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Chloripated dibenzodioxins (PCDDs)

asd dibenzofurans (PCDFs) were fircst
discovered by Olie et “65

ta be on fly ash from mumicipal 1incaneratsrs ino

The Netberlaods. Sharcly thereafter, Buser et alm'11 reported that these

compounds were also prezent on particulate matter from a muoicipal incinerator
and an iadustreal heataing facility 1n Switzerlaad.

By the end of 1978, scientists

from a
13
Dioxin Task Force

Dow Chemical Company Chlorinated

aooounced that chiorodibenzodioxius were present in all

particulate matter taken inside or close to combustion facilities. The daioxias

were found to be present in fly ash from municipal and industrial incinerators
and ag o1l-fired powerhouse; dust from the cities of Midland, Detroit, Llansing,

Chtcago, and St. Louis; seil from “idlaad, Detrort, Lansang, Chicage, and
Gaylord, MHichigan; commercial sludge fertilizer from Malwaukee, p;rtxcullte

deposits from inside automobile and truck mufflers,

both diesel and gaseline;
soot from home fireplaces;

and smoke from cigarettes.

These findings together
with those earlier reported by 011:65

and Buserlo

lead to the formulation of an
hypothesis called "trace chemistries of Lice”,

Thas hypothesLs was described 1n
the original repert, and i1n more receat papers by Bu.mb‘,"5

. Cr\mmetl:i?
National Rescarch Council Camdnsg.

, and the

The trace chemistries of fire bypothesis simply says that

nuuerous
reactivas occur during combustion

chemical These reactions produce numerous
some of which ars at very low concentration (parts per millicn oc

less) and are emitted 10 smoke or are

products,

retained in the ash  Among such trace

products are tlhe well known poiynuclear azomat:c hydrocarhuns us reported by
]

the National Academy of St:xeru:e:]l The trace chemistries of fire

hypothenss 17,79

includes chiorinated aromatic compounrds among such products -

particularly chloripmated dabenzodioxins, chlorizated dibenzofurins, and poly-

chlorinated bi- and terphenyls The concertration of the trace producta
expected to vary with the (1) molecular structure of fuel,

of fuel, (3) presence of precursors

13
(2) chlorine contsnt
and contamipants in fuel, {4)
tempecature withia the combusticn zoae and post Zombusl:l.nn zone, (3) gesidence

time of reactants and 1atermediate products in the high temperature zone, (6)
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mixing efficieacy of air with fuel, (7) at--ruel ratio, and (8) fuel fae< size
)
according to Shih et al The nature a~d 2zaceniration of the products can alsa

be affected by the metals in the fly ash eglzng as catalyses

The hypothesis as originally presentsc -as based on the folloaing facts-

a ¢
(1) * Combustion processes are scldom meres than 99 9 perceat efficiezi 1a

converting the carbon concent of fuel to caraoa dzoxxdezu.

(2) The remaining 0.1 percent of the carbon in the fuel s converts= Lo a
lacge number of trace organic compounds iacli-diag chlorinated hydrocarbons, only

a few of which have been 1dent1f1ed21';3’as'63

QOnly a tiny fraction of thais
remainder aeed be converted to dissins ts accouat for the trace quantities of
dioxins ot served 1n ronbustion

(3) Refuse and fossil fuels are extremely complex mixtures of sany

chemicals and compounds, some of which are present at low coacentrations

(4) The oatural chlorine conteat of fuels cranges from oae to five thousand
58
parts per million” . This ts much more chlorine than necessary to create chlorina-

ted dioxans observed 1n combustion products.

(5) Particles emitted from oi1l-fired Leating and power plants cocrtaln

. .
vapadium and nickel 9. Those emitted free coal-fired boilers contain vagadium,
nickel, 1ron, aad ﬂmﬂgm‘.nv:se"3 These trans.z.on metals together with silicoz and

unoxidized carbon can serve as catalysts 13 i1-¢ Combustion procass.

{6) Chemacal reactions which are g70%=a to occur 1a flames 1n:clude
pyrolysis, oxidation, reductiom, and acidolysis Ions, electrons, fcee radicals,
and free atoms 1ntecract {m a continuously chaag:ng environment.

5,17

{7) In the Buab study , chlorinated dibenra-p-dioxins were fpund 113 al}

particulate oatter taken from areas close to ¢oubustion processas,

(8) Precursors for the formation of chlorizated dibenzo-p-dioxins have heen

6
coavincingly demonstrated to 1include chlorinatsd phenols 9 and chlorubenzersss.

15,67

Since polyvinyl chloride produces chlorobenzenes duriag pyrolysis, 1ts role

3§ 4 precursoer 1s also suspect.

Since the "trace chemistries of i ¢ &, 2.1%_..5 -aS Deescted, mucy si_uies
have bGeen made which test the hypothesas Tnese may be placed 1n several

categories as follows
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(3) Studies of the combustien oroducts of incinerators, Lustenhou-er et

alss revigc-ed Lhe literature and reported that FCIDs and PCDFs vere found 1n fly

ash fzem oMl thirty-five mumicaizzl imcireritors ~cwmined by all (nuestigators
These nclude data on nine incinerators i1g The “echerlands as reported by Olie et
3166 Cavallaro et 1112'13 found similar distributions of PCDDs and PCDFs in £ly
ash from each of s51x Italiam mumicipal incimerators examined; Eiceman et 3126
reported findirg a variety of chlorinated crganic compounds inciudiag PCDDs, and
PCDFs, in fly ash from municipal incinerztors in Canada, Japan, and The
1‘36 aad Chiu et al”’ reported PCDDs and
PCDFs were present 1n the effluent from twe municipal incinerators. Samuelson
and Liodskog’® and Eklund and Stromberg’’ found PCDDs and PCDFs in fly ash from

7 8.% found PCODs an¢ PCDFs 10
136

Netherlands. Also 1n Canada, Wang et a

Swedish municipal 1acinerators, Rappe and Buser
fly ash sami)les from municipal inciceraters in Switzerland. Janssens ot &
found them 1o Belgium. Ia Italy thesa compounds were found 1a emissions from

30,51 1o Milan, Belogoa, Florence, and Rome

urban incinerators by Liberti et al
and by Marselli et 1157 1n Bologna. Gizza et 3129 studied the variability in
PCDD zxnd PCDF content of emissions from an Italian urban incinerator Karasek et
27,50
al®’"

Ontazio, Canada. In the United States Redfard at al?2 and Tierran st alsl found

reported of a municipal inciaerator :n france aad compared 1t with one 1

PCDDs 1n municipal incinerator effluent Tierran®! also found PCDDs 10 extracts
of effluyents from a Hempstead, New York incinerator In Germany Ballschmitter et
alz used OCDB as a PCDD aindicater and feund 1t 1n five of six munmicipal
1nciperators. These compounds were also found by Buser et alr'g-m flv ash from
an 1ndustrial incinerator and Hryharczuk et 2133 found the tetra isomers in fly

ash frcm a vire reclamation incinerator The fact that PCDDs have been found 1n

all municipal incanevators thus far examined, supports the conclusion that this

ts a general plienomenon.

() Studies on the combustion crcducts of vood Ahling and L:nn‘lskog1

reported that pyrolysis of wood or paper mill liquers, containing little or no
orgin.¢ Jhlerine, form the tecogn.ze? wies.n preocursors, polyclilorobenzenes ang
pelvchlorophencls. ‘I‘xern.‘ln80 qualitatirely confirmed that PCCDs are present in

59,60,61 found PCDDs 1n soot froem the

soot 13 f{ireplaces. Nestrick and Laz-parsk:
top of all chimneys examined that iers cornected to wood-burning stoves 1n
Oregon, Yinnesocta, New Hampshire, and the Lpper Peninsula of Hichigan, Olie et
al analyzed fly ash from the combusticn of painted wood over 60 years old and new
vood treated with pentachlerophenel 2ad feund the PCDD and PCDF content of the
fly ash from the two woods 1o be u:'.t:al_ly the S;me Wang et 4186 also found
PCODs 11 woodstove effluents but only 'corporeats with high chlarine numbers”

The becy of data stiongly suggest that tle prodiciacn of PCODs from the combustion

of matura}l vocd 1s a peneral phenomenca

175
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{3) Studies on the Combust:on products of coal Kimbie and C:o;saz wece

unable to find TCOUD 10 fly ash from 3 powaschouse fired with lou-sulfur, high-slag
cosl Likewrse, Harless and Le\us31 Jere upable to find TCDD 1a seven ash
samples furthermore, DeRoos and BJO!SEthg did not datect TCDD :n fly ash fcom
a ooal-firad pover plant The latter two studies had a limt of Jevection of
about 2 parts per trillion Jn yetr apother study Juok and Rxcbacdjf wesre unable
to detect TUDD at a level of 10 parts per trillion 1n effluent from coal/refuse
combustion, The negative results wers attriputed to the temperatuce of ~1200°C
at which the uait operated Also, Redford et 3172 failed to find PCDDs and PCDFy

in 3 facility which burned ceal and refuse depived fuel,

On the other hand, Ekluad 2ad Stromberg>> devected PCODs and PCDFs 1n Ewo
coal-fired combustors in S-edea. Chil et aLlL found measurable asounis ofF BPCDDs
and PCDFs 1n a sample from one ,coal-frred power plant in Camada but not Ffrom a
coal-poweced central heating plant Cruczwa and thesla found PCOOs 1n tiy ash
from coal combustion In sdditiga to PCODs and PCDFs, Exlund and St:omberlzz
also reported fiading chlorinated benzsaes, biphenyls, and polynuclear aromatics

in Flue gas from coal combustion

58 of the combustion of bituminous

A laboratory study by HMahle and Shiting
cosl 1o air sbowed that PCDDs are fouad either with coal alore or im combinatiog

with varioys chlorine donors  Thus avaslable dara on ¢oal-fired powerhouses taken

collecrively are nor sufficient for extrapolation to a cessonable coaclusicd at

this time.

{&) Studies on the tombustion products of light hydrocarbons. Kriahmean

and H1tesa“ usaed oethane and a nethane/dichlocromethane mixture as a fuel 10 a
burner  They found chloricated aromati¢ organic compounds in the efflueat from
the w@mixture but aot from the gethane aloge However, their apalytical
wethodology was not seisiti e or specific epvugh to deteect PCIDs, :f preseat,
Alzo, othersra bave reported the formation of dioxin precursars whea hydrogen
chloride was xdded to the flame of 2 Buosea buraer. The possabilicy that PCDDs
oay be form;d from gasoline 1n an automobile oc¢ truck motor has not beem
reported. Tlernanao d1d oot detett PCDDs 1a scrapings from the tail pipe of &
few old cars However, his methodology was not 43 sensicive as that of Buab™.
Sensitavity of asnalytical methodology w~ill be the key to further study With
reapect to this body of data nothing can be concluded at this time.

(5} Theoretical studies celated to the "trace chemistries of fire" hypothesis.

Choudhry =t ‘115 examined a raoge <f potencial PCOD formation mechaoisms and formu-
Lated a mechanism from published data and their own work which makes a1 good case
for the production of PCO0s from sumpls orgauic carbon and non-orgiunic chlorine
molecules  Shih et 31?6 did a thetmochemical eguilibrium analysis to determioe the
poteatial for PCDD and PCOF formation in combustion systems over the temperature
range of 539-1093°C  Although thermodynamic quantities were oot available for the
PCDDs aad PIDEs, they wece able te show that the formation of the peiycitlorobenzene

precursocs are favared. Shaubd and Tsang’ﬁ have conatructed a kinetic model froa
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which they conclude that homogensous gas phase formation of PCDDs in inciperators
15 unlikely but surface reactions and/or reactions inside solids {such as Fly ash

and other materials) seem to be strong cand:dates as potential sources far PCOD

and PCDF formation Theoretical studies thus tar reported tend Lo sugport the
hypothes1s
(6) Studies to ident:fy precursors and elucidate resction mechanisms

Liadahl et alE‘:1 bave shoun that PCDFs and PCDDs are formed from the pyrolysia

of polycbloriaated diphenyl ethers. Liberti et 313’50

describe “the basis of
PCOD aad PCDF formation through a thermal syothesis batween tuo familtes of
precursors one supplyisg the phenol as polypbenclic structure and the otber
scting ad a chlorane docor." Polyvinyl chloride (PVC) was given as a typical
example of iz chlorine donor. Later Libert: et 1152 showad that pyrolyzed 2VC
indeed produced tdace quanticies of PCDDs and PCDFs. The quantity produced was
not aufficient, however, to measureably increlfe the quantaity of PCDDs and

PCDFs produced by am 1ncin®rator operating ar.'equxlxbuun as shown by Karuek“

Eiceman and Rghuzs 173

dencnstrated the production of chlorinsted aromatic
cempounds 1a flame chemistry through chlorination of fly ash and ravaed the
pessibility of a second mechanism of production, namely, gas-phase particulate
n alegs shewed thac 1,2,3,4-TCDD dehydrochlorinates to T3CDD
on fly ash 1n helium atmosphere between 250 and 300°C Olie et 4L6(' added

reactlons. They

hexachlorobenzege Lo wastes burned in a muaicipal iocinerator and found

no clear increase 1n erther PCDDs or PCDFs.

Rappe and Hatklundilo

studiad both baghouse ash and bottom ash from an
industrial boiler burning pentachlocophenol contarning waste and sludge The
baghouse ash coatained both PCDDs and PCOFs but the bottom ash had only PCDDs.
This obhservation "could pessibly be interpreted in terms of a de novo formation
of PCDFs" in the flames. More than 90 percent of the PCDDs in the baghouse ash
were those contaiming less than sight chlorines providing further evidence for

dehydrochiorination.

Jupk and Fordsz' have listed the reported 1dentified organic esmissions from
selected combustion processes. They found 331 diffsrent components 1m total,
109 from the comhustion of coal, 235 from the iancinerat:on of wastes, and 69
frem coal/refuse combustiom processes, The precursors of most of these
compounds have not bheen established although BaLlschmxt.erz discusses this to
some extent. Alse not established 15 which of these are precursors for the

formation of PCDDs and PCDFs. More precursors for tife formation of PCDDs and

PCDFs are contiaually being identified The fist 1s no longer lumited to

chlorinated phenols and therr derivatives.

(7) Studies on the detection of PCDDs and PCDFs 1n enviconmental samples

The ‘'trace chemistries of fire” hypothesis’ potated out that P{DDe and PCOFs
found {n 301l and dusts appeared to be related to combustion sources [somer

group ratios related to dehydrochlorination chemistry were used Ly Townsend

82,83,84,85

781
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to establish this relationship and 1dr:-nt.|.fy thermochemical souccas Moceover,
the concentrat.on of PCDD 1somers remariing tn envirenmertal sampiles aftec
subjection to various natural processes should relate directly to the 1otensity
of combustion 1n the v:icinity of sampling as well as the nature of the destruc-
tion process Evceman and Rhﬁlza have produced data vhich support thais theory
By heatimg 1,2,3,4-TCDD adsorbed on fly asSh in the presence of hydrogen ¢hloride
and air, higher chlorinated PCDDs ware produced

Although the conceatration of 2,3,7,8-TCDD found 1in fish appears to vary

with the 1intensity of combustion on the hanks of the ‘rivers from which the fish

38
. Che

contributioe from combustion relative to cthat from industrial sources remains

were taken as suggested by C:Lumctt” and confirmed by Kaczinar et al

undetermined Considerable fish data are now available as reporcted by Harless

17

30 . 63 \
et al””, O'Keere et al ~, amd Staliing et 3l However, these data have only

been collacted from areas suspected of berng contaminated by induscrial activity,
Collectively these data imply ub:iquity which 1s the conclusion of Noz:trnn62 1n‘
his study of gull eggs Support for this position relative to other chlorinated

dioxins 13 also given in a study of human m:.lksa.

Czuczwa and Hites'® examined lacustrine ssdiments from Lake Michigan,
Lake Huron, Lake Siskiwit, and Llake 2Zurich. They coucluded that the "imput
of dioxias and furans to the sedimentary environment is due to the combustion
of chlorinated organic products present 1n varicus wastes”. The total isomer
distribution from all these various lakes was remarkably similar -n:i torre~

sponded to thal of the general background cbtained by theoretical projections.

Particulate matter from the eruption of Hount Saint Helens wvas examined by
Lamparskl et “66. The amount of PCDD found varied with the sample collection
zene urban>interstate highways>rural>blast area. This suggests that PCDDs were

sdsorbed on volcanic ash as 1t moved into areas where combustion was occurring

Analysis of a sample of dried num.'cxpal sewage 3ludge sealed i1n glass and
displayed at the Chicage World's Fair 1n 1933 revealed a dioxin pattern almost
1deatical to 1981 and 1982 samples of dried sludge from the same socurce.
Lanparskl et 11“ showed that tbe concencration of 0CDD, H7CDD. and HGCDDQ were
identical 1n the three samples and the 1somer ratios were ceoastant The tetra
isomery werse 1n the same racros but the concentrations were leas im the 1933
aapple. Since chlorinated phenols vere not being produced commercially 1n 1933,

the source of these dioxins 13 worthy of further study

{8) Studies consistiag of reviews, conclustions, and recommendations Two

studies reviewed the Llrterature on PCDDs from combustion with coasiderable

vartation 1in their ¢onclusions and recommendalions one of these ™, combls-

sioned by The American Society of Mechanical Eagineers, coacludes that “PCODs

are present at low levels 1n the emissions from many Lypes of combustion

sources” and defined the "most obvious aeed” to be the establishment of "the

quantitative relationship hetween effects levela and emission levels” thus

establishiag "criteria for tolerable PCDD emission levels". The report recom-
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mended studies ont "exposure and risk assessment, advances 1a messurement
methodology, improvements in the toxicological effects data base, and {wprove-

meats i0 the emissions data bage"

The second rev:.ew?ﬁ, tponsoced by the U S. Eavitonmentai Protection Agency,
cogcludes that the data indicates “chat emissions of PCDDs and PCDFs are
geperal pheoomena related to all combustion pracesses”. A resesrch strategy
18 suggested which emphasizes the study of combustion pracess charaCteristics
of specific combystion Systems with the goal of minimiziag the formarion of
PCDIs and PCLFy. The yeview sxupplies a “raoked priority list of combustion
systems for source testing”. This research pos:ition is sioilar tn that taken by
the Incigeration Workship at The Rome, Italy, Coafereutesé, vhich concluded, ia
part, "Rather than attemptincg to avoid certain items 1o incimeration, (t way be
more impartant to optaimize combustion conditions™. .

It is not yet possible to quantify the relative amounts of dioxins created
durang chemical wmanufacture, incineration, and other types of combustian,
Hoveaver, cConsitderation of all the data on the formation of PCDDs and PCDFs
leads to 2 corclusion similaz to that of Cl.].!:lel:tmmz‘3 who wrote: “The apparently
dispscate pieces of evidence frow the late 1978 presentation by Dovw noew form a

cognectied body. It 1s dafficule, therefore, not to helieve that chlorodioxias

are antering the savironment 1n trace quantities from very many sourges.”
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