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BEXEQUTT VE SUMVARY

The O fice of Research and Devel opnent (ORrD) has prepared this report
to be used as a briefing docunent for the EPA Science Advisory Board (SAB).
As it describes the status of "dioxin"* research in EPA as of August 1985, it
w Il serve as a support docunent at the SAB review of EPA's di oxi n research,
to be held at the Environnental Mnitoring and Support Laboratory (EMSL), Las
Vegas, Nevada. The SABw |l transmt the findings of their reviewto the EPA
Deputy Admnistrator.

Doxin research at the Agency began in 1970, when 2 37,8 TaD was found
to be a contamnant of the commonly-used herbicide, 2,4,5-T. This research
effort, however, was limted to devel opi ng nethodol ogy for detecting 2 3,7 8
TAD in environmental sanples. Additional inpetus was generated in 1984, when
the U S ngress enacted |egislation specifically directed toward this class
of chemcals. The 98th Gongress appropriated specific resources for dioxin
research in human toxicity, disposal methods, and sanpling quality assurance.
(ongress allocated additional funds for a study of dioxins and ot her
chlorophenols, Whi ch included both conprehensive nonitoring of specific problem
areas and a national screening study (called the agency's "National D oxin
Sudy") to determne relative concentrations in other areas.

- The agency's "Doxin Srategy" is a direct response to both Congressi onal
directives. It designates seven “tiers" to prioritize potential source
categories fromthe highest to |owest expected exposures and risks. Tier 1,
t he ighest of the seven source categories, included 2,3,5~TCP production and
wast e disposal sites; tier 2 included sites where 2,4,5-TCP was used as a
precursor of another chemical; tier 3 covered those sites where 24,5 TP and
it derivatives were formulated into a pesticide product; tier 4 sites were
cambustion sources; tier 5 consisted of sites where 2, 3,7 8TdD contam nated
pesticides were being used;, tier 6 had sites where 2 3,7,8TaD nay have been
|nadve|rter_1tly generated from other organic chemcals; and tier 7 covered
control sites.

Early phases of the research were limted to the nost toxic dioxin,
2,3,7,8-TcDb. The major enphasis of the research programwas to devel op
technol ogi es for detoxification of contamnated sites. It also '

" sought the devel opment of techniques for monitoring, sanpling, and qualit
assurance in neasuring this chemcal, as well as an assessnent of the health
risks associated with dioxins, and an eval uation of their bioavailability.
Through a workshop on "Bioavailability of Doxins" in Septenber 1984,

the Agency obtained direct input froma broad range of scientific experts.

EPA coordinated its efforts with those of other Federal agencies by neans of a
camprehensive I nfornation exchange, and by participation in the Agent Qange
Work Group.

* The term"dioxin" as well as sane of the other terns used in this report are
defined at the end of Chapter |, the General Introduction,
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establ ishing an International Infornation Exchange under the North
Atlantic Treaty Qgani zation (NATQ commttee on "Qitical Chall enges of Mbdern
Society" (ccms), the Agency has taken initiative to coordinate its research
with other industrialized nations concerned with dioxins. The Lhited States,
the Federal Republic of Gernmany, and Italy are coordinators of this project.

There are four areas of EPA dioxin research: technol ogy assessment;
monitoring; environnental effects; and heal th assessnent. Technol ogy
assessnent research eval uates the avail abl e technol ogies for the control, and
urtrmate destruction or detoxification of dioxins. M)nitoring resear ch
devel ops anal ytical nethodol ogies and quality assurance procedures for
identifying and quantifying dioxins within biotic and abiotic natrices.

Envi ronnental effects research considers the fate, nobility, and effects of
TdioxinsT 1n the environnent, and determnes the uptake and bicavailability in
plants and living systens. Health assessnent research devel ops both

net hodol ogies and the data base tThat 1S necessary for eval uating human heal th
exposure and risks associated w th dioxins and Jor ovides the Agency with the
necessary docunentation to perform exposure and risk anal ysis.

The research budget for dioxins was about $2.4 mllion for Fy'84 and
$3.0 mllion for ry's5. Additional resources from "Superfund" supported a
denmonstration clean-up programusing the EPA mobile incinerator.

S nce the inception of this research program?22 nonths ago, the Agency has
made significant progress in eval uating and refining techniques for clean-up
of dioxins. This includes field work on detoxification of di oxin-
contaminated Soils using u.v. photolysis/Akali Poly Ethylene Glycolates
(APEQ reagents at a horse arena in Mssouri; field testing of EPA nobile
incineration systemat the Denney Farmsite near MDowel |, Mssouri; in-situ
stablization testing using portland cenent and |ine-treated asphalt; and an
evaluation of the utility of surface mnes as repositories for di oxin-
—~contaminated soils. Laboratory tests have shown that the white rot fungus,
Phanerochaete chrysosporium, IS capabl e of degrading 2,3,7,8-TCDhD, CDT,
[Tndane, PCBs, and other recal citrant halogenated organics; field testing wll
be the next step in the program

At the onset of the program there was a lack of anal ytical capabilit¥/ to
routinely analgze_a | arge nunber of sanples containing dioxins. As part O
the National oxin Sudy the Agency has devel oped a col | aborative network of
three of its laboratories (ERL-Duluth; EMSI~RTP, NC and ECL~Bay &. Louis,
Ms). The collaborative effort of the three is referred to as "TROIKA", and
its stated purpose is to analyze trace level dioxins in environnental nedia.
TRO KA has significantly inproved the Agency's anal ytical capability for
neasuring dioxins and has nade a na or contribution to the state-of-the-art of
analysis of 237 8TdD The Agency has al so made significant progress in
Parts per trillion (%t) routine analysis of dioxins through a contract _
aboratory program round-robin survey of trace level analysis of dioxins in
adi pose tissues has been conpleted. Quality assurance has been provided to the
"National Doxin Sudy" and the nobile incinerator program A nonocl onal
antibody to detect and neasure dioxins is being devel oped.



Environnental effects studies have shown that dioxins are very tightly
sorbed onto soils and that both organic contamnant content and actual organic
matter are inportant factors in controlling their novenent in soils. Utake
studi es have shown that 2,3,7,8-TCDD, preferentially, in conparison to other
Iscners, biocaccumulates in fish. Boavailability studies in |aboratory sanples
of contamnated soils from Mssouri and New Jersey have shown that
bi oavai | abi ity is conplex and highly dependent on the nature of soil and the
chemcal constituents of the waste present. For exanple, the bioavailability
of New Jersey soil compared to Mssouri soil was negligible in laboratory test
animals, '

ORD has campleted a docunent which describes nethods to eval uate the
heal th hazards associated with dioxins. Further, nethods for eval uating
exposure to humans from dioxin-contaminated Soils have been devel oped. An
ongoi ng pharmacokinetic study of 2,3,7,8-TCDbD in rhesus nonkeys will provide
results on distribution, accunulation, depuration, and transter of 2,37 8TdD
inoffspring. A battery of immunological tests to anal yze the results of
exposing femal e rhesus nonkeys and their offspring to 2,3,7,8TOD is aso
bei ng developed,

Future Agency research on dioxins will follow the extant Agency strategy,
with nodifications where these becone desirable. Mre enphasis will be placed
on studying other dioxin iscners. Technol ogy assessnent research wil |
enphasi ze source characterization, devel opment of |ower-cost treatnent
technol ogy, and the eval uation of conbustion sources. Monitoring research
wi |l continue to devel op reference standards, and to inprove nethods for analysis
i ncluding short-term bioassays. Environnental research will continue to eval uate
bioavailability in living systens in addition to pertinent toxicity infornation,
as it becones available. Health assessment research will be expanded to devel op
and inprove nethods for evaluating health effects and risks associated wth
dioxins.
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CHAPTER |
CENERAL | NTRODUCTT N

Thi s docunent has been prepared by the office of Research and Devel oprent
(OrRD) of the U S Environnental Protection Agency as briefing naterial for
the Environnental Protection Agency's Science Advisory Board (SAB) Review of
"Dioxin Research” in BPA This is one in a series of SAB reviews to eval uate
EPA's naj Or research programs, which submt the agency's research to close
scrutiny in order to make the modifications necessary to respond nost
effectively to its own objectives, and those of the scientific community.

The current ORD di oxin research is based on the objectives and needs
identified in the Agency's "D oxi n Strategy", published in Novenber of 1983.
This strategy resulted fromthe Gongressional nandate to study dioxins, and it
assigned various responsibilities for dealing wth the dioxin problemto CRD
and to other Agency programoffices. The earlier enphasis of the research
program had been to provide solutions to short-termprobl ens associated with
the clean-up of dioxins.

The Agency has also coordinated this research with other Federal agencies
through information exchange and through participation in the Interagency
Agent Qange Wrk Goup. The Agency has established an infornati on exchange
under the North Atlantic Treaty Organization (NATQ commttee on "Qitical
(hal | enges of Mbdern Society" (ccms) for the purpose of sharing di oxin
i nfornation between the US and the other participating countries. The Uhited
Sates of Anerica, the Federal Republic of Germany and Italy are coordinating
the ﬁroj ect. NATO and sel ected non-NATO countries will be Invited to participate
in the exchange program The orientation neeting was held in Brussels, Belgium
in My of 198. The first planning neeting is scheduled to be held in late
Septenber, 1985, in Beyreuth, Federal Republic of Gernany.

This docunent includes sections on several facets of EPA's approach to the
di oxin ﬁrobl em including the Agency's historical involvenent in dioxin _
research; regulatory needs and the EPA "Oioxin Srategy"; a regional perspective,
and a description of ongoi ng di oxi n research, including both na or
acconpl i shnents and broad directions tor future research.

Termnol ogy used in this docunment includes:

1. "Doxin® —Any and all of the congeners of chloro-dioxins. A though
the word "dioxin" is not the true generic termfor these congeners, for the
purpose ot this document, we will use it as such.

2. Isamer —one particul ar nenber of a honol ogous group. A specific
isamer is denoted by uni que chemcal notation, for exanple, 2378
tetrachlorodibenzo-p—dioxin refers to 2,3,7,8~TCDD.
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3. "Hamologue™ a group of isomers that have the same degree of halogenation.
For exanpl e, the homologous class of TCDbs consists of those dibenzo-p—dioxins
that have four chlorine atons.

4. "Ppolyhalogenated dibenzo-p—dioxin™ any nmenber of a class of dibenzo-p-
di oxi ns contai ning one to ei ght chlorine, bromine, or a conbination of chlorine
and bromne substituents. “Polychlorinated dibenzo-p-dioxin” refers to any
nenber ot a class of dibenzo—-p~dioxins With one to eignt cniorine substituents.
"Polybraminated dibenzo-p~dioxin" refers to any nenber of a class of dibenzo-p-
dioxins wth one to ei ght bramine substituents.

5. "Polyhal ogenated dibenzofuran” any nenber of a class of dibenzofurans
with one to eixgnt chlorine, bromne, or a conbination of chlorine and brom ne
substituents. "Polychl orinated di benzofuran” refers to any nenber of a class
of dibenzoturans Wth one to eight chlorine substituents. “Polybraminated
di benzof uran" refers to any nenber of a class of dibenzofurans with one to
eight bromine substituents.

6. 2,4,5~Trefers to 2,4,5-Trichlorophenoxy acetic aci d.

7. 2,4,5-TCP represents 2,4,5-Trichlorophenol.
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CHAPTER | |
THE O O N PROBLEM: A H STAR CAL PERSPECTI VE

_ EPA has been invol ved with the dioxin issue since the Agency's
inception (as indicated below, in the dioxin chronol ogY). The Agency has
contributed significantly to cevelopments in both regulatory and scientific
ways.

The clear regulatory need to determne the presence of 2 378TdD in
the environnent led the Agency in the mid-1970's to coordinate the efforts of
scientists fromboth the public and private sectors to devel op the general
method Which is still principal |y used today —gas chramatography coupled to
Nass spectrometry. The Agency is continuing to inprove nethods of analysis for
tne entire range ot chlorinated dibenzodioxins (CDbs) and chl orinat ed
aipbenzoiurans {(CDFs), in nore camplex natrices which are nore rapid and reliabl e,
and which can be inplemented at |ower cost.

Regul atory need |ed the Agency to develop a nethod for quantitative
assessnent of the risk associated wth exposure to 2,3,7,8-TCDD, which is
being pursued as the Agency extends its assessnent of 2,3,7,8-TCDD into various
environnental nedia, and devel ops nethods for assessing risks associated wth
> and CFs other than 2,3,7,8-TCDD.

~The Agency nust also address the pragmatic issue: "If you know the
dioxins are present and that they are hazardous, what regul atory actions need
to be taken? HEPA has becn at the forefront of the national efforts to

devel op renedi al neasures for reclaimng areas whi ch have been contam nated

W th CDbs/CDFs. The AgencK continues to pursue a variety of approaches - from
soil incineration to a technique which uses white rot fungus.

These and other fundanental contributions have identified the Agency as
a prinary reservoir ot know edge and experience in the D TF area
(onsequent |y, EPA has been a contributing menber to special groups convened to
address tnis probtem, including: the Veterans Admnistration Agent O ange
cience Advisory Comittee and the Cabinet Council's Agent Qrange Work G oup.
In addition, the Agency has taken the initiative on the international scene,
establ i shing, under NATQ a nechanismfor the exchange of technical and
regulatory rnformation on (OO Tk :

O O4 N _CHRONOLOGY

Early 1970s
o DOscovery ot the same teracogenic ettects in 2,4,5-T as in 2,3,7,8-TCDD.

0 wusvba ban of 2,4,5T for hone and garden use.
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Suspension of the mlitary use of Agent Qange in vietnam,

Geation of "pioxin" Task Force (later called the uniorinated Dioxins \Wrk
Group) .

M d- 1970s
Initiation of a cancellation action agai nst 2,4,5-T by BPA
Suspension ot the regulatory action due to inability to detect 2 3,7 8TAD
in the environnent; Agency examnation of 2,4,5T continues under the
Rebuttable Presunption Agai nst Registration (RPAR) process.
Establ i shnent of a joint industry/government/academia group, the D oxin
| npl enentation Program (later called the "D oxin" Mnitoring Program), to
devel op an anal ytical nethod for detecting 2,3,7,8~TCDD at the parts per
trillion level I n environnental sanples.
D scovery of contam nated sites in Missouri.
Expl osion of a chemcal reactor in Seveso, Italy.
R sing health concerns anong Vi et nam vet erans.

Late 1970s

Cevel opnent of sensitive anal ytical nethods; 2,3,7,8TdD is discovered
In sone environnental sanples.

Announcenent of an apparent association between forest spraying of 2,4,5T
and spontaneous aborti ons.

Ener gency suspension of 2,4,5-T triggers |egal proceedi ngs which
will last for years.

O scovery of an apparent association between exposure to phenoxy
her bi ci des and the incidence of soft tissue sarconas.

Investigation of Hboker Chemical sites aiong tne N agara xiver in New
York |eads to discovery of substantial anounts ot 2,3,7,8-1CDD
in dunp sites (Hyde Park Landfill and Love Canal).

I ssuance of immediately effective rule under TsCaA requiring notification
of Agency prior to disposal of certain 2,3,7,8-TCDD-containing waste.

Initiation of investigation of cDbD/CDF emssions fromnunicipal waste
cambustors.
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O scovery of emssions of cobs/CDFs from fires associated w th pCh-
containing el ectrical equipment. '

Approval of high tenperature incineration of pCBs: TCDDs/ICDFs are
found to be associated wth process.

Wii te House establishes an interagency group to study phenoxy herbi ci des
and their contaminants; Addresses hel ghtened concerns of veterans.

Early 1980s

Expansi on of interagency Agent Orange work Goup (AOWG) to include 15
menber agenci es; My or epidemiology studies are started.

Presentation of "risk case" in 2,4,5-T hearings, followed by suspension
of heari ngs.

Rel ease of interi massessnent of emssions fromnunicipal waste combustors
(MACs); No heal th concern raised at five facilities investigated.

CDD/CDF em SSi ons from NASA/Hampton | ncinerator higher than previous MWC
sources.

Re-investigation of Mssouri sites |leads to discovery of nore than forty
sites in the Sate which are contamnated wth 2,3,7,8~TCDD.

Buy-out of Tines Beach.
Hevation of "dioxin probleni to nedia stardom
Devel opnent of EPA "D oxi n Strategy”.
Promul gation of P(B Transforner FHres rule.
M d 1980s
Settlement of 2,4,5-T case: Gancellation of all uses.
Settlement of veterans's case against chemcal companies.

Initiation of the “National Doxin Sudy". Includes collecting data on
historical |y suspect areas, combustion sources, and "background' |evels.

Initial reports f£ram various epidemiological studies: "worst case
scenari 0s” not confirmed.

Restrictions on production and use of CDD/CDF-containing pentachloro—
phenol,
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0 Listing of certain cop/cpr containing wastes under RCRA for speci al

handling.
0 Action to investigate additional products which mght contain dioxins
(under TsCa and FIFRA).

0 Increased interest in dioxin problemon the international |evel; wra
ronotes the establishnent of a special committee under NATO to

pr onot . :
facilitate information exchange.
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CHAPTER 111

EPA "DIOXIN STRATEGY" AND
REGULATORY APPROACH

EPA's "Dioxin Strategy” provides the rocus tor an integratea agency
Programto assess and control environnmental contamnation and associ ated risks
o ccbs and (Fs.  This strat ePy was developed and implemented in late 19y3
for the purpose of systenatically investigating chemcal production and waste
sites suspected of being contamnated with Cbps/CDFs (prinarily from 2,4,5-TCP),
and to determne the extent of environnental contamnation fromthese and
other sources, principally conbustion. In addition to integrating ongoing
Agency activities related to CDs/Fs, the strategy is in direct response to
a congressi onal appropriation which directedti PAto conduct a "National
D oxin study".

Although the original focus of the "pioxin Srategy"” was on the well-
recogni zed toxi c isomer 2,3,7,8-TAD it soon becane apparent tnat a nunber
of Cbbs and (DFs were of environmental concern. AS a resuit, EpA research and
regul atory activities now address D (OF isomers in addition to 2 3,7 8 TAD
Nonchlorine halogenated dibenzodioxins and dibenzofurans, which include the
brominated anal ogs of (TDs/ CFs, are also of concern. The Agency is nonitoring
the available infornation to determne tne need ror action in this area.

In general, the purpose of the strategy was to focus and coordinate intra-
agency activities related to assessing, cleaning up, and reguiating CLUS/CLEFS.
EPA al s0 recognized, and has depended on rel ated (D (OF assessnent and control
activities through other Federal and State prograns. |In particular, the
Veteran's Administration, Centers for Dsease ntrol ( , the National
Institutes for Qccupational satety and neaitn, and tne Food and Drug
Admnistration all have prograns that are involved wth eval uating the potential
health and environmental risSKS trom exposures to Ds/@TFs, particularly
2,37,8TadD HBEPAs integration of these activities is largely through the
Agent Oange work Goup, and al so through bi-monthly neetings with Cix.

SORCE CATER ES FCR EXPCBURE_ AND R K

To inplenent the strategy, a seven-tiered approach was desi gned so that
the source categories wth higher perceived potential for exposures and risks
vk\)eqe given higher research priority. These tiers are detined and descri bed

el ow

L. 1ier 1 —Qurrent (if any) and forner sites of 2,4,5-TCP production,
including sites where wastes were disposed. The nunber of
tier 1 production sites is estimated to be about 20; the
total nunmber of sites to be investigated (production sites
plus waste disposal sites) is not presently Known.
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2. Tier 2 —Stes {(currentand forner) where 2,4,5-TCP was used as a
precursor to nake another chemcal product ({e.g.,
hexachlorophene, 2,4,5T, and silvex) including sites where
wastes were disposed. The nunber of tier 2 production
sites is estinated to be about 30, exclusive of sites where
wastes were di sposed.

3. Tier 3 —Stes (current and forner) where 2,4,5-Tcp and its
derivatives {e.g.,Silvex) were formil ated i nto a pesticidal
product. An exanple is a site where 2,4-D and 2,4,5-T were
mixed t0 make Agent Qrange. Tier 3 also includes sites
where formul ating wastes were di sposed.

4, Tier 4 —Qonbustion sources, including: (1) incinerators of hazardous
and nuni ci pal waste (includingsewage sludge); (2)wire
reclamation facilities; (3) internal conbustion engines;

(4) hore heating units (e.g., wood burning stoves); (b5)
industrial, fossil-tueifired boilers; and (6) inadvertent
conbust i on sources such as pCeB-transformer and capacitor
fires. The number of sites potentially witnin tnis rtier is
estinmated to be in the mnions.

5. Tier 5 —Stes were 2,3,7,8~TCPD contam nat ed pesticides have been
used or are being used on a cammecrcial basis. ‘Inese areas

i ncl ude certain rights—of-way; rice fields, including those
in Arkansas and Loui si ana; pastures and western rangel and;
sugar cane fields in Florida and Louisiana; certain aquatic
sites; and forests (e.g., Pacific Northwest). In addition,
aninal s that have been grazed on treated | and, ana risn trom
treated waterbodies, both of which may contain 2 3,7, 8 TAD
residues, wll be studied.

6. Tier 6 —Stes where production of certain other organic chemcals

or pesticides nay have resulted in the tormation Ot 2,3,/,4-
TCDD, through inproper quality control. The total numper
of production sites in this tier is probably less than 100.

7. Tier 7 —ntrol sites selected to evaluate the extent of dioxin
contamnation in areas where neither nmanufacturing nor
extensive use of 2 3,7,8TAD contamnated chemcal s has
occurred. Infornation fromthese sites wili pe used to
conpare with sites where 2,3,7,8-TCOD 1s a Known
contamnant, and to establish “"packground” | evel s ot
2;3"/'8-1‘(.‘“”0
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As data fromthe study tiers are assenbl ed and anal yzed, various
regul atory options to prevent or control tuture Copscor contamnation are
bei ng eval uated and inplenented. These options include further application
of existing regulations, as well as the devel opnent ot now reguiations. Such
actions as the RCRA waste stream listings, twA section 3U7(a)(z) |istings,
TSCA Section 6 rules, the dean Air Act hazardous pollutant |istings, and
alternative nanagenent options (e.g., prohibiting certain dioxin-containing
wastes fram | and disposal) are being inpl enented or eval uat ed.

A research programto support the overall strategy, common to all tiers,
IS an inportant conponent ot the "bioxin Srategy". e EPA/ORD di oxin
research program has been developed both to provi de Cbh/CDF assessnent methods,
and to control technology evaluation and development.

The Novenber 1983 "Doxin Srategy" called for the followng specific
research support:

EPA/ORD Woul d provide anal ytical services tor aLl sanpl es collected in
tiers 3 to 7, wth orD selecting the appropriate sanpling and anatytical
net hods and defining the QasoC specifications for 2,3,7,8TAD analysis in all
tiers. CROw | support the Gfice of Solid Vste and Emergency Response in
pilot testi ng the nore premsing disposal and destruction techniques tor cubs/
CDFs. Inaddition, CRDw | study the sorption/ desorption ot CbDbs/Cbt's W thin
contamnated soils, particularly the effects of these phenamena, and their
relation to the efficacy of treatnment techniques. GKU 1in conjunction with
the Regions, would also conduct full field validation of incineration as a

treatnent option.

Wsing the best data at hand (carcinogenicityand reproductive ettects),
CRD woul d continue to coordinate hazard assessnent techniques used by EPA in
maki ng site-specific risk assessments,

CRD 1in conjunction with the Chlorinated O oxin working Goup (Cbws) woul d
al so establish exposure scenarios to estinate exposure under the various
conditions likely to be encountered an tiers 1 tnrougn 6.

in addition, CRD woul d devel op a nonograph for converting from 2,3,7,8-1CCD
levels of contamnation in environmental media to estinates of upper risk limts
for a variety of exposure scenarios. CRD would provide guidance to the regions
and Sates on use of exposure nonographs.

In other studies CRDwould research the bioavailability and uptake
nechani smof sorbed 2,3, /,8-7CDD. CRDwoul d al so investigate the transport
and transfornati on processes (biocaccumulation and biamagnitication) ot
2,37,8TaD in fish, sedinents, and plants tor use in rooa chain moaeis and
establ i shnent of acceptabl e ieveis,
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Other research areas were judged to be of sufficient inportance to
the strat e%y that they shoul d be specifically identified in any interagency
mectings that are conducted to initiate health research. These included: (1)
Uhder standi ng the pharmacokinetic nechanismof 2 3,7,8TAD induced toxicity,
to determne differences between species in response to 2,3,7,8-TCDD; (2
Lhder st andi ng and devel opi ng the toxicol ogical and anal ytical relationship
bet ween 2,3,7,8-TCpD and "2,3,7,8-TCDD equi val ents" in complex mxtures for
more rapid and |ess expensive determnations of 2,3,7,8-TCDD | evel s and
effects; (3) (onducting epidemiological studies at contamnated sites to
provide better information on risks for regulatory decisions. This work was
to hel p establish the causes/errect relationship ot 2,3,/,8=TCDD t0o hunan
disease.

As part of the devel opnent of an inter-agency program CRD woul d work
with the other Federal agencies to develop a research programwhi ch addresses
the toxicology of the other dioxin isamers and the “"dioxin-like" chemcal s.
Additional toxicity data are nceded, especially ror possible carci nogenic,
reproductive, and teratogenic effects, and bioavailability of the hal ogenated
di oxi ns and dibenzofurans,

Additional |y GRDwould work with OC the US Fish and Wldlife Service,
and ot her Federal ag_enm es to devel op anal ytical protocols to neasure "dioxin-
|I|é_e" chemcals in biological tissues, waste emssions, and environnental
nmedi a.

In the area of bioanal ytical techniques, CRDwould expl ore devel opnent and
validation for estinating the toxicity of conplex mxtures containi ng
2,3 7,8TaD and "dioxin-like" compounds. |t was expected that such nethods
woul d reduce the need for the expensive and resource-intensive isomer-specific
analysis of the mxtures associated wth conbustion and chemcal processes.

In conjunction with the cowg, CRDwoul d devel op ana apply nethods to
predict the fate, persistence, and bicaccumulation potential of dioxins in
the environnent. These efforts woul d be nmade in conjunction w th development
of the sanpling programdiscussed above. The results of these anal ysis woul d
be conbi ned with the source assessnents ana toxicity stuaies to provide interim
exposure and risk assessnents for the other dioxin iscners.

S nce undertaking this research direction fromthe Novenber 1983 "D oxin
Strategy", EPA/ORD has devel oped and inpl enented nost of the prograns to
address these needs. As expectea, wne scope ana priority ot the conponent
research projects have changed since Novenber 1983. To provide a basis for
updating the research program current regulatory activity is discussed bel ow
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CURRENT REGQULATCRY ACTIM TY FCR CDDs/CDFs

Provisions for the protection of hunan health and environnment from adverse
effects of cops/ (DFs are found in a nunber of environnental statutes.
Regul ations already issued by EPA in response to the statutory requirenents of
RC%A FIFRA, and TSCA now control the generation, use, and disposal of many
CDD/CDF-containing naterials or precursors. There is nuch current activity
related to the recent RCRAdioxin rule, including the delisting ot residues
fram treatnent of CDD/CDF wastes, the certification of incinerators to treat
CDD/ChF-contaminated wastes and soils, devel opnent or special standards and
?w dance for land disposal and other treatnent, storage, and disposal techniques
or Cbbs/CDFs. In addition, under the RCRA anendnents of 1984, EPA is devel opi ng
desi gn and operating guidelines for nunicipal waste conbustion facilities to
mnimze the formation and emssions of (D5 and AFs. (oncurrently, prograns
under Tsca (Sections 4 and 8) are proceeding to identify manufacturing products
that may result in (O (OF exposures. Qher regulatory prograns al so addressing
Ds/ DFs are Section 112 of the caa (NEsHAP) and cwa Section 307(a)(2).
Additional |y, the cercLA (Superfund) program addresses sites where (D TF
contamnation warrants innedi ate renoval or renedial action.
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CHAPTER |V
REQ ONAL  PERSPECTI VE
The dioxin probl emhas had an inpact on every EPAregion in the country.
° Region | has PCB-contaminated Sites in Missachusetts and Rhode |sland.

° Region |l has Cbb/CDF-contaminated sites in N agara ralls, New York, and
Newark, New Jersey.

° Region Il has a cDb-contaminated site at Fort A P. Hill and PCB
transforners/capacitors in Mryland.

° Region 1V has wood treating waste sludges in North carotina, Georgia,
and the USAF Ste at Gulfport, M ssissippi. '

® Region V has P(B and (DO (O contam nated wat erways in indiana and
Micnigan.,

° Region M has cbb-contaminated |iquid wastes and soil at the vertac site
I n Jacksonville, Arkansas and CDb-contaminated SOilS in Louisiana.

° Region V1 has 44 CDD-contaminated sites in Mssouri.
° Region M1l has wood treating waste sludges in Mntana.

° Region | X has twenty wood treating waste sludge sites in California;, and
the USAF site at the Johnston Island in the Pacific Qean.

° Region X has wood treating waste sites in uregon and Véshington, and CCD
contamnated soils in Qegon.

EPAregions Vand VIl have attracted much attention. The activities ot these
two regions are provided bel ow in sone detail.

Region V.

In the late 197US investigations in the reat Lakes area showed
patterns of 2,3,7,8-TCDD contamnation in fish, herring gull eggs and other
environnental nedia. these results were sunmarized in a July 1981 Region V
report. As the nost interesting results were the concentrations in rish in
the Tittabawasee R ver, a nunber of field activities ensued, inciluaing in 1981,
a wastewater and fish bicaccumulation study at Dow Chemical -Md and. These
results helped lead to the issuance ot an nepks permt tor wow in t9s4, and a
nunber of measures by that conpany to reduce dioxin discharge to the river. A
further and nuch large investigation of the Mdland area began in ivygs, on
sedinents and other nedia. Results of this study are now becomng avail abl e.
The discovery of 2,3 78TdD at that site is the subject of a Gonsent Qder.
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Findings at M dl and and el sewhere have contributed to the now-familiar 7
tiers of study of the Doxin Srate\%. Region V efforts parallel those
occurring nationw de, although sonewhat greater enphasis has been placed on
dioxin and furan isamers other than 2,3,7,8-TCDD.

Background soil sampling in connection with the Mdland area studies
showed no detectable dioxin in natural areas and nuch |ower |evels ot dioxin
than at Mdland in tw other industrial areas used for control. 2,3,7,8TAD
fish results are starting to came in and are bei ng searched very closely for
Batterns, for exanple, at the sites downstreamof papermilis. The region has
een involved in dioxin and furan contamnant nonitoring in tish tor several
years, particularly in the Geat Lakes Basin, and has publisnea « numoer Ot
reports; the nost recent, a summary ot dioxin and turan tish contamnant data,
was published in Gtober 1984. The |arge anount of furan contamnation in
Qeat Lakes Basin fish nust be considered a signiticant tinding.

Regi on vil:

In Mssouri (Region vii), over 44 sites have been identitied which are
contamnated with 2,3,7,8-tetrachlorodibenzo-p-dioxin at |evel s above one
part per billion. Many ot these sites resulted tram the waste disposal
practices of a nowdefunct producer of 2,4,5-trichlorophenol and hexachlorophenc,
Mbst of these sites were identified nore than 10 years after the initial
contamnation. The high levels found at these sites attest to the remarkabie
stability and persistence ot 2,3,7,s=tcbb 1n the soxL environnent.

A nunber of options for renedial action have been proposed. Tnese inciuce:
stabilization in place, on-site Storage, transportation to a secure landriil,
sol vent extraction, biodegradation, chemcal degraaation inplace, and
incineration, The results ot this evaluation and the dgemonstration ot a nobile
I nci neration systemconstitute naj or advances toward detoxirication Ot di OXins.
They are described in detail bel ow

The Mobile Incineration Systemwas designed and built to provide onsite
thernal destruction and detoxification of hazardous and toxic organic
substances, The total systemconsists of: (1) na or incineration and air
pol | ution control equi prent nounted on three heavy-duty semi-trailers; (2?
conbustion and stack gas nmonitoring equi pnent housed within a fourth trailer;
and (3) ancillary support equi pnent.

In 1982, this incineration system successfully destroyed |iquid organic
carbon tetrachloride. nsequently, the systemwas granted TSCA ana RCRA
ﬁermts to burn liquid ress and RCRA-designated iiquias having conbustion

eats equal to or greater than that of carbon tetrachloride. The prinary
purpose of the trial burn described here i1s to obtain data which verity that
dioxi ns and other hazardous organic liquid and solid naterial adgeguately can
be destroyed by incineration in this system ana that tne resulting stack
emssions do not pose a risk that is unacceptable to the neaicth Or satety Ot
the surrounding coomunities. The trial burn cata al so support the issuance ot
the Federal and Sate permts required for extended use of the systemat the
Denney Farmsite in southwestern Mssouri .
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BPA and Sate regul atory offices currently require trial burn data on both
liquids and solids because of the processing ditrerences between the two in
the kiln of a kiln-plus-secondary conbustion-chanber-type incinerator. In
part, this is because organic |iquids can pe passea through a burner and pe
directly destroyed; whereas, solids are heated by thermai radiation ana by
contact with a refractory in a kiln.

Anot her o(kj)j ective ot tne programwas to denonstrate that a yv.uyyyw
destruction and renoval efficiency (DRE) could be achieved for incineration or
"dioxin" wastes, Since this reguirement pecame ettective on July 1%, 1985,

The RCRA and Tsca regul ations both address the neasurenent of incinerator
stack emssions as their prinary perfornance criterion. The required v
achieved by an incineration systemunder TSCA for PCBs iS at |east 99.9999%;
under RCRA tor other hazardous naterials, it 1s at least wy.uvs. A DR Ot
99.999% or better is now required by oswer for dioxins. The DRE i s conputed
fromthe emssion rate of hazardous naterials in the incinerator stack and the
feed rate of the nmaterial to the incinerator.
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CHAPTER V

DIOXIN RESEARCH | N EPA

I NTRADUCTT QN

In response to (ongressional concern, the Agency established a dioxin
research programto address critical issues related to environnental
contamnation of, and hunan exposure to, cioxins as a result ot cnemical

roduction, incineration and waste disposal. The research was initiatea auring
1984, under the tramework ot the agency's "bvioxin strategy”.

The strategy identified five inportant questions and proposed plans to
address each question. The questions dealt with: (1) sources, (2) monitoring
and fate, (3) toxicity, (4) a|oproach, ana (>) abatenment. In response to the
first and second questions dealing w th sources, nonitoring, and tate the,
strategy identified seven categories, or "tiers", ot sites ror aioxins. The
third question was concerned with toxicity. The Agency proposed that ORD
devel op health and environnental assessnent profiles and define their research
needs. The fourth guestion addressed the approach for testing promn sing
destruction techniques, once toxicity was established. The fifth question was
concerned wi th abat erent .

The strategy specitically charged owrp with the tollowing tasks: (1) Rlot
testing of the nore prom sing disposal /destruction techniques including a
camprehensive study of binding of dioxins to soils and Held validation ot
the destruction techniques; (2) Qiidance in sanpling, ana anal ytical methoas
for detection and guantitication incluaing qual ity assurance; (s) Conducting
hazard and exposure assessnent for site-specific risk assessnents including
est abl i shing exposure scenarios; and (4) Evaluation ot the proavailapiiity Or
dioxins for use in food chai n mocelts.

During the initial stages in developing the research program tne Agenc?/
considered the followng critical issues: (1) The avaitapility ot anal ytical
net hodol ogi es and in-house capability to identify and quantity dioxins in
environmental nedia;, (2) Evaluation of existing control technol ogies tor
destruction of dioxins oPl us clean-up sites; and (3) An assessnent of both the
bicavailapiiity ot, and the human exposure from dioxins in contamnated soils.

I'n support of the strategy, the Agency began its research pr ogr am f ocusi ng
on the nost toxic isower, 2,3,7,8-TCDD, but the scope of research has expanded to
I nclude other isamers and related conpounds such as chlorinateq dibenzorurans.

RESEARCH GRGAN ZATI OGN AND BUDGET

The EPA research on dioxins is organized into tour areas. These are
technol ogy assessnent, monitoring, environnental etrects, ana health
assessment. The broad objectives of each research area are detined bel ow
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Technology Assessment

This programis to evaluate the available technol ogies and develop new
technol ogies for detoxiracation, destruction or control of dioxin-
contaminated naterials.

Moni toring

Research under this programis devoted to devel opi ng measurement net hods
and qual ity assurance procedures for identifying and quantifying dioxins in
environnental sanples and biological natrices.

Environnental Efects

The obj ectives of the environnental research are to evaluate the fate and
effects of dioxins in the environnent, and to determne the uptake and
bicavailability in plants and |iving systens.

Heal th Assessnent

The objectives of the health assessnent research are to devel op
methodologies and the necessary data base for eval uating human heal th exposure
and risks associated with dioxins, and provide to the Agency the infornation
necessary to perform exposure and risk anal yses.

The EPA laboratories participating in each of the above areas of research
are given in Table 1.



-17-

TABLE |
EPA LABCRATCR ES PARTI A PATING | N DIOXIN
RESEARCH
RESEARCH AREA EPA LABCRATCRY
Technol ogy Assessnent Hazar dous Véiste Engineering

Research Laboratory — (HWERL~Cinn,)
A ncinnati, Gio

Moni toring Envi ronnent al Moni t ori ng and
Systens Laboratory ( EMSL~LV)
Las Vegas, Nevada

Envi ronnent al Moni t ori ng and
Systens Laboratory (EMSL-RTP) .
Research Triangl e Park, North Carolina

*Environmental Chem stry _
Laboratory ~ (ECL-Bay . Louis)
Bay S. Louis, Mssissippi

Envi ronmental Moni toring and Systens
Laboratory (EMSL~Cinn, )
dncinnati, Ghio

Fnvironmental Ef fects Envi ronnent al Resear ch
Labor at or { ERL~Duluth)
puluth, M nnesot a

Envi ronment al Resear ch
Labor at ory (ERL~Corvallis)
Corvallis, (Qegon

R S kerr Environnental Research
Labor at or (RSKERL~2Ada)
Ada, &l ahona

Envi ronnent al Resear ch
Laboratory (ERL-Athens)
Athens, (Eorgia

Heal th Assessnent Heal th Bfects Research
Laboratory (HERL=RTP)
Research Triangle Park, North Carolina

Environnental Qiteria and Assessnent
Office . ( ECAO-C1nn, )
dncinnati, Chio

*This Taboraiory is part ot the ottice ot Pesticides and Toxi ¢ Substances in
BPA
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The dioxin research budgets for Fy'84 and FY'85 were about $2.4 mllion
and $3.0 million, respectively. ¥For FY'86, the Agency's proposed budget is
approxi nately $3.7 mllion.

The breakdown of the resources in each area ot research are tound in Table 2.

TABLE 2
DLOXIN RESEARCH FUNDLNG
RESEARCH AREA RESOURCES (S in 1,000)
| (Proposed)

1984 1985 1986
Technol ogy  Assessnent 998 | 1, 269 1,030
Moni toring 570 725 725
Environnental Etects 466 531 1,242
Heal t h Assessnent 351 450 736
Total 2,385 2975 3,733

In addition to the above resources the Agency contributed $2.4 nillion in
Fy'84 and $20 mllion in Fy'ss trom "sSuperfund" to accel erate the engi neering
eval uation program These resources were used specifically in that program
and to augnent orD resources for the evaluation ot the nobile incinerator in
Mssouri, as "Superfund" resources can only be used for site-specitic purposes.
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MAJOR ACCOMPLISHMENTS

Initial studies within this research programhave provided the fol | ow ng
information which is critical to the dioxin issue:

TECHNAL.GGY ASSESSVENT

Vork on detoxification of dioxin~contaminated soils using ul traviol et
(uv) Photolysis in conjunction with alkali polyethyl ene glycolate (APEG reagents
Is continuing at a contamnated site in Mssouri. |If promsing, this treatnent
wi |l be extended and enlarged in a tull tieta eval uation ot the technique.

The Agency has devoted considerabl e effort to developing and i nproving
Incineration techniques for destruction of-dioxins. Field testing of the EPA
nobi | e incineration systemis continuing. Tria burns were conducted in 1983
in Edison, New Jersey on RCRA |isted surrogates. Currently, tne incinerator
is installed at the bDenney Farmsite near McDowell, MsSsouri. uvava trom tour
recent trial burns using dioxin-contamnated |iquid wastes and soils have
establi shed the DRE at ?r eater than 99.9999% and have verified the
ef fectiveness of control devi ces.

The white rot fungus, Phanerochaete chrysosporium, has been found to
degrade 2,3,7,8-1CDDb, [DI, 1indane, PCBs, and other recal citrant hal ogenated
organics in |laboratory experinents. Feld testing wiii be the next step in
evaluating feasibility for dioxin degradation using tnis mcrobe.

MON TCR NG

‘rnrough a col | aborative effort of three EPA |aboratories (ERL-Duluth,
EMSE-RTP, and ECL-Bay . Louis), the Agency has devel oped a network known as
TROKA to provide anal ytical support in i1dentifying and quantitying parts per
trillion (ppt) levels of dioxins in environmental sanples to support tne
National Doxin Srategy. This was necessary because of the prior tack ot
anal ytical capability to routinely analyze large nunbers ot sanpl es.

Through the establishnent of TR KA the Agency has signiricantiy improvea its
capabi |It?/ to anal yze dioxins in environnental sanples and hazardous waste
site sanples. TRAKA has provided anal ytical support to Region V, by anal yzing
environnental sanples in the Midiand study and has al so anal yzed samples tor
the Sates ot micnigan and Wsconsin.

Significant progress has been nade through tne Agency contract |aboratory
program in devel oping anal ytical nethods and quality assurance naterials to
ensure routine ppt anal yses of dioxins in environnental sanples. A high
resol ution gas chromatography and mass-spectrametry (GC/MS) nethod to anal yze
dioxins in environnental matrices at trace levels nas been devel oped and
evaluated. A round-robin validation study is being conaucted in various
| aboratories where such validated nethods will be used routinely in the future.
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Additionally, a pilot round-robin survey of trace analyses of "dioxins"
and furans in adipose issues was conducted, The results show that parts-per-
trillion analyses of dioxins in adipose tissue may be nade on a routine basis.

The nonitoring program provi des quality assurance in anal yzing dioxins.
An interimaquality assurance docunent for analyzing 2,3,7,8-TCDD Was produced
in FY's4 for use In the National Doxin Sudy, Reference isomers for tetra
dioxin analysis were produced. Quality assurance efforts are underway
through contract laboratory work with the CGenters for Dsease Gontrol. Quality
assurance is being provided to the TROKA for the National DO oxin Sudy and
for the mobile incinerator denonstration. Specitic tocus 1s ON revVi ew ot a
procedure to collect and anal yze conbustion sanples, reviewot quality
assurance plans and anal ytical nethods used, and corrective neasures taken to

maintain data quality.
ENVIRONMENTAL EFFECTS

A national workshop on bicavailability of dioxins was held in Ral ei gh,
Nortn Garolina in septemper 1984. Scientists fram academia, industry and
overnnent met and identified research neeas in this area.  The findings are
eing used to retine tuture research pilanning. <wnis includes initiation of
new research projects as well as retocusing of certain ongoing proj ects.

A bioavailability study using |aboratory aninals exposed to contam nated
soils framsites in Mssouri, NewJersey, and Seveso, ltaly is unaer way at
the Lhiversity of Medicine and Dentistry of New Jersey (UMDNJ). This study is
a follow-up to studies at the National Institute of Environnental Health
Siences dealing with the dependency of the bicavailabitity ot di OXi NS trom
soils, on the nature of those soils, and on other environmental conaitions,
The bi oavai l ability of New Jersey soil conpared to Mssouri soil was negllgible
in laboratory test aninals. '

Laboratory experinents to determne the sorption/desorption characteristics
of 2,3,7,8-TCDD in contamnated soils fromMssouri and Now Jersey are camplete,
The data indicates that, tor practical purposes, the 2,s,7,8-1¢DD woul d be
essentially immobile in water percolating through the soils. Sudies of dioxins
frommuni cipal incinerator fly ash have al so been conpleted. These studies have
shown that 2,3,7,8-TCDD Sel ectively bioaccumulated in carp fish when the fish
were exposed to municipal incinerator riy asn. inis Work wiii appear in
"Chemosphere". Smlar exposure studies wth other isomeric TCLDs (1,2,3,4;5
1,2,6,8; 1,379 and 23,78 in carp and fathead mnnow are in progress.
Doxin bioavailability data from Petenwel| Reservoir on the Wsconsin river
are being used to investigate sediment-medirated exposure to fish, and the
resulting uptake, biocaccumulation and depurati on.

HEALTH ASSESSMENT

A docunent describing the assessnent nethodol ogi es used by EPA in eval uating
2,3,7,8-TChb heal th hazards has been campleted. tt 1s being updated to include
a conparison of risk assessnent nethods used by other organizations.
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Assessment nethods for eval uating exposure to hunans fromdi oxin-
contaminated soils have been developed. Five maé'or at hways tor exposure have
been identified, and nonographs have been provided for each of these pathways
to permt a quick approxi nation of upperbound risk for exposed persons.

In collaboration with NIosk, registry data is being devel oped to include
work history infornation for u.s. production workers who are potentially
exposed to dioxins during the synthesis or tormulation of substances containing
dioxins. Thirteen sites have been included in the registry and about 6,000
workers have been identified. "Supertund™ resources support this project.

Pharmacokinetics Studi es with rhesus nonkeys nave provi ded sane resuits,
Ti ssue sanpl es of m)nkeCP/s exposed to 2,3,7,8-TCDb at b ppt ana 25 ppt in their
diet are being analyzed. Prelimnary results snowtnat oone marrow and axi al
| ynph nodes have hi gher levels of TCDD than other tissues. The tissue ot one
animal that gave birth, nursed and weaned her otrrspriny auring the latter
period of exposure had non-detectable |evels of TAD in ner tissues. However,
additional efforts must be nade t0 contirm these rindings., rurthermore,
tissues froma stillborn of an exposed nother are currently peing
analyzed.

The half-life for 2,3,7,8-TCDD in nonkeys is being determned and w |l be
the first such determnation in primates for [ow levels of exposure over a
long period of tine.

Preliminary findi ngs suggest that monkeys previously exposed to 2,3, /,8-
TCDD gave nor marﬁ] nunbers of live births, birth weights, and weani ng weignts as
conpared to those aninal s that gave birth while being exposed to dioxins.
However, the nunber of animals used in these studies was small and there na
have been a bias inthe selection ot animals. ‘ineretore, tne studies nust be
confirnmed. Lynphocyte studies are being conuuciec to Neasure ror gene
mitations and immunotoxic effects caused by 2 37,8 TaD

DESCRIPTION CF RESEARCH PROJECTS

~ Adescription of the overall programand projects conducted under tne rour
maj or research areas toliows.

TECHNOL.GGY ASSESSMENL RESKARCH

The objectives of this research programare: (1) to conduct basic and
appl i ed research on the behavior ot 2,3,7,8=TCLD in contamnated soils,
applying this knowedge to nethods useful in the in-situ stabilization or such
solls, and investigating the viability ot specia mcroorganisns or chem cal
reagents for the destruction of TaD and related toxic chemcals; (2) to
devel op infornmation on the generation of dioxins and rurans tram PCBs 1in
transforners and capacitors when thernal |y stressed; and (3) to devel op and
evaluate, both in the laboratory and in the tieta, tecnnoiogies tor tne
deél oxification, destruction, or control of 2,3,7,8-TCDD-contaminatey 11gulds
and soils.
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Descriptions Of technol ogy assessment research projects foll ow
PROJECT |

TITLE  In-situ Sabilization Techni ques

CONTACT: Don Sanning, HWERL-Cincinnati, Chio

OBJECTIVES: The objectives of this investigation are: (1) to eval uate cost-
—effective fixation or stabilization techniques that can pe used to inmobilize
dioxin-contaminated soils and serve as a needed initial remeairai neasure

(IRM) technol ogy for dioxin-contamnated soils; (2) to evaluate these
stabilization techniques in the laboratory so as to devel op opti mum socil/
stabilizer proportions and mxing conditions using industry standardization
protocol s and acceptance criteria; and (3) to assess the probability of
successful field implementation of these nethodol ogi es through eval uation ot
trr]]e abi | i Ity of weathered, stabilized sorL mxtures to innivit cransport Ot
these soils.

BACKGROUND/RATIONALE: Uhder the January 14, 1985 dioxin listing rule,
dioxin-contaminatea soils have been classified as acute hazardous wastes

that require special managenent to prevent mgration and reduce human exposure.
At this time, a control technology 1s needed to prevent aesorption and
transport of dioxin fromsoil particles by either precipitation or wind.

ORRENT staTus: Three Mssouri sites were selected tor evaluation ot the
feasrbiTity of cenent and asphalt stabilization techniques: (1) Minker site -
aresidential area with steep, sl %Pi ng banks that drain into a nearby creek
(rcop= 700 ppb/sandy loam); (2) Fazza Road - a roadside material (icow= 040
ppb/ sandy loam); and (3) Sontag Road - a roadside naterial but with a

consi derably greater percentage of fine particles (silt and clay)(itop = 32
ppb/ sandy silty loam).

CGenent  specimens were formul ated at optinumnoi sture, but wth varying
cenent contents, and tested for freeze/thaw susceptibility, and 7-day
unconfined, conprehensive strength. sSigniricant quantities of specinen |oss
occurred during the two sequential weathering processes, followed by the
aqueous | eaching procedure. Percent—by-woight degradation of the solid soil/
cenent speci nens I nto disassoci ated particles ranged from 6-to-18% for Minker,
13-to-16% for P azza Road, and 16~to-27% for Sontag Road, under the rigorous
| aboratory procedures enpl oyed.

Dfferences in settling rates between soil/cenent aisassociated particles
and native, unstabilized soil observed during the |eaching process, suggest
that the forner contain a very |low percentage of "erodable" silt and clay-sized
particles (<50 um diameter).
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For the enul sified asphalt stabilization tests, a cationic, slow-setting
enmul sion (Css-1h) was chosen as the grade of asphalt to be used because a
lowsetting emul sion i s recamended for mixea-in—place applications when a
dense—graded aggregate is encountered, such as in Mssouri soils. After mx
desi gn work was completed on Minker and Piazza koaa Sites, 1t becane apparent
that emulsified asphalt per se would not provide an eftective nethod for
stabilization of the teST SaITs.

As a result, calecitic lime, cal ciumhydroxide, was enpl oyed to nodify the
soil prior to asphalt addition, thus reducing the effective surtace area of
the soil to be coated, and the subsequent reduction in swell characteristics
inproved the properties of the conpacted soil/asphalt mxtures exposed to
water. Quring or pozzolanic action took place within the soil and contri but ed
addi ti onal _strengt%oto the soil/asphalt nmatrix. Therefore, addition of 1.5%
linme dranatically inproved the perfornance of soil/asphalt speci nens when the
SS-1h, a honi oni ¢, slow-setting emul Sion, was substituted tor the ¢ss-1h
emul sified asphalt previously enpl oyed.

FUTURE DIRECTIONS: N ne percent residual asphalt ( was chosen as the
optrmumasphal T percentage, which includes a safety factor of 0.5%Ra. In
addi tion to conpacted specimens for each soil, triplicate soil/asphalt/lime
mxtures fromthe Mnker site were formil ated but |eft uncawpacted to eval uate
the leaching potential and acceptability or this alternative, This option is
currently being investigated because a keen interest has been expressed to
eval uate an ogohon inwhich a tenporary in-situ stabilization effort is
subsequently fol loned by soil/ stabilizer removal and thorough stabilization
at an off-site facility. Particle size anal yses on uncampacted mxtures as
wel | as non-associ ated particles fram conpacted specinens are awaiting
completion.,

REFERENCES:

Hlis, w.b., Vick, W.H., sSanning, DE, and opatken, E.J. "Eval uation of
Stabilized Doxin Contamnated Soils." Proceedings of the EPA HWERL 1lth
Annual Research Synposiumd ncinnati, CH April 29 - May 1, 1985.

M ck, w.H., benzer, S, HIlis, W., Lambach, J. and Rottunda, N
"Bval uation of Physical Sabilization Techniques for Mtigation
of Environnental Pollution fram Doxin Contamnated Soils." Interim
Report: Sumrary Of progress to-date. Submitted to EPA HERL by sarc/
JRB Associ ates, EPA ntract No. 68-03-3113, Wirk Assi gnment No. 36,
29 pp. June (1985),
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PROJECT | |

TITLE Wite Rot Fungus: Phanerochaete chrysosporium
CONTACT: Pat Serra, HWERL-Cincinnati, Chio

OBJECTIVES: The basi c obj ective ot biodeyradation research is to identify,
devel op and test mcroorgani sns capabl e of degrading highly toxic and
refractory organchalide pol | utants, specificaly 2,3,7,8~TCDD-contaminated
sites.

BACKGROUND/RATIONALE: B otreatnent systens using mcroorganisns for the
degradation of toxic and refractory organcpoliutants hold the promse of bein
an efficient and economcal neans of detoxifying contamnated water, soils an
sedi nents. Few organi sns, however, have shown the ability to degrade
organohal i de pol lutants. 1In general, organohalides are poorly soluble in
water and are sorbed t0 particulate matter, thus maki ng themeven |ess
suscePtibIe tomcrobial attack. Pollutants of interest (i.e., 2,3,7,8~TCDD)
are often present in the parts per mllion range or |ess.

Mcrobi al enzynes, which nay be abl e to degrade organohal i de pol | utants,
however, do not function effectivel 3/ av ue very | ow supstrate concentrations.
Mcrobial strains esPeci ally adapted to grow on organohal i de pol | utants have
only shown |imted effectiveness. Because the chemcal substances are Present
in such | ow concentrations, these strains may not be able to conpete effectively
wi th other mcroorganisns in a bictreatment System

ORRENT sTATUS: Research perforned over the last nine years has not yet
produced bi odegradi ng organi sns suitabl e ror cetoxification of 2 3/7,8TaD
Recent interest, however, has focused on a uni que hydrogen peroxide-dependent
oxi dase secreted by the white rot fungus, Phanerochaete chrysosporium P,
chrysosporiumand related fungi (there are between 1,600-1 700 species of
wood-rottrn funﬁi In the class Basidiomycetes) have the ability to recycle
carbon bound within [ignin.

This enzyne systemhas proven effective in degrading |ignin, a highl
conpl ex, chem cal I%/ resi stant, nonrepeating heteropolymer. In cultures (10
m) containing 1.25 nmoles of the carbon Tabelled 2 3,7 8 TAD substrate,
27.9 pmoles were converted to ~"0o, in 30 days (2 23%netabol i sn) increasing
to 49.5 pnoles in 60 days (3. 9%%ngtabolism). S mlar, but even nore
effective results were observed w th other organohalides including |indane;
por; 3,4,3',4'~tetrachlorobiphenyl; 2,4,5,2',4', 5'-hexachlorobiphenyl;
4,5,6-trichlorophencl; 3,4,5 6 -tetrachloroquaiacol and 2,4,6—trichlorophenol.

The P. chrysospori umenzyne systemnay prove to pe iceally suited for use
in biotreatnent processes for the degradation of recal citrant organopollutantss:
First, the enzyne systemnornal |y attacks an insoluble recal citrant substrate.
Thus, organopol | utants adsorbed to sedinents nay actually mmc the lignin
nol ecule. The anal ogy IS even nore striking Wien one consiaers that nany
seditnertns and soils to which organopol lutants are adsorbed have high lignin
contents.
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Second, probl ens associ ated with substrate specificity appear to be
obvi ated by the non-specific and non-sterecselective carbon-centered, free
radi cal nechanismthat is characteristic of this system This |ack of
speciticity has the advantage of allowng the organismto attack and degrade a
broad spectrumof structurally diverse recalcitrant conpounds.

Third, P. chrysosporiumis a highly successful conpetitor in nature,
especi al | y when the carbon source consists of wooa, wood by-progucts or ot her
lignin containing materials. Thus, if wood chips or sawdust, for exanple, are
used as the carbon source in biotreatment Systens, conpetition by non-lignin
degrading organisns is likely to be mninal.

Fourth, because degradation i S promotea vy nitrogen starvation rather
than by the presence of substrate, |ow levels of organopol | utants do not repress
the biosynthesis of enzynes required for their aegrasation., tattn, the carbon-
centered radi cal mechani smappears to provide an alternative mechani smthat
allows degradation of lignin, and possibly other recal citrant conpounds, to
proceed to conpl etion.

( special significance for the degradation of organchalides is the fact
that P. chrysosporiumhas the denonstrated aoiiity tO dehaiogenate and degrade
chlorobenzene derivatives and to cleave aronatic rings.

FUTURE O RECTTONS The P. chrysospori um enzyne systemw || be tield tested in
a snal T nunber of plots durrng the Sumrer of 1985 at one of the contam nated
sites in Mssouri. These experinments may be considered as extensions of the
ideal |y conducted tests in the laboratory and nay indicate whether a full
field evaluation is justified next sumer.

REFERENCES,

Bumpus, J.A, Tien, M., Wight, DA and Aust, SD "Biodegradation of
Environnental Pollutants by the Wiite Rot Fungus, Phanerochaete chrysosporium
|il'{aeant i(g8a5t EPA HFWERL 11th Annual Research Synpositm Qncinnati, CH April 29

y 1, -

Bunpus, J.A., Tien, M., Wight, D and Aust, SD (1985. "(xidation of
Persistent Environnental Pollutants by a Wiite Rot Fungus.” science, 228,
pp. 1434-1436 (1985). ‘

Eaton, D.C. "Mneralization of Polychlorinated Biphenyls by
Phaner ochaet e chrysospori um a Ligninolytic Fungus." Enzyne Mcrob. Technol.,
7, pp. 194 1% (1995). .
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PROJECT | 1]

TITLE: Shallow M nes as Repositories for Dioxin-Contaminated Soils

CONTACT: Janet Houthoofd, HWERIL~Cincinnati, Chio

OBJECTIVES: To eval uate the feasibility of utilizing abandoned mnes | ocated
I'nor near Mssouri as repositories for dioxin-contaminated Soils.

BACKGROUND/RATIONALE: The state of Mssouri contains a |arge nunber of
underground mnes of various types, including shallowand deep, active and

I nactlve, limestone, sandstone, lead, and iron varieties. |f contamnated soil
i's renoved fromthe nunerous dioxin sites in Mssouri during renedial action
cl eanup operations, certain abandoned mnes have a potential to be used as
secure facilities for the placenent of contamnated naterial .

It is assuned that it would not be necessary to subject the dioxin-
contamnated soil to a stabilization process before placement in a mne because
research on the desorption characteristics of 2,3,7,8-1Cbb has shown it to be
essential |y non-mobile (nean val ue based on partition coefficient determnation—
400 yrs/an). However, sone type of contai nnent woul d be necessary (i.e., steel
vaults, barrels, or polypropylene bags).

ORRENT sTAaTUS: The types of mnes available in Mssouri have been investigated,
Twenty niné mnes, ranging in physical condition fromabandoned and col | apsing
to excel l ent warehouse quality, were selected for study and 20 of these sites
were visited. Aerial reconnai ssance of mine sites was perforned. Geol ogi cal

and hydrogeologoical conditions were extensively reviewed. The Mssouri
Departnent of Natural Resources, the University of Mssouri (Rolla) School of
Mnes, and EPARegion VI staff were involved in the project fromits onset.

specitic selection criteria were enpl oyed to determne whi ch mnes woul d
be considered for review and eval uation. ese included: (1) Isolation from
the surface environnent and human contact; (2) Reduction in the likelihood of
I nadvertent intrusion; (3) Adequate confinenent fromsecondary |eakage probl ens;
(4) Surroundings that were chemcal | [%/ conpatible with and thus woul d not corrode
the waste forns or containers; (5 Dsposal areas that could easily be accessed
for reconditioning and nonitoring; (6) Location above the local water table to
prevent flooding and groundwater intrusion;, (7) Those mnes located wthin a
reasonabl e distance to problemareas; (8 Selection |limted to only mnes
already known to the Mssouri Departnent of Natural Resources, D vision of
Geol ogy and Land Survey.

Based on these criteria, 29 mnes were investigated. Shallow underground
limestone/dolostone Mnes were found to offer distinct technical advantages
over all other types of underground mnes, for exanple, sandstone, |ead zinc,
iron, and coal. These advantages pri nci CPal ly are related to dryness, structural
stability, potential size, location, and accessibility factors.
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The overal | cost of developing a tacility was found to be affected
prinmarily by the contamnated soil packagi ng contai ner and mine packing
arrangenent. The packaging options eval uated included rectangul ar steel
vaults, steel druns, and woven pro,oyl ene sacks. Supersacks are consi derably
| ess expensive than netal druns (plastic druns were not used in cost estimates),
and netal druns are less expensive than netal vaults. supersacks allow nore
soil to be stored in the sane avail abl e space than the other packagi ng systens.
Threc different spatial arrangenents tor packing tne containers ain mnes were
al so eval uat ed.

FUTURE ORECTIONS  The project w Il expand beyond tne concept ot using existing
mnes to exprore the concept of developing a new mne for storage purposes.

Devel o?nent of a newmne for storage purposes campared tavorably with
rehabilitation of an existing, inactive mne. Per unit ton costs tor dioxin-
contaminated soil wi |l be devel oped and camparea to excavation, containerization,
and interimstorage in poie Darns.

REFERENCES :

"Feasibility of Wilizing Mned Space in Mssouri for Long-term F acenent
of Dioxin-Contaminated Soils." Internal draft report 6§)r epared by PEI
Associates, Inc., tor EPA EPA ontract No. 68-02-3963, Wrk Assignment No.
9, May 9, 1985.

Fortunati, GU "The Seveso Lessons: Advances in Reclanation
,Ibngl O sposal Techniques.” Region Lombardia, Ufficio Speciale, Seveso (Milan),
taly (1985).

PRQIECT |V

TITLE Mbile Incineration
CONTACT: Frank Feestone, HWERL-Cincinnati, Chio

OBJECLivED: NB Ovjevuives LL s Leswarcn aNa eval uation programwere: (1)
to rnprove and facilitate the permtting process; (2) to establish that permt
condi tions of 99.9999%% DRE and delisting guidelines for dioxins and otner

hazar dous waste conponents could consistently and retiably oe net; (3 to

devel op site-specific risk assessnent nethods; (4) t0 document tne econanics
of the process; (5 to develop and put into practice an aggressive and positive
community relations program and (6) to denonstrate to the public tnat aioxin-
containing wastes and aioxin-contaminated SONS couida be sately processed and
thereby open the narketplace to the private sector ror use ot equivalentiy
effect1ve technal ogi es.

BACKGROUND/RATIONALE : As a result of the verification of 44 dioxin-~contaminated
siteswtihrn the Yate of Mssouri, the need arose to initiate a field

eval uation of a thermal destruction process sutticientiy advanced and |aboratory
tested that would, in effect, be capable or acnieving a Dk ot 99.9999% and
hence be able to renediate a significant nunber ot ?ﬁese sites.
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CQURRENT sTATUS: In 1983, trial burns were conducted in Edison, New Jersey on
RCRA-11sted suUrrogates, including dichlorobenzena, trichlorobenzene,
tetrachlorobenzene, Aroclor 1260, and tetrachloromethanc (CCly). After a
solids feed systemwas installed and tested in Decenber 1984, additi onal

| aboratory tests were conducted by the IT Qurporation in Knoxville, Tennessee.
Qurrently, the nobile incinerator is installed at the benney Farmsite near
MDowel I, Mssouri, where "cold" and "hot" tests were conducted using clean
soil and soil contamnated with surrogates simlar to those enployed in the
earlier liquid waste tests (CClgand hexachloroethane). Tests using di oxin-
contaminated | i qui d wastes and soil verified the DRE and the effectiveness of
the control devices. Interimdelisti n? ?ui del i nes were established and anal yses
were conducted on ash, treated soils, filter materials, and process/quench
water to ascertain if the guidelines were attainable.

Results of the four recently conpleted dioxin test burns were conpiled
fromnore than 15000 pages of anal ytical data and reviewed for
qual ity assurance/control by EMSL LV.

~ The dioxin trial burns were successful wth DREs exceedi ng 99.9999%
During these tests 3.84 pounds of 2,3,7,8-TcDD, contained in 1,750 gallons of
l'iquids and over 40 ton§ of soil, werc destroyed. Particulate enmssion permt
limtations (<180 mg/Nm” @ 7%02) were achieved in three of four test runs.
The fourth run exceeded the prescribed imt slightly, possibly due to the
accunul ation of submicron-sized particles in the air pollution control system
The observed QO enission values (1L37.7 ppm) are eguivalent to those fromthe
pest avaidiable incineration technologies and are indicative of very camplete
conbustion (CEs = 99.993 - 99.999%).

Fnally, the treated soil (ash) and process wastewater fromthe trial burn
vere anal yzed for a series of SEecm c constituents considered as likely
contaminants. The results of these anal yses were used to support an application
to "deiist” residues froma planned |arger scale burn of simlar wastes.

FUIURE DRECTIONS (QRD currently is preparing to conduct three experinental
test burns Tater this summer at its Conbustion Research Facility (CRF) near
Pine Bluff, Arkansas. The three wastes to be investigated include occ Hyde
Park NaPL, vertac still bottons (Jacksonville, ARr.}, and Tva, Miscle Shoals,
AL, Herbicide Qange. The three test burns w Il generate inval uabl e conbustion
data that will be useful in obtaining BPA licensing for nobile or transportabl e
I ncineration units.

Addi tional research may be conducted using a variety of conposite sludges
fromwood treating waste [agoons containing creosote, pentachlorophenol, diOXins,
furans, copper and zinc naphthalenates and arsenicals, inorganics, etc.
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REFERENCES :

Yezzi, J.J., Jr., Brugger, J.E, WIlder, 1., Preestone, F., Mller, R.A.,
Pfromrmer, C., Jr. and Lovell, R "Results of the Initial Trial Burn of the
EPA-ORD Mobil e Incineration System"” Proceedings of the 1984 National
Vst e Processi ng Gonf erence, gineering: The Solution, ASME, New York, NY,
pp. 514-534 (1984).

"pioxin Trial Burn Data Package: EPA Mbbile Incineration Systemat the

Janes penney Farm Site, MDowel |, Mssouri.”" Prepared by IT Qorporation for
EPA HWERL-Cincinnati, EPA ontract No. 68-03-3069, June 21, 1985.
PROJECT V

TITLE: UV Photolysis/APEG Chemcal Detoxification
GONTACT; Charl es Rogers, HWERL-A ncinnati, Chio

OBJECTIVES: The ultinate objective of the APEGprogramis to develop reliable
and cost-effective techniques for the destruction and/or detoxification of

toxi ¢ hal ogenated organics, including 2,3,7,8-TCDD, present in contam nated
soils at dumpsites and in roadbeds and horse arenas that have been coated with
dioxin~containing waste oils.  The specific objective is to determne the
degree of effectiveness Of APEG reagents singly and in conjunction wth W
irradiation at anbient conditions in the field.

BACKGROUND/RATIONALE: Chemcal destruction of dioxins within Mssouri soils nay
represent a practrcal nethod for reduci ng w despread contamnation. Laboratory
tests, conducted at EPA BHweRL O ncinnati, have shown the ability of newy

devel oped chemcal agents termed APEGS to destroy 2,3,7,8TAD in sol ution and
within a limted nunber of contamnated Mssouri soils.

QURRENT staTuS: Laboratory proof-of-principle experinents using 1,2 3,4-TOD
show thal ThiS isaver in soil nay be chemcal |y dechlorinated to |evel s bel ow
1 ppb in soil. The dechlorination i s acconplished by addition of APEG reagents
(in sone instances, dime thy lsu 1f oxi de [DMso])to the soil allow ng the reagent
mxture to extract and dechlorinate the 1,2, 3,4 TOD at tenperatures from
70~170°C. Three nethods of application are currently under investigation in
the laboratory: in-situ, heated in-situ, and slurry; the latter involving
reagent recovery and recycle.
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Currently, a technical teamis planning to conduct field experinents at a
specified site in Mssouri. A least two in-situ techniques for applyi n? APEG
reagent to dioxin-contaminated Soil w |l be evaluated. A conparison will be
made of single versus repeated application of APEGin the reduction of TCDD
levels. Afieldtrial involving three treatnent levels, to be carried out on
4' X 4' soi|l plots, w |l be designed according to the Latin Squares
experinental matrix. Treatnent levels will include: (1) APEGon soil, covered
by bl ack pol yethyl ene (to enhance and retain solar heat); (2) Polyethyl ene
glycol in soil, uncovered (to eval uate photochem cal processes); and (3) No
treatnent (toserve as control).

(osts of chemcals (APEQ are estimated $1000/acre/l cmpenetration.
Capital costs for a 160 yd3/day slurry process wth reagent recovery are
estimated at $2.25 mllion, including $0.75 mllion for an onsite GC/MS/MS
trailer unit. dven these prelimnary estinates and the fact that field
eval uation tests nust be conducted, it appears that applicability of this
technique is limted to open, flat areas simlar to dioxin-contam nated horse
arenas, where mninal vegetation exists.

Data fromsoil borings at Tines Beach, Mssouri, denonstrate al nost
conpl ete adsorption of 2,3,7,8-TCbD W thin the upper 23 anm soil thickness and
an interesting chromatographic effect when concentration of 2,378 TAD (143
to 2 ppb range) IS plotted against soil depth. Total organic carbon (TOC)
(117t0 6 ppm range) adsorption paralleled that of TAD except that renoval
occurred in the upper 5 em. Aven this infornation, chemcal detoxification
of contamnated soils will be limted by depth of penetration. In other words,
t he UPPCV 30 am (12 |n.%_sp|l thi ckness is the depth of concern and _
detoxiticationwll be limted to that depth, Any renai ning TAD bel ow this
depth is assuned to be immobile.

FUTURE DIRECTIONS: Phase I--current test program—-will continue through the
TalT of 1985, 11 deened successtul, Phase 1I—a thorough site treatnent and
detoxification—will commence in the summer of 1986 and continue through the

fall of 1986.

REFERENCES 3

Peterson, R.L., Mlicic, E, and Rogers, CJ. "Chemcal
Destruction/Detoxification of Chlorinated Doxins in Contamnated Soils,"
Paper presented at the EPA BWERL 1lth Annual Research Synposi um
Ancinnati, CH April 29-May 1, 19385

Dev, H., Bridges, J.E and Sresty, GC "Decontamnation of
Hazar dous Véste Substances from Spills and Lhcontrolled Wste Stes by
Radi 0 Frequency In-situ Heating." 1984 Hazardous Material Spills Qonference
Proceedi ngs, NashviTTe, m, April 912, 1984.

~ "Tines Beach Soil Qe Ma}yses. " Menorandumof My 25, 1983 fromJ.D
WIlson, Sate of Mssouri Departnent Natural Resources, to G Roush, MD
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U.S. Patent 4,353,793 (DJ. Brunelle, General Hectric @.), 12 CGctober 1982

Peterson, R and Mlicic, E "Chemcal bDestruction/Detoxification Ot
Chlorinated Doxins in Gontamnated Soils." Summary Report prepared tor EPA
HWERL-Cincinnati and USAF Engineering and Services Laboratory, A Qontract No.
68-13-3219, June 26, 1985.

Wite, J.B., Leese, KE and Qayton, A.c. "InterimReport on the
Feasibility of Wsing UV. Photolysis and APEG Reagent for Treatnent of D oxin
ntamnated Soils.” FHnal Report submtted to BPA HwERL~Cincinnati by Research
Triangle Institute, EPA Gontract No. 68-03-3149, June 1985.

PRQIECT VI
TITLE: Assessnent of PCB Transforner/Gapacitor Fires
CONTACT: Brian Westfall, HWERL-Cincinnati, Chio

OBJECTIVES :+ The obj ectives on this project were to assess the chemstry

of Bcss under thernal conditions, evaluate the generation ot PODDs ana plDEs,
and revi ew ener gency resBonse procedures and renedi al neasures applicable to
facilities contamnated by rcuss in rire incigents.

BACKGROUND/RATIONALE : The tinding of PCDFs and potential generation ot rruus
TromPBs under stressed thermal conditions nas naj or inplications tor
mtigating and controlling chlorinated di oxi ns and furans in the environnent.

Fi ndi ngs of such toxic chemcals al so conplicate energency response ana cl eanup
procedures for fires involving PCBs-containing transformers and capacitors.

QURRENT sTAaTUs: A final peer-reviewed report was prepared on schedul e and
Covered threc ngjor areas: (1) the chemstry of P(B tires including
theoretical products ot thernal stress masea on conposition ot the askarel
used; (2) evaluation of energency response procedures used by tiremen,

i ncl udi ng protective ciothing; and (3} eval uation ot renedial neasures tor
facility cleanup.

FUTURE D RECTIONS  FY 85 rescarch plans call tor anal yses ot several PUB
transtorner/capacitor tiuigs involved in fire incidents in order to attenpt to
correl ate pcobDs and PODFs content of soot with chlorobenzene and PCB content
in the askarel fluids. The information gathered, after internal Agency peer
reviews, wll be shared anong the electric utilities, insurers, tiremen

associ ations, the Hectric Power Research Institute (EPRI), NIOSH, and ot her
concerned groups.

REFERENCES 3

"Assessnent of PDs and PAFS from PCB Transforner and Capacitor
Hres." Technical Resources, Inc., EPA Qontract Nb. 68-03-3213,
H¥R.-d ncinnati, 118 pp. (1984).



-32-

MONITORING RESEARCH

The main thrust ot nonitoring research is to produce standardized
anal ytical procedures to detect and neasure chlorinated dibenzo~p-dioxins in
environnental samples, and to establish qual ity assurance procedures to support
their routine use.

Qual ity assurance support enphasized production ot analytical reterence
isamers in mlligramquantities. Wight Sate University produced the 22
tetra isoners of cob. EMBL-LV evaluated their purity, dispensed them into
aliquots and nade themavailable for routine use. EMSL-Lv haS tocused On
production of key reterence isoners tor other dioxin homologues and tor
dibenzofurans Wth (DC  Together they wll devel op a standardized approacn tor
production, purification, and distribution tOr research and routine nonitoring.
(hce these conpounds are produced, the nethod used for 2, 3 7,8 TID anal ysis
will be nodified to denonstrate retiabiticy ot current anal ytical isoners and
procedures to identify and to quantitate dibenzofuran isoners and tor haigher
homologenes of di oxin.

Brier outlines of the projects conducted as part ot monitoring research
roliow.

PROJECL |
TITLE: Methods Devel opnent for 2,3,7,8TAD
CONTACT: Ron Mitchum, EMSL, Las Vegas, Nevada
ORJECTIVES: Produce a standard high and |ow resol ution gas chromatography -
NI gN Tesal uti on nass spectrametry (HR/GC/HRMS) nethod to anal yze 2,3,7, 8-TCLD
at parts per billion and parts per trillion levels in environmental natrices.

Produce qual ity assurance reagents and guidelines to support routine trace
analysis for 2,3 7,8 TN

BACKGROUND/RATIONALE :

COURRENT stAaTus: Wight Sate Uhiversity ﬁr oduced an anlytical methoda tor
EMSI~IV. EMSL~Lv incorporated this, as the Region V|1 nethodol ogy, into a
protocol and is testing the reproductibility andreliability ot this methoa to
detect trace levels of 2,3,7,8-TCDD in environnental nedia.

Wight Sate Lhiversity produced the 2z tetra isoners tor use in tne
qual ity assurance program EMSI-Lv verified their purity and aistributed
aliquots for routine use in the Agency's contract laboratory program Ettorts
are underway al EMSL~LV t0 produce key reterence standards for other dioxin
hamologues Wi th (OC ‘

EVBL- LV proauced an interi mga gui dance nanual in FY'84 which served as
the source docunent for the TROIKA's programplan and Qa program This
docurent will be conpleted in 1985 to serve the Agency's contract |aboratory
progr am
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FUTURE O RECTIONS, EMSL-LV will investigate trace analysis of chlorinated
dibenzo-p—dioxins and other complex organic conpounds in adipose tissue, blood
and human mlk as part of hunman exposure nonitoring research. Production of
A requests and ¢a guidance w il be provided as research support to OSWER.

REFERENCES:

~ Analytical Potocol for Quantification of 2,3,7,8TdD and Total TCDD Present
in soil and Sediment Wsing H gh Resolution Gc/Ms. Prepared b\E/ Brehm Laborat ory
Wight Sate University, Dayton, Chio, P.Q sStephenBillits, -LV.  (Dete?)

"Sane Anal ytical onsiderations for the US EPA Hgh Resol ution Mss
Spectrametric D oxin Analysis Protocol ", Chopterm Chlorinated D oxins and
Dibenzofurans on the total Environnental TTT, 1n press.

Satus Report: Quality Assurance Procedures for Chlorinated O oxin and
Dibenzofuran Anal ysis, J. R Donnelly rLemsco, Las Vegas, nv, PQ J. G Pearson
EMSL-LV, (Date ?

PRQJECT 11
TITLE Methods Development - Round- Robin Survey for Adi pose Tissue Anal ysis
CONTACTS: Mchael Dellarco, BEPA Headquarters, Wshington, D C

OBJECTIVES: (btain prelimnary indication of differences which may exist
anong various approaches used to detect 2,3,7,8-1CbD. This would be

acconpl i shed through a round-robin survey of trace analysis of adi pose tissue
spiked wth key dioxin and furan isamers.

BACKGROUND/RATIONAIE: Determne if there are advantages to using different
frace analytical nethods for trace dioxin analysis and if efforts should be
made to produce a single, validated standard method for trace anal yses of
2,3,7,8Tan

ORRENT staTus: This project was conpleted in Fy'84, Heven of the |eadi n?
rnternational | aboratories capabl e of neasuring parts per trillion levels o
chlorinated dibenzo-p—dioxin in environnental sanples anal yzed adi pose

tissue spiked wth known anounts of dioxins, dibenzofurans, and common chem cal
interferences. Sanples were extracted at a single laboratory (NIEHS) but

anal yzed by each participant using their own procedures. The findings clearly
show that parts per mllion analyses are routinely possible using different
analytical nethods. Instrunent operation criteria, analyst conpetency and
reference standards were shown to be essential to accurately quantitating

resi due |evels.

FUTURE DIRECTIONS: Enphasis will be placed on produci ng anal ytical reference
Standards (for routine trace analysis. Investigations to determne if

biol ogical tissues adipose tissue) contain a "fingerprint" distribution of

di oxin residues are being considered as part of nethods ueveiopment research
for organi c conpounds in biological tissues.
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PROJECT |11
TITLE: Qual ity Assurance Support
CONTACT: Fon Mitchum, EMSL, Las Vegas, Nevada

OBJECTIVES: Produce quality assurance reagents and a gui dance docunent for
Sanplrng and anal yzing 2,3,7,8-TCDD in air, water, soil/sediment, and fish.

BACKGROUND/RATIONALE: To provide quality assurance oversight to the Agency's
"Dioxin Strategy". This role includes providing quality assurance gui dance,
standard reference materials and viabl e methods for anal ysis.

ORRENT sTaTUS: An interimqual ity assurance document was produced in Fy'84.

[T was used Dy the office of Witer to produce specific gui dance for the regions
to collect sanples for the "National Doxin Sudy". This docunent was al so
used by the Troika and the Contract Laboratory Programto devel op anal yti cal
net hods to anal yze sanples in the "National Doxin Sudy". A final docunent
was produced in April, 198 :

EMSL~Lv assayed these reference isamers for purity and distributed them
into anpul es. Reference standards have been sent to EQL, Bay . Louis for
use in the Troika. Additional ly, EMSL~Lv w || use these reference standards
to produce quality assurance sanples for the contract |aboratory program
EMSL~-IV W | | use these sanples to qualify contract |aboratories which wll
replace the Troika in conducting routine 2 3,7,8TAD analysis to support the
Doxin Srategy.

BEMBL-LV has established an interagency agrecment with the Centers for
D sease ntrol to produce key reference isomer standards for the hi gher
hanologues Of di oxin and for dibenzofurans. A standard procedure for purity
assays W || be devel oped and methods val i dation exercises wi |l be conducted to
determne the ability of existing nethods to distinguish anong rel ated isamers
and conmon interreferences frequently encountered in trace environnental
analyses.

EMSL-LV 1S providing the HWERL-Cincinnati with the followng quality
assurance support for the nobile incinerator field denonstration of
incineration of soil and wastes contamnated wth 2,3,7,8TAD in Mssouri .
The |aboratory isalprovi ding reviews of: (1) contractor procedures for
.col lecting and anal yzing conbustion sanples from the incinerator;

(2 contractor quality assurance plan; and (3) sanpling and anal ytical
procedures used in permt application. .

EMSL-Lv is auditing activities at the incinerator and the Iaborator?/ to
ensure that these procedures are being carried out properly. EMSi~LV Wi ||
standardi ze these procedures and produce gui dance docunents whi ch can be used
to support future incineration operations. Furthernore, EMSL~LV w || produce
quality assurance sanpl es which can be used to qualify other contract
l'aboratories to conduct these kinds of analyses.



-35

FUTURE D RECTIONS  EMSL~Ev Wi || produce and distribute quality assurance
reagents ror trace analyses in the Qontract Laboratory Program as part of the
special anal ytical services.

PRQIECT |V
TTLE &Cc/Ms Methods Devel opnent for ¢DD's and CDF's
CONTACT: WIIliamzL, Budde, EMBL, A ncinnati, ounhio

(BIECTIVES, Produce a high resol ution gas chronatography/low or high resol ution
Mass spectrometry Nethod tor total chiorinatea aibenzodioxins (CbbDs) and total
chlorinated dibenzofurans (@Fs) by level of chlorination. Provide options in
the nethod for isawer specitic analyses or penca-, nexa-, nepta-, and
octachlorodibenzodioxins and dibenzofurans, Autonate these nethods to provide
cost-effective anal yses by devel opnent of appropriate software. Devel op
appropriate quality control techniques including tests for dynamc nass
sEectronet er and chromatograpny resoiution unaer tne exact conaitions used tor
t

e anal yses.

CQURRENT STATUS: Work i S being conducted at Battelle-Columbus Laboratories

under contract. Full mass range nass spectra were acquired for 20 (DD and (DF
congeners. A conputer data library was built and veritied tor correctness.
Initial testing of an autonated identification procedure was begun. krrorts
are being made to acquire additional standards througn an exchange with anot her
agency that has an intensive synthesis program underway.

FUTURE DRECTIONS, This programwi || be continued during ry'se with tne goal Ot
evaluaing the automated nethod in a multi-laboratory field test during the
second half of the year. Sanples will be obtained rram rira type wastes

i ncl udi ng wood preservative plant wastes and incinerator residues.

BNV RONMENTAL - EEFFECTS  RESEARCH

Environnental effects research is designed to address the issues ot rate
movement, tOXiCity and ettects ot dioxins in tne envirorment, 1lnis ertort
wll provide critical infornmation in defining food chain contamnation and
hunan hazard associated with dioxin contamnated wastes. The research COnSists
of projects on: (1) Sudy of the adsorption/desorption of 2,3,7,8-TCDD in
soils; (2 Investigation of uptake and picaccumulation ot 2,3,/,8~TChD of fish;
(3) Determnation of the uptake by plants, (4) Evaluation of uptake of 2 3,7,
8-TCDD in | ar ?e aninals; and (5 A study of conparative bicavailability Ot
2,3,7,8-TcDD from New Jersey and Mssouri soils in |laboratory amimais.

~ Inaddition, a study of photodegradation of 2,3,7,8~TCDD On SOi | surf aces
\t/)ulll be initiated during Fy'se. Descriptions of each project are given
el ow

PRQIECT |

TITLE Fate of Ooxins: Potential for 2,378 TaD Transport in Soils Wsing
Both Satic and Dynamic Systens
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CONTACT: Carl Enfield, RSKERL, Ada, Oklahcma

@BIECTIVES  To eval uate the adsorption, desorption and nobility of 23,78
TCDD i n Soil s.

BACKGROUND/RATIONALE: To predict the rate of novenent and transfornation of
2,3,7,8-tetrachlorodibenzo~p~dioxin in soil and ground water in the presence
and absence of codisposed organic solvents. These data are necessary to

assess the potential for human exposure to dioxins and to nake rational
decisions regarding the renoval and disposal of dioxin-contaminated SOils.
These data wll also aid in the devel opnent of technol ogies to desorb dioxin
fromsoils and to detoxify or destroy dioxins in contamnated soils. Saturated
-and unsaturated zone mcrocosns with soils fromcontrol sites near contam nated
dioxin sites will be used to determne rates of noverment and transfornation

of 2,3,7,8-tetrachlorodibenzo~p-dioxin both by dosing the colums with radio—

| abel ed conpound and al so by neasuring the aged dioxin released fromthe
contamnated soils colum, 1f any.

QRRENT staTus: Wrk currently underway is eval uating the kinetic and equilibrium
characteristics of sorption and desorption of 2,3,7,8-TCDD between Soil and

water and cosolvent mxtures of water with toluene and nethanol. S x soils,
ranging in organic matter content fromQ0.9 to 6.3%are being investigated.

For 1iquid phases involving mxtures of water and nethanol, isotherns generally
exhibit linear behavior for soils with organic natter greater than 1%, while
isotherns for soils wth lower organic matter content were nonlinear. For

i sotherns involving tol uene and methanol, sorption coefficients were generally
low (tenor less).

Sorption of 2,3,7,8TAD to soils from water/methanol, nethanol and tol uene
l'iqui d phases has been investigated by batch isothermtesting. Soils used in
these experinents ranged in fraction organic content from 0.0062 to 0.0765.
Equilibration tines of 1, 3, 10, 30, and 90 days were enpl oyed, wi th consecutive
desorption points determned fromsoils previously equilibrated for 1 and 90
days in sorption. Maxi numobserved partition coefficient xp's for water/
met hanol varied fram 160 to 1490 mi/g. These Kp's appear to increase
significantly with tine in a nanner which was roughly related to f5c; the
low—foo SOl showed little increase in kp W th time, while sorption increased
by about a factor of five for the high-foo sOil. Intermediate~foo SOIlS
(foc ranging from0.0097 to 0.0344) exhibited a sorption naxi numat about 10
days, wth an apparent |ower capacity at |longer equilibration tines (90 days).
Sluffing of organic naterials fromthe soils, swelling of clays, and/or
diffusion limtations may expl ain these observations.

Smlar behavior is apparent for tol uene and nethanol as |iquid phases.
However, because K values in these liquids are so low (on the order of one or
less) these could not be evaluated thoroughly. These results have inportant
inplications on nodeling TCDD transport in soils in the presence of cosolvents,
since the typical assunptions of rapid equilibriumand |'inear sorption isotherns
nmay not be vali d.

FUTURE DIRECTIONS: Degradation of 2 3,7,8TAD and other isamers in soils
‘medi at ed by phot odegradation and biotic nmeans wll be investigated.
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PROJECT ||
TITLE: Sorption/Desorptionof 2,3,7,8TADIin Mntamnated Soils
CONTACT: M chael Roulier, HWERL~Cincinnati, Chio

BACKGROUND/RATIONALE: The environnental persistence and toxicity of 2 37,8 TOD
Treaied an acul€ awareness Ot the need to clean up identitied dioxin sites.

Many investigators have docunented the extrene immobility of TCDD in soils;
however, there have been N0 reportea i nvestigations aealing with the potential
mobi lity of TAD in native contamnated soils. Soil sanpl es cortected tor

this investigation were taken froman abandgoneda 2,4,5=1 manuracturing facility
and a scrap netal yard in NewJersey, and fromhorse arenas, roadways, and
residential property in Mssouri. These sanples were historically contam nated
with either chemcal residues or waste oils contai ning TaD

OBJECTIVES: Partition coefficients (k) tor 2,3,7,8-TCDD in soils and correiative
soi | physicochemical paraneters were determned. @nsistency of a Koc val ue
derived from soils was used to obtain a predicted val ue.

CURRENT STATUS: The K,, ranged frau 0.3 - 1.3x107 ni/g with a nean of 1.8x10°
ml/g. Thesc val ues seéem realistic campared t0 previ ous work su%gestl ng that
the x, would be in the range of 1 - 10x10" mi/g. Mean |og or the

two bdtch nethods and the intact cores were 7,39, /.58, and 7.55; these val ues
were within one standard deviation of a value of 6.95 predicted with data frcm
previous studies.

TAD was found to be nore soluble in soils containing nigner anounts ot
hal ogenat ed, semi-~volatile conpounds. G ganic contamnants in wastes other
than TD may be nore signiticant than so1l progerti es in controlling
solubility and novenent of T@D in soil, once the adsorptive capacity ot tne
natural organic conponents (i.e., humic acids) has been exhaust ed. e sol ute
transport nodel used and the data collected during the study led to the
determnation that 2 3,7,8TAD woul d be essentiaily immopile 1n water
percol ating through the soils studied. Qher transport nechani sng, such as
w nd and water erosion, are likely to be tar nore signiticant.

FUTURE D RECTIONS. A proposal for additional cooperative research has been nade
to the US AT Forcee d particular interest are |locations where |arge anounts
of solvents or lowsolubility organi ¢ campounds such as chl orinated benzenes.
and higher nol ecul ar wei ght materials were added to son in tne waste containi ng
TODor at same later tine. The tendency to enploy clean, native soils spike
wth TAD should be avoi ded. :
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PROJECT 111
TITLE: Ut ake, Bicaccumulation and Depuration of D oxins by F sh
CONTACT: Philip Qook, ERL-Duluth, Mnnesota

@BJECTI VES  To eval uate the uptake and bicaccumulation of 2,3,7,8TAD by fish
frammunici pal incinerator fly ash sanples, contamnated sedinents, and water.

BACKGROUND/RATIONALE: There is a need to determne the potential for uptake of
dioxins by plants, t1ish and large aninals. The uptake data will be used in
defining the potential biomagnification of dioxins in tood chain systens.
Recent findings of the existence of dioxins at trace levels in various
compartments Of the environmental nedia pose a great concern over hunan
exposure. It is critical to know the bioavailability of dioxins to ecosystem
species conprising the food chain system Infornation on the biomagnification
of dioxins in food webs will be used in estinating hunman and ecosystemri sk
due to dioxins. The rate of uptake of 23,7,8TAD by fish will be determned
by analysis of organismtissues after controlled exposure to contam nated
water or sedinents. The biomagnification and bi oaccumul ation factors for
2,3,7,8TAD and other TAD and TCOF isamers W Il be cal cul at ed.
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CURRENT STATUS: \Wrk on the sel ective accumul ation in fish of 2 3,7 8 TaD

tram tWo nuni Ci pal fly ash sanpl es has been compietea ana a nanuscript nas

been publ i shed in "Chemosphere™. This work is how bei ng extended to study ot her
dioxin and dibenzofuran iscmers. '

A 60 day flow-~through exposure of fathead mnnows and carp to i,2,3,4=TCDD
has just been conpl eted. Exposures of fish to a mxture of 1,234, 1,3,6,8
and 1,3,7,9-TCDD are in progress. Exposure of fathead mnnows and carp to
2,3,7,8TAD and w Il begin in August 1985 Rainbow trout are being exposed
to 2,3,7,86TdD and 2,3,7,8-TCDF at Battelle-Columbus Laboratories through
fundi ng provided by ERI~Duluth to the u, S Fsh and Widlife Service Col unbi a,
Mssouri laboratory. True bioconcentration ractors are expected to exceed
30,0uu tor rish,

The Petenvel | Reservoir on the Wsconsin Rver is being used as a field
Site to study dioxin bioavailability fromsedinents. Carp in the reservoir
contain approxinately 70 ppt of 23,7, 8TdD and the sedinents in the range ot
30-to—-200 p[:;t. Young carp were exposed to sedinent fromPetenwel | containing
40 ppt 2,3,7,8TAD in a 55 day flowthrough exposure. Fkish were sanpl ed
periodical |y throughout the exposure and the renaini n?. fishw || be anal yzed
(%ur3 [ gg&a_rggaday depuration phase. Atter 55 days the tish contained 8 ppt

FUTURE O RECTIONS  Biocaccurmulation studies will be extended to determne
the biocaccumulation factors of TCDD and TCHF from contam nated sedi nents.

REFERENCE;

_kuehl, Douglas w., Gook, Philip M., Batterman, Lothenbach, Louglas,
"Bioavailability of 2,3 7,8 TdD HomMinicipal Incinerator Hy Ash to
Freshwater Hsh." Chemosphere 14, 427-437 (1985).

PRQJECT |V
TITLE UWtake of Dioxins by Hants
CONTACTS: Harold Ki bby, ERL-Corvallis, Qegon
OBJECTIVES: Eval uate the uptake of dioxins by plants

Identify plant species capabl e of uptake of dioxins and can be used in
decontamnating waste sites.

. Investigate howplants function in relationship to the novenent or aioxins
in the natural and agricul tural environnents.

BACKGROUND/RATIONALE: The plant uptake data are critical in defining the potential
bicmagnification of dioxins in food chain systens. Recent findings of the

exi stence of dioxins at trace levels in various conpartnents ot the environnental
medi a pose a great concern over human exposure. It is critical to know the

bi oaval | abi lity of dioxins to ecosystem species conprising toog chain System
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_ Information on the biomagnification of dioxins in food webs wll be used
inestimating human and ecosystemrisk due to dioxins. PFant uptake data wll
also be used In devel oping plants as a probe for detoxifying dioxin-

contaminated Soi | s. e rate of uptake of 2,3,7,8TAD by plant will be
determned by tissue or organismanalysis after controlled exposure of
contamnated water or soil. The biamagnification factors for 2 3,7,8TdD

wll be calculated. This work is at its initial stages.

OURRENT sTaTus: A literature viewon plant uptake and netabol i smof di oxins

has been campleted. The draft report is available for internal use. Through
a cooperative agreenent with Gegon Sate Lhiversity, work has begun to develop
a nodel for plant uptake of dioxins. The nodel will be based on critical

pat hways rel ated to chem cal noverent via xylem. This nodel will be extended
to test selected dioxins.

FUTURE DIRECTIONS: Camparative plant uptake and kinetics of several chlorinated
dioxin isamers W 1| be eval uat ed,

PROJECT' V
TITLE: Wtake of Doxins by Large Aninals.
CONTACT: Harol d Ki bby, ERL-Corvallis, Oregon

OBJECTIVES: To evaluate the uptake of 2,3,7,8TAD frcmcontamnated soils by
dai Ty COvs.

To eval uate the food chain contamnation to human via ani nal products.

BACKGROUND/RATIONALE: The ani mal uptake data are critical in defining the
potential bicmagnification of dioxins in food chain systens.

I nformation on the bi cnagnification of dioxins in food webs will be
used in estinating human and ecosystemrisk due to dioxins. The rate of uptake
of 2,3,7,8-1coh by large aninals will be determned by tissue or organi sm
analysis after controlled exposure to contamnated soil. The uptake of
2,3,7,8-Tcob w | | be cal cul at ed.

QURRENT sTATUS: The investigation is being carried out through two cooperative
agreenents. The Lhiversity of California at Davis is determning if sheep or
goats nmay be used as surrogates for dairy cows. Examnation of the netabolic
activity of isolated |iver hepatocytes and runen mcroorgani sns on 2,3 7,8 TdD
Is being used as a probe. Early effort on this project were directed towards
nmaki ng necessary |aboratory setups to handle dioxins. work on establishing
cytotoxicity of TCDD to isolated hepatocytes frcmthree species. The proj ect
was added to ongoi ng studies.




-M-

The Second cooperative agreement Wi th Texas A & MUniversity will be
directed toward determni ng the actual uptake, netabolism distribution, and
elimination of TChD via mlk and wastes in dairy cow The results wll be
conpared w th exi sting data.

FUNLRE DRECTIONS After conpletion of this study, an evaluation wll be nade
for Tuture work on uptake of other isomers by large aninals.

PROJECT M

TITLE: Bioavailability of 2,3,7,8-TcDD fromQontamnated Soils in Laboratory
Animals,

CONTACT: R zwanul Hague, EPA Headquarters, \Mshington, D C

OBJECTIVES: To conpare the bicavailability of 2,3,7,8-TCDD in | aboratory
aninal S fram contamnated soils fromwastes sites in Mssouri

and New Jersey. Evaluate the bicavailability data in terns

of hunan heal th si gni fi cance.

BACKGROUND/RATIONALE: The occurance of dioxins and other chenical s in hazardous
Wasté sites has been demonstrated by many studies. Acritical eval uation of
the human heal th hazard associated w th such contamnation is inportant.

Recent studi es of McConnell and co-workers have shown that 2,3,7,8 TaD
was readily bioavailable to [aboratory ani nal s when such ani nal s were exposed
to Tines Beach, Mssouri contamnated soils. Aprelim'marY i nvestigation wth
New Jersey contamnated soil showed negligible bioavailability to |aboratory
aninal s. These two findings suggest that a conprehensive investigation of the
factors affecting bioavailability is required to fully eval uate the heal th
risks associated wth contamnated wastes.

OURRENT STATUS: The acute toxicity to guinea pigs of TCDD-~contaminated SOilS
fromNewark, New Jersey, and Tines Beach, Mssouri have been neasured. QGuinea
pi gs were dosed by gavage with single doses of 1,3, and 10 ug TQD equi val ent/Kkg
aninmal (wth appropriate controls) and observed for sixty days. After the

first death due to TaID was observed, two aninals fromevery group were Kill ed,
autopsied, and tissue sanples taken for analysis. Quinea pigs were observed
{jor_ toxic signs and tinme of death, and survivors were sacrificed 60 days after
osi ng. .

Gowh curves of all surviving aninmals were camparable except for Tines
Beach soil at 3 ug/kg TAD equivalent, which had reduced growth for about one
half of the survivors. A 10 ug/kg TAD equi val ent Tines Beach soil, the few
surviving guinea pigs grew at rates conparable to clean soil treated animals.
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Cause of death was determned by autopsy, and i ncl uded TCDD syndrare, bacteri al
pnuemonia, TCD syndrone wth slightly affected pnuemonial lungs, and assorted

other causes not related to TAD that generally affected one ani nal per group.

In a tew cases, cause of death could not be unequivocal |y determned. Randonty
sel ected animals were sacrificed at seven days, and all surviving aninals were
sacrificed sixty days after dosing for tissue analysis.

These results show that the guinea Ipi gs were highly susceptible to TaD
added to soil and to the Tines Beach soil at 10 ug TD equi val ent/ kg body
weight. The estinated Lbgp wasapproxinately 8 ug/kg, Newark soil at simlar
TAD equi val ent concentration was not nearly as toxic.

These results al so show that in |aboratory aninals the Times Beach soil
I's considerably nore toxic than the Newark soil, to laboratory aninals and the
bi oavai | abi | ity of TQD fromthe Tines Beach soil is nuch greater. These
results confirmthe the early conclusions reached by McConnell et al, (1984).

FUTURE DRECTIONS Bioavail ability studies will be continued wi th enphasis
on a petter understanding of the role of soil parameters as well as nechanistic
factors.

REFERENCES,
MCGnnell, E E, Lucier, G W., Rumbaugh, R C, Albro, P. W., Harvan, D J.

Hass, J. R, Harris, M W "pioxinin Soil; Boavilability Ater Ingestion by
Rats and Quinea Pigs." Science Vol. 223, p. 1077 (March 1984).

Umbreit, T. H, Patel, D., and Gallo, M A Acute Toxicity of TAD
ntamnated Soil £rom An Industrial Ste.  Chemosphere, in press.
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HEALTH ASSESSVENT RESEARCH

The objectives of the heal th assessnent researcn programare to gevelop
exposure and risk assessnment nethodol ogi es for dioxins and relatea campounds,
to provi de docunents for Agency use in evaluating risks associ ated with dioxin
exposure, and to contribute to the nccessary data base for better eval uating
human heal th and the risks associ ated with exposure to dioxins. ‘ne connon
thene of the heal th assessnent programis to provide the neans to better assess
the risks associated wth human exposure to di oxins.

The naj or projects included the development Of a docunent describing the
hazard assessnent nethods used by kpa, cwcand FDA in assessing risks tor
di oxin, the devel opnent of hunan exposure assessnent nethods for aioxin-
contaminated soils, and an analysis of the pharmacokinetics ot 7TCLD in
monkeys. |n Fy's4, a collaboration study was al so undertaken with NIOSH to
establish a dioxin registry for potentially exposed u. s. production workers.

Interest in developing alternative rapid analytical procedures tor
2,3,7,8-TcoD anal ysis, led to research to produce a nonoclonal antibody to
2,3,7,8~1CDD that woul d have possible application in screening tests. mice
were i mmni zed with 2,3,7,8-TChD and hybridomas produced. «lones nave been
recovered and are bei n? characterized. |f characterization is satisfactory ana
the antibody is of sufficiently hightiter, efforts will be initiatedto determne
i f nonocl onal anti bodi es can be used in exposure assays.

Short-termin vitro bioassays and chemcal anal ytical techniques tor
especi al |y synthesi Zéd hi gher chlorinated ¢bFs and CDs are bei ng devel oped tor
conparison to in vivo aninal assays. These in vitro assays wll be eval uated
wth regard to therr useful ness in providi ng complementary infornation or in
serving as surrogates for in vivo toxicity assays, including antagonistic or
synergistic interactive effects.” Descriptions of health assessnent projects
follow:

PROJECT |
TITLE R sk Assessnent Approach for 2,3,7,8-TCDD.
CONTACT: Charles R's, EPA Headquarters, Wshington, u. C

(BIECTI VE, The objective of this project was to assenbl e and di scuss in one
docunent the risk assessnent nethods for 2,3,7,8TAD used by BPA and to
contrast and compare EPA's nethods to the approaches whi ch have been adopt ed
by (OC and FDA A second docunment will inventory and compare net hods used by
other nations and states. .

BACKGROUND/RATIONALE: The risk assessnent nethods used by three principai
Federal agencies are known to vary enough that estimates of risk differ by tw
or three orders of nagnitude. The variables responsible include preferences
in procedures used to extrapol ate fram high to low doses in the analysis ot
aninal data, the use of body weight or body surtace area in the extrapolation
of aninal data to hunans, and assunptions such as the nunber of grans of tish
eaten and anount of soil ingested by children.
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Qiginally it was hoped that a consensus could be reached w th (OC and
FDA on net hods, procedures, preferences, and assumptions that woul d be used to
assess the risks for 2,3,7,86TaD Utinately it was decided that obtaini ng a
consensus was not possible because of the differing regul atory nandates, an
enphases of the three agencies.

QURRENT gtaTUus: The initial 23,7 8TAD docunent has been conpleted and is
avai[able as an EPA report through the National Technical Infornation Service
(NTIS), This docunent was conpiled by three GHEA staff fromexistin
docurentation fromEPA (DG and FDA' The suppl enentary invent or?/ of ot her
assessnents is being initiated during the sumrer of 1985 and should be

conpl eted in Qctober/ Novenber 1985.

FUTURE DIRECTIONS: It is projected that work beyond ¥y'ss will shift to updating
the Tnformatton contained in the various recently completed heal th assessnent
docunents, particularly with regard to the designation of new scientific
information (such as in the areas of bioavailability, pharmacokinetics,
immunotoxicity, devel opnental disorders, body burden, and epi demol ogy) which
may be useful in reducing the degree of uncertainty in risk assessnents for
dioxins. In addition, a conference is planned which wll convene scientists
invol ved inwork relating to dioxin body burden, particularly with regard to
concern over recent report on dioxin residues in human adipose tissue and in
nursing nother's mil k.

REFERENCES: US HPA 1985, "Health R sk Assessment Approach for
2,3,7,8~Tetrachlorodibenzo-p-dioxin.” Qonpi | ed by
Mukerjee, D., Rs, C H and Schaum, J. EPA-600/8-85-013.

PRQIECT 11

TITLE Exposure Assessnent Methods for 2,3,7,8-TCDD

CONTACT: John Schaum EPA Headquarters, Wshington, D C

BIECTIVE The objective of this project, based on the original charge, was to
develop rel evant, likely scenarios through whi ch humans coul d be exposed to
2,3,7,8-TcpD spilled on or contamnating soil and to develop nonographs for
approxi nating upper bound car ci nogenlc risk for persons exposed via the
scenari 0s whi ch were devel oped. more recent objective has been to extend
exposure assessnent nethods to include chemcal specific-factors for di oxins
other than 2 37,8 TdD

BACKGROUND/RATTONALE: Under EPA's Doxin Srategy, CRDwas charged with the
responsibiTTty of establishing exposure scenarios to bo used in estinating
di oxi n exposure under conditions likely to be encountered by nan in the
environment; in addition, nonographs were to be devel oped for converting
fromdioxin contamnation levels in the environnent to upper risk limts for
the exposure scenarios that were established.
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CURRENT STATUS: Met hods and documents were prepared nostly through in-house
efforts in ry'a4, and will be prepared mostly through contractor efforts in
Fy'85 and beyond. Several reports have been devel oped and are available. In the
first, five pathways were chosen for analysis in devel opi ng exposure scenarios
and nonographs. These were: dust inhalation, fish ingestion, dernal absorption,
soi |l ingestion, and beef and dairy product ingestion. The first report

nomograph descri bes nethods to use mninal data and the namographs devel oped

Lor ghe_fii(ve princi pal pathways to provide a qui ck approxi nati on of upper

ound ri sk.

A second report describes a nore sophisticated approach in estinating
ri sk; these nethods require nore input data and allow for the use of tenporal
variation for some paraneters and for the use of ranges of val ues, thus
providing a nore realistic estinate of risk. A third report provides gui dance
of conversion factors required in the use of nomographs to estinate risk.
This work is being extended in Fy'85 to provide nethods for including chemcal -
specific factors ?such as absorption, bioconcentration, plant uptake, and
degradati on properties) for other dioxin and dibenzofuran
corngeners.,

FUTURE D RECTI QNS Di oxi n exposure assessnent work beyond Fy's5 will center on
refrning nethods to include new scientific advances and to fill data gaps

whi ch have been identified in the scientific data base. These nay include
factors such as atnospheric photolysis rates, estimation or determination of
ot her needed physical -chemcal properties, estination of dernal absorption
through determnation of anounts of soil which accunul ate on skin, etc.

REFERENCES &

Schaum, J. 1984  InterimReport on Risk Anal yses of Tcpp Gontamnated Soil.
Exposur e Assessment G oup, Interi mReport (3/5/84).

Schaum J. 1984. "R sk Analysis of TADD Gontamnated Soil," EPA~600/8-84-031.
Exposure Assessment Goup, NNS No. pB 85 146704/as (Novenber .

US EPA  "Ooxin Transport from Gontamnated Stes to Exposure
Locations: A Methodol ogy for Cal culating Gonversion Factors.”  Prepared by
Dawson, G.W., Meuser, J.M., Lilga, MC EPA/600-8-85-012. NI1S No. PB 85 214310

PROJECT ||
TITLE Pharmacokinetics of 2,3,7,8-TCDD i n Mbnkeys
CONTACT: Peter voytek, EPA Headquarters, Vdshington, D C

OBJECTIVES: To investigate the distribution and rate of transport of 2,3,7,8-TCDD
I'n Resus nonkeys; to eval uate the effect of 2,3,7,8-TCDD diet on birth wei ght
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and ot her breeding characteristics in Rhesus monkeys; to determne the effect
of TCDD on |ynphocyte cells.

BACKGROUND/RATIONALE: Not enough is known about the behavior and fate of 2,3,7,8-
TCDD once It has entered the body. To help renedy this gap in our understanding,
and thus, to facilitate a nore accurate estinate ot risk to man, data 1s being

col lected and anal yzed from Rhesus nonkeys whi ch had been fed 2,3,7,8-TCDD at

the Whiversity ot WWsconsin.

ORRENT staTus: This project is being funded under a grant to the Uhiversity
of Wsconsin.  The latest 6-nonth progress report on this project outlines the
status of the work in four general areas:

e DOstribution of TAD in Various Tissues: Results show that bone narrow
and axi al |ynph nodes have higher |evels of TAD than other tissues. The
tissues of an aninmal that gave birth, and nursed and weaned an i nfant
during the latter stages of exposure, did not nave cetectable |evels ot
TAD in her tissues. Tissues froma stillborn from a nother exposea to
TAD are being analyzed for the compound to determne tissue distribution
inthe offspring as compared to naternal |evels.

° Kinetic Sudies: Qurrently seven adi pose tissue sanpl es nave been optainea
at 3-month intervals on threc animals since the diet of TD has been
termnated. The half-life determnation wiiL be conpl eted using these
dat a. '

o Breeding Sudies of Mimals 1 1/2 Years off Dets of 5and-25 ppt TAD
There appears to be no effects of TACD on nunbers of live birth, birth
wei ghts and weani ng weights, as comparea t0 tnose amimals that gave birth
while on the diet. Astudy is in progress to determine TAD | evels 1in tat
innothers on the day of birth, their offspring at weani ng, the mothers at
weani ng, and the anount of TAID in the mothers' ml k.

° Lynphocyte Studies: Thirty-five human nonocl onal anti bodi es have been
examned and six have been shown to have cross reactivity wth Rhesus
nonkeys. Four aninal s exposed to 25 ppt TAD have been exanmned wth

resPect to | ynphocyte stinulation by three mitogens. The results are too

prelimnary to draw any conclusions. An assay for detecting gene mutations
in lynphocytes of aninals exposed is in progress.

FUNRE DRECTTONS Heal th Assessnent work beyo'nd FY'85 is projected to inciude

an eval uatton of behavioral teratol and immunotoxicity In of fspring ot
Fhesus nonkeys fed TCDD and the devel opnent ot wcww antibodies in the bl ood
of Rnesus nonkeys. In addition, cytosol receptor binding and AHH induction
bi oassays w || be refined for the detection of dioxin congeners with nign
bicactivity.
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PROJECT |V
TITLE Doxin Registry
CONTACT: Jack Qiffith, HERL/RTP.

OBJECTIVES: The registry data are being used to conduct a retrospective cohort
nortality study.

BACKGROUND/RATIONALE: Lack of sufficient exposure infornmation often is the reason
That a causal relationship cannot be drawn between an agent and a human effect.
This project will attenpt to provide that exposure infornation for a popul ation
potentially heavily exposed.

CURRENT STATUS: Partial funding for a study bei ng conduct ed by NIOSH. Funding
for this study is distinct fromthat provi ded under the National D oxin
Sudy. As of Septenber 30, 1984, thirteen sites have been included in the
registry. About 6,000 workers have been identified, and standard nethods of
followup are being used to determne their vital status. Denographic data
have been coded for all workers, and the coding of detailed work histories is
in process. Dscussions of the chemcal process and job duties have been
conpl eted at nine sites and have been initiated for the renaining sites.
Companies have been contacted to request all data containing anal ytic
neasurenents of dioxin in products, wastes, and process streams., This
information will be utilized in the construction of the exposure nmatrix for
the study.

Besides an (fice of Health Research contribution to begin the registry
FY'84, Superfund resources are being provided to the register for a three-year
period that began in Fy's4.

FUNRE D RECTTONS ontinuation of the pro#'ect is expected wth additional
subpopulations 0 be used by the Centers Tor Osease Qontrol to carry out
additional "dioxin" epidemology projects.

PROIECT V

TITLE: Mbnoclonal Anti body.

CONTACT: M chael Dellarco, EPA Headquarters, 'Wishi ngton, D C

OBJECTIVES: Produce a nonoclonal antibody to 2 3,7,8TdD

BACKGROUND/RATIONALE: Mdnocl ohal antibody to 2,3,7,8TAD nay be a useful tool in

subsequent toxicology studies in laboratory aninals and nay be applied to
eval uations of hunan exposure.

CURRENT STATUS: An interagency agreenent has been established wth Gk R dge
TatTonal Laboratory to produce a nonoclonal antibody. Both Burroughs welcome,
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Inc., and Texas A & MUhiversity are providing the chenical synthesis support.
Dr. Phil Albro, NIEHS, Serves as a senior science advisor to the project.

Texas A & Mproduced immunogens which Cak R dge used to evoke antibody
production in laboratory mce. Antibodies were produced in these nce,
hybridomas were nade and 30 clones were recovered and stored in the freczer
for characterization.

S x candidates were chosen for initial characterization by Gak R dge.
Both Texas A & Mand Burroughs V¢l cone attenpted to produce the necessary
reagents to characterize the resulting clones. Radiolabelled naterial recently
has been sent to Gak R dge by Texas A& M (haracterization studi es are bei ng
conducted in Fy's5 at Gak R dge to determine the specificity and avidity of
candi date cl ones.

FUTURE DIRECTIONS: EMSL~Cincinnati has contracted with the Lawence Livermore
Laboratory to produce a nonocl onal antibody assay to detect 2,3,7,8~TCDD in
soil matrices in the Innovative Technol ogi es Research program V¢ have agreed
to coordinate wth Lawence Livermore by sharing immunogens and other reagents.
Law ence Livermore, which uses a different strain of mce for produci ng

hybri donas and an enzyne identification assay instead of a radiolabelled assay
(which Gak R dge is developing), W Il share their reagents with Gk R dge.

This wi |l conserve resources and may hel p to resol ve techni cal probl ens whi ch
nmay arise because two independent |aboratories will be available to research
problems.,

PRAQIECT M
TITLE: Short-TermB oassays for Polychlorinated Dibenzo-p-Dioxins (PCDDs)
CONTACT: R chard Phillips, HERL/RTP, North Carolina
BIECTIVES, Synthesize all higher chlorinated pChis and several PODs, test
themindividual |y and together in mxtures in receptor-mediated in vitro

bi oassays, and conpare in in vitro bioassay results for quantitaftve utility
wth parallel in vivo assessnents.

BACKGROUND/RATIONALE: POIDs and PODFs are highly toxic chemcal s which are
found as Dy-products in several industrial chemcal preparations and are
forned as by-products in nunerous conbustion processes. PIDs and PADFs have
been detected in diverse environnental sanples including water, fish, widlife
and hunans. In addition, there have been nunerous human exposures to these
chemcal s; such as exposures during the Seveso, Italy, and Tines Beach,
Mssouri, contamnation incidents, Yusho poisoni n?_ in Japan and Taiwan (PCBs +
PCDFs), and exposure to PCDFs as a result of pcB fires in places |ike
Binghamton, New York. :
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Although the 2,3,7,8-substituted PCDbs and POOFs are the most toxi C members
of both groups, there are several congeners within each series that are also
highly toxic. Mreover, nany exposures to these con‘nounds usual Iy invol ve
mxtures and not si n?I e campounas. However, due to lack of anal ytical standards
and toxicological infornation on individual PO/ and PAOBs and their mxtures,
rational environnental and hunan health impact assessnents to these toxic
chemcal s have not been possible. This project proposes an integrated chemical-
toxicologic approach which is planned to provi de neasures for rapid assessnent
of potential hunan risks and develop data which wll provide a sound scientific
under pi nning for risk nanagenent deci si ons.

CQURRENT stAaTUS: Al of the higher chlorinated POOFs and several PODs will be

synihesi zed and their chemcal and anal ytical properties thoroughly investigated,
iswll pernmt the isamer-specific anal ysis of PCDF mxtures, using a

conbi nati on of anal ytical nethodologies. It alsowll conplenent the currently

avai | abl e pcDbp anal yti cal net hodol ogi es.

Three receptor-mediated in vitro biocassays, including dioxin receptor
bi ndi ng, AHH/EROD enzgne indictionTn rat hepatoma H-4-II-E cells and xB cell
keratinization, wll be used to determine and conpare the quantitative effects
of diverse POD and POOF campounds, PAD and PCDF reconstituted m xtures and
envi ronnental extracts of PCCD and PDFs in these assays, The utility of these
in vitro bioassays as predictors of toxici t?/ wll be quantitatively assessed
W{ conparing the EDinvitro bl_oassE‘Iag data for individal PIDand PR and
their mxtures with Theirin vivo 30-50 val ues for aMi/EROD i nducti on,
immunotoxicity, body wei ghi Ioss, and thymic atrophy in irmature nal e Wstar
rats. Finally, a series of experinents W th reconstituted mixtures of PIDs
and PFs wi || probe for possible synergistic, additive or antagonistic
interactive effects. S nce two recent papers report conflicting interactive
(tafhf ects (synergistic and antagonistic), it is critically inportant to resol ve

I's issue.

FUTURE DIRECTIONS: Research will continue in Hscal Year 1986.

REFERENCES :
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CHAPTER M |
FUTURE DIRECTIONS

The EPADoxin Srategy wi |l be modified as Agency needs change and as
the state-of-the—art in technol ogy devel opnent noves forward. The devel opnent
and eval uation of control technol ogies for destruction of dioxins wll continue
to be a very high priority, Health research will be expanded to devel op
i nproved techni ques for estinating human heal th hazard, hunan exposure and
assessing risks associated with dioxin-contaminated wastes. Mnitoring, quality
assurance and bioavailability research will also continue to be a high priority.

Qeater enphasis wll be given to coordinating the EPA research with
other Federal agencies including COC pob, NIEHS, and continued focus will be
on infornation exchange at the international |evel through the nevd?/
establ i shed exchange programunder NATO/CCMS, Research findings will be
extended to include other dioxin isomers of chlorinated dibenzodioxins
and benzofurans. |f warranted, bromo dioxins will a so be tested and
appropriate experiments will be perforned. The Agency will al so consider sone
projects that 1nclude work on structure-activity relationships for dioxin
toxicity prediction as suggested by the Environnmental Defense Fund and National
WIldlife Federation Petition. Specific research areas are described bel ow

TECHNOLGGY ASSESSMENT

The Agency wi |l continue to eval uate and inprove various technol ogies for
cleaning up dioxin waste sites. Work on I\r}fvﬁl’OVI ng and field testi n? of the
mobi I e Incinerator systemwi |l continue. Wite rot fungus will be field
tested in a snall nunber of plots including at one of the contamnated horse
arenas in Mssouri: Vrk on in situ stabilization technique wll al so continue
for the purpose of evaluating thé Teaching potential of dioxins.

The concept of using abandoned mnes for dioxin-contaminated waste
storage wi Il be further tested including the feasibility of devel oping new
mnes for this purpose.

A conprehensive study will be conducted to understand the conbustion
process involved in the function of dioxins. This may include the follown
projects: (1) Determning the effects of feed precursors and gross el enenta
camposition on fornation of dioxins in conbustion, (2) Studying the
partitioning of (D5 and (DFS between the vapor and condensed phases; (3
Characterizing fly ash and bicavailablity; and (4) Devel opi ng advanced
cambustion process nonitoring techniques.
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Modification of the APEG process, including in situ RF heating and on-site
slurrying, W l| be eval uated w th special enphasis on dioxin destruction, by
product eval uation, and cost.

MIN TCR NG

Resear ch on human exposure monitoring i ncl udi ng adi pose tissue, blood and
human mlk analysis wll continue. Standards for routine trace analysis wl|
be produced and the priority of adipose tissue analysis wll be considered.
Research on the production of quality assurance reagents for trace anal ysis
wi Il also be produced for distribution. Screening nethods to chemcally
characterize a group of compounds wi |l be devel oped and val i dated from
bi cassays for screening.

ENVIRONMENTAL EFFECTS

In the area of environmental effects, continued enphasis wll be placed on
eval uating the bioavailability of dioxins in |aboratory aninals. Udtake of
dioxins by plants and large aninals will al so be evaluated, The fate of
toxicity of dioxins including transport, novenent, |eaching and degradation
(bi odegradation and phot odegradation) wll a so be investigated. fects of
natural |y occurring surfactants on dioxin water solubility and transport in
surface and ground water will be determned, and internedia naterial and
transport nodel will be devel oped.

HEALTH ASSESSMENT

Heal th eftects research will be accel erated. Low-cost, short-term bi oassays
neasuring health effects of mxtures containing cbbs and CDFs W | be devel oped.
Tissue assay data wi |l be eval uated for defining indications of exposure and
correlating exposure to sources and control of these toxic agents. Mechani sns
of toxicity will be studied as well as s and (OFs, including structure/activity
correlations. This wll Pr ovide a reliable conputational procedure, based on
nol ecul ar reactivities, tor assessing the toxicity of various substituted
dibenzo-p— di oxi ns_and dibenzofurans. ntinued effort will be directed towards
inproving health risk assessment docunents. Exposure nodels will be devel oped.
Heal th assessnent research using prinates (Rhesus nonkeys and narnosets) will
cont ifrgue w th enphasis on general and behavioral teratology and immunctoxicity
i n of fspring.



	0001-Cover Page.pdf
	05512.pdf
	01-Cover Page.pdf
	05512.pdf




