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PART C - PUBLIC COMMENTS AND RESPONSES 

REPORT TO THE SCIENTIFIC REVIEW PANEL ON 

CHLORINATED DIOXINS AND DIBENZOFURANS 





Monsanto 

Monsanto Company 
600 N. Lindbergh Boulevard 

St. Louis, Missouri 63167 

Phone: (314) 694-1000 

July 10, 1985 

Mr. William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Attention: Dioxin 
Air Resources Board 
P.O. 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 
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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Mr. William V. Loscutoff 
Page 2 
Juiy 10, 1985 

Although the "Overview" section does not describe these 
conclusions, the "Risk Assessment" section describes as scenario 3 
(pp. lo-22 ret seq.) the relative hazard estimation proposed by EPA's 
Chlorinated Dioxin Working Group. A position more "conservative than 
this is not scientifically defensible. 

Planning & Infohation Director 
Environmental Policy Staff 

/dkr 
cc: Mr. R. Barham 

Toxic Pollutants Branch 
Attention: Dioxin 
Air Resources Board 
P-0. Box 2815 
Sacramento, CA 95812 



8’ d 

STATE Ci CAWORNIA GEORGE LkEUKMG:W, #urnor 

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

c 

SACRAMENTO, CA 95812 

August 16, 1985 

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. Comnents 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 revised 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. In particular, you raised the issue cf 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 dibeczofurans 
in the vapor phase can be degraded-in sunlight. Unfcrtunately, 
no studies, to our knowledge, have been conducted 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 provide maximum protection 
of public -health. If you have information on atmospheric photo- 
degradation of chlorinated dioxins and dibenzofurans which you 
believe would be of value to us, we would be very interested in 
reviewing it. 

Thank you for your comments. 

Toxic Pollutants 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 
Attention: Dioxin 
Air Resources Board 
1102 Q Street 
P. 0. Box 2815 
Sacramento, CA 95812 

Dear Mr. Loscutoff: 

We appreciate the opportunity to present comments upon 
the Air Resources Board and Department of Health Services 
draft reports on polychlorinated dibenzo-p-dioxins (dioxins) 
and polychlorinated dibenzofurans (furans). We also appreciate 
both agencies' efforts to protect the health and welfare of 
the people of California. 

The experts with whom we have consulted, particularly 
L. D. Attaway, Ph.D., agree with the finding that dioxins 
and furans should be listed as toxic air contaminants. The 
restriction to dioxins and furans with four to seven chlorine 
atoms per molecule, with the lateral 2, 3, 7 and 8 positions 
occupied by chlorine atoms, appears reasonable to them based 
upon information available at this time. However, 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. 



MEKENNA,CONNER & CUNEO 

Mr. William V. Loscutoff, Chief 
July 11, 1985 
Page Two 

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 

Michael D. Berk 
MDB:lk 
Enclosures 

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



Lekd D. Attaway & Assoczktes 
1005 A Street l Suite 405 l Son Kafid, CA 94901 l (415) 459-3124 

B &RB/DH@ DIOXIN&@J@ ANALYSQ 
L.D. Attaway, Ph.D. 

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 ARB3reference (1). except for 

f . an error for PCDP #3, which should be 1.4416 &VNm . If these results are 
. complemented with those in references a, 2). and all emission rates are 

converted to standard physical conditions, then the following emission range, 
and average emission rate, result: 

.i 

PCDD & PCDF 
Ejission Rate, 

wm lb/M BTU 

f Lowest 
Bighest 
Average 

Table 1 - Emission Rate Range in Literature 

Because of current controversy over the actual formation mechanism and 
location (combustion or post-combustion) (2, 2). it is not possible to specify 
where in this range mass-burn incinerators will opsrate. Bowever, ARB has 
chosen for this analysis an upper limit of 8.8 ug/m (Page 4 of Appendix A to 
Part A). Further, the ARB has stated (page 1 of Appendix A to Part A) that 
their lower limit “should be considered as the most reasonable scenario*’ and 
their upper limit “as the worst plausible scenario.” Nothing in the literature 
we have reviewed lead J to this conclusion, and we recommend that an upper 
limit near 56.41 ug/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 III-6 of Part A this narrow 

.:-focus is based upon previous analyses which allegedly showed other pathways 
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 (f) assessment of hand-to-mouth ingestion and skin 
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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., 119 such touch- 
downs per day) the following table results (Table 4-5 on page 46 of (2), 
extended here) : 

PATIMAY 

Direct Inhalation 

1 Touchdoun/Day 199 Touchdowns/Day 1 Touchdown/Day 
(NCRRA Results) 

1lM Touchdowns/Day 
(Amended Result ) (NCRRA Rtsul ts) (Amended Result ) 

1.1 x 10’1g 1 .o x lP-l” 51.9 2.27 

Ingestion 
Soil 
Diet 
water 

. 
3f 

x I#:{: 
4:r x 16 

x lfl.11 
{.$I :, ‘::f2 

4:r x Is-11 

19j 
i 2 .8 

86.2 

r Iii 
. 
. 

Deraal Absorption 4.6 x lrVk2 4.6 R W1' 2.4 19.4 

Total Uptake 1.93 x lB-lg 4.41 x W9 1BP.I llP.6 

I¶AXII¶UId UPTARE 
Ow/kg/da y 1 

PERCENT OF TOTAL UPTARE 

Table 2 - Estimated Daximum Uptake of Dioxins and Purans 
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 inadeguate -- but we art simply emphasizing that the 
APB should not dismiss other pathways based upon these other analyses. Please 
also see reference (4) 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 Protecti%p 
Agency (2) has recently imposed a one-to-two year ban on khe construction i-r 
new MSW incinerators, largely because of foodchain contaair,&:ion by dioxins tr)d 
furans; so these pathways should not be rejected out-of-h-F.:i. 

3. flIGH-TO-LOW m &XTRAPOLATIOW 

Although the multi-stage model used in the DRS analysis (Part 8) for 
extrapolating from high to low doses is usually more conservative than other 
models, in this case it was not for 2,3,7,8-TCDD. Even so, it was used by the 
DUS in its risk assessment. We suggest it would be store appropriate to use the 
more conservative Weibull model results. 

_-----..--- .__---. ------. -.. .--- . .._ 

2 



i 

c Y 

1. DIRECT INRALATION 

2. INRALATION OP RESUSPENDED INDOOR DUST AND OUTDOOR SOIL 

3. INGESTION OF DEPOSITIONS TO INDOOR DUST AND OUTDOOR SOIL 

4. DBRHAL ABSORPTION OF DEPOSITIONS TO INDOOR DUST AND OUTDOOR SOIL 

5. FOOD MAINI 

- DEPOSITION ON ANIMAL FORAGE FOODS 

- DEPOSITION ON SOILS NEAR FORAGE FOODS 

- CONTAMINATION OF SURFACE AND CROUNDWATERS 

- CONTAHINATION OF FOOD PROCESSOR PRODUCTS 

- DEPOSITION ON MHAN POOb CROPS 

Table 3 - Pathways of Possible Concern for Air Emissions 

c 3 



2,3,7,8-TCDD is suspected of being both an initiator and a promoter of 
cancer (page 19-2 of Part B). Both aspects of its carcinogenicity should be 
reflected in the DBS risk assessment. For one approach to treating 2,3,7,8- 
TCDD promoter effects, see reference (4). 

5. JMN-CAN& ANJ SYNERGISTIC FFFECTS 

The above recommended treatment of 2,3,7,8-TCDD 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 10-l of Part B it is stated: “Therefore, there is a safety factor 
of over lflB8 incorporated in Longstreth and Bushon’s ADI. The airborne 
concentration necessar to give an ex osure equivalent to the AD1 
approximate1 
is near or a ove the highest exposure level projected by the ARB for PCDDs and E 

P.33 x 18 
-1 

nanograms of 2,3, s ,8-TCDD per cubic meter. This A:: 

PCDFs (see Section 10.4 and Part A).” The AD1 referenced here is 1 W/kg/day. 

Rowever 
PCDFs is 1 
equivalent 

the IO ximum 
13 x 18’ 8 

exposure level ro ected by the ARB for PCDDs and 
ng/m3 (page III-3 of ar A) or 3.84 times the above B i! 

exposure. Since the safety factor of 10#0 has been introduced by 
Longstreth and flushon in order to be conservative, it is not appropriate to use 
its inclusion in the AD1 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 item 6 below), and 

ient concentration uncertainty due to PCDD/PCDF sources other than MW 
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 (l), ACGI8 (2) and NSF (u) 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 
list is shown in Table 4 (I); please note that the major0.y of the organics 3nPa 
metals in Table 4 are currently under consideration by tY.? ARE! for listing as 
toxic air contaminants (u)--indicated with an (*) in Ts!zPa 4. The list in 
Table 4 should be extended as appropriate to include a12 fz51.e air pollutants now 
ARB candidates for listing under the AB1887 program; these are shown in Table 5 
(fi), with those emitLlzd by PfSW incinerators underlined. 

~--- ..-- ~ -... ..---..-- 



Polycyclic Aromatic Bydtocarbons (PAS)* 
Polychlorinated Biphenyls (PCB)* 
Polyvinyl Chloride (PVC)* 
Polychlorinated Dibenzo-p-Dioxins (Dioxins)* 
Polychlorinated Dibenzofurans (Purans)* 

Carcinoaens 
Arsenic* 
Beryllium* 
Cadmium+ 
Chromium* 
Nickel* 

Others 
Ant iaony 
Copper 
Mercury* 
Molybdenum 
Manganese* 
Lead* 
Selenium 
Tin 
Vanadium 
2ilW 

CRITERIA POLLUTANTS 

Sulfur Dioxide (Plus Sulfates) 
Nitrogen Dioxide 
Carbon Monoxide 
Hydrocarbons 
Ozone (Precursors Emitted) 
Particulate Hatter 

Table 4 - Toxic Air Pollutants Emitted 
By Municipal Solid Waste Incinerators (3, fi) 

*On List Of Compounds To Be Considered By California Air Resources Board As 
Toxic Air Contaminants Under AB 18113. 



Asbestos Formaldehyde 
Beneene In uranic Arsenic 

Niiiel 
Carbon Tetrachloride pol~c~clic Aromatic Hydrocarbong JPAAl 
Chloroform- polvchlorinated BiDhenvlq 

Ethylene Dibromide 
Ethylene Dichloride Vinyl Chloride 
Ethylene Oxide 

Inorganic Lead 
Y cranes 
Mf:hyl C!oroform 
Methyl Chloride 

Acetaldehyde 
Acrolein 
Acrylonitrile 
Ally1 Chloride 
Benzyl Chloride 
Beryllium 
Chlorobenzen 
Chloroprene 
Cresol 

Perchloroethylene 
Radionuclides 
Trichloroethylene 

p-Dichlorobenxene 
Dialkyl Nitrosamines 
1 .I-Dioxanes 
Epichlorohydrin 
Rexachlorocyclo- 

pentadient 
Maleic Anhydride 
Methyl Bromide 
MercurY 

Nitrobenzene 
Nitrosomorpholine 
Phenol and Chlorinated 

Phenols 
Phosgene 
Propylene 
Oxide 
Vinylidene Chloride 
Xylene 

Table 5 - California Air Resources Board Candidates For 
Listing As Toxic Air Contaminants (11) 

PJOTBS : 
(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. 



6. @jISSIO# $!IlAUACTERISICS 

It would appear that some of the emission characteristics for the nine 
sources may need clarification. t?6F Wiarlpb, in the A# memorandum on 
diffusion modeling for the present study (Table 1 of [J&l) the Irwindale 
facility is given a stack height of 197 meters. Dowever, 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 (u). It is not clear whether or not this condition has 
been reflected in the ARB diffusion modeling; if not, 
to significant increases in ground level concentrations. 

itspz;;tent will lead 

downwash/turbulence routines used in the ARB diffusion analysis ire 
the simple 

probably 
inadequate in this complex situation. Other emission parameters also appear to 
be different for this facility. 

7. SENSItIVITY/U#CERTAIN?Y ANALYSIS 

There is great uncertainty in’the data and models employed in this 
analysis by the ARB and 086. 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 MW 
incinerators, as well as already existing human tissue, mothers’ milk and 
foodchain burdens (u), should be addressed. 
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12 April 1985 

Technical Department 
Disposal and Recycling Unit 
Departmental Director S. Modlg 

Swedish Embassy 
Washington 
Att.: Ellsabeth LagerlOf 

Telex: 

f 

The Environmental Protection Agency, which, In compliance with 
the environmental protection law, makes no Independent decisions 
in licensing r.Btters, has, as a consulted party, stated, in a 
licensing matter with the Public Utilities Commission for Environ- 
mental Protection, that no Hcense for new incinerative plants 
should be granted until certain questions have been investigated. 
The reason involves the dioxin emission fkom 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 inclnerative plants 
the Agency suggests that they await the results of ongoing resgarch 
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 Information will be available 
for determlning 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 not yet reached a decision on 
the matter. 

The embassy will receive our memo by mail. 

i 
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 Environmental Protection 

Box 2121 
10313 STOCKHOLM 

Statement regardlng S6derto"rn District Heating Co.'s and Sddertsrn 
Refuse Collection Co.' s application for waste combustion license, etc. 

The Environmental Protection Agency made its first statement on this 
matter on October 12, 1984. Thereafter the Public Utilities Com&sSion 
has suggested that the Agency render an account of the Research 
results that are now available concerning the emissions of chlorodibenzo- 
dioxins, dibenzo-furans, et al. in waste combustion, information about -m 
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 evident that dioxins have been found in 
mother's milk and in fish in amounts which, if generally toxic, would 
exceed the limit for "tolerable daily intake" in normal consumption. 
A quantification of the existence of dioxins In the environment 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- 
dlbenzo-dioxins and dlbenzo-furans ought to be kept at a low level. 
The risk estimate that has been made does not Indicate any significant 
danger f.oc that population which is considered to be.the most exposed. 

-.-.---.-.-Tfie --hZjb-tax 1 c i t mo~f-- t fr -d3--- .--___ ~- wmm ~mtm mFmmt p4f thp -*+&-~- 
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as much as possible In new plants. Despite the given Information, 

c 
there Is no reason for questioning the ~ernilsslbillty of the plained 

waste lnclneratlve plant. 

i 

In order to secure such operational conditions which lead to low 
emissions It Is 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 is 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 is not possible to formulate the demands for a limitation of 
the necessary dioxin emissions. It is particularly urgent to under- 
line the importance of intensified supervision and control, 
supplementary oil burning, and smoke gas purification via condensation 
for the dioxin emissions. The lmplementatfon 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 limits and other 
conditions, the company should investigate the posslblities of 
continously securing low emissions of dioxins through the use of 
different technical devices. 

The results of the Investigations in Ume8 (supervision, supplementary 
oil burning) and Avesta (condensation) are expected this summer, while 
the evaluations of the condensation technique, in full scale In 
Uppsala and in pilot scale in HCgdalen, will not be ready until next 
summer. EPA's own investigation' e he 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 Investigations and other possible 
ones abroad, or on ones the company Itself might want to conduct. 



If the results from Umeg and Avesta are sufflclently clarifying and 
a condensation technique Is selected, a supplement to the application 
should be available In as early as six months. 

In other combustion matters, the question of quicksilver 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 dioxlns indicates that the 
planned waste incineratlve plant is permissible, but that further 
investigation Is needed In order to design a plant wlth the lowest 
possible emission of dioxlns. The Agency also specified a demand 
for a limit of quicksilver emissions at 80% removal. 

Otherwise, the Agency's motion remains the same as the statement of 
12 October 1984. 

On behalf of the Environmental Protection Agency, 

Lars Lindau 

Staffan Modig 
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C’ 
W3di~ibEavEi vmte&a~l Protect ion &pncy 
TcchnPcal Department 
Disposal and Recycling Unit 

HEnO ON DIOXIN MISSIONS PROM WASTE COMBUSTION 

The content of this memo is mainly based on information from Swedish and 
foreign sources. 

General Information About Chlorodibenzo-p-dioxins &r& Dibenzo-furans 

Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) are 
two series of aromatic substance groups, which consist of 21P different 
substances in 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 21g 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 1950’s that research started on the toxicity of dioxins. 
When dioxins exist in very small amounts, very low levels must be detected. 
With the testing and analyzing techniqufs in use today it is possible to 
analyze quantities on a pikogram-level (lfl 9). 

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

2,3,7,8-TCDD 
Orange). Agent 
TCDD . During the 

has been found in pesticides containing 2,4,5-T (e.g. Agent 
Orange has the capacity to contain about 58 mg/kg of 2,3,7,8- 
Vietnam War (1962-1971) the amount of 2,3,7,8-TCDD spread was __- _ _ estimated at ca. 168 kg as 3 pollutant included in Agent Orange (1). 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 note: 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. 
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2,4,5-T has during about 21 years, up until 1977, been spread on wooded 
and cultivated soil in Sweden. During the 195P’s, about 2@ tons/year were 
spread and during the 1979’s until its prohibition, about 8P tons/year. With a 
content of 2,3,7,8-TCDD of 1 ppm, about 89 g/year of this dioxin was thus 
spread in the 197B’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 
PC&containing transformers and condensers, dioxin can be emitted. The burning 
of, in particular, chlorophenol impregnated firewood 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 Dibenxo-u-dioxins @ Dibenzofurans In Waste Combustion -- 

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 nfrom scratch” via a 
complex system of thermal reactions between organic materials and chlorine 
in some form. 

At the end of the 197Q’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 
such as BCl, 
found. 

SO2 and CO have been made, but no simple connection has yet been 

!leasurements carried out on waste incinerative plants have in some 
instances showed that the level of dioxins was highgr at combustion 
temperatures around sae”c than at temperatures exceeding BBB C. 



Toxicity 

The section below is based on a research application to the Agtacy frm 
Ulf Ahlborg, sm. 

The toxicity of the different isomers is of a highly varying degree. The 
most studied bond is 2,3,7,8-tttrachlorodibtnzo-p-dioxin (TCDD). The toxicity 
in TCDD is very high, as is the species variation. Thus, the acute toxicity 
varies fom 0.6 - 2 v/kg for guinea pigs, to 1157 - SPUP u/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. Sigher chlorinated dioxin8 still 
have a high, although decreasing, toxicity, but the fully chlorinated 
octachlorodioxin is relatively low in toxicity. 

2,3,7,Gtetrachlorodibenzofuran (TCDP) and 2,3,4,7,8-ptntachlorodibenzo- 
furan have an acut? toxicity which is somewhat lower than TCDD’s (LDSI 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, showu that TCDD is cancer producing (2, 2, A), and, on the 
other hand, that the most sensitive parameter is reproduction disturbances in 
apes (2) and rats (6). 

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 
acce tance of one cancer case 
- l&) 

er 19~ inhabitants (2). or a safety factor (2@0 
on NOEL (no effect P evel) 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/kq body weight. These acceptable daily intakes refer 
to a lifelong exposure, but no particular considerations have been made 
regarding infants. Generally speaking, infants are considered to have a bigher 
sensitivity to toxic substances since their toxification (SIC) mechanisms are 
not fully developed. 

Concerning chlorinated dioxins and dibenxofurans, 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 imp1 i es 
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 31 years. In an examination of this material, done in 
connection with the preparation of a draft to a WHO/IPCS document about 
PCDDs 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. 

Dearadation Ability 

2,3,7,8-TCDD 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 5B 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. 
Crazing cows can in this manner get dioxin in their system via deposition on 
grass. 



Isomers Level Method 1 Method 2 Hethod 3 Method 4 

PCDDs 
Cl l-2 
Cl 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-BpCDDs 
other ElpCDDs 
OCDD 

PCDFs 
Cl l-3 
2,3,7,8-TCDP 
other TCDPs 
2,3,7,8-PeCDPs 
other PeCDFs 
2,3,7,8-8xCDFs 
other 8xCDPs 
BpCDFs 
OCDF 

: 
1 
1 
1 
1 

: 
1 

: 
1 
1 
1 
1 
1 
1 
1 

TOTAL TCDD-EQUIVALENT 2.7 

. 

B 

: 
fi 
1 
0 

.03 
P 
P 
B 
# 

: 33 
P 

.33 
B 

.Bl 
0 
P 
B 

B 
0 
1 

.111 
1 

.@l 
1 

.@l 
1 

.@l 
1 

.82 
0682 

.82 
9882 

.02 
0882 

.!a2 

.92 

5.1486 
4.1886 

m 
I 
1 

.I1 

.mi: 
.@4 

.mm4 
0 
0 
0 

.l 
.Ptal 

.l 
.DPl 

.l 
.PBl 

0 
0 

1.559 

Method 1: Eadon, 1982 (acute toxicity) 
Method 2: Ontario Government, 1982 (combined effects) 

a: OCDD = 1 and BpCDFs and OCDF = 0.62 
b: OCD = RpCDFs = OCDF = 0 

Method 3: EPA, 1984 (cancer extrapolation) 
Method 4: Danish Environmental Agency, 1984 (enzyme induction) 

c \ 
5 

u 
0 
1 

.Ul 

:: 
.l 
.l 

.I1 

.Ol 
fl 

0 
.l 
.l 
.2 
.2 
.l 
.l 

.Pl 
0 

2.24 



Fxlstencc In The Environment -m 

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 tbc Baltic Sea/Gulf 
of Bothnia, and through analyzing fish in the collection at the Natural Bistory 
Museum as well as through analyzing sediments (9). 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 (l#). The author of 
the article states that this pollution is due to atmospheric precipitation 
since the lake is situated on a bigh 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 
and DDT. 

sulpbur , quicksilver 

Investiuation And Research Concernins Emissions Prom Waste Combustion 

Tests and analyses of PCDDc/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 Eks jo. 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 Halmo. 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 g°C and a carbon dioxide 
level of lII$ (lng/Nm I. These incinerators were then tuned and optimized, and 
were operated gfficiently, as is evident from the fact that the CO level was 
below 188 mg/Nu . 

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 uitb low combustion 
temperature produced increased emissi0n.s of organic substances. 



At the end of 1984, Dtasurtments of PCDDs/PCDFs were mat at waste 
. tnc$nctrators in Westa and Dmea. Tiw results from theist betmwt@tntS iart 

expected to be available in Ptbruary/March. At the plant in Uata, m&mremWs 
were made at the start-up and shut-down operations of the incinerator as well. 
In Bogdalen 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 Xtaly and Bolland (12, 15). 
The results from the measurement in3Italy have indicated levels of PCDD (tot31 
dioxins) as an average at llMng/m and in the Dutch measurement at SW rig/m - 

PCDDs/PCDFs In Ashes And Slaq 

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 (g), it means that the risk from leaching is small. 

A German study (u) shows the average level in results from 88 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 sxtoke gas emitted from wagte incinerative plants, 
the level of 2,3,7,8-TCDD has been much below 1 ng/Nm . For the plants in 
Malmo and Linkopigg, 
was as B.B5 

6 

which were investigated under the DRAV-project, the level 
ng Nm - 

per m during 
In the estimation of the deposited amount of 2,3,3,8-T?;: 

months, the value of the emission was set at B.5 ng/Nm . 
calculation was made in the same fashion as for a 50 MW incinerator burning 
wood chips in regards to the dust. The calculating method was produced by Ulf 
Eogstrom in Uppsala. 

Other assumptions for the deposition calculations are that the combustion 
capacity is 18 tons per hour (corresponds to 75080 tons per year), the height 
of the stack is 8fi m, and that the size of the particle is less than 1 
micrometer. 

With the above inputs to the calculation, 
m2 per 180 days of 
The level per m3 

P.01 ng. 
we reach a deposited amount per 

This result comprises both wet and dry deposition. 
of air in the7most geavilly afflicted area between l-4 km from 

the disposal source is 5 x 19 w/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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V. Appbcations to Risk Assessment 

in general, an assessrtent of the rfsk to hunan health of a 

mixture of CDDe and CDFs inwlves the following steps : 

I. tialytical determinatiu of C’DDs and CDFs in the sqle. 

2. mtiplication of cagenet concentrations in the sample by the 

TEFs in Table III express the concentration in terms of 2,3,7,8-TaD 

equivalents. 

3. Sumration of the products in step 2 to 0btaf.n the “2,3,7,8-TCDD 

equivalence” of the sample. 

6, Determination of humn exposure to the mixture in question, 

expressed in terms of equiw&znts of 2,3,7,8-TCDD. . 
l 

5. &nbination of exposure fran step 4 with toxicity information I I 

on 2,3,7,8-TCDD (usually carcinogenicity &d/or reproductive 

effects) to estimate risks assc .ted with the mixture. 

. 

In cases in which the concentrations of the fifteen conpeners 

of concern are %ncwn: 

2,3,7,8-TODD Equivalents = c 
x the 

t 
x the 

samples of this caldation for 

are provided in Table IV. 

(TEF of each 2378-CDD/CDF convener 
concentration of the respeccif;e congener) + 
CRT of each non-2378 CDD/CDF congener 
concentration of the respecti** congener) 

several ernrfmnnental mixtures 

In cases here only the concentration of hanologws graps is 
‘I 

knows; i.e.., no is-r-specific data are available, different approaches 

are pss ible. For example, the assunption that the 2378-congeners 

of conc,,n constitute all of the CDDs -.d CDFs present fn the mixture is 

likely to pzMde an upper bmnd estimate of the--toxicity. Abxmatively, 



-13- ” (r 
mixture has equal probability (We, 1982; Cuunoner, 1982). For 

instance, 2,3,7,8-IQD is one of 22 possible TCDDs and would constitute 

abtxlt 4% of a mixture of equally probable isomers. In other situations, 

oarticlllar knowledge of chemical reaction naraaeters, process conditions, 

and results frm related studies, (e.g.‘, conpener distributions in 

emissions fran combustion sources) might enable one to estimate the 

relative occurrence of 2378-congeners. Hover, one wt be careful. 

to explicitly explain and justify whatever assurntions are made. 
-. 
-. 

The calculated “2,3,7,8-TCDD equivalents” CSII then be used to 

assess the health risk of a mixture. As an explicit example, consider 

a municipal solid waste (XXI canbustor whose particulate emissions, r 
‘I 

the CDD/CDF mixture in question, were exactly like- the electrostatic 

orecipitator (ESP) catch cited in coL..nms 5 and 6 of Table IV. The 

I 

. 
. 

szm$e is estimated to contain 28 ppb 23780TCDD equivalents; i.e., 

28 picogrzms of.2378-TCDD.eouivalents per milligran of mixture. Suppose 

that an exposure analysis indicates that a person liviq dwrwfnd fran 

the incinerator receives an aver-e daily dose of 1 np; of the mixture/kg 

body weight. This aposure estimate is canbined witi the upper-bound 

carcinop,enic 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 dwnwind fran the facility emitting the mixture 

under consideration, assming 1ifetLpse e-sure: 

Upper 95% limit of 
excess cancer risk - MewI x b=p--d 

' = [?.6 x 105 per mg TCDD/kg-day] x [28 pg TODD/ 
mg mixture x 10-9 mg TCDD/p& TCDD x 1 ng 
mixture/kg-day x 10-6 mg mixture/rig mixture 
= LO-9 . 



I  
.  

.  I  

-1 k- 

Use of the d rreht .Isswcions regarding relative toxicities 

(see Table III) i:rluence the calculation of 2,3,7,8-TCDD eouivalents 

only slightly. For exarrple, using alytial data fran an Agency 

SW on emissions fran a particular mnicipal waste canbustor (EPA 

1984), the 2,3,7,8-TODD ecntimlems calculated using the assmptions 

listed in Table III are generally within an order of magnitude. 

VI. Cmrisccn with Other ADproaches to Determininn 2,3,7,8-TCDD 
Eouivalents 

A lid, ted number of in vivo and in vitro approaches have been -- -- 

employed in assessing the toxicity of ccmplex mixtures of CDDs and CDFs. 

‘while the results fram these attempts are not definitive, it is instwz- 

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

proposed here. 

Fadon (1982) investigated the toxicity of CDD/CDF contaminated 

. . 

soot associated with a fire involving FCB containing electrical euuipent. 

Using the results from acute in viw toxicity (L&n) studies in -&ich -- 

c5e soot was the test substance, the researchers determined that the 

soot had the aate toxicity expected of material containirg abcut 60 times 

the 5amount of 2,3,7,8-TQD actually famd by GC/KS analysis. 

Tab&e V illustrates the results of Employing the TEF approach 

thro@ three different procedures, each of which depends upn the results 

of GCfkS anslysis 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 caupletely 

of 23780members of the class and, therefore, are multiplied by the TEF 

-. 

; 

, 
I 


























































































































