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o . ABSTRACT

Polychlorinated dioxins and furans were found in sediments from the
Saginaw ﬁiver_and Bay and from Lake Huron. The congener distributions of the
dioxins and furans indicate that‘cdmbust1on may be the major source of these
compounds. The depth vs. concentration profiles in dated sediment cores
showed that emission of d10x1ns and - furans has increased great]y since 1940
Th1svhwstor1ca] jncrease is similar to trends for the production, use, and

disposal of chlorinated organic compounds and suggests that chlorinated

_precursors of dioxins and furans, present in incinerator combustion fuels, may

be the main source of the dioxins and furans found in these sediments.



INTRODUCTION

Polychlorinated dibenzodioxins (PCOD) and dibenzofurans (PCDF) are the
subject of a recent, ofﬁen.heated debate because‘some of these compounds. are .
very toxic."For eﬁamﬁle, 2,3,7,8 tetrachlorodibenzodioxin (2.3,7,8-TCDD).has
been found to be acnegenic to humans (1}, teratogenic to mice (2),
circinogenic.to rats GD, aﬁd acutely toxic to guinea pigs (4). 6ther 1somers-
of PCDD (75 total) show differing degrees of toxicity; isomers of PCOF (135
total) are generally as toxic as the corresponding PCDO.

In1t1q11y,'Pan.and PCDF were discovered as trace impurities in various
chlorinated aromatic campoundé. We will call these “"industrially-generated"
dioxins and fﬁrans. PCOD and PCDF were found in chlorophenols (5-7),
herbicides }g;lg), and PCB's {11). Industrially-generated PCOD and PCOF have
entéred the environment through accidental release during 2,4,5-T manufacture
(12), aerial application of pheﬁoxy-herb1c1des (13), and improper disposal of
wastes (14). These events tend to be sporadic and localized.

More recently, PCOD and PCOF have beén identified in effluents from
combustion processes. In parti§u1ar, dioxins and furans have been found in
the fl1y ash and flue gas of municipal incinerators (15-18). The PCDD and PCOF

may be associated with small particulates, which have long residence times in

‘the atmosphere, and in this“manner; combustion-generated dioxins and furans

could become distributed over large areas. -Thus, combustion may have made
PCDD and PCOF ubiquitous in the env fromment.

The initial reports of PCOD and PCOF in municipal incinerator fly ash led
to an investigation of a variety of combustion prﬁcesses each of which was a
possible source of PCDD and PCDF (19). PCDD and PCOF were measured in
particulates from the combustion of mun1c1ba1 and chemica1~wastes and fossil

fuels, and in some unusual samples such as cigarette smoke and charcoal-



.a' ‘brojled steak. The rgsearchers concluded that PCDO and PCDE'gre ubiquitous
| products of the combustion of organic materials. In an interview (20), an
author of this paper stated, "We now think that dioxins have been with us
since the advent of fipe.* ]

These reports sparked a debate centered on whether 2,3,7,8-TCOD is formed
in coal-fired combustion sources. No TCDD was found in the fly ash. from.a
coal-fifed‘pIant burning low-sulfur coal (21) or in a:plant burning a
coal/refuse derived fuel mixture (22). These.find1ngs suggested that there
may be fewer sources of combustion-generated dioxins than initially thought.

\A fundamental point in this debate centers on the'mechénisn of formation
of dioxins and furans in combustion sources. PCDD and PCDF may be formed by
the cyclization of chlorinated precursors preseﬁt in the fuel or by the
reaction of organic_compounds with inorganic chlorine both present in thé
fuel. It is 1ikely that the first mechanism is operative; mode? pyrolysis
experiments have shown tﬁat PCOD and/or PCDF are foémed by pyrolyzing
chlorinated ﬁrecursoré such as'chlorobenzenes (23), chlorophenols (24), and

PCB's (25). There is little experiménta1 ey idence for the second'mechanism,

but it cannot yet be excluded. In any case, the first mechanism is 1ike1y to
. form PCDD and PCDF in higher yields than.the second mechanism..

Bgcause of the toxicity of these cunppunds, it 1s important to know their
environmental fate. -We propose the following paradigm: Once emitted from a
combustion source, the partich1ates (carryiﬁg their load of diox1n§ and
furans) can travel some distance, which 13 a strong function of the size of
the particle. Larger particles will sefttle close to the source while small
particles may have sufficient residence times in the atmo;phere to be
transported to remote locatfons. Thus, PCDD and PCDF may be carried by direct
airborne transport to ultimate environmental sinks such as the cceans or

lakes. After deposition in these aquatic systems, the dioxins and furans will
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§§£t1e to the bottom sediments. As earlier sediments Eeqome buried by
mgteriaIS deposited in subsequent years; an historical record of dioxin and
furan inputs to the environment will be preserved. o

Some caveats should be stated regarding this géneral model for.the
environmental fate of PCDD and PCOF. First, ‘the sources are highly variable.
The quantity and isomefic distribution of PCOD and PCOF emitted will depend on
canbustdr design, operating conditions, composition of the fuel, and degree of
emission control. Secaond, environmental alterations in_the air or water
column due to photodecomposition, biodegradation, volatilization, o;
biaﬁccunuTation may occur, Third, we have assumed that these cunpo&nds are not ’
subject to degradation once they are in the sediments. This is probably a
good assumption; a recent summary of the environmental chemistry of PCDD"
suggests that microbial degradation is neg11gib1e(é§). Fourth, sediment
mixing prpcessés introduce some, usually minor, uncertainty in interpreting
the historical trends of compounds deposited in sediments. .

The goal of our study is to approach two of the present questions
concerning PCDD and PCDF: (a) Are the PCDD and PCDF which are present in the
environment the result of industrial production or combustion? (b) Is there
evidence regarding the historical input of these materials -into the
enéironment which could more clearly define the mechanism of their formation?
To address these questions, we measured PCDD and PCODF in.samp1es from
combustion sources and from lacustrine sediments.

Fly ash from a municipal incinerator and from a coal-fired power plant
were analyzed to study the dioxin and furan congener distributions typical of
combustion samples. These distributions can be used to determine if
combustion is a source of PCDD and PCDF in environmental samples. The

analysis of sediments, however, was the main focus of this study.



Six sediment samples from the Saginaw River and Bay and from southern
Lake Huron were analyzed, and several types of information’ were obtéihed.. One
was the PCDD and PCDF congener distribution, which we used to identify
sources. Another was PCDD and PCDF concentrations a§ a function of distance
from anthroﬁogenic activit}. The most valuable information came from the
analysis of sediment cores. Sections of cores were analyzed for éCDD and PCDF
and dated by radio-isotopic techniques. Thus, the historical input of dioxins
| and furans was obtained. We used these data to'distinduish between

anthropogenic and natural inpits of PCOD and PCOF.

EXPERIMENTAL

Fly Ash. -Four fly .ash samples were obtained from B. J. Kimble
(Laboratory of Energy-Related Health Research, Davis, CA). Samples 1 and 2
were collected from the cyclone stage (cyclone ash) and é1ectrostatic
precipitator (ESP hopper ash), respectively, of a mid-western ﬁunicipa1
incinerator, Samples 3 and 4 were from two coal-fired powef plants burning
western (Tow sulfur, low chiorine) coal. o |

Approxjmate1y 10 grams of f]y ash were spiked with 100 ng of 37018-0600
(KR Isotopes, Cambridge, MA), allowed to dry, and soxhlet extracted ‘with 200
ml ”disti1'led.1n ngss" grade benzene (MCB Reaggnts, Cincinnéti, OH) for 24
hours. The resultiﬁg extract was concentrated by rotary evaporation to Tess
than‘1 m1 and the solvent exchanged to hexane for alumina fractionation.

Pre-extracted neutral aluminé(érockman Activity I, Fisher Scientific)
was activated at 2500¢ for 2 hours. It was t‘hen deactivated with 1% by weight
distilled water and allowed to equilibrate for 16 hours. A 0.5 x 6.5 cm
micrq-co]umn was packed and washed with hexane., The sample was introduced and
eluted with 8 m) each of hexane, 2% methylene chlaride in hexane, and 40%

methylene chloride in hexane. Dioxins and furans eluted in the 40% fraction,



which was concentrated to 100 ul by slowly passing a stream of purified'Nz

over the sample. The sample was then ready for analysis by methane neg;;img

rd

chemical fonization 6C/MS (NCI-GC/MS).
' Sediments. The sampling sites are shown in Figure 1. A sediment grab
sample, nominal depth of 8 cm, was collected in 1981 from the Saginaw River
(Stat%on 161) by &.bf Riqe(Great Lakes Researcﬁ Division, University of
Micﬁigan, Ann Arbor, Mi). The location was close to the mouth of éhe Saginaw
River (430 39'N, 830 51'W). A sediment core from Saginaw Bay (Station 30A)
(430 52'N, 830 40'W) and two companion sediment cores from southern Lake Huron
(SLH-75-46L, and H, 430 30'N, 810 55'W, further referred to as cores 1 and 2,
‘respective1y) were collected by J. A. Robbins (National Ocean and Atmospheric
Administration, Great Lakes Environmental Research Laboratory, Ann Arbor, MI).
We used only the top 1 mﬂ saction of the Saginaw Bay core. Two-cores from
southern Lake Huron were col lected by S. ‘J Eisenreich(Department of Civil
and Mineral Eng1neer1ng, University of M1nnesota, Minneapolis, MN) and J. A. .
Robbins, These samples .were collected in 1981 using a box corer at
coordinates 43059'N, 81059'W (core 3) and 43059‘N, 82010W (core 4). ATY
cores were sectioned into intervals of 1 cm to a depth of 10 am, and then into
2-5 on segments, depending on depth

. Approximately 50 g (wet weight) of sediment were placed in gTass soxhlet
thimbles and spiked with between 2 ng and 200 pg of the 37¢1g-0CDD standard,
depending on the expected dioxin and furan levels. The samples were extracted
for the first 24 hours with 200 m1 of isopropanol to remove water, followed by
extraction with 200 m1 of methylene chloride for an additional 24 hours: The
methylene chloride and isoprppanb1 extracts -were combined and then reduced to
2 ml by rotary evaporation and subjected to a three-sﬁqp chromatographic

clean-up.



. Natura1-sedimént§ sometimes éontain significant amounts of elemental
sulfur which can interfere in the analysis. Thus, sulfur was removed by an
'activateq copper column. Fifty grams of copper (purified electrolytic dust,
Fisher Scientific) was .activated with concentrated HC1.. A glass column (1 x.
25 c¢m) was filled with the copper slurry. The sediment extract was passed
through the.c01umn.qnd'e1uted with 150 m1 of methylene chloride. The eluent
was concentrated to 2 ml, and the solvent was exchanged to hexape for
fractionation on silica.

Pre-extracted silica gel (Davidson Chem;éal, Baltimore, MD) was activated
at 1600C for 16 hours, deactivated with 1% water, and loaded into 2 1.5 x 25
cm column with hexane. The-samp]e was Introduced and eluted with 75 ml each
of hexane, 15% methylene chloride in hexane, and methylene chloride; Dioxins
and furans eluted in the second fraction...The solvent was again reduced and
exchanged to hexane, The final step was alumina chromatography as described

abova,

NCI-GC/MS Analysis. 'Negat1vé chemical fonization (NCI) mass spectrometry
is particularly sensitive to'molecu1es that have a high electron capture cross
section due to electrophillic atoms such as chlorine (27). Thus, NCI is an
fdeal technique for the analysis of PCDD and PCDF. The enhancement of
sensitivity is especially proncunced for the -more highly chlorinated dioxins
and furans, Iﬁ our lab0fatory, oqbn showed a thousand-fold increase in
sensitivity over that of electron impact (EI).

A1l the analyses were obtained on a Hewlett-Packard 59858 GC/MS system.
Chromatographic séparation was achieved on a 30 m X 0.25 mm DB-5 fused silica
column (J & W Scientific, Rancho Cordova, CA) with helium carrier gas
(spl.itless injection at 30oC, isothermal for 4 minutes, 40C/min to 2800C,

isothérmaT for 20 min). The idion sourcé temperature was 2500C, and the

pressure of methane was typically maintained at 0.7 torr in the ion source.




- e :

Tc': further increase sensitivity, selected _jon monitoring was used. Ions were
monitored for tetrachloro- through octachlorodioxins and furans, including a
confirming ion [M'.or“[.M.-C‘[)-, depending on the isomer]. .The ions used for
quantitation 'were: te;cr"ach‘lorod'loxins (TCDD), m/e = 322; pentachlorodioxins
(PnCDD), m/e_ 356; hexagh]orod‘loxins (HxCDD), m/e =_355; heptach'lorodiox*ips
(HpCDD), m/e = 389, o;:tacl'i'lorodioxin (6000)', m/e = 423; tetraciﬂorofurans
(TCDF), m/e-= 306; pentachlorofurans (PnCDF), rﬁ/e = 340; hexachlorofurans
(chpl"), m/e = 374; heptachlorofurans (HpCOF), m/e = 408; and .octachlorofuran
(OCDF), m/e = 444, In addition, m/e 435 was monitored, representing the M-C1
fon of the internal standard. Dfoxins and furans were quantitated 'by ratioing
the appropriaté peak .area to that of the internal standard and correcting for'-
relative response factors which were obtained from a standard mixture of PCDD
and PCDF (one {somer per congener class). '

Dating of Sediment Cores. Sedimentation rates for the cores were

determineﬁ by J. A. Robbins and K. A, Johansen (NOAA, Ann Arbor, MI) using the

Cs-137 and Pb-210 techniques of Robbins and Edgington (28). Sedimentation
rates varied from 0.15 - 0.41 cm/yr and will be discussed below.

Quality Assurance. The analytical work followed the guidelines suggested

by the ACS Committee on Environmental Improvement (29). Experiments included
'rgp’licates, procedural bilanks, and recovery measurements. The recovery
averaged 75% even for the lowest level samples.. The average reproducibility
was better than +30%, the least reproducible being the tetrachloro- and
pentachloro- PCD0 and PCOF, The 1imit of detection was 20 pg for 1,2,3,4-TCOD
and 0.2 pg for CCDD. Subsequently, it was found that 1owering the GC/MS ion
source temperature to 1500C resulted in increased sensitivity, lowering the
limits of detection to 0.01 pg for 1,2,3,4-TCDO and 0.03 pg for 0CDD.

Method validation included an interlaboratory calibration experiment. In



', Table I, dioxin concentrations measured by the above procedure “in a sample of

" St. Louis air particulates (National Bureau of Standards, Standard Reference
Material #1648) are comparea with those reported by Bumb et al. (19).
Although the extractipn, clean-up, and mass spectrometric techniques are
different, the results agree within the measurement error of the procedures.
The tetrachlorodicxins may be an exception; in this case, the EI analysis used
by the comparison 1aboratory~§as more sensitive. However, it will be shown
later that the less chlorinated dioxins are the least abhndant Eompounds

encountered in our . work.

RESULTS AND DISCUSSION

Combustion Sources. Figure 2 shows the resultsiof the fly ash analyses;

note that 4 dafferent concentration scales are used 1ﬁ this figure. Sample 1,
collected at the cyclone stage of a municipal incinerator contained Tower
concentrations of PCDD and PCDF than the electrostatic brecipitator (ESP)
hopper ash (samp?e 2) from the same p1lant. This'can'be.exp1ained by the
following mechanism: At the cyclone stage, materials are close to the
combustion chamber and are collected at a higher temperature than at the ESP,
In the cyclone, the dioxins and furans could be pr1ﬁari1y in the vapor phase
and, therefore, not associated with the part1cu1ates. As the effluents reach
the ESP, the temperature has decreased, and PCOD and PCOF are now condensed on;
the particu1ate‘phase and, thus, are collected.

It is useful to note some trends in the PCDQ and PCDF congener
distributions in the fly ash samples (see Figure 2, samples 2 to 4). First, a
large number of isomers were detected for each PCOD and PCOF congener.

‘Second, 0COD is the most abundant dioxin, and OCDF is present in much lower
concentrations than OCDD. And third, the hexa- or heptachiorodibenzofurans

are the most abundant furans. Simjlar dioxin congener profiles were also
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measured in fly ash samples from a powerhouse, a rotary kiln, and waste
incinerating facilities in a recent study (19) and in municipal incinerator
and fly ash (15-18). ,Theseléenera1 trends will be compared to the profiles
found 15 env ironmentail samp1es‘to distinguish among possible sources.

It is important, .however; to recognize that these samples rgpresent only
a few:sampling oécasions and, therefore, may not be representative of
Eombusfion processes in general. Furthermore, an exﬁrapoTat1on of these
trends to those found in envirommental samples does not take into account the
pfobabi1ity that f1y,ash collected in an e1ectrost$tic precipitator may not
accurately reflect the PCOD and PCDF that are emitted. These data will simply
"be used to compare combustion processes with environmental sampiles. )

The coal fly ash s&np1es (Figure 2, samples 3 and 4) differ significantly
from the municipal incinerator ash samples. Although some PCOD and PCOF were
detecfed, no tetrachloro- or pentachloro- dioxins or furans were detected,
with 1imits of detection of 100 ppt (tetra) and 10 ppt (penta). Dioxins and
furans, when present, were in much lower conceﬁtrations than in the municipal
incinerator ash. For example, the Tevels of OCDD in the coal fly ash'sampIes
(2.2 and 3.8 ppb in samples 3 and 4, respectively) were at least 100 times
lower than those found in the municipal 1nc1neratph ash (440 ppb). |

Although coal fly ash clearly contains Tess 0CDD then municipal
incinerator ash, it still could be a significant source of 0CDD to the
environment, since coal combustion is so prevalent. In 1974, the amount of
particulates emitted from'coa1 combustion was estimated to be 2.4 x 109 kg
(30). The amount of particulates emitted from solid waste incineration in
1971 was estimated at 7 x 108 kg (31). Thus, approximately 3 times more
particulates are emitted from coal combustion than from solid waste

combustion. If the OCDD concentration on coal particulates is 100 times
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lower, then total emission of 0CDD from coal combustion would sti11 be
‘approximately 30 times lower than that from municipal waste incineration.

Finally, we shou1g:address the ongoing debate regarding 2,3,7,8-TCDD in
coal fly ash: No isamer of TCDD was defectéd in these samples with a 1imit of
detection of about.100 ppt. This reaffirms similar findings (21,22) and
suggests that:coa1 canbustion 1s not a significant source qf 2,3,7,8-TCDOD tb
the enviromment,

Surface Sediments, Figure 3 shows the dioxin and furan congener profiles

obtained from surficial sediments from the Saginaw River and Bay and from
southern Laké Huron, PCOD and PCOF are ubiquitous in the samples studied,
including the most remote locations. The profiles are similar to those shown
in Figure 2. The concentrations of PCDD and PCDF are highest in those
sediments c911ected closest to urban areas (161 and 30A) and lowest in the
open lake cores. This indicates that the PCOD and PCOF found. in these samples
are anfhropogenic in origin. | '

Figure 4 shows the mass chromatograms for the dioxins and furans in thé
surficial segment of core 1. These data i1lustrate the typical combustion
"fingerprint" discussed earlfer. A number of isomers for each dioxin and
furan congener class are detected. One finds a predominance of dCDD and’
HpCOF, and greater levels of TCOF and PnCDF than the corresponding dioxjns.
- In general, the PCDD and PCDF isomer distributions, even in the most remote
samples, are similar to each other and are indicative of combustion. We,
therefore, conclude that combustion is probably the major source of PCDD and
PCOF to these locations. These data emphasize the importance of determining
the entire PCDO/PCOF profile rather than just the 2,3,7,8-TCDD content.
Future work will include isomer-specific quantitation of all tetra- through
octachloro-dioxins and furans, thus increasing our ability to distinguish

among sources,
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. "Sediment Cores. As outlined above, we have obtained data on sediment

cores to determi_ne the historical 1hput of PCOD and PCDF. 0QObviously, the
'émount and the composi't:ion of fuels have changed with time. - The effect of
these changes on the input of dioxins and furans to the environments should be
reflected in the sedimentary record. Similar work by Hites et al. (32) showed
that sedimentary polycyclic aromatic hydrocarbons reflected the changing use
of fossil fuels. '

The most abundant PCDD ﬁnd PCDF in cores; 1tod w;are HpCDO, HpCDF, and
0CDD. The depth vs. concentration profiles for these species are shown in
Figure 5, The sediméntation rate for cores 1 and 2 (companion cores from thé
same location) was calculated from the rad'ié-isotopic data and was found to be
0.15 cmlﬁ. This was used to estimate the :}ear of deposition corresponding to
each depth, and these data are also plotted in Figure 5 (top). The mixing
depth was 2.8 cm and {s an indicator of the degree of movement of materials
after deposition. This indicates that there may be an averaging of inputs
over as much as a 15 year 'l_.nterva'l. In both cores 1 and 2, there is an abrupt
increase in PCDD and PCOF concentrations around 1940, Lake Huron core 3 had a
sedimentation rate of 0,21 cn/yr and a mixing depth of 6.4 ecm. This core also
showed th'a't PCOO and PCDF 1nputs increased a_r'ound 1940 (see Figure 5,
bottom, left). Core 4 had a substantially higher- sedimentation rate (0.41
cm/yr, mixing depth of 5.9 cm), and thus offered greater fime resolution for
this trend. From this core, it is apparent that_ PCOD and PCDF inputs
increased slowly during the 1940's and early 1950's to the present levels (see
Figure 5, bottom, right). In general, the concentrations of PCDD and PCDF in
core sections corresponding to deposition before 1940 are low, representing a
much lower input of these materials before this time.

These changes cannot be accounted for by in situ degradation of PCDD and
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PCOF in the sediment The cnngener profﬂes in aH cores were similar to each

_other and were consistent along the depth of the core.. This is best

i1lustrated in Figure 6 which shows the congener distributions for Core 4 as a
function of depth. Note the similarity of the pattern with depth.
Furthermore, isomer ratios were calculated at each depth in core 4, and were
found'fo be constant. For example, the ratio of 1,2,3,4,6,7,8-HpCDF to
1,2,3,4,6,8,9~HpCDF was 0.71 + 0.27, ‘the ratio of 1,2,3,4,6,7,9-HpCDD to
1,2,3,4,6,7,8-HpCDD was 0.72 + 0,06, and therat‘lo of 0CDD to 1,2,3,4,6,7,8-
HpCOD was 2.8 + 0.36. There were no trends in the ratios with increasing
depth for any of thg hepta- to octa- dioxins and furans. Thus, there is no
avidence of degradation of PCDD or PCDF in these Lake Huron cores.

Clearly, the dioxin and furan inputs have changed considerably over time;
much more-were deposited since 1940, It seems 1ikely that. a major source
began in the 1940's and increased unt‘-ﬂ the present time. What is such a
source? ' _ .

The burning of coaT'has been a mgjor combustion process since the last
century, and_coal fly ash, as sthn- garlier, contains some PCOD and PCOF. The
trend for U.S. coal consumption for the 1ast century is shown in Figure 7,
top (33). Coal use in the Great Lakes area parallels that of the nation. For
example, 1n_1_930, I11inois, Indiana, Ohio, Michigan, and Wisconsin accounted
for 40% of the ﬁation’s coal consumption; in 1957, 30%; and in 1970, 30% (33).-
Theréfoi'e, we may séfe?y campare U.S. coal consumption to sedimentary dioxins
and furans in the Great Lakes. Figure%’ compares coal consumption with the
total HpCDD, HpCDF, OCDD and OCOF found in the four Lake Huron cores (see
Figure 7, bottom). It is obvious that coal use cannot account for the
increase in dioxin and furan concentre;tion since 1940. Indeed, coal use has
been relatively constant since 1910, .

The U.S. Tarriff Commission Reports of Production and Sales of Synthetic
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Organic Chemicals (gi), published since 1918, reveal that the chemical
industry grew greatly beginning in 1940. Starting at this time, the
production of ohloriqqted organic compounds such as chlorobenzenes and
chloropheno1§ 1ncreased'substant1a11y (see Figure 7, middle). These campounds
are used 15 a variety of products, including buiIding supp] ies, herbicides.
and packaging. Much’ of theseunateriaTs eventua11y become incorporated in
solid wastes. The trend for the production of chloro-organic compounds is
very.simi1ar to the sedfmentary PCDD and PCDF profiles (compare Figure 7
middle and bottom). The agreement between these two trends is convincing
despite the uncertainties introduced by sediment mixing and the errors
inherent in the datinq and quantitation techniques. '
Fran these data[ we conclude that the input of dioxins and furans to the
sedimentary environment is probably due to the combustion of chlorinated
organit products present in various wastes. These wastes may Helnupicipal
waste from Saginaw, Bay City, or other urban areas, or they may be industrial
wastes from chemical manufacturing taking place in central Michigan. The
direct dumping of chemical wastes (for example, from pentachlorophenc]
production) is an alternate, but unlikely, interpretation of our results. The
agreement of the congener and f{somer prof11es of PCOD and PCDF in the
sediments with those in combustion effluents and in air particuIates (see
Table I) and the coincidence of the production and concentration profiles (see
Figure 7) are persuasive pieces of evidence that combustion is the major
source. Direct dumping and coal or natural combustion may be real sources,
but we believe them to oe minor. In any case, it is clear that the high
levels of dioxins and furans found in presently accumulating sediments are

not due to the “"advent of fire.
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Table I. Interlaboratory Comparison of Dioxin Concentrations in a St. Louis

Urban Air Particulate Sample (NBS, SRM #:1648).

PCDD Concentration (ppb)

TCDD . PnCDD .  HxCDD HpCDD 0COD
This work Q2 - <0.2 8 2 250
Ref. 19 0.2 - 2 34 © 210 -
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" FIGURE CAPTIONS

Map showing the Lakq Hurpn sample sites.

Conceniratiqq profiles of PCDOD and PCOF in combustion particulate
saﬁp1es frun£ 1, a midwestern municipa]vincinerator cyclone; 2, the
electrostatic precipitator from the same incinerator; 3 and 4, two
coal-fired power plants burning western coal.

PCDD and ﬁCD# congener profiles jﬁ six surficial sediments (see
Figure 1 for sité locations).

Mass chromatograms showing PCDD, and PCDF in thé surficial segment
from'coée 1. These data have not been corrected for response
factors, |

HpCDF, HpCDD and O0CDD concentrations in four Lake Huron cores vs.

- depth (1eft axis) and depositional age (right axis). Symbols:

HpCDF ; | _HPCOD;

L L] L OCDD.

PCOD and. PCOF congener profiles in-core 4 as a function of depth.
U.S. consumption of coal and production of synthetic chlorinated .
organics (includes, chlore- and dichlorobenzenes; 2,4-dichloro- and
2,4,5-frich1orbphenoxyacetic acid, esters, and salts; and
pentachlorophenol} compared to tﬁé total PCDD-and PCDF.in'the four
Lake Huron cores as a function of time (211 are plotted on a decade

basis).
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JFK: M. LiarK
TO: DTF & ccls

University of lllinois at Chicago

SCHOOL OF PUBLIC HEALTH N
2121 West Tnvlor Street Mailing Address:
GI2j96-66ku 0820 July 7, 1983 Post Office Box 6998
Chicago, Illinois 60680

Ronald A. Hites

Jean M. Czuczwa

School of Public and Environmental Affairs
and Department of Chemistry

Indiana University

Bloomington, Indiana 47405

Dear Dr. Hites/Ms. Czuczwa:

I read with great interest a draft of your paper "Environmental Fate of
Combustion-Generated Polychlorinated Dioxins and Furans.'" Let me say
that your type of research and findings are critically important in the
understanding of the true scources of PCDDs and PCDFs in our environment.
I would like to offer the following comments for your consideration if
your paper is to be published:

1. The PCDDs and PCDFs isomer distributions, which decreases as
the distance from Saginaw increases would also be interpreted as indi-
cating a discrete water pollution source— discharging pentachlorophenol
or other similar chemicals to the Saginaw Tittabawassee River System.
The isomer distribution of PCDDs and PCDFs which you found in the sedi-
ments match as closely to those found in pentachlorophenol (technical
grade) as to the pattern you reported in your combustion samples. Dow
Chemical of Midland has been a major producer of pentachlorophenol and
data from Dow, US EPA, and the State of Michigan have confirmed the presence
of pentachlorophenol and other PCDD/PCDF containing chemicals in the
effluent of Dow Chemical and in sediment of the Tittabawassee River. You
may wish to analyze the sediment cores for PCDD/PCDF chemicals and determine
if the ratio of the PCDD/PCDF chemicals to PCDD/PCDFs in sediments closely
approximates the ratio of PCDDs and PCDFs found in the commercial products
which Dow manufactures in Midland.

2. It is not possible from the data collected to conclude that the
PCDDs and PCDFs found in sediments are from combustion sources (follows
argument presented above). US EPA (see enclosure) has recently found PCDDs
and PCDFs i1n Dow"s wastewater and in caged fish placed in Dow’s effluent.
Process water from chemical manufacture and scrubber water from Dow"s
chemical incinerators are also discharged to the Tittabawassee River.
Therefore, at this time there is not enough data to conclude that the source
of some PCDDs and PCDFs in sediments are solely from combustion processes.
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)

I hope these sugdestions are helpful. If you have any gquestions, please
do not hesitate to contact me {312/996-0820}.

Congratulations for initiating the breakdown of the "Trace Chemistries of
Fire" theory.

Sincerely,

il (Ll

J. Milton Clark, Ph.D.
Environmental and Occupational
Health Sciences

JMC :vld

Enc.



