Chapter 10 which we generally do
not agree with on a conceptual basis, but the pro and con arguments are
presented in the DHS document and have been discussed at length in the
past. These assumptions include lack of thresholds, appropriateness of
modeling in general.

A set of assumptions which should be further addressed are set out in
the three scenarios described in the DHS document and are discussed in
an earlier section of these comments.

Two additional references which may be of assistance are enclosed:

(1) Bellin, J. and D. Barnes. April, 1985, Chlorinated Dioxins
Workgroup Position Document. Interim Risk Assessment
Procedures for Mixtures of Chlorinated Dioxins and
Dibenzofurans (CDD's and CDF's).

(2) Kociba, R. J. and 0, Cabey. 1984, Comparative Toxicity and
Biologic Activity of Chlorinated Dibenzo-p-Dioxins and
Furans Relative to 2,3,7,8-Tetrachlorodibenzo-p-Dioxin
(TCDD). Presented at the 4th International Symposium on
Chlorinated Dioxins and Related Compounds, October 16-18,
1984, and published as Proceedings in Chesiosphere.

In evaluating the Part A report, it was not possible to evaluate the
conclusions since the input data and a description of the model
structure was not provided.
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Dow Chemical would like to thank you for this opportunity to review and
comment on your draft reports prior to their submittal to the Scientific
Review Panel (SRP). It would be appreciated if you would transmit

these comments to the SRP as part of your draft report. If either
members of your agency or the SRP would 1ike to discuss our comments,
please contact Bryant Fischback in our Western Division at 415-432-5051,

// L

John A. Harris

Manager, States Environmental
Regulatory Affairs

Environmental Quality

2030 Willard H. Dow Center

Midland, MI 48674

517-636-2377

Enclosure

cc: Bryant Fischback, Dow Chemical Company, Pittsburg, California






CHLORINATED DIGXTNS WORKGROUP POSITION DOCUMENT
April, 1985

INTERIM RISK ASSESSMENT PROCEDURES FOR MIXTURES OF CHLORINATED DIOXINS
AND -DIBENZOFURANS (CDDs and CDFs)*

I.  Summary

FFA increasingly is confronted with the need to detemmine the
risks inherent in exposure to materials such as soot, incinerator
flyash, industrial wastes, and soils. Exposure to these materials
often involves the potential for exposure to a mixture of chlorinated
dibenzo-p-dioxins (CDDs) and chlorinated dibenzofurans (CDFs). Recog-

nizing that there is much to learn about these chemicals, the Chlorinated

Dioxing Work Group (CDWG) is proposing an interim method for assessing the

human health risks pcsed by mixtures of (DDs/CDFs.

The CDWG has discussed several approaches for making such assessments
and has concluded that a direct bioclogical assessment of the toxicity
of camplex mixtures of CDDs/CDFs is preferred. Therefore, research
tc develop appropriate methods of this type should be supported. In
the interim, however, the CDWG believes that a reasonable estimate
of the toxic risks can be made by taking into account the distribution
of CDD/CDF .ccrngeners or hamologues that are estimated to haye the
greatest ‘toxic potential., This document describes the recommended
procedtzé for generating the "2,3,7,8-TCDD equivalents" of ‘amplex
mixtures c;f "CDDs/CDF's, based upon congene:"- or homologue-specific
data and for using such infomation in assessing risk.

* Refer to Appendix. for precise namenclature used in this paper.

~
-~
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The recammendations are summrized in the right most colum in
Table IIIL.
The (OWG admowledges that this procedure is not based on a
thoroughly established scientific foundation. It represents a consensus

recamendation on science policy. Conseguently, assessors and rigk

managers are urged to use informed discretion when deciding to what

situations the procedure can be appropriately applied.

II. The Need for a Procedure for Assessing the Risk Associated wir
Exposure to Camplex Mixtures of CDDs/CDFs

During the late 1970s, the Agency was faced with assessing the
human health significance of exposure to 2,3,7,8-tetrachlorodibenzo-
. p-dioxin (2,3,7,8-TCDD). In preparation for the cancellation hearings
for the herbicides 2,4,5-trichlorophenoxyacetic acid and silvex, the
Agency generated risk assesgsments for several toxic responses for 2,3,7,8-
TCOD. The qﬁantitative cancer risk assessment produced by the Cancer
Assessment Group was later adapted for use in the Water Quality
Criteria (WQC) Doament for 2,3,7,8-TCDD. In addition to carcinogenicity
concerns, the WQC contains an assessment of syétanic toxicity, based
on reproductive effects produced by 2,3,7,8-TCDD. The Agency's
concern for' (DDs and CDFs has expanded more recently. For example,
the cm:rem: draft of the Health Assessment Doament prepared for the
Air Program contains a quantitative risk assessment for a mixture of

hexachlorodibenzo-p-dioxins (Hx(DDs), based upon carcinogenicity

| studies conducted by the National Cancer Institute.

However, as earl& as the late 1970s, it became clear that exposure

situations existed-in the cauntry which imvelved more than simply
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2.3,7,8-TCDD. Specifically, data on emissions from cambustion sources
(e.g., hazardous waste and mmnicipal waste incinerators) and contents
of waste fram certain industrial production processes indicated that
the majoricy of the 75 CDDs and 135 CDFs can be detected in the
envirorment. '

Given the high potency and strong structure-activity relationships
exhibited in in vivo and in vitro studies of (DDs and CDFs, the COWG
recognizes that the potential risks posed by the congeners other
than 2,3,7,8-TCDD need to be addressed.* Detailed consideration of
the toxicity of the vast majority of the CDDs/CDFS is limited by the
lack of toxicology studies on most of the congeners. Further, it is
wnlikely that mary expensive long-term test results will be available
soon. For example, research om 2,3,7,8-TCDD has Been underway for
more than two decades at an estimated cost in the hundreds of millions
of dollars. Although this chemical has been investigated to a much
greatasr extent éhan any of the other CDDs/CDFs, unanswerea questions
remzin, As noted below, the CDWG believes that it would be urwise,
tneconamical and unnecessary to conduct such extensive testing on
each of the CDD/CTF congeners prior to conducting an assessment of
their risks,* |
Tm_:.'h'e'—early‘ 19808, the Agency developed an approximate method for
assessing the risks of the emission of (DDs/CDFs associated with the
high temperature incinceration of PCBs and cambustion of mmicipal

waste (USEPA, 1980; USEPA, 1981); cf. Table I1I. The orocedure
presented in this docment is a refinement of that approach.



ITII. Approaches to Hazard Assessment for CDD/CTF Mixrures
A. Overview.” |
1. Preferred Practical Approach -- Toxicity Assay of Mixtures

In the first instance, an assessment of the toxicity of a mixture
of chemicals is best accamplished by direct evaluation of its toxic
effects, e.g., by determining the effects of chronic exposure in an
experimental animal. Such an assessment is time consuming and costly
and would theoretically have to be performed for each of the many
aixtures of envirormental importance. Therefore, this idealized
approach is not likely to be achieved in the near future.

An alternative, practical approach to hazard assessment of a
mixture is an assay that indireétly provides a measure of the mixture's
potential toxicity. In the case of mixtures containing CDDs and
CDFs, short term assays are under development that directly determine
the 2,3,7,8-TCDD~1ike response which can be used as a measure of the

toxicity of the mixture as a whole. Such assays, which take advantage

of the similar toxic manifestations induced by CDDs and CDFs, have
been used to assess the potential health hazards of exposure to

COD/CDF-contaminated soot fram PCB fires (Eadon, 1982; Gierthy,

1984, Grévicz, 1983), and predicting the potential toxicity of incinerator

flyash (Sawyer, 1983). The development of swh "mixture assays" is
progressing rapidly. While additional work is required to more
fully validate the assay findings for specific toxic endpoints,
especially chronic effects, data have been presented that indicate

T
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correlations w'ivth subchronic effecté of CDDs/CDFs (Safe, 1984), The
COWG recognizes the importance of this approach in implementing its
regulatory strategy for 2,3,7,8-T(DD-like chemicals and encourages
research in this area.

2. Alrernative Approach -- Additivity of Toxicity of Components
In the absence of more fully develooed "mixture assays”, however,
the CDWG recognizes the viability of a second approach to assessing
the risk posed by a mixture of (DDs/CDFs. First, components in a
mixture of CDDs and CDFs are identified and quantified. Then, the

toxicity of the mixture i{s estimated by adding the toxicity contributed

bv each of its comoonents.

In the case of most envirommental mixtures, however, this method

carmot be directly applied, since congener-specific analyses for

.o

the 75 (DDs and 135 CDFs potentially present in the mixture are
seldom available. In addition, there is little information available
on the toxic potency of most of these corgeners. Therefore, this
approach is not viable at this time and is not likely to be feasible
in the rear future.

3. An Interim Approach -- 2,3,7,8-TCDD Toxicity Equivlance
] Factors (TEFS)

The CDWG recognizes a third altemative for estimating the risks
associated with exposure to complex mixtures of CDDs/CDFs. First,
as in approach #2, information is obtained on the concentrations of
homologues and/or congeners present in Ehe mixture. Then, reasoning
on the basis of structure-activity relations and results of short
term tests, the toxicity of each of the components is estimated and

expressed as an "equivalent amount of 2,3,7,8-TCDD". Combined with

-~ .
.
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estimates of exposure and known toxicity information om 2,3,7,8-TCDD,
the risks associated with the mixture of CDDs/CDFs can be assessed,
Key to the approach axe:.the 2,3,7,8-TCDD Toxicity Equivalence Factors
(TEFs) which are derived in Section IV below.

The general approach of TEFs outlined here is not unique:

several organizations have used similar approaches; cf, Table III.

The CDWG recammends that the TEF procedure be adopted as a
matter of science policy on an interim basis. The approach will
enable the Agency to deal with many, but not all, of its roblems;
e.g., which Superfund sites should be given administrative priority,
to what extent a hazardous waste site should be cleaned up, which
marufacturing wastes can be delisted as FPA hazardous wastes, and how "
to esimate the risks associated with the emissich of CDDs/CDFs .
fran cambustion sources.

The remainder of this doament discusses the TEF approach in greater
detail, illustrates ics use in risk assessment, and identifies additional
regearch, the result.; of which would strengthen the bagsis of this interim

aporcach.




-7-

W, The 2,3,7, 8-TCDD Toxicity Fquivalence Factcrs (TETs) Aporoach
T to Assessing the loxicitv of Coomlex Mixrtures of "DBs/CBFs

2,3,7,8-TCDD is one of 75 (DDs. Exceptionally low doses of
this campound elicit a wide range of toxic responses in many animals.
e.g., adverse reproductive effects, thymic atrophy, and a "wasting
syndrome” leading to death., EPA's Cancer Assessment Group (CAG) has
determined that there is sufficient evidence to treat 2,3,7,8-TCDD
qualiratively as a potentiél human carcinogen. The CAG quantitative
asesssment indicates that the chemical is the most potent animal
carcinogen evaluated by the Agency to date. Limited data suggest
that some of the 74 other (DDs may have similar toxic effects, again
at low doses.

Moreover, these toxicity concemns are not restricted to CDDs.
Limited experimental data, supplemented by strong structure/activity
relaticnshiﬁs in in vitro tests that are correlated with in vivo
toxic effects of these comounds, indicate that scme CDFs exhibit
"2,3,7,8-TCDD-1-5.ke" toxicity (Bandiera, 1984; Safe, 1984).

The cellular biochemical mechanisms leading to the toxic response
resulting fran exposure to CDDs and CDFs are not known in complete detail.
Hewever, over the last few years experimental data have accumulated which
suggest ﬁhar: an important role is played by an intracellular protein,
the Ah receptor, ’mis' receptor binds halogenated polyvcyclic aromatic
nolecules, including CDDs and CDFs. In animals, the binding of 2,3,7,8-
TCDD-related compounds to this receptor ha.slbeen correlated with the
expression of several systemic toxic effects including sensitivity

to acute toxic effects (LDsp values), thymic involution, chloracnegenic



-8-

response, and the induction of several enzyme systems, some of which
have been linked to carcinogenic pathways (Poland and Krutson, 1982,
3andiera et al., 1984).

Table I contains information on a variety of endpoints: acute
toxicity, carcinogenicity, reproductive effects, receptor binding,
enzyme induction, and in vitro cell transformations. The data are
normalized to wnity for 2,3,7,8-TCDD. For example, 2,3,7,8-substitured
HxCDDs have about 5% the Ah receptor binding strength of 2,3,7,8-TCDD,
they are about 70% as potent in the ability to induce the enzyme
AHH; and their carcinogenic potency is abaut 4% that of 2,3,7,8-TCDD.
Fer these effects the LOELs or NOELs for 2378-congeners are about one
ndred-fold lower than those for the non-2378 congeners. |
Kociba (1984) has recently presented similar data. '

The structure/activity generalizations based: on the data in
Table I bear aut the generalizations in the literature concerning
the congeners that are most likely to be of toxic concern (Poland,
1982; Gasiewicz, 1982; Bandiera et al., 1984). That is, congeners
which are substituted in the lateral 2, 3, 7, and 8 positions are
likely to exhibit toxic effects at lower doses than other congeners.

This includes the fifteen tetra-, penta-, hexa- and heptachlorinated

CoDs and CDFs listed in Table II.*

* The COWG is amre that scme investigators (e.g., Grant, 1977;
Olie, 1982; Cammoner, 1983; and Ontario, 1983) have broadly defined
the congeners of conern to include all those tri- to hepta- congeners
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which are substituted with at least three chlorines in the four
lateral (2,3,7 and 8) positions. The CDWG has reviewed the toxicity
data and does not find it to argue stromgly for this extended range
of concern. Further, the increased level of camplexity invoked by
including these additional congeners is to suggest a greater level
of accuracy and resolution than the CDWG believes is warranted.

The CDWG is also aware that receptor binding data suggest a
relatively high toxicity for 1,2,4,6,7-PeCDF. Examination
of stereochemial models point out that the 4/6 positions on CDFs are
arguably "more lateral” than the 2/8 positions (Bandiera et al, 1984).
However, this increased receptor binding acitivity is not reflected
in an increased potency of 1,2,4,6,7-PeCDF as an enzyme inducer (cf.
Table 1), an endpoint which has been shown to correlate with subchronic
toxicity (Safe, 1984). Therefore, the CDWG is not treating 1,2,4,6,7-PeCDF
as a "2378-congener" at this time; however, additional dara could lead
to a change in this position.
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The associat "2,3,7,8-TCDD equivalent factors" were assigned
as follows. The relative carcinogenicity responses (Table I) for
2,3,7,8-TCDD and the nixture of two 2378-Hx(DDs* provide the TEF
for 2378-HxCDD. The relative toxicity of 2378-PeCDD was taken to be
the root mean square of the 2378-TCDD and 2378-HxCDD values. The
remaining assigmments in Table II and Table III (righthand column)
afe based on a rough assessment of the data in Table I, subject to
these constraints:

1. The CDFs are likely to be lesg toxic than their corresponding
(DDs, based on compartive toxicity data of 2,3,7,8-TCOD and
2,3,7,8-TCOF in various species (Moore, et al, 1979).

2. As a matter of judgment, the CIWG believesi that the uncertainties
in the procedure limit discrimination of-relative toxicity to
order of magnitude estimates.

In the sane vein, TEFs for the non-2378 isomers are assigned values
which are 1% of the TEFs of the 2378-isomers in the same hamologous
group.

while it could be argued that the hepta- congeners are of lesser
concern, the CIWG recognizes that in some mixtures the hepta congeners
predaminate; therefore, they are not entirely excluded.

The general approach of estimating relative toxicities discussed

here has been taken by other groups in reaching decisions regarding risk.

Table III lists the TEFs used by these other workers.

* Refer to Appendix for namenclature

o v 45
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The TEFS.assigned (except for the Hx(DDs) do not rest on
the results of long tem animal scudies. Generally, they are based on
estimates of the relative toxicity in in vitro tests whose relationship
to the chrenic effects of concern is largely presumptive. Hwevér,
experimental results contirue to supplement the view that the short
term assays are providing important fﬁndamental information on the
toxicity of the (DDs/CDFs. For example, for the higher chlorinated
CDFs, induction of certain enzymes correlates rather well with
thymic atrophy and body weight reduction noted in subchronic rat
studies (Bandiera et al., 1984; Safe, 1984).

It should also be noted that the structure/activity relationships
are not uniformly consistent and cannot be said to have established, at
this point, a causal relationship between the Ah-receptor and all
forms of toxicity of CDDs and (DFs. For instance, it has recently
been noted that the development of porphyria in mice does not correlate
with Ah phenotvpe and that genes other than Ah influence the develovment
of 2,3,7,8-T®D—induced hepatotoxicity in mice (Greig, 1984).

In summary, in the view of the CDWG, there is a sufficient scientific
SuUpport Eqr the TEF approach to estimating risks associated with
CDDs/CDFs that the Agency should adopt the approach, on an interim

hbasis, as a matter of science policy. .

N,



-12-

v. Applicatiéns to Risk Assesgsment

In general, an assessment of the risk to human health of a

mixture of CDDs and CDFs involves the following steps:
1. Analytical deteminatica of CDDs and CDFs in the sample.
2. Multiplication of congener concentrations in the sample by the

TEFs in Table Il express the coﬁcentration in terms of 2,3,7,8-TCODD "

equivalents.

3. Summation of the products in step 2 to obtain the "2,3,7,8-TCDD
equivalence" of the sample.

4, Detemmination of human exposure to the mixture in question,
expressed in terms of equivalents of 2,3,7,8-TCDD.

5. Canbination of exposure fram step 4 with toxicity infommation
on 2,3,7,8-TCDD (usually carcinogenicity a’ind/or reproductive
effects) to estimate risks assc tod with the mixture.

In cases in which the concentrations of the fifteen congeners
of concern are known:
2,3,7,8-TCDD Equivalents = y (TEF of each 2378-CDD/CDF congener

x the concentration of the respective congener) +
¢ (TEF of each non-2378 CDD/CDF congener
x the concentration of the respective congener)
samples of this calculation for several ervirormental mixtures
are provided in Table IV.

In cases where only the concentration of hamologous groups is
known; i.e., no isomer-specific data are available, different approaches
are possible. For example, the assumption that the 2378-congeners
of conc.m constitute all of the CDDs . *d CDFs present in the mixture is

likely to provide an upper baund estimate of the.toxicity... Altermatively,
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mixture has equal probability (Olie, 1982; Commoner, 1982). For
instance, 2,3,7,8-TCDD is one of 22 possible TCDDs and would constiture
about 4% of a mixture of equally probable isomers. In other situations,
narticular knowledge of chemical reaction parameters, process conditionms,
and results from related studies, (e.g., congener distributions in
enissions fram cambustion sources) might enable one to estimate the
relative occurrence of 2378-congeners. However, one must be careful
to explicitly explain and justify whatever assumptions are made,
The calculated "2,3,7,8-TCDD equivalents" can then be used to
assess the health risk of a mixture., As an explicit example, consider
a mmicipal solid waste (MSW) cambustor whose particulate emissionms,
the CDD/CDF mixture in question, were exactly like; the electrostatic !
precipitator (ESP) catch cited in colums 5 and 6 of Table IV. The
sample is estimated to contain 28 ppb 2378-TCDD equivalents; i.e.,
28 picograms of 2378-TCDD equivalents per milligram of mixture. Suppose
that an exposm'é analysis indicates that .a person living dowrmvind from
the incinerator receives an awverage daily dose of 1 ng of the mixture/kg
body weight. This exposure estimate is cambined with the upper ‘bound
carcinogenic potency of 2,3,7,8-TCDD (1.6 x 105 per mg/kg-day (U.S. EPA
1984)) to generate the upper 95% limit of the excess risk of developing
cancer for a person living downwind fram the facility emitting the mixture
under consideration, assuming lifetime exposure:
Upper 95% limit of |
excess cancer risk = [potency] x [exposure]
"= [1.6 x 105 per mg TCDD/kg-day] x [28 pg TCDD/
mg mixture x 10-9 mg TCDD/pg TCDD x 1 ng

mixtuge/kg-day x 10-6 mg mixture/ng mixture
= 10-7 -
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Use of tﬁe ¢. :rent assumptions regarding relative toxicizies
(see Table III) i~rluence the calculation of 2,3,7,8-TCDD equivalents
only sligh}tly. For example, using analytical data from an Agency
study on enissions fram a particular mmicipal waste combustor (EPA
1984), the 2,3,7,8-TCDD equivalents calculated using the assumptions
listed in Table III are generally within an order of magnitude.

VI. Comparisom with Other Approaches to Determining 2,3,7,8-TCDD
Fouivalents

A linited mmber of in vivo and in vitro approaches have been
employed in assessing the toxicity of complex mixtures of CDDs and CDFs.
While the results fram these attampts are not definitive, it is instruc-

tive to compare those results with the results from the TEF approach

~ 5

-

proposed here.

Fadon (1982) investigated the toxicity of CDD/CDF contaminated
soot associated with a fire imvolving PCB containing electrical equipment.
Using the results fram acute in vivo toxicity (LDsp) studies in which
the soot was the test substance, the researchers determined that the
soot had the acute toxicity expected of material containing about 60 times
the amount of 2,3.,7,8-TCDD actually fomnd by GC/MS analysis.

Table V illustrates the results of employing the TEF approath
through three different procedures, each of which depends upon the results
of GC/MS analysis of the soot. In the first instance (A, in Table V), the
analytical .data have been consolidated to totals with a homologous
class. These concentrations are treated as if they consisted completely

of 2378-members of the class and, therefore, are multiplied by the TEF

_____appropriate for the 2378-members of the class. The resulting 2,3,7,8-TCDD

— equivalent estimate from this procedure is about 80.
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In procedure B, the assumption is made that the occurrence of eachv
of the congeners in a homologous class is equally probable; e.g., the
concentration of 2,3,7,8-TCOD is 1/22 (about 5%) of the concentration
~f the total TCDDs. This approach leads to an estimate of the total
2,3,7,8-TCDD equivalents of 8.

A rather unique data base exists in the case of the socot fram
this fire in that an extensive isomer-specific analysis of the sample
is available (as cited in DesRosiers, 1984). Therefore, the full arrav
of TEFs from Table III can be applied. This procedure (C in Table V)
results in an estimate Qf roughly 40 for the total 2,3,7,8-TCDD equivalents
in the sample.

As might be expected, the most conservative of these procedures, A,
leads to the highest estimate, The fact that the aoproach, B, leads to
a lower estimate than the isomer-specific results, C, reflects the fact
that the 2378-congeners are present in somewhat higher than "equal
srobability" proportions. Given the camplexity of the analysis imvolved,
the approximate nature of the TEF method, and the vagaries of the bioassay,
a major feature of note in Table V regarding the soot samwles is that the
results of procedures A, B, and C span a range of only one order of
magnitude and bracket the bioassay estimate.

In a separate study, Sawyer et al. (1983) published results of
homologue-specific CDD and CDF concentrations in flyash fram four mmicipal
solid waste cambustors (MSW) which are amenable to treatment by the TEF
methodology. In adaicion, extracts from the flyash samples were analyzed
by three bioassay techniques (AHH induction, EROD incuction, and receptor

binding).
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These data, tzken in toto, suggest Ihat the TTF approach is likely
to be a useful, incer ool for the rough estimacion (1-2 orders of
magnicude, of the tox. .ty of camplex mixctures of CDDs and CDFs.
Additional scrutiny should accompany the application of these particular
TEF procedures (i.e., A,B or C) to anmy specific sample.

VII. Research Needs

As noted above, the CDWG recammends that research be conducted
to develop bioassays that will directly assess the toxicity of complex
mixtures of CDDs/CDFs. 1In addition, research should be conducted
which will provide a firmer Easis for the TEF approach and guide
appropriate modifications thereof. This research should be aimed at
1. Validating and completing the entries in Table I. .
2. Investigating additional short temm assays which can test the
mechanistic hypothesis which underlies the TEF approach; of
Section IV,
3. Investiga;ing correlations between the short tem assays, longer

term assays, and human health =ffects.
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APPEND D
The following teminology and abbreviations are used in this .
document:;

1. The term "congener' refers to any cne particular member of
the same chevical family; e.g., there are 75 congeners of
chlorinated dibenzo-p-dioxins.

2. The term "homologue" refers to a group of structurally related
chemicals which have the same degree of chlorination. For example,
there are eight homologues of (DDs, oonochloroinated through
octochlorinated,

3. The term "isomer" refers to substarces which belong to

the same homologous class. For example, there are 22 isomers

that constitute the hamologues of TCDDs,

4. A specific congener is denoted by wnique chemical rotation.
Tor example, 2,4,8,9-tetrachlorodidenzofuran is referred
to as 2,&,3,9-TCDF.

S. Yotation for hamologous classes is as Zollows:

Dibenzo-p-dioxin D

Dibenzofiran F

No. of Halogens Acrorva Example

D 2,4-DCDD

T 1,4,7,8-TCDD
Pe
Hx
Hp
0
ough 8 - CDDs and CDFs

%GD\JO\UIJ.\UN

—
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Jiterzc-p-dioxins and -dibenzofurans that are chlorinated
at the 2,3,7 and 8 positions are denoted as 2378 congeners;
e.g., 1,2,3,7,8-PeCCF and 2,3,4,7,8-PeCDF are both referred

to as ''2378-PeCDFs'".

tr
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TABLE I1I

CDD/CDF ISOMERS OF MOST TOXIC CONCERNE/

DIOXIN DIBENZOFTIRAN
Iscmer TEFE/ Isomer TEF
2,3,7,8-TCDD 1 2,3,7,8-TCDF 0.1
1,2,3,7,8-PeCDD 0.2 1,2,3,7,8-PeCDF 0.1
2,3,4,7,8-PeCDF 0.1
1,2,3,6,7,8-HxCDD 0.04 1,2,3,6,7,8-HxCDF  0.01
1,2,3,7,8,9-HxCDD 0.04 1,2,3,7,8,9-4xCDF 0,01
1,2,3,4,7,8-HxCDD 0.04 1,2,3,4,7,8-HxCDF 0.3
2,3,4,6,7,8-HxCDF 0.0}
1,2,3,4,6,7,8-HoCDD 0.001 1,2,3,4,6,7,8-HpCDF 0.001
1,2,3,4,7,8,9-HoCDF 0.001

;

-~

a2/  In each homologous group the relarive toxicity factor fo? the
isomers not listed above is 1/100 of the value lisced above.

b/ TEF = toxic equivalency factor = relative toxicity assigned.
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CDD/COF ISOMERS OF MOST TOX!( codceErNa/
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DIOXIN DIBENZOFURAN
b/
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Iscmer [somer TIF

2,3,7,8-TCDD 1 2,3,7,8-TCDF 0.1
1,2,3,7,8-PeCDD 0.2 1,2,3,7,8-PeCDF 0.1
2,3,4,7,8-PeCDF 0.1
1,2,3,5,7,8-4xCDD .04 1,2,3,6,7,8-HxCDF  0.01 -
1.2,3,7,8,9-4xCDD 0.04 1,2,3,7,8,9-4xCDF 0.0
1,2.3,4,7,8-HxCOD 0.04 1,2,3,4,7,8-HxCDF 0.1
2,3,4,6,7,8-HxCDF .01
1,2,3,4,6,7,3-HoCDD 0.001 1,2,3,4,6,7,8-HoCDF 0.001
1,2,3,4,7,8,9-HoCDF 0.001 =

v

-~ a

2/ In each homologous grouo the relative toxicity factor ¢z
isomers not lisczed above is 1/100 of the value lisced ahovw

-

D oar

>/ TEF = roxic equivalency factor = relative toxicity assigned.
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SOME APPROACHES TO ESTIMATING RELATIVE TOXICITIEZS OF #C20s and 2C2

£s
3@515/ SWISS GRANTY NEW YQRK ONTARIO* TDas  caY cpal zea
coMpoUND/ OLIEC STATE® 133} Cur-ens
ccuMoNERS Recammen-
(3asis) enzyme LOsg various various Cazzin.
effecrs etfects
vono and di Q Q Q 0 a 0 0 9
237-TzCDD 0 o.1* 0 1* 0 0 0 0
otner TzCDDS 0 0 0 0 0 Q 0 Q.
2373-TCDD 1 1* 1 1* 1 1 1 1
otner TCDDs 0.01 0 0 0.01 0 0 1 0.31
2373-22CDDs 0.1 0.1~ 1 1" - 1 o 0.2
otner®eCDDs 2.1 0 0 0.01 -** 0 0 0.002
2378-4xCDDs 0.1 0.1* 0.03 1* 0,02 1 9 0.04
otner YxCDDs 0.1 0 0 0.01 0.02 O 0 0.0004
2373-4pCDDs 0.d1 0.1% 0 1* 3.005 1 0 02301
otner HpChDs 0.0l 0 o) 0.01 0.005 0 0 0.00001
5CoD 0 0 0 0 ¢0.00001 0O 0 0
2373-TCDFs - 0.1 ).1* 0.33 9.02* 0 1 0 0.1
orner TCDFs 0.1 ] 0 0.0002 J Q 0 0,301
23739-2eCDFs 0.1 0.1* 0.33 0.02* J 1 0 0.1
~cner peCDFs 0.1 0 0 0.2002 2 2 2 0.301
2378-3xCOFs 7.1 0.1* 0.01 0.02* J 1 0 0.31
orner HxXCDFs 0.1 0 0 0.0002 J 0 0 0,0001
2378HpCDFS 0.1 0.1* 0 g.02" 0 1 0 0.001
stner HpCDFs 0 0 o] 0.0002 0 0 0 0.00001
QCDF 0 0 0 0 0 0 0 0

" congeners with chlocine atoms at 3 SF the 4 lateral positions.

«x. rhese isomers were not considered.

T cuiss gavernment, 1982 ———f = ontario, 1982
__ w = Grant, 1977 g—= USDHHES, 1933 — — ——

Qlie et al., california, 1982 I —
Cmmone=,—1984 i ‘
cadon, 1982 '
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TABLE 1V
PCODs /PCIx's IN SOME ENVIRONMENTAL SAMPLES
ISOMER AIR PARTICS MSW 1AKE 1982 MSW FLYASH ©
St. Louis D ESP DUST 5 SEDIMENT 5  MILORGANITE 4 ONTARIO OSLO
TEY Conc. TCHD Conc. TCLD Conc. ICY  Conc. TCLD Conc. TCDLD Conc. TCDD
. Egts. fgts. Exqts. kEqgts. kqes.
(ppb) (ppb) (ppb) (ppt) (ppt) (ppt)
TChDs 1 0.2 0.2 5 5 0 0 206 206 541 541 ND -
PeCDs - 0.2 1 0.2 10 2 0.1 0.02 - - 467 93 11 2.2
HXCDDs 0.04 1.2 0.048 160 6.4 0.34 0.014 2768 110.7 591 24 SI 2
HpCDDs . 0.001 25 0.025 120 0.12 0.5 0.001 7600 7.6 434  0.43 119 0.12
OCDD Q. 170 - 260 - 1.3 - 60000 - 467 - 186 -
TCDFS 0.1 - - 40 4 0.13 0.013 - -
PeCDFs 0.1 - - 80 8 0.14 0.014 =~ -
IxCDF's 0.01 - -~ 280 2.8  0.38 0.004 - -
ipCDFs 0. 001 - - 160 0.6 1.13 0.001 -~ ~
LY 0 - - 40 - 0.14 - - -
otal TCDD Eqts. 0.5 29 0.07 324 658 4
. USEPA 1984Dh. 4. Lamgarski et al., 1984 7. des Rosiers, 1964.

. Rappe, 1984,

. Cooper Engineers, 1984. 5. Czwa and Hites, 1984.

6. Tong et al., 1984
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TSCMER TEF  PROP., ICB f.Re SOOI (ppm) MSW FLYASH (ppp) o
' SAMPLE 1 SAMPLE 2
FACTOR Conc. TCDD Eqts. Conc. TCDD Eqts. Conc. TCDD Eqts.
i s o A B A B
Toral TCDOs 1 1 1.2 1.2 85 8% 2.7 2.7
2378 TCDD 1 0.05 1.2 0.2 0.6 85 4.3 2.7 0.1
cther TCDDs 0.0l 0.95 1.2 -8 - 85 0.8 2.7 -
Total PeCDDs 0.2 1 5.0 1.0 213 42.6 6.6 1.3
2378 PeCDD8 0.2 0.07 Ss.0 0.1 0.5 213 3.0 6.6 0.1
other PeCDDs 0,002 0.93 5.0 - - 213 0.4 6.6 -
Total dxCD0s 0.04 1 4.7 0.2 354 14.2 11.6 0.5
2378 HxDDs 0.04 0.3 4.7 0.1 - 354 4.3 11.8 0.1
other HxCDDs 0.0004 0.7 4.7 - - 354 0.1 11.6 -
Total HpCDGs 0.001 1 7 - - 184 0.2 5.7 =
2378 HpCDDs 0.001 0.5 7 - 184 0.1 S.7 -
other HpCDDs 0.00001 0.5 7 - 184 - 5.7 -
Total TCOFs 0.1 1 ] 2.3 209 20.9 7.0 0.7
2378 TCDFs 0.1 0.03 28 6.1 1.2 209 0.6 7.0 -
other TCDFs 0.001 0.97 28 - - 209 0.2 7.0 - A
Total PeCDFs 0.1 1 670 67 549 54.9 17.8 1.8 -
2378 pPeCDFs 0.1 0.07 670 4.7 35.8 549 3.8 17.8 .1
other PeClFs 0.001 0.93 670 0.6 0.3 549 0.5 17.8 -
Total HxCDFs 0.01 1 365 9.7 1082  10.8 32.1 0.3 .
2378 HxCCFs 0.01 0.19 965 1.8 6.7 1082 2.1 32.1 o.1°
other HxCDFs 0.0001 0.81 965 0.1 - 1082 0.1 32.1 -
Total HpCDFs 0.001 1 460 0.3 499 0.5 10.9 -
2378 HpCDFs 0.001  0.25 460 0.1 0.3 499 0.1 10.9 -
other HpCDFs 0,00001 0.75 460 - - 499 - 10.9 -
TOTAL TCDD EQUIVALENTS (TEF):
TEF estimate: 84 8 45 229 20 7 1
AHH bicassay: - - - 4 - -
LROD bicassay - - - 5 - -
Receptor bindirg bicassay: - - - 32 4 -
Acute toxicity bicassay: 58 - - - - -
RELATIVE TCDD ECTS. (TEF/Bicassay):
4HH bicassay: - - - 57 5 - -
FROD bicassay: - - - 46 4 - -
Receptor birding bicassay: - - - 7 0.6 2 0.2
Acute toxicity bicsssays 1.4 0.1 0.8 - = - -

az

des Rosiers, 1984, assuming only homologue—specific concentrations are known (for iLscmer-
specific analyses see Table IV.

: Sawye: et al., 1983,
: A = estimated assuming 2378-isomers constitute 100 % of a homologous group.

B = estimated assuming occurrence of all isamers in a hamlogous group is equally probable
(thus using the proportionality factor in column three). .

: estimated by utilizing isamer-specific analyses (see Table IV)
* values rounding off to less than 0.1 are amitted.



TABLE V =~ continued

ISOMER TEP PROP. ' MSW FLYASH (ppb) D
FACTR SAMPLE 3 SAMPLE 4
Conc. TCDD Egts. Conc. TCDD egts.
A 8 A =)
2378 TCID 1 0.05 12.9 0.6 2.4 0.1
otrer TCODs 0.0l 0.95 12.9 0.1 2.4 -
Total PeCDlB 0.2 1 37.5 7.5 7.9 1.6
2378 PeClDs 0.2 0.07 37.5 0.5 7.9 0.1
other PeCDDs 0,002 0.93 37.5 0.1 7.9 -
Total HxCDOs 0.04 1 75 3 9.7 0.4
2378 HxCCDs 0.04 0.3 75 0.9 9.7 0.1
other HxCDDs  0.0004 0.7 75 - 9.7 -
Total HpCDDs 0.001 1 41.9 - 9.1 -
2378 HpCDOs 0.001 0.5 41.9 - 9.1 -
other HpCDDs  0.00001 0.5 41.9% - 9.1 -
Total TCDF's 0.1 1 8.2 0.8 4.4 0.4
2378 TCOFs 0.1 0.03 8.2 - 3.4 -
cther TCDY's 0.001 0.97 3.2 - 4.4 -
Total Pe(DFs 0.1 1 19.8 2.0 21.0 2.1
2378 pPeCDFs 0.1 0.07 19.8 Q.1 21.90 0.1
other PeCDFs 0.001 0.93 19.8 - 21.0 -
Total HxCDFs 0.01 1 38.7 0.4 21.6 0.2
2378 HxCDFs 0.01 0.19 38.7 0.1 21.6 -
other HUxCDFs 0.0001 0.8l 38.7 - 21.6 -
Tctal HpCDFs 0.001 1 20.6 - 6.6 . -
2378 HpCOF's J.001 0.25 20.6 - 6.6 -
cther HpCDFs 0.00001 0.75 20.6 - 16.6 -
TOTAL TCDD EQUIVALENTS (TEF):
TEF estimates 27 2 7 0.4
AHH bicassay: 4 - 2 -
EROD bicassay: 5 - 2 -
Receptor binding bicassay: _ 65 - 11 -
Acute toxicity biocassay: - - - -
RELATIVE TOTAL TCDD EQTS. (TEF/BIQASSAY):
AHH bicassay: 0.5 4 0.2
EROD bicassay: 5 0.4 4 0.2
Receptor bimding bicassay: = = 0.4~ 6:03 - Q.6  0.04

— Acute toxicity bioassay — =
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COMPARATIVE TOXICITY AND BICLOGIC ACTIVITY QF CHLORINATED OIBENZO-P-DIOXINS
AND FURANS RELATIVE TO 2,3,7,8-TETRACHLOROD[BENZO-P-DIOXIN {TCDD)

R. J. Kociba* and 0. Cabey
Health and Environmental Sciences
The Dow Chemical Company
Midland, Michigan, 48640, U.S.A,

ABSTRACT
An assessment of the comparative toxicity and biologic activity of the various chlorinated

dibenzo-p-dioxins and furans indicates a range of potency extending from --10’1 to <10’5
rolative to TCDD

Y FwWwe

TNTROOUCTION

The surpase of this paper will be to perform 3 comparative assessment of the !Oxigity ang .
biologic activity of certain of the chiorinated dibenzo-p-dioxins and furans relative to
TLC0.  Ag TCDD has been most comprehensively studied, it 7as been used as a referenca “or
tme other dioxins and ‘urans,

L

Ffor the sake of brevity, only iimited reference will be mace o specifi¢ data available in

orevious publications (1,2,3). The emphasis herein will bde on the comparative assessment of
<he various isomers as reasured by certain differential respcnses in studies of toxicity

ire, or biologic activity.

COMPARATIVE TCXIC!™Y AS MEASURED BY ACUTE LETHALITY IN LABCRATORY ANIMALS

Jables 1 and 2 Tést :he'comparative single oral dose LOSO values for sixteen gifa-en<
dioxins and five different “yrans relative to TCDD. Evaluation of the gata available “rom
as many as seven different laboratory animals in which these studies have been performed
indicates some ~atnher substantial differences in single dose sral LD50 values, This heids
true when eveluatesd in the basis of interspecies response (for the same isomer) or 1ntra-
species resoonse ‘for the same species of animal tested). For example, the interscec-ag
1i€cerential responsa “or TCOD as measured by single oral cose LD50 data indicates an _I_..

value for tne guinea pig of 0.6-2 .g/kg, whereas in the hamster it is 1.57-505! _g/k3. Tne

intraspacies diffarential response to different isomers is typified Dy the greater than s°a
orcers of magnitude difference between the LDSO values of 0.5-C .g/ka “or TCCO ang tne .2

-z

value of >15x.a° -Q/kg “aor the 1,3,6,8-tetrachlorodibenzo-p-dioxin when tested in <re iame
soecies {guinea pigl,

The limitea data nresentlv avaiiable on the “urans indicates some parailelism to zne 2'2vcrs
in regard to those structural characteristics associated wizh toxicity or the Tack »°
toxicity as measured By acute cral lethality.



RELATIVE BIOLOGIC ACTIVITY AS MEASURED BY IN VITRO TESTS SUCH AS ENZYME

INDUCTION OR EPITHELIAL KERATINIZATION

Several groups of researchers (4,5,6,7,8,9,10,11,12) have utilized certain in vitro tests
whereby the biologic activities of various dioxin and furan isomers have beea ranked relative
to TCOO. Tables 3 and 4 are tabulations of the comparative biclegic activities as measured
by in vitro enzyme induction or epithelial keratinization for various dioxins and furans
relative to TCDD.

Due to the everexpanding data base now being generated with various in vitro test systems,
the tabulation in Tables 3 and 4 is understandably not intended to be all inclusive. Mare
recent data such as that from the laboratory of Safe (11, 12) or Gierthy (10) will likely be
presented in companion papers at this symposium. The comparative assessment in Tables 3 and
4 indicates the considerable range of biologic activity for the dioxin isomers and furan
isomers that have been evaluated for biologic activity as measured by in vitro enzyme
induction or epithelial keratinization.

For the chlorinated dioxins, the 1,2,3,7,8,9-Hexa-, the 1.2.3,4.7,8-Hexa-. the 1.,2,3,4,7-
Perta-, the 1,2,3,7,8-Penta-, the 1,3,7,8-Tetra- and the 2,3,7-Trichlore-dioxins exhibited
some biologic activity relative to TCDD. Of the lesser number of chlorinated “urans tested,
the 2,3,7,8-Tetra-, the 1,2,3,7,.8-Penta- ang the 2,3,4,7,2-Pentachloro-furans exnibited
biologic activities in the range o c¢ne ta %we crders Of magnitude less than TC0.

COMPARATIVE ASSESSMENT FOR CHLORACNEGENIC ACTIVITY IN THE RABBIT S£AR SIOASSAY
The rabtit ear bigassay has been used to evaluate the acnegenic pctential of 2 Timited
rymcer of chlorirate¢ dioxins and furan iscmers listed in Table 3

As expected, TCOD exhibited the createst activizy, with a 2ositive rabhit ear si0assay nctes
~hen a2 .24 ppm concentration was tested. No acnegenic response oclurred with TC20 when
tastad at a icwer concentration of 0,004 ppm, A mixtyre of two unspecified hexacnlorggioxins
gave a positive response, but at a higher concentration of 10-50 pom. A mixtyre of 1,1,8,3-
and 1,3,7,5-tetrachlorodioxin gave a positive acnegenic response at a concentration of 5007
opm anc a negative response at a concentratien of 50 gcpm. The remaining Zioxir 3na “uran
isamers listed in Tadb'e 3 are repgriedly negative for acnegenesis in the rabbis ear digassay.

COMPARATTVE ZYALUATICN CF TERATCGENICITY AND RELATZD END PQINTS

Stucies to evaluate the sotential for teratogenicity and related encd goints nave tean fer-
formed on the ¢niorodioxins and furans listed in Table 6§, A comparative evalyation of sne
quantizative Lowest-Cbserved-Effect-Lavels (LOEL) ang No-Observed-Effect-Lavels "NOEL) 25
defined :n studies using tne mouse or the rat s included. Relative g “he data on TCIT,
most cf those testad thus far have zeen considerably less active. The gxcections are 3
_mixture of two unspecified hexachlorgdioxins and also the 2,3,7,8-tetracnlorzfuran wnicn,

exhibited some fractignal activities relative to TCDO,




COMPARATIVE ASSESSMENT OF MUTAGENIC, CLASTOGENIC AND RELATED END POINTS

In regard to mutagenic and clastogenic potential, numerous studies of various types have
been conducted with TCOD that indicate Vittle or no potential for mutagenesis, clastogenesis
or interaction with DNA, These various studies on TCDD and other chlorodioxins have been
recently reviewed (2,3) and, for the sake of brevity, will only be briefly reviewed herein,

Table 7 is a compilation of data from various chlorodioxins {other than TCOD) and furans
that have been evaluated. For both the chlorodioxins and furans listed in Table 7 there is
an overall concurrence indicative of a relative iack of potential for mutagenesis, clasto-
genesis or related end points evaluated in these various types of tests.

COMPARATIVE ASSESSMENT OF CARCINOGENICITY AND LONG-TERM TOXICITY

In reqard to carcinogenicity and long-term toxicity, the data base presently available is
essentially that reviewed in previous papers (2,3). Thus, for the sake of brevity, only a
brief review of these data will be given here.

At this rtime, tnese chlorodioxins have animal bicassay data that can De summarized 28
follows: v
1) The grsubstituted dibenzo-p-dicxin given to rats 2ng mice at (7.0CC cr £.00C ppm
in the diet elicited no carcinogenic response .3;.

2. Tre 2,7-gicnrcrodibenzo-p-dioxin was also giver %o rats and mice at 7,2CC or
€,2C0 2om in <me diet., No carcinogenic response was noteg in either soecies,

axc20t “c~ 3 suggestive response in mice given <re (7,T07 som Tevel Sl27.
IV 70 nes elicited a tumerigenic resperse in rats curtng Ttfetime irgectiin 9F 11T
- 2., .g:kgscay and in mice during 'ifetime irgestion o 1.7 - 1.1 ¢ '\g zay
L3.U5,17%. Daily dose levels of 2.301 - 3.3:1% _q/xg cav “rats) or 1,250 - 10103

.3/xg,aay ‘mice) of TCOD were tolerated fcr a iifertime ~itRout 2i:giiing 2ny

tacwezsa in-Tumors n these studies. In the Viferime 37ugy witn “I20 wrerain 2gth

X

carz:inogentcity and other chronic toxicity were evaiuatec 155, a lifetime
Neeobsarvag-tffact-Level of 2,001 _g/kg/icay was cefineg “2r the rat ssectes.

20 A mixtyrs oF the 1,2,3,6,7.8- and 1,2,3,7,3,%-nexacntzrzctzenzz-0-20r i ns nas Ceen
Siven Jy gavage to rats ard male mice (S, 2.3 or 1.I5 .; xgsweex’ anc “ema’s mice

“lZ0 % ang .3 .g/kg, week),

The 1nittal report of this bicassay (!%) recortes 2 ca-circgent: re<iinga 1t ine
rigrer 30se level for the female rat, the maie mouse anc Ihe ‘amaia ~cuse.
However, teveral re-examinations of the hiszologic siides “rom =~1s 3t.ls =2ve
seen stimulated by the results of a re-axaminmazicn '19% rengerin; 2-9faring

giagneses for certain of the tumors in the study.




The various studies with 2,3,7,8-TCOD on tumor initiation, promotion and cocarcinogenesis
have been reviewed previously (2,3). One of the most pertinent of these studies (20) found
TCOD to be a promoter of rat tumors initiated by diethylnitrosamine. Anather study (21)
using the hairless HRS/J strain of mouse (those capable of chloracnegenic-like reaction of
the skin), found that TCOD was a promater of skin tumors initiated by either Dimethylbenz-
anthracene or Methyl-N-Nitrosoguanidine.

Other mechanistic studies (22) indicated a relative lack of binding of TCOD to ONA {4-6
orders of magnitude less than for most chemical carcinogens). Likewise, TCOD did not
stimulate unscheduled ONA synthesis when tested in rat hepatocytes (23) or in a human cell
Tine (24).

Overall, there is a substantial amount of data available on TCOO, including the results from
the lifetime bicassays, the mechanistic studies describing it as a promoter, as well as the
studies finding Tittle or no potential for either mutagenesis or ONA interaction. Evaluation
of all these pertinent data supports the concept of a nongenetic (possible promoter! mechanism
of carcinogenesis for TCDD.

SUMMARY .

Of all the chlorinated dibenzo-p-dioxins and furans, the 2,3,7,8-Tetrachiorodidenzo-p-dioxin
(TCOD) has been evaluatad most extensively in regard to its bielogic activity and toxicolegre
properties. Thus, TCOD has been used as the reference for comparative evaluation of the
other dioxins and “urans,

2a%a have lean

~o-
v

A compilation of the results of various studies wherein single dose oral L3,
generated for sixteen different dioxins and five furans relative to 7C20 in as many as saven
different animal species indicates marked differences in acute toxicifty when evaiuatea on
the nasis of intarspecies differential response (same isomer, different animai spectes® or

on the basis of intraspecies differential response (same animal species, ciffarent iscmers),

Marked differences in response have also been noted for those chicrinated 2idenzo-2-dioxins
and furans that have been comparazively evaluated in studies of the potentral far chloracne-

genesis, teratogenesis aor carcincgenesis,

When evaluated ‘or comparative biologic activity as measured by various in vitro tests ‘cr
enzyme induction or epithelial keratinization, a similar wide range of differential response
has been noted for the various chlorinated dikenzo-p-dioxins and furans,

Overall, this assessment of the comparative toxicity and/or biolagic activizy 2f the varicus
chlorinated ditenzg-o-dioxins and fyrans indicates a range 07 poteacy extending ‘rom -~
to <1079 relative to TCOO.
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TABLE 1
COMPARATIVE SINGLE ORAL DOSE LDg, VALUES FOR CHLORODIBENZO-P-DIOXIN ISOMERS
Oral LD50 Values (png/kg)

Chlorodibenzodioxin Guinea Pig Mouse Rat Monkey Hamster Rabbit Dog References
2,3,7,8-Tetra 0.6-2 114-284 22-4% 70 1157-5051 115 »300,¢3,000 (25.26.27.28.29)
Unsub >50,000 >1,000,000 - (30) (32)
2,3-Di >1,000,000 (32)
2,7-Bi >2,000,000 >1,000,000 {(25)
2,8-Di »300,000 8,470,000 >5,000,000 {26) (31)
1,3,7-Tri >15,000,000 5,000,000 (31)
2,3,7-Tri 29,444 »3,000 >1,000,000 (26) (32)
1,2,3,4-Tetra >1,000,000 (32)
1,3,6,8-Tetra >15,000,000 >2,987,000 >10,000,000 (33)
1,2,3,7,8-Penta 3.1 337.5 (26)
1,2,4,7,8-Penta 1,125 >5,000 (26)
1,2,3,4,7,8-Hexa 72.5 825 (26)
1,2,3,6,7,8-Hexa 70-100 1250 (26)
1,2,3,7,8,9-Hexa 60-100 >1440 (26)
1,2,3,4,6,7,8-Hepta 5600 ' (26)

Octa 4,000,000 >1,000,000 (25)
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TABLE 3

COMPARATIVE BIOLQOGIC ACTIVITY (IN VITRO) OF CHLORQDIBENZO-P-OIOXINS RELATIVE TO TCDO

Chlorodibenzo-p-dioxin

AHH Activity
in Rat
Hepatoma Cellg

AHH Activity
in Chick
Embryo Liver

ALA Synthetase
in Chick
Embryo Liver

Keratinization
of X8/3T3 Cells

2,3,7,8-Tetra
Unsub.
1-Chloro
1,3-0i

1,6-0i

2,3-0i

2,7-0i

2,8-0i
1,2,4-Tri
2,3,7-Tri
1,3,7,8-Tetra
1,2.3,8-Tetra
1,2,3,4-Tetra
1,3,£,8-Tetra

1,2,3,7 ,8-Penra

1,2,3,6,7,5-Hexa
1,2,4,8,7,9-Hexa
1,2,3,4,7 3-Hexa
1,2,3,7,8,9-Fexa
1,2,3,6,7,8-Hexa
1,2,3,4,6,7,9-Kenza
1,2,3,4,6,7,8-Hepta
Octa (99.2%)

Ccra (>99%)

/1
Inactive

Inactive
Inactive
[nactive
[nactive
Inactive

1/920-1/3C60
1/57-1/242
1/1666-1/5900
Inactive
Inactive
1/9-1/83
1/21-1/132
[nactive
Inactive
Inactive
1/10-1/20
1/114-1/523
1/71-1/947
1/13,2C0
1/282-1/367
1/1666-1,4594
+/%3,000

(Refs. 4,5)

VA
[nactive
Inactive

Inactive
[nactive
[nactive
Inactive
Inactive
1/1666
1/12

Equiv.
{nactive

dctive

Tnact./Egquiv.
Active
/3

‘nactive

1/1
fnactive
[nactive

Inactive
[nactive
Inactive
[nactive
Active

inactive

inactive

Active

{nact./Squiv,

Active

inactive

(Refs. 6,7,8)

8iolcgic Activity expressed as fractions relative to 7C20 71/1Y,

1/1
Inactive

Inactive
Inactive
Inactive

1/:CC
17100

nagsive

. -
P4

1. 200

(Ref, 3



TABLE 4
COMPARATIVE BIOLOGIC ACTIVITY (IN VITRO) OF CHLORODIBENZOFURANS RELATIVE TO TCOD
AHH Activity in

AHH Activity in Keratinization

Chlorodioxin/fyran Rat Hepatoma Cells Chick Embryo Liver of X8/3T3 Cells
2,3,7,8-Tetra Dioxin 1/1 171 171
Chlorodibenzofuran
Unsub. Inactive Inactive Inactive
2,8-01 Inactive Inactive
2,801 Inactive
2.4,8-Tri Inactive
2,3,8-Tri 1/20,714
2,4,6-Tri Inactive
1,4,6,8-Tetra [nactive
1.3,6,7-Tetra - Inactive
2,3,6,8-Tetra Inactive
2,4,6,8-Tetra Inactive
2,3,7,8-Tetra 1/92 2/3 172¢
1,2,2,7,8-Penta 7
1,3,4,7,8-Penta 171,928
2,3,4,7,8-Penta 7/10
1,2,4,7,8-?enta 1731,428
1,2,3,4,6,8,9-Hepca 124,286

[2ef, 4) {Ref. 7 (Pef. 3)

8iotogic dctivity expressed as fractions relative to TCOC /i./1:.

TABLE £

45877 EAR 3T0ASSAY FOR CHLGRACNERENIC ACTIV(TY

Response to Zonc. 'opm)

Chlarngicin or Furan Sasitive Negative Jaferance
2,3,7,2-Terra Cioxin 2.04 3.004 125}
Lnsuyd. " Unspecif. 132)
2, 7-0i " 100,000 123)
Z,3-01 ' Unspeci®, (3
2,3-Ci ' Unspecif. 732)
1,3,7-Tri - Unsgecif. 30)
L.2,3,3-Tenra 30 Z3)
,3,5,8-

1,3,7,5-Tezra ! seec 50 (u

Imixture

‘inspecifiec
Hexas ! 13-50 ey
(mixture of 2}

Ocza " 10,200 D
<,8-01 Furan o - Ynsgeci€, -3l
2,3, 8-Tri i Unspecif, (3




TABLE 6

COMPARATIVE EVALUATION QF QUANTITATIVE DATA ON
FETOTOXICITY/TERATOGENICITY OF CHLORODIBENZO-P-DIOXINS AND FURANS

Fetotoxicity/Teratogenicity

Chlorodibenzo Dosage (ug/kg/dag)
Dioxin or Furaa ] Refarence

Mouse Studies:

2.3.7.8-Tetra Dioxin 1.0 0.1 (37)
1,2,3,4-Tetra " . 1600 ' {30}
Octa " 20,000 . (30)
2,3,7,8-Tetra Furan 10-30 (44)

----------------------------------------

Rat Studies:

2,3,7,8-Tetra Dioxin 0.125-0.25 0.03-0.125 T (38,39)
2-Mono " 2000 (18)
2,3-0i " 2000 {38)
2,7-Di " 1000 506 {38)
(" 2,7-0i " 100,000 125)
o 2,8-01 " not specif. 131
1,3,7-Tmi " not specif. 30
1,3,6,8-Tetra " 3,000,000 (ac
1,2,3,4-Tetra " 800 rigy
nspec. Hexas " 1-10 2.1 125}
{mixture of Z) Cog 90 Xy
Octa !
2,8-0i Furan not specif. 3)
2,4,8-Tri " not specif. i



TABLE 7

COMPARATIVE DATA QN EVALUATION OF POTENTIAL FOR
MUTAGENESIS, CLASTOGENESIS AND RELATED END POINTS

Chlorodioxin or Furan

Tests and Results

2,3,7,8-Tetra
Unsud.
2,7-0i
2,8-01

1,3,7-Tri

Octa

Dioxin
Dioxtin
Dioxin

Dioxin

See (2,3) for Reviews

No chromosomal aberrations in rats (41)

No chromosomal aberrations in rats'(41)

No cytogenetic or dominant lethal effects in
Chinese hamstar or mouse:

No mutagenic response in Salmonella sp. (31)

Same tests and results as given above for
2,8-01 Isomer (31)

No mutagenic response in strains TA1530, TA1531,
G46; “"doubtful mutagenicity" in strains TA1532
and TA1534 (42)

furan

Furan

Furan

Furan

No mutagenic response with 8/8 strains of
Salmonelia sp. {43)

No mutagenic response with 11/11 strains of
Salmonella sp.  (43)

No cytogenetic or dominant lethai effects in
Chinese hamster or mouse;
No mutagenic response in Salmonella so. (31)

No mutagenic response with 10/i0 strains of
Salmonella sp. (43)

No cytogenetic or ceminant lethal effacts in
Chinese hamster or mouse:;
No mutagenic response in Salmonella sp. (31)

No mutagenic response with 5/5 strains of
Salmonella sp.  (43)

No mutagenic response with 9/9 strains of
Salmonella sp.  (43)

q i

1
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STATE OF CALIFORNIA

AIR RESOURCES BOARD
1102 Q STREET
7.0, BOX 2815

(«‘ SACRAMENTO, CA §5812

GEORGE DEUKMEJIM‘, Governor

august 9, 1985

Mr. John A. Harris :
Manager, State Environmental Regulatory Affairs
Environmental Quality

2030 willard H. Dow Center

Midland, MI 48674

Dear Mr. Harris:
Subject: Your Comments on Chlorinated Dioxins and Dibenzofurans

Your letter of July 11, 1985, concerning Report to the
Qcientific Review Panel on Chlorinated Dioxins and Dibenzofurans,
Part B has been forwarded to the Departmemt of Health Services,

( They will prepare responses to your comments, which we will
include along with your letter in Part C of the revised report.
pow Chemical will receive the revised report when it is submitted
to the Scientific Review Panel.

Thank you for your comments.

Sincerely,

Wittt 5p st

William V. Loscutoff, Chief
Toxic Pollutants Branch
Stationary Source Division

cc: P. Venturini, ARB
R. Neutra, DHS
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CHEMICAL MANUFACTURERS ASSOCIATION

July 12, 1985

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
Attention: Dioxin

Air Resources Board

P.0O. Box 2815

Sacramento, Ca. 95812

Dear Mr. Loscutoff:

On behalf of the Chemical Manufacturers Association's
Dibenzofurans/Dibenzodioxins Program Panel, I am pleased to
submit comments on the Chlorinated Dioxins and Dibenzofurans
reports. A complete review of the reports was not possible in
the short time provided. Given the importance of obtaining
external review of critical requlatory support documents, CMA
believes the Air Resources Board (ARB) should allow additional
opportunity for review. Nevertheless, there are several v
important points that we would like to bring to your attention at
this time.

The report specifies that the Department of Health Services (DHS)
has concluded that all dioxin and dibenzofuran isomers
substituted in at least the 2,3,7,8 position are potential human
carcinogens. The treatment of all such isomers, especially the
hepta isomer, as potential human carcinogens is not generally
accepted. The available toxicological evidence indicates that
the hepta isomer is considerably less toxic than the tetra-,
penta-, and hexa-substituted isomers. This viewpoint is
supported by the Federal Environmental Protection Agency. In a
recent response to a petition filed by the Environmental Defense
Fund and the National Wildlife Federation, EPA concluded that the
hepta isomer would not be pursued for regulatory purposes. The
Panel believes that the California Air Resources Board should
adopt a similar approach and drop the hepta isomer from
regulatory consideration.

The Panel is also concerned about treating all of the 2,3,7,8
substituted isomers as toxicologically equivalent as outlined in
Scenarios 1 and 2 (See pages 10-20 thru 10-22). Such an approach
ignores the available toxicological evidence which suggests that
the different isomers have significant variation in toxicological
properties. The Panel believes that the ARB should rely on the
type of approach outlined in Scenario 3 when estimating risk from

Formerly Manufacturing Chemists Association—Serving the Chemical industry Since 1872.

2501 M Street, NW o Washington, DC 20037 e Telephone 202/887-1100 o Telex 89617 (CMA WSH)



exposure to a mixture of dioxin and furan isomers. This
approach, that of assigning relative potencies to the various
isomers, makes use of the available toxicological information and
is consistent with the procedure recently recommended by EPA's
Chlorinated Dioxin Workgroup. A copy of EPA's Interim Risk
Assessment Procedures for Mixtures of Chlorinated Dioxins and
Dibenzofurans is enclosed. The Panel believes that the approach
outlined in Scenario 3 and suggested by EPA is not only a better
approximation of the true risk but also provides the necessary
public health protection that is desired.

Lastly, the Panel is concerned about the recommendation that
dioxin and dibenzofurans be treated as substances without a
carcinogenic threshold. There is considerable evidence which
suggests that 2,3,7,8-TCDD is a promoter. TCDD has not been
found to bind to DNA or to stimulate unscheduled DNA synthesis
when tested in rat hepatocytes or in a human cell line. Overall,
all of the mechanistic studies including the results from the
lifetime bioassay supports the concept of a nongenetic mechanism
of carcinogenesis for TCDD.

I hope that these comments are useful. Please contact me at
202-887-1189 for any further information.

Sincerely,

Robert J. Fensterheim

‘Manager

Dibenzofurans/
Dibenzodioxins Program
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STATE OF CALIFORMNIA -

AIR RESOURCES BOARD
1102 @ STREET

P.O. BOX 2815

SACRAMENTO, CA 95812

GEORGE DEUKMEJIAN, Governor

August 9, 1985

Mr. Robert J. Fensterheim

Manager, Dibenzofuran/Dibenzodioxin Program
Chemical Manufacturers Association

2501 M. Street NW

Wwashington, DC 20037

Dear Mr. Fensterheim:
Ssubject: Your Comments on Chlorinated Dioxins ard Dibenzofurans

vour letter of July 12, 1985, concerning Report to the
Scientific Review Panel on Chlorinated Dioxins and Dibenzofurans,
Dart B has been forwarded to the Departmemt of Health Services.
They will prepare responses to your comments, which we will
include along with your letter in Part C of the revised report.
CMA will receive the revised report when it is submitted to the
Scientific Review Panel.

Thank you for your comments.

Sincerely,

MW/M/OOJ?J Wt

William V. Loscutoff, Chief
Toxic Pollutants Branch
Stationary Source Division

cc: P. Venturini, ARB
R. Neutra, DES






SYNTEX (U.S.A.) INC. (415) 855-5050
3401 HILLVIEW AVENUE, P.O. BOX 10850 TELEX 4997273 SYNTEX PLA
PALO ALTO, CALIFORNIA 94303

o CORPORATE ENGINEERING & FENVIRONMENTA]
TLCHNICAL SERVICES DIVISION

July 17, 1985

Mr. Wm., V. Loscutoff

Chief

Toxic Pollutants Branch
Attention: Dioxin Comments
Air Resources Board

1102 Q Street

Sacramento, CA 95814

Dear Mr. Loscutoff:

In your letter to the general public of June 12, 1984, you requested

P

comments on the April and June, 1985 documents prepared by the Department of
Health Services ("DHS") entitled "Health Effects of 2,3,7,8-Tetrachlorodibenzo
-p-dioxin and Related Compounds," which concerns the chlorinated dioxins and
the dibenzofurans. We appreciate the opportunity to comment on this important -
report, as well as on 6ther related reports published by DHS.

In view of the vast amount of information reviewed and evaluated in these
documents and the technical complexity of the issues, we would have preferred
having a longer comment period.* Given the time constraints, we have chosen

to use a brief outline format for submitting our comments. For those ideas

*As it turned out, we received your letter of June 12th on June 17th. My
request for the documents was submitted on the 18th and we received the
assessments from your office on June 27th. This left us with only two
work-weeks (which includes one holiday) for comment. We requested a short
extension on the comment period of three work days, and Mr. Dale Shimp of

( your office has kindly assured us that if our comments reached your office by
July 17, 1985, they would receive the same consideration as if they had
arrived by July 12, 1985, the original due date.



Mr. Wm. V. Loscutoff
July 17, 1985

Page 2
which you believe deserve further discussion, perhaps we could, at your
request, develop these more thoroughly over the ensuing weeks.

The following are our thoughts on 2,3,7,8-Tetrachlorodibenzo-p-dioxin
(*7CDD") as discussed in the April and June reports and the related documents.

A. Science vs. Policy: Our primary difficulty with the documents, as

presented, is that there appears to be commingling of purely departmental
‘policy positions with conclusions which DHS avers to be based strictly on
scientific data. Undeniably, much hard work has gone into the process of
assembling the relevant background data, and the document is very thorough in
that respect. However, the analysis of the data is heavily colored by the
policy perspective from which DHS is operating.

The lack of distinction between conclusions based on science and
conclusions based on policy gives readers of the document the impression that

11 of the conclusions are based on science and are widely held in the

scientific community, when in fact they frequently are not. For example, on
page 7 of the document entitled REPORT TO THE SCIENTIFIC REVIEW PANEL ON
CHLORINATED DIOXINS AND DIBENZOFURANS, dated June, 1985, the DHS states:

“Based on its review of all available scientific data,
the DHS concludes that 1) 2,3,7,8 TCOD and the hexachloro
dioxins are carcinogenic in animals; 2) dioxins and
dibenzofurans chlorinated in the 2,3,7 and 8 positions
which contain 4,5,6 or 7 chlorine atoms are potential
human carcinogens; 3) chlorinated dioxins and
dibenzofurans should be treated as substances without a
carcinogenic threshold; 4) health effects other than
cancer are not expected to occur at current ambient
levels; and 5) the maximum 1ikelihood estimate of
Tifetime excess cancers is 240 per million for continuous
exposure to 2,3,7,8 TCDD at an airborne concentration of
Lg pg/m3 and 6 per million for comparable exposure to
6COD.Y LISk shabibonthiiai thistait
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These conclusions, which are worded in such a way as to give the mistaken
impression that they represent the majority of scientific thought, appear to
be influenced by the Department's a priori assumptions regarding carcinogens.
For example, the following conclusions which are more strongly supported by
the weight of scientific evidence (much of which was presented in the DHS
documents) could also have been stated:

1) 2,3,7,8 TCDD and the hexachloro dioxins are carcinogenic in
animals;

2) dioxins and dibenzofurans chlorinated in the 2,3,7 and 8
positions which contain 4,5,6 or 7 chlorine atoms are suspected
potential human carcinogens;

3) these chemicals most likely have a threshold since the bulk of
the animal and human data suggest that if TCDD is a human
carcinogen at all, it is only a promoter, rather than an

initiator, and promoters have been shown, and would be
expected, to have a threshold;

4) health effects other than cancer are not expected to occur at
current ambient levels;

5) epidemiological data show TCDD has not produced an increaéed
cancer risk in persons who have been exposed to doses greater
than that which result from breathing the maximum ambient
concentrations predicted for the state of California. Such
data indicate that a "de minimus" cancer risk would exist at
the anticipated ambient levels (0.5-3.0 pg/m3).

We submit that the conclusions expressed by the DHS diverge from the above

conclusions by reason of department policy rather than science. 1In fact, as

will be discussed, many of the conclusions drawn by DHS are contrary to the

weight of scientific evidence which they have reviewed in their documents.
Further, several of the positions taken by DHS in their April and

June, 1985 reports are similar to those taken in the carcinogen policy

proposed by DHS in 1982. It is our understanding that because the 1982
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carcinogen policy was not formally accepted by the State, the principles
described in that policy are not tenable and were not to be implemented. It
seems that this has occurred because their conclusions are not always
consistent with the scientific data reviewed by the DHS in their document.
Instead, the conclusions appear to be based on the current DHS policy (as
described in the section which reviews their assumptions, p. 10-3) on how they
feel carcinogens should be assessed and regulated.

Mr. Robert C. Barnard, a respected observer of how risk assessment is
practiced in the Federal government and a Rhodes Scholar, has studied the
jssue of the roles of Science and Policy in the assessment process. In his

chapter in Diesler's text, Reducing the Carcinogenic Risks in Industry (Dekker

Pub., 1984), Mr. Barnard made the following statements:

The National Academy of Sciences (NAS) report (on risk
assessment) speaks of "policy" in the context of both
scientific risk assessment and risk management.... The
NAS report points out that the scientific analysis will
involve analytic choices by the scientist in the
assessment process. These choices, the NAS concluded,
involve both scientific and "policy" considerations.

To explain what scientific policy considerations are, the
NAS Report analyzes the steps in a scientific risk
assessment and describes some of the option choices in
each step. For example, in evaluating epidemiologic data
the scientists must decide what weight should be given
studies with different results. Another example is the
degree of confirmation of a positive animal study and the
relevance of comparative metabolic data in evaluating the
results. Choices among the analytic options involve
science policy, which is different in character from the
social policy used in making regulatory decisions.

The fact that science policy determinations are made
in the course of a scientific evaluation, however, should
not be an excuse to inject economic and social policies
fnto the scientific-analtysis: —Neither-economic or- -

—political judgments—nor a scientist'spersonal-vatue —— ————
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judgments should affect or constrain the scientific
evaluation. The scientific evaluation should be
unbiased, objective, and free of constraints imposed by
management policy dictates.

It is sometimes said that the scientific evaluation
of risk should be "conservative" because it deals with
human health. But this puts "conservatism" in the wrong
place in the regulatory structure. It is the function of
the regulator to apply the social criteria of cost,
safety, reasonableness, and acceptability. 1t is in
making these decisions that “"conservatism" may play a
role. If a scientific evaluation is constrained in the
name of "conservatism" by social values or management
policy, the result will be biased in unobvious ways.

Such an evaluation does not provide a sound basis for the
difficult social/legal decisions a regulator must make.

EPA Administrator Ruckelshaus, in a recent major
policy speech before the National Academy of Sciences,
stressed the importance of an adequate science base for
regulatory decisions. His speech contrasted regulatory
decisions based on social policies with scientific
evaluation which must be free of bias and be
unconstrained by sociopolitical "policies":

Scientists assess a risk to find out what the
problems are. The process of deciding what to do
about the problems is risk management.

Despite these often conflicting pressures, risk
assessment at EPA must be based on scientific
evidence and scientific consensus only. Nothing
will erode public confidence faster than the
suspicion that policy considerations have been
allowed to influence the assessment of risk.
(Emphasis in the original text.)

A scientific assessment should be neither
“conservative" nor "liberal." The assessment must be
objective; science "policy" judgments should not be a
device to inject social policy constraints.
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B. Guidelines For Conducting A Risk Assessment: We wish specifically to

encourage DHS to apply the most recently developed criteria and guidelines for
conducting a risk assessment. Over the past 12 months several significant
consensus documents and scientific publications including the proposed EPA
guidelines and OSTP guidelines have been written. These are useful guides for
evaluating any substance which may pose a carcinogenic hazard to man.

Although the process of assessing the risk of exposure to low levels of
carcinogens is a rapidly changing one, we believe that any valid risk
assessmenl should be able to meet certain basic tests. These tests for
validity have been distilled to a series of questions developed by Dr. Robert

Sielken of Texas A & M University (Regu]atory Toxicology and Pharmacology,

1985; in press), as follows:

"A11 quantitative models for cancer risk are not equal.
Nor are they all equally relevant or equally reflective of
the available scientific information. There are several
questions which the government regulator, industrial
executive, or a staff member should ask in order to better
ascerlain the value of a particular quantitative cancer
risk assessment. Several of these questions are stated
here. A negative answer to almost any one of these
questions can seriously diminish the relevance and value
of the risk assessment [emphasis supplied].

1. Were all the events which are called a "carcinogenic response" of
equal severity or consequence?

2. Does the quantitative model reflect the time the carcinogenic
response occurs?

3. 1If a time-to-response model has been used, is the stated probability
of a carcinogenic response inflated by ignoring competing routes?

4. Does lhe family of curves represented by the dose response model
contain enough curves of differing shapes to reflect the observed
curvature in the experimental data?
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10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Are the experimental data at the high doses relevant to the low dose
behavior?

Are the animals used for experimentation and the carcinogenic
responses observed in these animals relevant to humans?

Are the experimental data consistent across the animals which are
considered relevant to humans?

If animal to human extrapolation is to be used for cancer risk
assessment, then have the relevant biological differences in the
species been identified and incorporated into the risk assessment?

Have any differences between the route of the experimental exposure
and the route of human exposure been accounted for?

Are the exposure durations and patterns (once in a lifetime,
intermittent, continuous, etc.) the same in the experimental data as
they are in the human population at risk?

Are the inferences made from short-term tests consistent with the
inferences made from long-term studies?

Are the inferences drawn from animal-based models consistent with
those from human epidemiological data?

Have the human exposures been carefully identified with respect to
routes, durations, dose levels, and patterns (continuous,
intermittent, etc.)?

Has the statistical variability in the quantitative risk assessment,
caused by the variability in the experiment, been characterized?

Have the assumptions, policy decisions, and value judgments
incorporated into the quantitative risk assessment been clearly
stated and the impact on the quantitative risk assessment been
evaluated and recorded?

Are the risks characterized in understandable and appropriate terms?

Are the stated risks actually estimates of the risks as opposed to
upper bounds or lower bounds of the risks?

If the uncertainty of the risk estimate is described in terms of
bounds on the risk, then have both upper and lower bounds been
recorded as well as their method of determination, including the
assumptions made in that determination and their impact?

Have the quantitative risk assessments been based on outdated
guidelines or procedures?"
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It would appear that many of the criteria which Dr. Sielken advances are not
fully addressed in the DHS document. We recommend strongly that DHS carefully
review these questions as they pertain to TCDD and attempt to address them

wherever possible in its risk assessment.

C. Nongenotoxicity of TCDD: DHS's discussion of the question of TCDD

genotoxicity appears to be another example of the commingling of DHS's policy,
as outlined in the 1982 proposed Cal. Cancer Policy, dictating conclusions
drawn in the risk assessment. Foremost scientists in dioxin research have
stated that there is virtually no scientifically acceptable evidence to
suggest that TCDD should be classified as an initiator (Pitot, et. al., Cancer
Research, 40:3616-3620, 1980). Among the prominent scientists who have
studied the dioxins and who feel strongly that public health standards for
TCOD and the furans do not need to be assessed solely through use of low dose
extrapolation approaches are Dr. Perry Gehring, Dr. Richard Kociba, Dr. Alan
Poland, Dr. Jim Byard, Dr. Robert Neal, and Dr. Gary Williams. Since this
1ist contains many of the well-regarded scientists who have studied the
molecule or nongenotoxic mechanisms of cancer, we submit that this question
merits a more thorough evaluation than DHS has given it. Instead, DHS has
summarily treated the issue as follows, at p. 10-2:

"There are arguments for use of a threshold approach when

the compound produces cancer through an indirect, i.e.,

epigenetic mechanism. TCDD has been shown to be a

promoter of tumorigenesis, an epigenetic mechanism, in two

separate systems, the two-stage mouseskin model and the

two-stage rat liver model. A number of studies have

indicated that TCDD did not directly damage DNA. However,

there are other studies which suggest that TCDD is a

mutagen and possibly a clastogen (chromosome breaking
—-agent).—TFherefore;—even though FEBD—is a promoter; -tt-may

—————gatso induce direct genetic damage that Feads—tothe
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observed carcinogenic effect. Because of doubt about the
carcinogenic mechanism of TCDD, the staff of DHS feels
that the appropriate method for risk assessment of TCDD is
based on a no-threshold approach.”

We submit that the "conclusion" reached is not consistent with the
available data. It does not necessarily follow that because TCDD may be a
clastogen in tests like the sister chromatid exchange (SCE) assay and because
science doesn't fully understand "how" TCDD acts, it should; by definition, be
treated as an initiator in the risk assessment process. First, the meaning of
the SCE and related tests continues to be unclear to both mutageneticists and
regulators. For example, even within the EPA, the results of clastogeﬁ assays
receive little attention when more classic in-vitro test results are
available. Second, our lack of understanding of the mechanism of TCDD is not
an appropriate rationale for choosing to use the multi-stage or any other
modeling approach. Numerous researchers have suggested that a safety factor
approach, modified safety factor approach (Gaylor-Kodell), or a non-threshold
model which allows for responsiveness to the biologic data are equally
credible approaches to assessing promoters.

It is critically important to the risk assessment that DHS distinguishes
among chemicals which are clearly initiators, versus those which have minimal
or no initiator capability, versus those which are solely promoters.
Specifically, we would recommend that each of the studies on genotoxicity be
critically reviewed and fhat the weight of evidence approach should be used to
classify TCDD. The existing discussion in section 7-1 of the April document

seems to treat all of the studies equally when, in fact, some are clearly

superior to others. It is inappropriate to allow the results of 2 or 3
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studies which suggest TCDD may be marginally genotoxic to overrule the
conclusions drawn in 10 or more studies which suggest that it is not.

Further, several high quality papers which discuss "how" promoters are likely
to be involved in the cancer process were not discussed. Specifically, work
by Dr. T.J. Slaga, Dr. H.C. Pitot, Dr. Gary Williams, and Dr. Al Poland should
be informative. Even DHS's review of the data suggests that if they had no
general departmental policy on carcinogens, the data would argue that the

majority of the scientific community would regard TCDD as nongenotoxic. The

work of Poland and Knutson (Ann Rev Pharmacol Toxicol, 22:517(1982)), Pitot,

et. al. (Cancer Res, 40:3616-3620, (1980)), Poland and Glover (Cancer Res,

39(9):3341-3344 (1979)), Althaus, et. al. (1982), Poland et. al. (Nature

300:271-273, (1982)), and Bartsch, H. et. al. (in Mutagenicity, New Horizons

in Genetic Toxicology (1982)) would appear sufficient to support that position.

Several lines of evidence explain why the aforementioned researchers and
“others have chosen not to classify TCDD as an initiator. First, TCDD does not
appear to have mutagenic power when tested in a broad array of in-vitro

tests. Second, the majority of metabolic pathways which have been proposed
for TCDD do not include a step which would generate a reactive moiety such as
an epoxide or a free radical. Third, little binding of TCDD to DNA has been
observed, especially when compared to nearly any of the classic carcinogens
which are often three to six orders of magnitude more active. Fourth, based
on ils structure activity relationship and its analogy to other heavily
chlorinated molecules, it is unlikely that it has initiator capability. To

many researchers, these data are so compelling that they consider it a serious

—njustice to tet-a—smallnumber of reports,which—suggest—that—T€BB-may bea——
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weak mutagen, cloud the issue to the extent that regulatory agencies should be
driven to adopt cancer models which were intended only for genotoxic
chemicals. Comments to this effect have been made by such premier researchers
as Dr. Alan Poland of the University of Wisconsin, Dr. Robert Neal, formerly
of Vanderbilt University, and now at CIIT, and Dr. Al Young, Senior Policy
Analyst at the Office of Science and Technology Policy.

DHS is apparently aware of these data, since page 9-4 of the DHS document
published on April 19, 1985 notes that:

"There is only 1imited evidence that TCDOD is an initiator
of carcinogenesis. Initiators are believed to act
directly with DNA and produce genotoxicity such as
binding to DNA in such a way as to cause a mistake during
replication. Although there is evidence that TCDD is
metabolized to a potentially reactive compound through
epoxide formation, and that strong protein binding occurs
after metabolic activation, good evidence that TCDD binds
to DNA is lacking since only one study showed little if
any binding. Other evidence that may indicate TCOD is
genotoxic is ambiguous in that some studies indicate TCDD
is mutagenic or co-carcinogenic while others indicate it
is not.

"Based on this discussion, no mechanism of action can be

associated with the carcinogenic effect observed when

animals are treated with TCOD. There is stronger

evidence that TCDD acts as a co-carcinogen or promoter

than as an initiator. However, the action as an

initiator cannot be discounted based on current knowledge

[emphasis supplied].”®

In the final analysis, the DHS seems to have chosen to accept the

conclusions of a few "less-than-widely accepted" studies over the weight of
evidence provided by researchers whose data indicate that TCDD is almost
certainly not an initiator. The agency, consistent with its proposed cancer
policy, has chosen to take a position which is not always based on the bulk of

scientific evidence. Rather, it has chosen to base its decision on selected
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evidence which suggests that TCDD may have some initiator capability.
Apparently, as discussed in their 1982 policy, unless there are compelling
arguments to the contrary, such chemicals will be treated as initiators. We
would suggest that by that "standard" the data which DHS claims it would need
to conclude that a chemical is not an initiator will almost never be available
or sufficiently compelling. We recognize that DHS is attempting to "err on
the side of safety" in adhering to this standard. However, the potential
hazard with such an approach is that by requiring such compelling data the DHS
will be unable to distinguish the true public health threats from those that
present only "de minimus" risk.

Once the decision is made to classify TCDD as an initiator, a number of
other assumptions, which are implicit in current thoughts on the assessment of
risks posed by tumor initiators, are unavoidable, i.e., the use of low dose
extrapolation models which assume no threshold, are linear at low doses and
are almost entirely insensitive to the biological data since the "bounding"
procedures used in the models essentially neglect the information gained at

the low doses, etc. (Sielken; The Capabilitites, Pitfalls and Future of

Quantitative Risk Assessment, University of Waterloo, 1985).

We submit that the agency should acknowledge that, in fact, the bulk of
dala suggest that if TCDD is carcinogenic at all, it is #s a promoter rather
than an initiator, and that they should explore the effect of such an
acknowledgement on the risk assessment approach and on the risk estimates. If
an appropriale safety factor was applied to the NOEL or the predicted 1%

incidence level, 1 think the DHS would find that the results are much

— —different than the "acceptable level" identified by the multi-stage model. By ——
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choosing its current "policy driven" approach, DHS produces a risk assessment
which may describe TCDD as a potential problem which is much more serious than

the majority of the data would suggest.

D. Estimating Human Risks: The importance of identifying TCDD as a

prgmoter rather than an initiator may seem to be a relatively insignificant
oné to the DHS, but it can have a profound impact on the assessment. For
exahple, several members of the DHS staff have stated that promoters should be
treated much like initiators in a regulatory sense since it is their position
that the scientific community cannot, without question, rule out the
possibility that some humans abound with initiated cells. Presumably, these
cells, when exposed to low levels of a promoter, proceed through the various
stages in the carcinogenic process. One difficulty we have with this
1nferesting hypothesis is that it is not widely held to be accurate. More
impﬁrtantly, it is always difficult, if not impossible, to prove the

negétive. In general, however, when scientists are faced with these dilemmas,
they rely on their good judgment and the weight of evidence to make their
decisions.

We believe that the weight of the evidence strongly suggests that thié
"initiated cell" theory is not valid. Studies wherein promoters were
adﬁinistered to tumor-prone animals (e.qg., those which develop an increase in
tumors when exposed to changes in temperature, light cycle, and bedding) for a
poriion of their lifetime demonstrate that even these animals did not have an
increased number of tumors compared to those which were not exposed to the
promoter (the controls). Such studies suggest that if exposure to promoters

does increase the likelihood that persons will develop tumors due to the
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existence of a background number of initiated cells, the risk is certainly not
Tinear at low doses or additive as assumed in the current cancer models. The
weight of information on nongenotoxic carcinogens indicate that risks are
1ikely to be insignificant or nonexistent at low doses.

One of the characteristics of a promoter is that the dose of the promoter
must be sufficiently great at the site of initiation to "push" the cell to the
next stage. This carries with it the thought that a "threshold" dose must be
reached. Also, the processes involved in getting the promoter to the DNA
within the initiated cell are basically non-linear...absorption, distribution,
metabolism, and elimination. 1In short, none of the characteristics of
promoter or the biological aspects suggest that they shoﬁ]d be interpreted
using classic risk models which were intended for use in analyzing the risks
posed by radiation...a physical challenge which is clearly mutagenic, has a
Tinear rather than a non-linear dose delivery system, and which has a good
chance of having low dose linearity.

Surely, given the information gained from animal studies, the lack of
genotoxicity, the fact that promoters have, at the least, a practical
threshold, we should be able to extrapolate from the animal data on TCDD to
determine a dose at which humans would be expected to be at a "de minimus"
level of risk.

If such an “acceptable" or "virtually safe" daily dose were determined
using this approach, the regulator and the public would not be as likely to be
misled as they currently are by the mathematical models which claim that a

certain number of cases of cancer per million exposed persons can be
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1ikely that their use for nongenotoxic chemicals is even less appropriate.
For example, we know that when exposure to promoters is terminated,
carcinogenesis is reversible (except where late stage cancer development has
been reached). Second, promoters differ from initiators in that intermittent
exposure to promoters does not necessarily yield and often has not yielded an
effective cumulative dose with corresponding additive risk, as assumed by the
low dose extrapolation cancer models. Support for this position can be found
in animal studies which demonstrate that when exposure to a promoter is
terminated early in the study, no additional tumors develop. There are many
reasons why promoters should be regulated differently from classic initiators,
and these have been discussed in several published manuscripts which we could
send to you at your request.

E. Human Epidemiology Data: Section 8.2 of the April document contains a

rather complete review of the human experience. A shortcoming of the proposed
report is the absence of a discussion that man is apparently much more
resistant than animals to the carcinogenic hazard and acute toxicity of TCDD.
It is, of course, noted in the document that there is a wide range of
susceptibility among various animal species to the toxicity of TCDD; but what
is not acknowledged is that there are many incidences of rather significant
human exposure wherein neither death nor even chloracne was noted in the
exposed population. For example, the epidemiology studies of veterans of
Vietnam and, more importantly, studies of workers at the Nitro plant in West

Virginia indicate that even people who were chronically exposed to TCDD,
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including those who developed chloracne, do not appear to be at increased risk
of cancer or of any increased mortality or morbidity.*

Some have said that these studies are inconclusive because insufficient
time has elapsed for the true effects to be manifested and that they lack
statistical power. However, epidemiologists at NIOSH and elsewhere have
indicated that sufficient time has passed to give us some assurances that TCDD
certainly does not have the carcinogenic potency in humans that was once
anticipated based on animal data. This conclusion is supported by
epidemiological studies which found no increase in cancer incidence in
employees at the Nitro plant in West Virginia who were exposed to TCDD 30
years ago and who still had chloracne symptoms. Further, we know that for
more potent carcinogens the time-to-tumor-onset in animals is shorter than for
less potent carcinogens. Consequently, the
absence of tumors in TCDD exposed persons supports the conclusion that TCDD 1is
a carcinogen in man at all, it is neither a potent carcinogen nor an
initiator. 1In short, if TCDD were a potent carcinogen in humans, some
indication of its tumorigenicity would have been seen by this time. As DHS
correctly noted, Dr. Hardell's studies have been reviewed on numerous
occasions and they have been found to be too wrought with problems to be very

useful. Due to the issues we have raised here, we believe that it would be

*The dioxin epidemiology studies were reviewed in detail recently by United
States District Court Judge Jack B. Weinstein in dismissing the claims of
certain "Agent Orange" plaintiffs. Judge Weinstein found, based on his
exhaustive review of the literature and affidavits submitted by plaintiffs
experts, that the plaintiffs could not demonstrate any recoverable injury
resulting from dioxin exposure. -See In re-"Agent Orange" Product Liability -

—————titigation;CivoNo-81=662-et—al—(E- DN Y —May 8,985 —
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useful for DHS document to explain to the public some of the serious
difficulties and uncertainties in extrapo]ating TCDD data obtained in animals
to the human situation. The conclusions reached by DHS which predict a
certain number of human cancers indicates a certainty that is quite likely to

be inaccurate given the human experience.

F. Difficulties in Scale-Up: The DHS document gives the impression that

by adjusting Lhe animals doses, where it purportedly corrects for inhalation
and surface area differences between man and rodents, that it has corrected
for virtually all important biologic differences between species. From this
"scale-up", DHS confidently predicts certain increases in the human cancer
rate based on the rodent bioassays. As DHS is aware, the scale-up process is
more complicated than this. Whenever possible, corrections need to be made
for the differences in the metabolic rate constant, Vmax, quantity of adipose
tissue, uptake and elimination rates, mode of action, as well as many other

factors (Ramsey and Andersen, 73, 159-175, Toxicol Appl Pharm, 1984).

The uncertainties in scale-up for TCDD are especially great given the wide
array of toxic responses which have been observed in animals compared with the
rather narrow description of adverse effects seen in exposed humans. Further,
the human epidemiology data (chloracne, morbidity, and mortality) suggest
that, for TCDD, scale-up may not be possible. We strongly recommend that DHS
provide readers of its report with some sense of the many uncertainties and
assumptions inherent in the scale-up approach they have selected. Such an
acknowledgement would help put any attempt at quantification of human risk
into its proper perspective. Llastly, given these difficulties and

uncertainties, we would suggest that DHS use the FDA terminology of “virtually
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safe" or "acceptable" levels of exposure rather than offer estimates of excéss

human deaths.

G. Inappropriateness of Predicting Human Cancer: In view of the

scientific evidence that man is less susceptible than animals to the acute and
chronic hazards of TCDD, and in view of TCDD's lack of genotoxic activity, it
would appear that a mathematical extrapolation of rodent biocassay data using
only the results of the multi-stage model, or for that matter any model, are
likely to be misleading. Basically, the assessment process used by DHS is
similar to that which has been applied by other regulatory agencies for potent
initiators such as radiation, benzpyrene, and aflatoxin; chemicals for which
there are strong scientific data that support the argument that they act
through a carcinogenic mechanism different from TCDD's. Further, it is
especially troublesome that DHS would choose to describe the risks associated
with a given exposure with such certainty in light of the human epidemiology
data, the lack of TCDD genotoxicity, differences in pharmocokinetic behavior

between species, and the possible differences in metabolism between species.

DHS, in its conclusions (page 7 of the Report to the Scientific Review
Board (June 15)), notes that "the maximum likelihood estimate of lifetime
excess cancers is 240 per million for continuous exposure all day long to
airborne concentration of 10 pg/m3." It strikes us that the expression of a
cancer risk with this certainty is likely to be incorrect. For example,

Dr. Crouch and Dr. Wilson, of Harvard (Wilson, Tech Review, February 1979,
p. 41-46), have indicated that if one were to express the hazard of eating

eight peanut butter sandwiches (40 tablespoons of peanut butter) in one

————1ifetime,—in—comparable—terms,—therisk—ofdevetoping—cancer—fromthat
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exposure to aflatoxin is about 1 per one million exposed persons. Because
data 1ike this have never been taken seriously by regulators, at least to the
extent of suggesting the ban of peanut butter or to discourage its
consumption, we are inclined to think that the Federal Regulatory agencies
have given tacit agreement that one should not blindly adhere to the
information gained from models nor unnecessarily alarm the public to a danger
that, in all probability, does not exist. Actually, for aflatoxin, the |
modeling data are on firmer ground since aflatexin has, at least, been shown
to be capable of causing tumors in man. As an aside, we know of no
environmental or occupational health standard (limit) which has been based

solely, or even primarily, on the risk estimates derived from one of the

cancer models.

H. Critique of DHS “"Generic Assumptions" on Cancers: As is appropriate,
DHS has acknowledged the assumptions it has used in the risk assessment '
{p. 10-3, April 1985]. Regrettably, our current lack of understanding about -
mechanisms of cancer and man's ability to cope with low levels of exposure to
all toxicants, including carcinogens, require that assumptions like these be
made for many toxicants.

However, in spite of our current lack of scientific knowledge about the
overall mechanism of cancer, we do.know a good deal about TCDD. Or. Al Young
of the Office of Science and Technology Policy has stated that we need not
know a good deal more about dioxin in order to manage its risks. By reason of
our current level of knowledge, we submit that some of the "generic"

assumptions listed on p. 10-3 need not be made.



Mr. Wm. V. Loscutoff
July 17, 1985
Page 20

The assumption, for instance, that "animal data are applicable to humans"
is, in general, necessary and widely accepted, but only when there are
insufficient human data. In the case of dioxin, at least three epidemiology
studies have found that no cancer excess has been noted in exposed human
populations. In fact, no epidemiological study has demonstrated that low
level exposure to TCDD causes an increased incidence of any disease in man
" other than chloracne, which is rarely seen at very low doses.

Further, evidence that man is certainly not as susceptible as the most
sensitive animal species; i.e., the guinea pig, is reflected by the lack of
even one documented human death following acute exposure, although dozens of
people have been exposed to fairly high doses in several industrial accidents
and many have been repeatedly exposed to much lesser doses due to inadvertent
contact with herbicides contaminated with TCDD.

In view of this information, it seems inappropriate to apply classic
mathematical models which are linear at low doses, lack a threshold, and are
insensitive to low dose animal tumor incidence data. Certainly, it appears to
be alarmist for DHS to predict the number of human deaths caused by inhalation
exposure to TCDD based solely on bioassays in which rats exposed to TCOD
developed tumors at doses at least 1,000 fold greater than that to which DHS
has predicted Californians would be exposed via ambient air.

To claim that use of this modeling procedure is "appropriate" because both
Dr. Kimbrough of COC and the EPA used it in their reports on dioxin is not
disposilive of anything. Many assumptions made in those assessments are open

to criticism, and neither meets all of the criteria described in the most

—————recently-proposed_EPAguidetinesfor—evatuating—carcinogens—{Nov-—1984)-—AS——
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noted in the EPA Guidelines and in the OSTP Guidelines, many considerations

influence the selection of the appropriate model for estimating a cancer

incidence rate from animal bioassay data. As noted by the EPA Science

Advisory Board, when there is only weak evidence that a chemical is likely to

be a carcinogenic hazard to man, predictions of human cancer incidence rates

based on the results of modeling of bioassay should not be developed. |
The assumption that "high dose bioassays are appropriate for determining

low dose responses" is only appropriate when pharmacokinetic data are lacking

or when there is evidence for linearity over a broad range of doses for the

reasons which have been discussed by Hoel and Andersen (Science, 1983); and

Starr and Buck (Fund Appl Toxicol, 1984). Lastly, linearity is not likely at

low doses, especially for dioxin. Since at least four kinetic studies on TCDD-
have been conducted, these should be reviewed by DHS and their significance to
the assessment explained.

As the DHS is also aware, there is a growing sentiment within the
scientific community that very low doses of carcinogens are probably not
1ikely to pose a significant hazard to humans because of biologic protective
mechanisms which exist in the body, as well as naturally occurring
anticarcinogens which humans ingest (Ames, B.N. Science, 221:1256-1263).

Dr. Bruce Ames has noted that the existence of these mechanisms is not
surprising given the presence of carcinogenic substances in our "natural diet"
over the millenia. The research is now quite clear that both antioxidants and
glutathione, as well as a host of other chemicals, can play a critical role in
protecting cells and the cellular DNA against even potent initiators,

depending on dose. Consequently, it seems too simplistic for DHS to continue
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to "assume" that exposure to low doses elicits the kind of biologic response
seen following exposure to high doses, let alone assume'that such exposures
are quantitatively related.

We are not advocating that nothing be done but rather that all of the
available data be assessed in producing a consensus judgment as to the degree
of risk associated with a given level of human exposure. The overall decision
about the acceptability of a particular degree of exposure must be based on a
melding of all the relevant information. Even though the DHS has clearly done
a commendable job of reviewing all the available TCDD literature, the "bottom
line" DHS estimate of risk is still based on the rodent data extrapolated 2-4
‘orders of magnitude away from the observable range without incorporation of
the human data, pharmacokinetic data, or genotoxicity data.

The assumption that "lifetime cumulative average daily dose is the
appropriate dose to use for dose-response assessments" may be appropriate for
situations which involve both continuous exposure (such as seen in ambient
air) and chemicals which are initiators. However, for TCDD, which is not an
initiator, it is not justified. Since the bulk of the data suggest that if
TCDD is carcinogenic at all, it is only a promoter, a cumulative model would
overestimate the hazard.

As .discussed previously, the assumption that "a threshold for the observad
carcinogenic effect does not exist" is not justified for TCDD.

The assumption that "benign and malignant tumors may be combined for

dose-response assessment" has been debated within the scientific community for

at least 10 years. The inclusion of benign tumors in the math modeling aspect
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arguments have been made that this is not scientifically appropriate. Rather,
the type of benign tumor should diétate whether it should be placed in that
category of tumors which possess the capability for becoming malignant.

The assumption that "doses on a surface area basis are equivalent between
species" is a rather simplistic view that has been losing support in the
scientific community. For TCDD, it is unlikely that the surface area
conversion is meaningful because of the wide differences in various biologic
responses (e.g., acute toxicity and AHH induction) betweeﬁ‘species, the
difference between rat and mouse data in the bioassays, the human epidemiology
data, and the data which suggest it is the parent compound (TCOD) which is the
toxic moiety (rather than the metabolite). The surface area correction is
generally applicable only when a metabolite is the biologically active moiety

responsible for binding to the DNA or the receptor.

Summar

The toxicological aspects of the dioxins and the dibenzofurans are among
the most interesting of any group of chemicals. The DHS has done a
commendable job of assembling the pertinent data and has attempted
conscientiously to build a risk assessment based on its departmental
guidelines. However, because the dioxins are distinctly atypical of many
toxins, and because we have a fairly in-depth understanding of what effects
they do not elicit in humans exposed to low doses, we believe that blind
adherence to these guidelines is likely to paint a false picture of its true
hazard to man. 1In order for the DHS report to be as accurate as possible, the

DHS should:
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(a)

(b)

(c)

(d)

1985

reevaluate the genotoxicity issue and make decisions based on the
weight of evidence derived from widely accepted studies;

alter the risk assessment approach if the data indicate that TCDD is,
in all likelihood, acting through a nongenotoxic methanism;

attempt to incorporate into the assessment the favorable human
experience with TCDD.*

modify, or at least qualify, the conclusions on human cancer risk.

In light of the lack of evidence for any chronic effects in humans,
it seems inappropriate to predict with such certitude the incidence

of cancer in humans for a given exposure scenario.

Once again, we appreciate the opportunity to comment on this issue. We

hope that you find the comments useful.

Sincerely,

o)

Dennis J. Paustenbach, Ph.D.
Manager, Industrial and
Environmental Toxicology

*The attempt to do this by comparing the results of the model to Ott's human
study is not convincing given the wide range of the 95% confidence 1imits
and the low incidence rate observed in Ott's study. Given his limited
database, we would expect agreement.
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STATE OF CALIFORNIA

AlR RESOURCES BOARD
1192, Q STREET
P.O./BOX 2815

(’ SACRAMENTO, CA 95812

GEORGE DEUXMENAN, Governor

August 9, 19885

-

Mr. Dennis J. Paustenbach, Ph.D.
‘Manager, Industrial and Environmental
Toxicology :

SYNTEX, Inc.

PO Box 10850 :

palo alto, CA. 94303

Dear Mr. Paustenbach:
" subject: Your Comments on Chlorinated Dioxins and Dibenzofurans

your letter of July 17, 1S8&5, concerning Report to the
Scientific Review Panel on Chlorinated Dioxins and Dipbenzofurans,
( Part B has been forwarded to the Department of Health Services.
: They will prepare responses to your comments, which we will
include along with your letter in Part C of the revised report.
SYNTEX, Inc. will receive the revised report when it is submitted
to the Scientific Review Panel.

Thank you for your comments.

Sincerely,

Md&wﬂf% w%/

William V. LoScutoff, Chief
Toxic Pollutants Branch
Stationary Source Division

cc: P. Venturini, ARB
R. Neutra, DHS






