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Appendix A
TECHNOLOGY SUMMARIES

A wealth of background information has been developed and an
extensive amount of literature has been published in the

past 25 years regarding the extremely toxic chemical 2,3,
7,8-tetrachlorodibenzo-p-dioxin (TCDD or dioxin). This is
the result of the response by the scientific community and
sponsoring agencies to the concern over dioxin. An excel-
lent summary of much of the available 1lit ture can be

found in the EPA report "Dioxins" (Novem 71980) . The
reader's attention is directed to this dé&ument and the other
literature sources listed in the biblio

Unfortunately, only a small amount of_
work to date is directly appllcable ,’
contaminated soils and sediment, i. "’llttle research has
focused specifically on removal or ; it

to soil or sediment.

- -

The following summaries briefly ¢ the state of devel-
opment for several dioxin disposal¥de pction technologies.
All of these methods have been researchgd’ or considered for

Technology Page
{ Incineration A-2
5 Ultraviolet Degradation A-20
Biological Treatment / A-22
Solvent Extraction (Le A-32
Fixation of Soil ) A-34
High-Temperation Flu;s§¢al_ *TFW) Reactors A-40
Supercritical Water @xigatio A-41
Microwave Plasma Dest: A-42
Plasma Arc Pyrolysist A-43
A-44
A-45
A-47
orination A-48
alytic Oxidation A~-49
oriodides A-50
chlorination .. A-51
Wet Air Oxidation . A-53
Ultraviolet Ozonation . A-55

DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Incineration

DESCRIPTION OF TECHNOLOGY: Soil-bound dioxin can be incin-
erated in two different forms: Either the raw dioxin-

A-1
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"‘be sufficient to vaporize the
" -should be destroyed at tempef

- for incineration in bu

contaminated soil is incinerated directly or it is first
treated in a solvent extraction process and the extraction

residue is incinerated. In both cases, incineration destroys

the dioxin by high temperature degradation.

Incineration takes place in an environment of excess oxygen
or a starved-oxygen environment (pyrolysis) at temperatures
and material retention times sufficient to destroy the chlo-
rinated hydrocarbon molecules. Currently, the minimum con-
ditions for dioxin incineration are unknown. Since dioxin
is similar to other chlorinated hydrocarb@hs (PCB's, for
example), it will likely require incinerad
to that used for PCB's, Federal regulati;

(40 CFR 761)
d at 2 seconds

oxygen in the exhaust gases.

When dioxin-contaminated soil is to &
cess consists of two basic steps: i}
from the soil in a primary combustgor
vapor is destroyed in a secondaryged
afterburner. Temperatures in th
must be kept below 1800°F to preverr
it may contain from melting and causii
ing and ash handling. While tesm ;

2

mber, and 2) the
ion chamber, or
y combustion chamber
»S0i1l and any metals
jroblems with slagg-

’bove 2200°F. Thus,
#il is removed from the
he off-gases and dioxin
ures in an afterburner.

once the dioxin is vaporizedj
primary chamber for disposal,
are incinerated at higher tempée:

;fs will not be suitable
:;’nce the incineration pro-
the soil and rock parti-

Heterogeneous soil and

cess relies on heat tr
cles to vaporize the ¢
enough to allow adeqg

the particles.
crushed to prevent
these reasons, soil
tion facility fo
feeding the pri

transfer 1nto the center of

ocks must to be segregated or
mage to the incinerator. For
ion will require a size reduc-

ion chamber.

Also, equipmeng *¥6] air and water emissions from an
incineration £ ' 11 be required. Without such equip-
ment, partlculate _ ome pollutant gases would be dis-
charged from the exhawst stack of an incinerator. Gas
scrubbing equipment generally requires scrubbing water,
which will require clarification or other treatment before
discharge to a waterway or sewage system.

on criteria similar

7dioxin is vaporized

&l W -

,
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.combustion devices, inclu@iz

4 GiE N0 AN N N EE D BE e S am

Incinerating a solid-free solvent containing traces of dioxin
would be a simpler process than incinerating soil. A much
simpler incinerator could be used, a secondary combustion
chamber may not be necessary, and scrubbing may not be re-
quired. Particle size reduction would not be required in
preparation for solvent incineration, but filtering to re-
move soil partlculate from the solvent would likely be
required prior to injecting the solvent into a combustion
chamber. Because the residuals from the solvent extraction
process will include a large amount of inert solids in a
solvent, contaminated soil residue will stQQI have to be
dealt with. Therefore, a pure solvent i f‘feration process

in the following sections.

Primary Combustion Devices: Becaus'uzfv>he difficulties
with soil fusion and metal slaggind“

approximately 1600°F. Dioxin is wad to vaporize at -
1200°F to 1300°F, so the primary ion chamber should -
be capable of removing the dioxin ¥z soil. The amount
of time that the soil would have to b &1d at this tempera-
ture to ensure dioxin removal awe~ppb level is un-
known. Operating variables gt gd this must be determined
during extensive testing prqQgr ifore the design process
can begin. 4 '

xidizing incinerators

¢és. However, only a lim-
s in present commercial use

‘Waktes. These include:

and starved air combust:
ited number of these i
are capable of handlin

Fluidized
Rotary he#

O000O0.

i’the present status of the incin-
{stry. The study indicated that by
4 #&éd most often for hazardous waste
destruction in the™ lyBy are liquid injection, fixed hearth,
and the rotary kiln. “Other equipment types, with more de-
velopment, may see- increased use for commercial destruction
of hazardous wastes in the future.

A recent study,
erator manufa f
far the inciner

Of the incinerator types available, the rotary kiln is the
most applicable to incinerating soil (see Figure A-1). The
rotary kiln offers a controllable solid retention time which
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can be as long as one to four hours, depending on kiln size,
speed, and slope. Also, it is capable of maintaining tem-
peratures as high as 2900°F. The rotary action of the kiln
provides excellent air turbulence and solids mixing and
tumbling which will enhance even heat transfer to soil par-
ticles.

The fluidized bed process has been used considerably less
than the rotary kiln. Combustion temperatures approaching
1800°F are possible, but solid retention time in the bed is
difficult to control. The system is not j@eal for handling
inert material, as it is difficult to rempy¥e residual ash
from the fluidized bed. Literature stat that the process
is not well-suited for irreqular or bu stes or wastes
with a fusible ash content. /

/ other moving or sta-
s%ge use in hazardous
gedrth incinerators.
tiires of 1800°F with
our. The lack of
the rotary kiln) may,
ven heat transfer to

The rotary hearth, multiple hearth,
tionary hearth furnaces have seen e
waste incineration, particularly fi
They are capable of maintaining te
solids retention times greater thé
tumbling and mixing action (provi
cause hearth incinerators to have
soil particles.

535

ex’will leave a large
 feed as residue, or
7dioxin. Unless this ash
it will require disposal

Any of these primary combustj
portion of the raw soil and-
ash. The ash may contain ‘tra B
is delisted from RCRA regulatign:
in a secure landfill.

7 for soil and sediment
%olvent. However, a liquid
2 used. Liquid injection
with substantial operating ex-
capable of incineratinq vir-

All of the devices ment“

incineration may also idyeed
injection incinerator j
incineration is a tech
perience. These sys#

incineration. Combi:
3000°F are possib}
second to in. excegs

'sgdence times ranging from 1/10
conds.

es: Once the dioxin is 'vaporized
fnerator, it will be destroyed in a
d@mber or afterburner. This device
will be either a r tory lined cylinder, or a large, baf-
fled chamber -or serie¥ of chambers; burners will be provided
to heat the exhaust gas from the primary combustion device
to a desired temperature and to retain the gas for a speci-
fied period of time. As previously mentioned, the conditions
usually discussed for dioxin destruction are: more than
2 seconds residence time at 2200 to 2500°F with at least
3 percent oxygen in the final gas mixture.

Secondary Comb
from the soil g ¢
secondary combu®¥i




Because of prior testing with dioxin-bearing liquids, the
afterburner will require less testing than the rotary kiln
operations. There are, however, some physical problems that
may be caused by dust and ash carried into the afterburner
with the gas from the kiln. Depending upon the quantity of
entrained material, slagging on the walls of the afterburner
can become a problem.

A secondary combustion chamber for a solvent incinerator
would be similar to that for soil incineration. However, if
the primary combustion chamber is designedito operate at the
conditions necessary for dioxin destruct it is possible
that dioxin in a soil-free solvent could destroyed with-
However, the

likelihood of a high solid content in g e from a
solvent extraction process makes it pgz a secon-
dary combustion chamber will be requ or solvent
incineration.

s from the secon-
incinerator or from

spraying water into the gas gt @%h will cool the gas
to below 200°F. The next stﬁﬁ 11} Pe a venturi scrubber,
which will provide improved &gntagh with water to assist in
particulate removal. The finasi #p will be a packed bed
which will be sprayed w1th waté %

“to the packed tower sprays
5 HC1. Formation of SO, and
bitsfion of soil, but might occur
raneous materlal such’ as salt
(NaCl) or fertlllzer/ ; onium sulfate) is hauled from
the site. : i

Alkaline chemicals might
if required for remova
HC1l are not expected ffo

11 the gases through the emission
ntire 1nc1neratlon _process. The

An induced draft
control equlpmen_

vacuum in the p i quipment, mlnlmlzlng the potential
i uncombusted dioxin.

' i
Treatment of Scrubp owdown: The wastewater (blowdown)
from the guenching an® scrubbing operations will contain the
particulates removed from the flue gas. Much of this par-
ticulate matter will be relatively insoluble and can be re-
moved from the water by settling and centrifuging. Depend-
ing upon the analysis of the clarified water, further treat-
ment may be required. For example, the wastewater may con-
tain dissolved metals, which can make the water unsuitable

- eaE e
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for direct discharge. Moreover, the discharge may have to
meet strict standards.

Other Equipment: Size reduction equipment is needed for the
incineration of soil for particle size control, to assure
vaporization of the dioxin, and to minimize damage to a
kiln. :

A liquid injection solvent incineration process does not
require particle size reduction, but does require filtering
of the solvent to remove suspended SOlldSﬁbmere 1nject1ng
the solvent into the incinerator. This ';gerlng is neces-
sary to keep the 1njectlon nozzles clearn; 4fid operable. The
solids residue and filter media will hay be dlsposed of,
possibly in a hazardous waste landfill -

traces of dioxin.

STATE OF DEVELOPMENT: Table A-1 shg@y some of the results
of the search of current informatig 5 i
of dioxin. To our knowledge, the o
test information regarding TCDD iy
work by the Air Force to destroy#Aa
lished research by Dow Chemical.
liquid waste was incinerated.

gnificant published
‘tion is from the
range and from pub-
. Of these cases

IR R4

Cases involving the incinera of 803
waste chlorinated hydrocarbq than TCDD are shown in
Table A-1. The two cases sh@§ 5o

incinerate soil contaminated
hydrocarbons similar to TCDD.
Table A-1 shows two exam 1nerat10n of PCB's in -
electrical components.
o S ”éfwhole electrical components
fomponents indicates the impor-

3, f feed materials. The destruc-
tion efficiency durif 1nc1neratlon w1ll similarly be
effected by feed put -

cated hazardou ‘
ty could be eiz_, ¥sting hazardous waste incinerator

Some commercial stationary waste incinerators are licensed

to burn PCB's at several locations around the country. Also,
the EPA and others are worklng to develop relocatable inciner-
ators.




Table A-1
INCINERATION TECHNICAL STATUS

Destruction
Efficiency
Material Incinerator Initial . or Final
Category Burned Type . Organization Concentration Concentration Comments
TCDD o Agent Orangea Liquid USAF (on-board 1.9 ppm TCDD 299.9% TCDD Avg. flame temp., 1500°C
injection . M/T Vulcanus) average Retention time, 1.0 sec.
. Between 7% and 12%
excess 0_.
2
o Agent Orangea . Liquid Marquardt Co. 1.9 ppm TCDD 99,96% TCDD Flame temp.,-1450°C to
injection average 1850°C. Retention time,
; 0.14-0.18 sec. Between
6.6 and 9.7% excess 02.
"o 2,3,7,8-1CDD - Dow Chemical Unknown 99.5% TCDD . Reactor temp., 1470°F
test standarda o Retention time, 21 sec.
5 Oxygen cpncentrgtion
S unknown.
> ' b _
‘L Soil o PCB-contaminated - Rotary kiln é% . Unknown Unknown

soil w/afterburner

b
o 3,3-dichlorobenzene Rotary hearth i o , <4 ppb Starved air combustion
contaminated w/afterburner Surface Co o . ) y in rotary hearth,
dredgings Division ; b
PCB's o Electrical c Rotary kiln Rollins Env. y
components (whole) w/afterburner Services °"" kg ash .‘
o Electrical Rotary kiln Rollins Env. 74 kg PCB < mg PCB
components w/afterburner Services 2t kg ash : kg ash
(hammermilled)©
a
Liquid state _ . /

bSolid state

€011 1in non-combustible solid

WDR99/038
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pollution control™

A recent study identified 57 manufacturers of hazardous waste
incinerators in the U.S. A large number of the existing
hazardous waste incinerators produced by these manufacturers
are in private use onsite by their owners.

EXISTING HAZARDOUS WASTE INCINERATOR FACILITIES

Two commercial incineration firms have expressed preliminary
interest in destroying the dioxin contaminants in their ex-
isting stationary incinerators. These firms are Rollins
Environmental Services Co. of Deer Park, ﬁ@_as, and SCA
Chemical Services Co. of Chicago, Illinoi#i’ Both firms have
incinerators licensed to burn PCB's and felieve it may be
feasible to bring the dioxin into their, pective states.

effectively incinerate the contaminatg
commercial incineration firm, has nog. @
incinerating the dioxin soil at the 1 _Dorado, Arkansas,
facility. 7

incineration facili-
solvent form with
However, 1f soil were
'-gﬁes, extensive

Either of these existing hazardou
ties could destroy dioxin in a s&i
little modification to the faCllltYy.
to be incinerated at one of these fac]
equipment retrofits would be nag, S

New York, controlled transpd WfltHe soil out of the state

will be necessary. Enclosed sj '

cinerator site will be require.é cluding leachate colléc-
« o A size reduction facil-

,g%t / prepare the raw soil for

Aved aeh handllng equlpment will

£ Sy
ak ‘@ of fugitive emissions and

ity will have to be con
incineration. Also, inm
probably be required t
controlled ash storagg

CONSTRUCTION OF A NE QOUS WASTE FACILITY

“#fiction of the dioxin can be con-
structed to deal / ioxin so0il., Such a facility will
need all of the or the incineration process, either
for soil or soli{&H scribed previously. For soil,
this includes 4 #il storage, leachate control, size
reduction, prim4 d #econdary combustion equipment, air

€ yés, wastewater treatment, ash handl-
ing and storage, and *Julpment for fugitive emission control.
An ample supply of fresh water will be required, as well as
facilities for treated water discharge. The solvent incin-
eration facility may be somewhat simplified, but will in-
clude most of the above equipment.



A location for a new incineration facility will probably
have to be remote, yet have facilities for maintenance shops,
testing laboratories, office space, housing accommodations,
parking, fuel storage, and material loading and unloading
for transport. The siting and permitting for such a facil-
ity will be an extensive process, and will take into account
geologic, hydrogeologic, topographic, and political factors.

USE OF RELOCATABLE INCINERATORS

3t trailers or
rator portion of
ation facility.
kiln/after-

Relocatable incinerators, mounted on trac
flatcars, could be used as the basic in

a somewhat temporary hazardous waste iny
Trailer-mounted liquid injection un1ts~
burner systems are available..

“frner, air pollutlon
has not incinerated
1985.

equipment, and fuel storage. To
dioxin, but a test is planned foz

Other units may soon be available froﬁw~f otech Systems,
Inc., of Tullahoma, Tennesseeé\ ‘
Whitman, Massachusetts. 4

OCEANGOING INCINERATOR SHIP

One of the few published tests“ménitoring dioxin destruction
efficiencies in an incinggatc
destruction of Agent Or : Aboj?d the M/T Vulcanus in
1974-1977. The successful ¢ ‘ i
uid herbicide showed - tia
certain conditions ang
solvents may be a pr;

; %/could be destroyed under
t-at-sea incineration of waste
technology.

appears to be no commercial devel-
whHi¥p to incinerate solids in a ro-
tary kiln. Thou ghave addressed this topic, at the
present time at-# yiaration applies only to liquid
wastes. Three / ] ar’ turrently bulldlng new liquid in-
cinerator ship
cost-effectiverr

Presently, however
opment of an inci

~sea incineration.

There is some difficu#ty involved with permitting and licens-
ing a port facility for storing and loading hazardous wastes
for these incinerator ships. Assuming one or more such ports
are licensed in the country, there would be some transporta-
tion necessary to get the dioxin-contaminated solvent to the
port.



MODIFIED CEMENT KILNS AS HAZARDOUS WASTE INCINERATORS

A modified cement kiln could be used as a type of rotary

kiln incinerator to incinerate liquid or solid wastes. Cur-
rent research is in the use of cement kilns, both for co-
incineration of wastes while producing cement, and in the

use of a modlfled kiln to incinerate SOlldS w1thout the cement
product.

There are two methods of modlfylng a cement kiln to inciner-

o _q ‘kiln and add an

Fide supple—
mbustion cham-

There are other methods to coincin ftgﬁ aste while manu-
facturing cement. These include: :

o Liquid injection of waste. the hot.end of a

kiln

o} Comingling solid w with the clinker in -
the kiln . :

o Incinerating solids j‘) in a separatelprekiln -

and using the cement as an afterburner

b
“‘discussed in the Coincinera=

1ln or a dry process kiln could

. However, the wet process is
ocess kilns vary in size, rang-

¥ and up to 760 feet long. Gas
¥+ at the hot end of a typical

o 800°F at the cold exhaust end.

: to gas flow and typically are
c@g/ranging from ambient at the cold

3¢ 'end of the kiln. Retention times

ofie to four hours for solids and up to

temperatures may
wet process kiln
Solids pass courn
subjected to te#
end to 2700°F (4
in a kiln may bé&
10 seconds for gas@

There is some incentive to investigate the use of existing
cement kilns as hazardous waste incinerators because any
idle cement kiln could potentially be used. However, any
use of a cement kiln for hazardous soil incineration will
require new facilities for enclosed soil storage, soil size
reduction, -improved ash handling and storage, improved



fugitive emission control, and possibly air pollution con-:
trol modification. Other equipment will be required as
dictated by the approach taken to the kiln modifications.

Any cement kiln designed to be fired on coal, if used as a
soil incinerator without cement product, will require major
modifications for exhaust gas scrubbing equipment.

Also, because of the possibility of fusing and slagging of
the soil and any metals contained in soil and sediment, the
temperature the soil is exposed to should g limited to
1800°F. As previously discussed, d10x1n fivpbably will be
destroyed at 2200°F. For this reason, aigingle kiln cannot
act as both primary and secondary comb . chamber without
extensive modifications. Therefore, ap k. kiln will
have to undergo major renovations if j Y used as a
hazardous waste incinerator.

eloped by Marble-
ave segmented an
gry combustion sec-
%mentary fired, sec-
.s shown schemat-
%71 be conducting
guld be fed into the
pugh the primary
¥ion air would flow

/the vaporized dioxin,
stion chamber for high-
xtensive modifications are
% at mid-sections of the
'soil feed, supplementary
sndary combustion chamber,
ntrol equipment.

One method of modifying a kiln has ke
head Lime Co. of Chicago, Illinoisj
existing kiln to create a rotatin
tion in series with a stationaryj
ondary combustion chamber. This c
ically in Flgure A-2A, and the compan
pilot tests in the near futur
mid-section of such a kiln an

%
sé

temperature dioxin destruction -
required including new rofm

¥ method is shown in

- . a4’ enter the kiln and flow

cocurrently or cgg crréntly to the air. Temperatures in
7 @lbw 1800°F, and the exhaust gases

Afterburner. The modifications

¥erburner, and possibly revers1ng

5 by relocating the burners and

combustion air duc ‘o the opposite end of the kiln. New

air pollution equlpmeﬁ& may also be needed. This approach

is similar to the approach assumed by the EPA Office of

Solid Waste in their preliminary study of Decontamination of

Dioxin-Containing Soil in an Upgraded Cement Kiln for

Region VII EPA.

Coincineration: Coincineration is the incineration of a
waste material as a secondary purpose in an incineration/

A-11
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combustion process. Coincineration of hazardous wastes can
be and has been performed in the following types of equipment:

o Cement kilns
© 0 Municipal solid waste (MSW) incinerators
o Utility boilers

Dioxin-contaminated soil sediment or solvent could be
coincinerated in any of this equipment.

CEMENT KILNS

The use of cement kilns to coincinerate uid hazardous
wastes while producing cement has seen 2derable research
and success. The work at St. Lawrence 0., Peerless
Cement Co., Stora Vika Cement Plant, § dn Lement, and
others show the possibilities of liqy destruction by
the cement industry. However, the w¥ y t San Juan Cement
showed some difficulty in maintain 1

ity and also in achieving even 99,
the chlorinated wastes used in thﬁ

Another method coincinerating a was
is to comingle a solid waste, in thls“w__
ment, with the cement product g @has
tial research on this approag

‘11n, or the soil could

: ot end of the kiln.
However, in either case, the sdil residue may act as an im-
purity in the cement progit: quantity of soil and sed-
iment incinerated may hg mall in comparison to the
amount of cement produg 3 fire cement quality. In ad-
dition, this method refi; soil temperatures reach
the same temperature &8 the gement clinker, possibly 2700°F,
which may cause Vapq@“:‘ of any metals in the soil and
sediment. These meﬁﬁ@é shown in Figure A-2C.

In either of thes
have to be added
tion of any vapgl
sediment are ac

s, an exterior afterburner may
aust gas stream to ensure destruc-
ns. Especially where soil and
cement slurry feed in the cold end
otential for dioxins to vaporize

cold end of the kiln and exit the
kiln before belng

Where soil and sediment are pulverized, slurried, and
sprayed into the hot end of the kiln, there is less chance
of dioxin vapor passing out of the kiln. However, the re-
tention time in the kiln may be limited. The dioxin may not
have an opportunity to vaporize from the particles before
the particle exits the kiln in the clinker.

A-12



Equipment needed for these options would include enclosed
storage and leachate collection, pulverizing and slurry feed
equipment, as well as possibly an exterior afterburner and
new air pollution equipment.

A final method to coincinerate soil and sediment while man-
ufacturing cement is to install an auxiliary kiln or a pre-
kiln at the cement plant. This kiln would serve as the pri-
mary combustion chamber for soil and sediment, while duct-
work would carry its dioxin-bearing exhaust gases to the hot
end of the existing cement kiln. The cemgnt kiln would then
act as the secondary combustion chamber. §2His option, shown
in Figure A-2D, is currently under considération by Environ-
mental Spec1a11sts, Inc., of Kansas Cit} g@&ssourl, in co-
operation with River Cement of Festus, Sovp

Equipment needed to accompllsh this meg
prekiln, ductwork and fans, air polk§
enclosed soil storage and leachate j ;l:ﬁwlon, soil size
reduction equipment, ash handling , iwlosed storage, and
issi & ash from the pre-
kiln will have to be transported, he cement plant to a =~
landfill for disposal. :

MUNICIPAL SOLID WASTE (MSW) I

coincineration of
destruction of munici-
Wat effective for these .
’ as effective for soil and.
ies usually use hearth
tiple-hearth, or shaker- _

MSW incinerators have been
pesticides and herbicides du
pal sludge. This has proved §
liquid wastes, but it would not
sediment incineration.
incinerators (either fi
grate). Existing plant
capabilities, fuel firgne
temperatures, and solg 4s retention times that may
P .
destruction of dioxin and soil

% as other incinerators, can be

either excess oxyfer fﬁ r starved air types. The excess

oxygen units typ : ot have the temperature capabili-
ties to vaporizg: s Sfroy dioxin from soil. These excess
alr systems may 3 Major modifications to handle dioxin
destructlon, i retroflt high-temperature secondary

The starved air MSW incinerators must have secondary com-
bustion chambers included in their design. Therefore, they
may be capable of vaporizing the dioxin from the soil and
sediment at temperatures below the fusion point, and de-
stroying the dioxin in the secondary combustion chamber.
Typical temperatures in these MSW secondary combustion
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chambers may be as high as 2000°F, so it may be possible to
operate a secondary combustion chamber at the conditions
required for dioxin vapor destruction.

However, for both the starved air and the excess oxygen sys-
tems, the heat transfer and retention time of the soil may
not be ideal. Satisfactory vaporization and destruction of
dioxin from the soil and sediment may not be accomplished.
Feed preparation (size reduction) would ke required before
soil and sediment entered the incinerator, and enclosed
storage and possibly ash storage would haqgmﬁo be built on-
site. ,é%?

UTILITY BOILERS

h1'4 approach may
ioxin only if gas
‘¥he boiler can meet
cess oxygen re-
% the efficient
: r, and may therefore
require excess fuel for boiler opé¥ %.. The coincinera-
tion of sediment and soils in a boile™ has additional limita-
tions. A solid fuel boiler wau be used so that
ash handling equipment would Fient capacity to
carry the residue from the f “' is likely that the
uld severely restrict
Again, temperatures
But with so0il in the
Brst vaporized, then de-
ftention times with tem-
Pe required in the boiler
~fo be retrofitted with a
to brlng its exhaust gases up
eérall, this would result in
fficiency and in major retro-

destruction by coincineration of llq;!y
be satisfactory for solvents containg
temperatures and residence times w
the 2200°F and 2-second criteria.
quirement of 3 percent is probabl

firebox, dioxin would ‘hav,
stroyed. Therefore, 1lo
peratures less than 18(Q
firebox. The boiler w

to 2200°F for 2 secopd
severe penalties to B4
fitting expenses. 4

FUTURE RESEARCH. O P ENT NEEDS: The primary research
need is to test ghe 113 of an incineration process to
effectively de ' in soil to below the 1l-ppb limit.
Fture, retention time of both solids
equirements for this waste must be
determined before* il-scale incinerator could be built.
Other information m 7 also be collected before full-scale
design could begin. This includes soil, sediment and parti-
culate fusion temperatures, and determination of waste
materials other than dioxin that may be in the soil and sed-
iment.



- References (see Section 11): 58,

The effect of particle size and moisture content on the ef-
fective incineration of the dioxin must also be investigated.

. One incineration firm, Rollins Environmental Services, in-

dicated that they could not guarantee that incineration of
the soil and sediment in their incinerator would leave ash
with less than 1 ppb dioxin without'costly testing and taking
major steps to control particle size and agglomeration in

the incineration process.

Also, Dow Chemical, Inc., of Midland, MI, has indicated that
dioxins bound to partlculate matter have sed through in-
cinerators at 2100°F without any change dioxin concentra-
tion. There are no data available to ingégtigate this pos-
sibility. The impact of this statementg d 51gn1f1cantly
effect incinerator design criteria, and d be inves-
tigated further. -

74, 77, 79, 81,
¥p1, 123, 129, 137,
169, 179, 180, 182,

, 231, 232, 234,
275, 279

87, 91-93, 96, 100, 101, 106, 107, j
139, 140, 142, 144, 152, 156, 165,
195, 198, 203-205, 210, 223-226, Z7¢
239, 242, 248, 250, 251, 258, 26{

P
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Ultraviolet Degradation

DESCRIPTION OF TECHNOLOGY: Ultraviolet degradation is the

process of breaking chemical bonds with ultraviolet (UV)
light. Ultraviolet degradation is ‘achieved by exposing a
compound in a suitable medium to a sufficient intensity of
UV light from a specific wavelength range. :

STATE OF DEVELOPMENT: A substantial amound,of laboratory

performed on UV
is that, for UV

and small-scale field test research has
degradation of TCDD. A general conclusig
degradation of 2,3,7,8-TCDD to take plag:
conditions must occur: 1) TCDD must bg ye
able light-transmitting solvent phase' A hﬁible organic
hydrogen donor must be present (e.q. j '}'diesel oil,
olive o0il, liquid phenoxy ester, he&é%i >

3) uv light in an appropriate rang_‘ %
dioxin in solution must be supplie : Q-sorbed by TCDD in
the solvent phase. The TCDD thenﬁ
dichloro and trlchloro homologs,{?

mved in a suit-

An turn are photo-
L%t (no chlorines).
There is ev1dence that dibenzo-p- -diox1# ihdergoes additional
UV degradation, thereby destr@@l,ﬁ oxin structure.

SIS

vent-dependent; solu-
gn¥s (like 1l-hexadecylpyrid-
npance photochemical degra-
.'total" TCDD degradation

iy compared to 18 hours for
61l. Numerous studies con-
¢odioxin in suitable organic
‘fdycomplete.

tions of certain cationic su
inium chloride, CPC) appear t
dation of TCDD. One study shows
in 4 hours in a 0.05 M CI
"total" TCDD degradatio
cur that the photodegr
solvents is relativel

1?1. In that appllcatlon, the
3 éroyed the dioxin in 4300 gal-
lons of dioxin-1latie ¥4eé at the Syntex Agribusiness
plants. 1In the/{ 2ss step, dioxin was batch ex-
tracted with he; A reduced the dioxin concentration
in the sludge ‘ pm to less than 0.5 ppm). In the
second step,; t. *# solution was exposed to UV light
from 10-kW, hlgh- g% :'ty mercury lamps for an average of
20 to 40 hours to bréak down the dioxin. The solvent was
then distilled for recycling within the process (the waste
solvent contained 0.1 ppm dioxin). The equipment and in-
stallation cost was $500,000. This process was chosen for
high efficiency, low pressure, low temperature, self-
contained system, safety for personnel and surroundings, and
economic feasibility.




TCDD photodegrades only-very slowly, if at all, from inert
surfaces, dry soil, wet soil, or in aqueous suspensions.

The addition of a hydrogen-donating organic solvent can re-
sult in substantial photodegradation in surface layers.
Ninety percent TCDD destruction was observed over a 9-day
period in Seveso after. .the application of olive oil (as a
40-percent aqueous emulsion or as an 80-percent solution in
cyclohexanone) to TCDD-contaminated grass. Lower photo-
decomposition rates for TCDD in Herbicide Orange were ob-
served from soil as compared to glass surfaces or leaves,
¢, by soil parti-
B’ destruction can
occur in soil at least up to 3 cm deep uf application of a
to intense sun-
#m. study, vir-

light or artificial UV radiation. 1In
tually total TCDD destruction was obsg:

7degradation of

' has béen demon-

o determine what
is feasible. Much
Stermine if and when

dioxin 1in solvent in a full-scale g
strated. Further development is
level of dioxin concentration re
research and development is neede
UV destruction of dioxin in soil is

Reference: 62, 66, 110, 126
238, 275, 276, 278
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Biological Treatment

DESCRIPTION OF TECHNOLOGY: Biodegradation is the molecular

breakdown of an organic substance resulting from the bio-
chemical reactions of living organisms. For TCDD, microbial
enzymes, or combination of enzymes, are regarded as the
principal catalyst of these desired reactions.

Using radioactive carbon

down with subsequent production of metabdg;
breakdown of TCDD has been monitored un
ditions. This rate of reaction has be
between 2 to 5 percent of the TCDD pre

microbial break-
*fes, a slow
laboratory con-
-'mated to be

labeling to trac?

Biomanipulation and bioengineering rg arch 1s‘currently

directed at producing a microbe cap

dioxin in a natural system. The principsl limitations in

developing a microbe capable of dg

system include:

&
o TCDD's toxic effects on

o Energy-starved

microbial activity

o
o

from a labora
o Low water sof

In 1980, Dr. -
Zurich, identified a ™

soil 4

ping an engineered microbe
natural environment

igradation research can be cate-
ifferentiated by the technique
_tbntent of soil. Before 1980,
first extracting TCDD from the
en with dichloromethane. The
3 dichloromethane by diluting the
th water. Analysis utilized gas

Yer, a biologist at the University of
nding phenomena between TCDD and

soil, which formed an undefined TCDD/soil complex. TCDD
became increasingly bound to the soil with time, decreasing

the amount that could be
dichloromethane solvents.

extracted by the methanol and
Therefore, TCDD was not complete-

ly recovered from the soil by the solvent and was not ob-

served in the analysis.

This loss was accredited to either
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biological degradation, UV light degradation, evaporation,
or some unknown factor. Since the measured TCDD content was
in error, the interpretation of data, likewise, was incor-
rect.

Following the discovery of this binding phenomena, a more
rigorous extraction technique has been used for extracting
TCDD from soil. A Soxhlet extractor is now used to reflux
toluene or hexane through the soil sample for 24 hours.

mpects of TCDD
wet.al., (1973)
on TCDD degrada-
: lower levels

‘Research before 1980 monitored different
degradation in soil environments. Kearn
monitored the effect of various soil ty
tion. Soils with higher organic conten
of recovered TCDD with the passage of £

with TCDD at concentrations of 1, s7and 100 ppm with Cc-
labeled TCDD. The two soils were dculated with un-
labeled TCDD. Over a 9- to 10-mongh
ples were monitored weekly for evale
as an indication of microbial deg
dioxins. Very little CO, was libe¥
ing either labeled or uniabeled TCDD.
85 percent of the dioxin was @mErom both soil types
up to 160 days after addition ,:gﬁetabolites were
found in TCDD-treated soil afts He/year.

n of the labeled
Erom soils contain-
it most cases, 75 to

Matsumura and Benezet (1973) Nk
persistent pesticides using 100 robial strains. Five
strains were suspected ofi i limited capability for
metabolizing TCDD, thoug 0 “%§c%§ic metabolites were iden-
tified. ' '

Camoni, et.al. investy
TCDD in soil by add;
indigenous high micr¢
affecting TCDD degz

e microbial degradation of
ic compost. Compost, with its
g;v1ty, was not documented as

ithe biodegradation of TCDD admin-
, Kansas, and Utah via applica-
The parameters monitored in this

Young, et.al. in
istered to soilst
tion of Herbiciy
test included i
"%. by al life, and the effect of charcoal
on TCDD degradatliﬁi BCDD was detected principally on the
soil surface, with le®s than 25 ppt below 30 cm. TCDD loss
was assumed to be due to biodegradation, with an estimated
half-life of 225 to 275 days. The measured TCDD content in

rodent, bird, reptile, insect, and fish tissue was not higher

than environmental levels. Finally, TCDD adsorbed on the
surface of charcoal was not desorbed or degraded by environ-
mental conditions.



-

"nisms, it must be adsorbed int0'%<

In light of the TCDD/soil binding phenomena, the early re-
search which predicted a TCDD half-life of 200 to 300 days
was actually documentation of TCDD becoming bound to soil.
This binding made it increasingly difficult for the extrac-
tion solvents to solubilize the TCDD for analysis. In sup-
port of this phenomena, Dr. Al Young performed an exhaustive
extraction process on TCDD/soil samples, and was able to
account for virtually all of the TCDD originally detected in
the sample. The original technique, using the methanol/
dichloromethane extraction, indicated a tlme -related binding
phenomena in the TCDD/soil complex. ;

sunderstood. The
 adsorption,
and soil

The TCDD/soil binding mechanism is not w¢
mechanism is suspected to be either a s
preferential covalent bonding between
humus, or an encrustation into the soj

fthe subsequent effect
egg nd Schlatter in a
ﬁ to living orga-
tem before it can X
study investigated =
n the rate of TCDD-
7 of rabbits. After

The mechanism of TCDD/soil binding
1979 study. For any material to b

interfere with normal metabolismj
the influence of solvents and adso¥
absorption through the skin and intest
oral administration of 14.7 nanegyam %ﬁD using 50 percent
ethanol as the vehicle, 36.7 3z 7 the total dose was
found in the rabbit liver af: yurs. When TCDD was ‘
mixed with soil particles and 3 Ystered, only about half
of the original absorbed dosey; found in the liver. The .
absorbed dose and monltored llv' ;evel also decreased with

Adsorption onto activat
uptake of TCDD.

téd’ after dermal application of

ormulations. For TCDD absorp-
ighest liver content, 14.8 per-
Tter contact of the pure com-
% The inhibiting effects of soil
ven more pronounced with ear ab-
tion of the dioxin into Vaseline
¥.4 percent of the dose was found
¢r incorporation into polyethyelene
glycol 1,500 (&% ¥1ic ointment) containing 15 percent
water, 14 1 percern% 19 found in the liver. The capability
of microbial: absorptlén is essential for innercellular deg-
radation. This binding complexing phenomena is important
because the TCDD biocavailability is a fundamental limiter to
accommodating biological degradation.

Similar effects were
TCDD on rabbits in VAl

sorption. Afte /
(a lipophilic o

i

in the liver whs

Hutter, et.al. completed a 2-year study on the biodegrada-
tion of TCDD in contaminated soil at Seveso, Italy. The
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results ‘'showed a TCDD metabolite production rate of 2 to

5 pefgent of the input TCDD after one year of incubation.
The C was used to trac§4TCDD and its Titabolites. The
metabolite detected was co,. Due.t?4 C-labeled impuri-
ties in the TCDD sample, mos% of the CO2 was theorized to
be metabolites of these impurities. )

The microbial degradation in the laboratory occurred so
slowly that it was not useful to purify the Seveso soil.
The microbial populations that were tried included natural .
unsterilized Seveso soils and Pseudomonas ggtrains capable of
degrading chlorinated phenols. No bioeng ered strains
were used. ' £

Mgtsumura, et.al. have identified polay metapblites from
“C-labeled TCDD in work with aquaticjagnd s
microbes were specifically identified %
co-metabolizing TCDD in the presencef
matic compounds. The metabolites
were Nocardiopsis and B. megateri

ﬁwcapable of
other spefific aro-
irkng the C traces

Dr. D. T. Gibson and G.M. Kleckag /University of Texas
in 1982 documented that dioxin toxi¥e L0 microbes was in-
-creased by higher degrees of chlorinatigs Two specific

*lergy source and either
vwchlorinated dibenzo-p-
¥o-p-dioxins. In summary,

the unsubstituted dibenzo-p-di can be readily metabolized

N R
by a mutant strain of Pseudomo

. et ———————— Y
of reducible carbon for en
stitution on the dioxin
reduced. No organismsﬁ
were found as a sole ca
observed increase in g

. 2

creased chlorine subs

J¥ge. This work supports the
toxicity of dioxins with in-

g a microbial genetic code to

As been questioned. If microbial
the environment, it could probably
be bioengineere c steps from identification- of

the desired reay

1. The microbe Tt 6L oo isolated from its -environment and
propagated in an“incubator. ' :

2. DNA must be restrﬁctured, combining a desired growth

rate gene with a desired gene capable of creating the
desired enzyme.
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3. The microbe with the .recombined DNA must be capable of
thriving when reintroduced into the natural system.

If the desired microbial degradation is not observed in the
environment, a soil system can be created to maximize microbe
diversity. Microbial activity increases cellular reproduc-
tion, which increases the opportunity for microbe adaptation
to a new reducible carbon food source.

In a dilute soil matrlx, TCDD 1is partlcularly difficult to
biodegrade for the following reasons:: -

soil documented
fficient expo-

o The low TCDD concentration in
in parts per billion provides
sure to allow microbes to ada

o TCDD is virtually insolubles: < 2% .e.,

tem lacking a suffi- »
~which supplies the -
pbe metabolism.
¥obes are normally
“this energy-starved
rasted with a reducible-
stem, such as an organic
nity for microbial manipu-
onately with the rate of _

- Less than 1 percent .o,
active in soil ,syst
state. This stateg
carbon-rich, energ
compost pile. The @&
lation decreases pro
microbial activas:

| : Yo, microbe metabolism appears
to be severely/lim {/ Thus, TCDD is essentially
a permanentj pdﬁ t of ‘humus such that its re-
i ighificant quantity as either the
51m11ar product is limited.

. nded by the EPA, into microbe
jradation is being conducted by
of Illinois Medical Center.
successful in biogenetic manipula-
¥hg microbial system capable of de-
{0 enzothiophene. Neither of these
biochemical reactf@: ad been observed in nature before the
biogenetic manipulat began. Of particular interest to
TCDD detoxification is the microbial detoxification of di-
benzothiophene (DBT), which is water-insoluble. A mixed
microbial culture was developed capable of utilizing carbon
and sulphur in DBT as an energy source.

toxifying 2, 4fw,

.RA=22




Dr. Chakrabarty is "hopeful" of developing a TCDD-reducing
microbial system. He identifies the principal issues for
microbial manipulation as:

o TCDD has been demonstrated to be toxic to
microbial systems

o The low TCDD content in the soil limits microbes
in "locating" the material, limiting their adapta-
tion to the TCDD as a potential carbon source.

%"g,,.

o The manipulated microbe systémtfﬁ%t thrive in

nature.

Dr. Chakrabarty also is "hopeful" that ,,%fw”~1al system
for TCDD degradation can be developed@ 1f &/ orobe is
identified, the degradation trait capih# 16

ibdegradation of TCDD

ssible for at least

to biodegradation
strain with the

in a natural soil system will no
5 years. - Several significant lim
will need to be overcome after a mic
desired characteristics is isqjl,

tions are:

o Once a microbe is %
to be generated of
extent of the contami
Love Canal.

o Once the mic
soil, provi
lation wills

o
o
microbe®
o Achieving the desired one-ppb concentration of

dioxin in soil will be difficult since that is a
very low concentration for any significant micro-
biological activity.
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versity of Helsinki i

FUTURE RESEARCH NEEDS: The EPA, in coordination with the

Air Force Engineering and Services Center, is supporting a

research program to establish organisms that will ultimately

biodegrade dioxins, especially TCDD, and other recalcitrant

chlorinated compounds in the following media: .

]

o Contaminated soils
o Leachate from disposal sites
o Contaminated aqueous effluent from chemical plants

The funded work includes the following stgﬁ%es:

éarchers,at the
culture of
hnique in-

University of Illinois Bacteria Study:
University of Illinois have developed a,
bacteria that can break down 2,4,5-T.

chlorinated compounds) with the pla
whose specific degradative functiong
been previously studied and defin '
atlons of 2,4,5-T “ia —
over a 6~ to 9-month period. A llture was eventually: L
obtained that would not only Survis wthe 2,4,5-T solution: e
but could use it as its sole food sout Through further

experimentation, a pure culturg.respensable for the 2,4,5-T -
degradation has been isolate > '
bacteria. 'By using the grad
2,4,5-7, it may be possible %_

e

id

m
[e7e)
® 'O
QW
(o]
g Hh
Lo lNe)
onR
c =
S
[eTe}
n K
P <
o 1))
H
o+ H
o g o))
m S
e
(o]
h
Yy B

dioxin family. This is the gd” f the second phase of this:
program, which began in Eab: 983.

University of Helsinki ,

1l in-either anaeroblc or
hese organisms appeared to be
thlorinated compound, researchers
wdioxins. In initial tests, the
NEr ““¢he most toxic dioxins (2,3,7,8-
TCDD) . Consequen fdrther efforts have been redirected
toward understant ' gradative pathway for pentachloro-
phenocl. It is /further studies will reveal the
mechanisms for ation of recalcitrant chlorinated
compounds. '

could degrade pentach;
aerobic conditions. i
able to degrade a sp
felt they might alsg

Battelle Columbus Labé#ratories Plant Study: A project en-
titled "Development of Photosynthetic Plants Genetically
Adapted to Degrade Organo-~Chlorine Compounds" is being con-
ducted at Battelle Columbus Laboratories. The goal is to
modify plant cultures so that original and subsequent gen-
erations of the plants can actually tolerate and degrade
toxic chlorinated compounds. In studies at Battelle, the
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researchers are exposing plant cultures (milkweed initially)
to different chemicals such as (1) hexachlorobenzene,

(2) 2,2',3,3',5,5'-hexachlorobiphenyl (a PCB-isomer),

(3) pentachlorophenol, and (4) "Lindane"-gamma-hexachloro-
cyclohexane in an attempt to determine if they will degrade
the compounds in question or determine if the plants can be
modified to perform the desired degradation.

The results to date indicate that milkweed is unable to bio-
accumulate and/or degrade hexachlorobenzene. Studies on the
other compounds continue.

'project being
_entitled,

'on of Haz-
2 h of

metabo pathways
'ts and other fungi,
ive and perform
ironment better

#h is to determine if
¥istics of certain
yeast. If suc-
in large quan-
hnology. Yeast
g¥ading chlorinated
W1ty contaminated soil
fontaminated sites with
is decontamination pro-
but inexpensive, .and
excavated.

University of Cincinnati Yeast Study:
conducted at the University of Cincinna
"Genetic Engineering of Yeasts for the
ardous Waste." This -work entails the
cytochrome P-450 enzymes by exploitinp
common to both mammals and yeast. '
because of their characteristics,
their desired function in a real-w
than bacteria. The goal of this
genes for chemical degradative chk
mammals (e.g., rats) can be trans

tities at low cost with fairl
with .the adopted mammalian tux;
compounds could then be used:i
sites. (Appllcablllty to sev
multiple components is unknow:
cess would probably be a slow ¢
would not require that the

remise that positive re-
btained. Investigations by
e of several polar biotrans-

e of dogs that were given

mpf five phenolic metabolites
@1-ic breakdown scheme for
‘*#proposed. Another paper by
J.D. Brooker indi it is possible to isolate m-RNA,
which is acetami case, from chicks, In view of
these two paperg gnd th genetlc similarity between dogs and

sults from this resear_&gca'
H. Poiger indicate thy pres
formation products ip ;
©2,3,7,8-TCDD. The
was determined and
2,3,7,8-TCDD in tk

’ inserting the dog's genetic ability
., into yeasts.

IT Enviroscience Treatise.on Biological Degradation: IT
Enviroscience is conducting a technical evaluation of avail-
able data concerning the biological degradation of chlorin-
ated aromatic compounds. When completed, this study should
be useful in deflnlng further studies that may utlllze gen-
etic engineering techniques.




146, 147, 175, 176, 180, 184, 200, 201,

Other Work: One additional study identified by microbiolo-

gists is the definition of biocavailable TCDD in a soil sys-

tem. It is apparent from the Poiger and Schlatter work,

‘Hutter work, and analysis of historic samples, that a time-.

related complexing phenomena exists between TCDD and soil.
Hashimoto has identified TCDD in this complex as being non-
degradable in soil and sediment incubation trials. For TCDD
degradation in the biosphere, definition of bioavailability
is necessary to assess both the potential of biological deg-
radation and risk of TCDD toxicity to living organisms.

131, 134, 135,
281, 282, 283

References: 22, 25, 37, 86, 117, 124, 1

i
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Solvent Extraction (ﬁeaching)

DESCRIPTION OF TECHNOLOGY: Solvent extraction of dioxin
from soil and sediment is achieved by intimately contacting
adequately processed soil and sediment with a solvent that
will preferentially remove dioxin from soil to a desired
level in a specified contacting time. A multiple batch con-
tacting process or a continuous countercurrent process are
needed when a single contacting stage doe_-gpt accomplish
the desired level of removal. ;

soil is a well- developed industrial proce: examples,
solvent extraction of materials from K faoonly used
in the mining industry and has been ; for extrac~
tion of bitumen from tar sands. Expegience with tar sand
has shown that some soil types allog: #asier extraction
than do others. Sandy soil allow extraction and
solvent recovery than does diatom

To date, no pilot or large-scale p Ees8es using solvents to
extract TCDD from soil and sediment haage‘een used. However,
TCDD was extracted from contamips 'ge in dlstlllatlon

bottoms with hexane in a ful
cess at the Syntex Agribusin
Missouri. The dioxin concen®
reduced from: 343 ppm to 0.1-0%

1ty in Verona,
n the sludge was

ical procedures for
Extraction of TCDD

Solvent extraction is usedui
measuring TCDD in soil
from soil samples has h
lytical work. Laboratgry
pulverized soil samplgsy
extractions have bee
with a relatively co
methanol) at a 3:1 8
was extracted fronm 3 %ﬁ mples of soil from Seveso at

97.5 percent effigii -treatlng the samples twice with

-&ﬁions are generally done on
some samples, quantitative
ished by shaking the samples

'to remove it from contaminated

) ; some laboratory samples have
required much ous extraction, procedures to accom-
plish quantitative# action One such procedure that has
been required is a So¥hlet extraction for up to 3 days with
pure methylene chloride.

Research has shown that TCDD binds to soil and becomes in-
creasingly difficult to extract with time. Therefore, using
a solvent to extract dioxin from soil that has been contam-
inated for several years may be difficult. Since each soil




matrix is unique, TCDD-contaminated soil samples must be
tested to determine the required solvent and level of pro-
cessing necessary to achieve desired residual TCDD levels.

Acurex Corporation and Chemical Waste Management, Inc., are
two companies that are known to be independently developing
solvent extraction processes on a laboratory scale. Both
companies have obtained TCDD-contaminated soil samples from
Missouri sites for testing.

FUTURE RESEARCH NEEDS: The theoretical ba
extraction of dioxin from soil and sedimef
lished by research on analytical procedu
ysis. Further laboratory work is necesj
applicability of a specific solvent prg
taminated soil samples.

345 for solvent
has been estab-
for dioxin anal-
0 establish the
w.specific con-

Besides laboratory development, the josen ‘solvent extrac—
tion process must be tested for effgd :
plant scale. Detailed studies mu
process risks and benefits and toy
and economic impacts of implemen ;
Finally, detailed design and deveI§b
solvent extraction process that woulo'
ing all desired contaminated
place.

rformed to assess
ne environmental

There is considerable eviden hat/7dioxin in a solvent
phase poses a greater potentla ard than dioxin in soil
or sediment. This would further analysis to proper-
ly assess the risks assog % solvent extraction.

References: 47, &3 b9 237
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: PFixation of Soil

DESCRIPTION OF TECHNOLOGY: The fixation of organic wastes
in solls has been attempted in a multitude of ways in the
past. The immobilization of dioxin-contaminated soil and
sediment may be achieved by one or a combination of these
processes. The methods may be grouped into three cate-
gories: inorganic, organic treatment, and encapsulation.

fxation tech-
ash) materials
~clays. In the
tals, the soil
hd allowed
$te plentiful
the organic wastes
l#hough both may al-
‘+technology. Disad-
1 and the increased
7of 2 to 3-1/2 times -~
results in in- -
and disposal site

Inorganic Fixation: The common inorgani
niques use portland cement, pozzolanic (4
with or without lime or cement, and sor
process involving cement and pozzolani
and sediment is mixed with the cementj
to set up. The advantages of these
raw materials, low cost, the fact thé&
are adsorbed or mechanlcally trappeg
low leaching of some wastes), and pPri
vantages include porosity of ceme
volume of the original waste by ;
the orlglnal waste volume. This &
creased mixing, packaging, transport
expense. ;

on mixing the finely-
ated materials and then
glays, with the addition -
relatively impermeable, :
article loss or leaching.
:fbility of materials, and -
el , the process does not

The process using sorbent cl
ground powered clay with .the
isolating them mechanically.
of water, become very cohe51ve*
which reduces the possibi
The advantages are low ¢
ease of mixing. On the

substantially.

g the sediment and soils is to
nd cement with the soils. After
and curing, a hard durable solid
¢ing soil-cement involves soil con-
frefore dust control measures are
required. The {: t is essentially insoluble, which
immobilizes the ¢ mwgﬁnated soil. However, environmental
factors such as wettisty, drying, freezing, and thawing may
in the long-term cause deterioration of the soil-cement

treatment.

Another method of
mix 10 to 15 perg

proper mixing, e
forms. The pro
ditioning operj
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Organic Fixation: Stabilization chemicals are available
that, in general, react with moisture in the soil and sedi-
ment or an aqueous catalyst, to form a hydrophobic cross-
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linked polymer-based gel. The semi-solid gel coats and
binds the soil particles together. The chemical and water
(or catalyst) mixture is sprayed on cultivated or loosened
soil to react with the upper 3 to 4 inches of soil. The
resulting gel-soil mixture then becomes a barrier to water
infiltration. Such chemical grouts are not hazardous when
basic safety and handling precautions are observed.

Chemical grouts cost more than other stabilization methods.
Some questions remain regarding the depth of penetration,
application rates, and overall effectiven§§§ that can be
achieved for Love Canal creeks. A laborag@ry or field test-
ing program is needed before this treatm can be used.

The gels are subject to UV degradation ; thus, the soil
needs to be covered by an opaque paint over.

7

hy of #arther study,

Some of the common chemical grouts _
below by trade or

testing, and evaluation are describ
chemical name: i

R,

@

o) American Cyanimid Acryl
monomers that, when cag
tion, form a stiff gel. ™4
linking action binds water
form a substantiallymimpesrs

ks

’in an aqueous solu-
nolymerization-cross

is low viscosity, one-
fth water to form a poly-
#d cell foam has a free
s the original volume. It
ive to delay reaction
t@?allow the material to

o) Deneef Co. Polyure
component liquid re:
urethane foam. The%
expansion volume 15
may be used wifd
time up to 104
soak into th

mer, which _
non-hydratéa g¢
ticles to@@the:

1th water to form a hydrophobic
aterial that binds the soil par-

"‘a}*g

ytrusion Prepakt, Inc., uses a
; pound to form a dark brown non-
revergih /which is insoluble in water and
s and is substantially impermeable

A polyphenol grout is®4lso available in which a phenolic
polymer combines with a catalyst and inhibitors to form a
gel. :

Other special grouts are used for particular applications.

Examples are sodium silicate-calcium chloride or sodium
silicate-sodium aluminate reactions, which have transformed
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soft sands into a material that has strength and permeabil-
ity properties similar to weak sandstone. Epoxy resins,
silicone rubbers, lime, and specially formulated bituminous
compounds have also been mentioned as soil stabilization
materials.

The advantages some of the chemical grouts offer are that
they are easy to mix, they penetrate soil much like water
(since they have a viscosity similar to water), they can be
applied by spraying, and they are generally non-toxic when
handled properly. Also, most of these grghts seek and react
with water in the soil or groundwater, th form irrevers-
ible compounds of indefinite life (underjp¥oper conditions),
they do not substantially increase the me of the treated
soil, and their use is proven. On thej s side, grouts
are more expensive than other stablllgiq on ods, they
are sensitive to freeze-thaw and wet condléﬂons, and
some grouts deteriorate under ultra

i~ée not without merit
may be best used in
6ds. Some other con-:

e

The chemical soil stabilization me;
and deserve further investigation
conjunctlon with other containment
tainment methods are discussed be'

s membrane also pro- -

Asphalt Membrane: An asphalt _
g cap. The two- -

vides an impervious and totaly
component cover consists of_f
on the soil and then sprayed
to form a 50-mil-thick membrang
in place, which only requ1res
The asphalt materlal is

/special asphalt emu151on_
is system can be formed -
hing the soil surface.

with the soil to immobil-

Polymeric Membrane: J
inert materials can a
sites. The membrane™
in the field to pr

as reinforced chl
polyethylene have
The membranes haf
fine-grained soj
extreme envirq

sed to cover contaminated

alled in large panels and joined
gk-proof cover. Materials such
téq polyethylene and high-density
resistance to ultraviolet light.
vered with at least 1 foot of

Encapsulation: &, %?hnology for encapsulation of toxic
wastes such as dioxin“fs borrowed from other hazardous waste
containment processes that completely coat or seal the waste
material. Before the coating or sealing process, the wastes
are commonly prepared by some kind of fixation or adsorption
scheme as described before. In some methods the resulting
solid material is coated with a 1/4-inch-thick polyethylene
jacket. Steel and plastic drums are also used and sealed to
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secure the materials. Heavy, securely sealed polymeric or
rubber bags containing solidified waste are another pos-
sibility.

The encapsulation technique offers the advantages that no
material is lost or leached out as long as the encapsulation
remains intact. The materials can be handled, transported,
inventoried, and incorporated into a disposal site easily.
The disadvantages are that these processes are very expen-
sive both from a capital and operations standpoint, skilled
labor is required to operate the equipmentfsand the effec-
tive bulk volume of the waste is greatly Anrreased due to
the pretreatment fixation and usually i ularly-shaped
encapsulation. -

: xation
%tried methods

FUTURE RESEARCH OR DEVELOPMENT: Resega
methods should be continued, specifi
and the feasibility of using fixati
sediment. For untried methods, 1la
testing may be required to establig
tion, permanency, side effects, e

% and/or field
'regardlng applica-
earch into the
contaminated soil
and sediment is needed, particularl¥y ze area of insitu

One new product on the marketj bsﬁDECCA. Inc., of

ind #tabilize organics. The
and could be useful in
ying with pozzolanic, ce-
e traditional solidifica-
he organic compound 1is,
ork. This product may be
to "filter out" any organ-
y groundwater, for example.

stopping the organics from in
mentitious reactions 1nvolved
tion methods. The more j
the better the product i
incorporated in clay c
ics carried into the cfi
Research on this and 6

ducted and their usey
in conjunction w1th ;
this section.

ed. They may be used alone or
_fixation methods discussed in

thods may use bonding agents such
ons and byproduct materials like

Other potential
as latex and as
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: High-Temperature Fluid-Wall (HTFW) Reactors

DESCRIPTION OF TECHNOLOGY: In this process, waste in a cen-
tral porous cylinder is heated by radiation from surrounding
electrodes to 3,000°F to 4,000°F. The central cylinder is
made of porous carbon or ceramic material that is transparent
to the infrared radiation from the electrodes and is pro-
tected from thermal or chemical destruction through contact
with the heated waste by a fluid film of ibert gas that is
drawn through the inside of the cylinder, ‘ ﬁhls process re-
sults in a rapid and complete waste heat/ allow1ng for a
high degree of combustion completeness igh degree of
process control is possible since the 3p,. source is
electricity. i /

STATE OF DEVELOPMENT: The Thagard -eqrch Corporatlon has
achieved 99.999 percent destructlo%fg {5
(one percent by weight) in a 1/4- i :
reactor. Thagard has claimed the destruction efficiency
for burning hexachlorobenzene inj of a 10-ton-per-day .
reactor unit. EPA certification Bsnlts on PCB-contami=
nated soil destruction in a 15- lb/mln' 0 reactor owned by j
the J. M. Huber Corporation h 2

soil started with a dioxin .c@j ;
treatment the soil had a diox. ;s centration of less than
0.1 ppb. Southern California on, Inc., has reportedly
been considering the Tha pro 9s for destruction of -
PCB-contaminated soil. / i g
reportedly been considefge ; pwssible support indicated
from a Miami investme?m' i rm

ion equipment is needed for
ure evenly distributed heat

FUTURE RESEARCH- Q ENT NEEDS: Specific areas that
need to be develshed areighrable scaled-up central cores and
the determlnaty@ . sary air pollution control equip-
ment, - ﬁﬁ‘ '

References: 65;'
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Supercritical Water Oxidation

DESCRIPTION OF TECHNOLOGY: Supercritical water oxidation
uses alr or oxygen in water above its critical temperature
and pressure (374°C and 218 atm, respectively) to destroy
organics. Oxygen and hydrocarbons are almost completely
miscible with water and salts precipitate out. The waste is
slurried, pressurized, and then educted into the supercriti-
cal water reactor. A base is added to th ystem so that
anions present can be reacted to salts. Galt, water, carbon
dioxide, and traces of organic feed exititHe reactor.

STATE OF DEVELOPMENT: Modar Incorpora
tested a supercritical water process
chlorinated hydrocarbon compounds. I
of greater than 99.99 percent were ﬁ’

%boratory
35d other
¥ efficiencies

FUTURE RESEARCH OR DEVELOPMENT NEEBRS! © ;
oxidation needs to be laboratory ofl on TCDD-contaminated
materials and the feasibility fog% Grth
then be evaluated. "

References: 19, 57, 65, 247 .
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Microwave Plasma Destruction

DESCRIPTION OF TECHNOLOGY: Organic _compounds are broken:

down into smaller molecules when combined with partially
ionized gas produced by microwave- 1nduced electron reac-
tions. _ v

STATE OF DEVELOPMENT: It appears that this technology has’

.water, phosgene, and chlorine

.ated materials of interest.

recently been tested specifically for breakdown of dioxin

with some success, although these results Bave apparently

not been published. Microwave plasma d uction has been
tested on a bench scale using other chl
including PCB's. Organic hazardous wag
as pure liquids, as slurries, or solu
water, or as compressed solids. Test® _ : _
cessed up to 7 pounds per hour of ha%Zgrdous organic material.

_ ] ieved over 99 per-
cent destruction of a variety of # ganics, including ,
two commercial PCB's, Malathion mone., The feed rates &
for these tests ranged from O. 18\}%§ ilograms per hour.
Treatment of PCB's produced carbon motigxide, carbon dioxide,
wemaome of these pro-

ducts are highly toxic and ret gsequent treatment.
FUTURE RESEARCH OR DEVELOPME
to be laboratory tested and dt

ited for dioxin-contamin-
1s a bench-scale technol-
hilot and large-scale
lity and technical suc-
hazardous organic mate-

ogy and needs developmen
tests to determine econ
cess in treating large
rials.

joration is now operating a
.furlng a plasma torch system.
#ion at the facility is currently

Westinghouse Electrig
20,000-kW test fac1F :
Toxic chemical wasts
under development 4

References: 14' / , BP0, 247, 272, 275
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Plasma Arc Pyrolysis

DESCRIPTION OF TECHNOLOGY: The Plasma Arc process uses en-
ergy from ionized gas molecules, created by an electrical
current discharge through a vortex of low-pressure gas, to
destroy organic molecules. Temperatures equivalent to
50,000°K are achieved in the plasma, and rapid decomposition
follows exposure to waste materials. The primary products
from TCDD destruction would likely be Co,hg,z, HCl, H,, and
H,0. Gas volumes supplied to the reacto € on the oOrder
o% 5 percent of the gas volumes required conventional
incineration. ' Scrubbers are needed for gases from pro-
cessing halogenated wastes. : : '

STATE OF DEVELOPMENT: Preliminary 1lg ato;yq”»ale tests
have shown PCB destruction from liquyig wastes in excess of
99 percent. Canadian government lafidrato¥y scale testing
has demonstrated destruction effic feg in excess of
99.9999 percent for pure transfor fluids (Aroclor and
Askarel) containing up to 58 perd

tests are reported on TCDD.

FUTURE RESEARCH OR DEVELOPMEN T} ';boratory testing on
TCDD's is needed. Determina gnercial feasibility
and scale of operation for thiis geess is needed.

References: 65, 247
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DIOXIN TECHNOLOGY SUMMARY

"SUBJECT: Gamma Ray Radiolysis

DESCRIPTION OF TECHNOLOGY: Toxic organics are exposed to

chlorines).

- radiation from a gamma ray source after dissolving in a

suitable organic solvent.

STATE OF DEVELOPMENT: Gamma ray radiolysis has been labo-

ratory tested on several toxic organics, including TCDD. No
specific results have been reported for t tment of TCDD in
soil by this technique. A 97-percent TCD:
observed after 30 hours of gamma ray ir

million rads per hour for a 100-ppb sol
ethanol. All samples tested showed thg v&
chlorinated dioxins tri-CDD (three chlay

Other research using ionizing gamma;
toxic chlorinated organics (includ,
2,4,5-T, and PCB's) has led to th
method of destruction is ineffici

ly for large-scale use. h

sion that this -
prohibitively cost-..

Gamma ray radiolysis
| on a laboratory scale™
on a larger scale. ‘

FUTURE RESEARCH OR DEVELOPMEN
has yet to be effectively de
in a manner that warrants de

References: 83, 180,
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Molten Salt Combustion

DESCRIPTION OF TECHNOLOGY: Chlorinated hydrocarbon wastes
are injected in a continuous feed below the surface of a
800°C to 1000°C molten salt bath, which contains a mixture
of sodium or potassium carbonate and 10 percent sodium sul-
fate by weight. Rapid heating and thorough mixing of the
waste can be achieved in this fluid heat-conductlng reaction
medium. The chlorinated hydrocarbons oxidgze in the molten
salt to CO water, and sodium chloride. ipplemental heat
from coburned combustible materials is r;lylred when low-Btu
value wastes are destroyed. Materials ated during the
combustion process can be retained and
can be either regenerated or landflllm
reactor must undergo size reduction t
inch pieces. A particulate baghous necessary for the
off-gas. Ash and any metal, phosphi A%&halogen, or arsenic
salts build up in the melt and mus oved.

- T T U e
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STATE OF DEVELOPMENT: Molten sag
ed by Rockwell International on a 24
for decomposition of chlorinated hydr
2,4-D,chlordane, chloroform,
than 99 9999 percent decompog
appears that this technology
cally on dioxin.

‘hr bench scale unit
rbons (including

g?rloroethane) .More
x%g»een achieved. It

0%
o
e
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hazardous waste destruct éwever, no units are under

A full-scale molten s
cult to develop due t¢
construction. The sps
and materials handli’gi
has been identifiedy

struction of "con
site cleanup,” h
mineral matter
pounds."

lten salt also presents disposal
ems. The molten salt process

/ Ay suitable" for potential de-
{“Gpils from spill and old dump
#haracteristics of "water and
arious hazardous organic com-

OPMENT NEEDS: Needs to be labora-
dioxin-contaminated materials.

FUTURE RESEARC :
tory tested for vd

References: 87, 180, 247, 275
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Carbon Adsorption

DESCRIPTION OF TECHNOLOGY: Solutions containing materials

to be absorbed are passed through beds of activated carbon
that provide sufficient solution re51dence time to achieve
the desired removal.

STATE OF DEVELOPMENT: Actlvated carbon has been shown to

selectively adsorb-TCDD from solvents. Cgggnut charcoal has
been used in full-scale operations to adgprp dioxin from the
herbicide 2,4,5-T. ' :

the carbon
¥ world are
Ancineration
n_proposed for the
ﬁ@ace with other or-
combustion, ac-
incineration.

Tests have shown that, after adsorptiop
cannot be regenerated. Several sites
currently storing dioxin-contaminatec
of the TCDD-contaminated carbon has
final disposal of TCDD. However, e
ganics has shown that, to ensure c'
tivated carbon requires proce551n§
This additional processing intro
highly contaminated materials.

Other technologies that have
of TCDD-contaminated carbon ¥

ercritical fluids
and microwave radiation. ' -

be developed by laboratory res: to provide quantitative .

1nformatlon on carbon ad§“

- A=-39

ed for regeneration =

A data base needs to

dings and removal effi--_
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Chemical Degradation--~Chlorination

DESCRIPTION OF TECHNOLOGY: Chlorolysis (extensive chlorina-
tion) is a process where gaseous feed materials are reacted
with chlorine usually at pressures of 200 to 700 atmospheres
and temperatures up to 800°C, producing carbon tetrachloride
and associated products. The reaction with TCDD is:

TCDD + 22C12 - 10 CCl4 + 4 HC1l-+ 2 CQ

1o

’ the Diamond
;poration con-

STATE OF DEVELOPMENT: Under EPA contrac
Shamrock Corporation and the Hoechst-Uh
ducted laboratory studies of chlorolys
to form carbon tetrachloride, phosgen
chloride gas. The concentration of T
Orange used by Diamond Shamrock was 4
Orange was diluted 1:1 with CC1 ‘ gyinated at
600-800°C and 150 psig. The TCBD % the product was less
than the detectable limit of 10 pi" ke Herbicide Orange
used in the Hoechst-Uhde study cg o) 14-18 ppm TCDD.

TCDD was not measurable to a detectio ;mlt of 1 ppb in the
carbon tetrachloride product.

ppm. The Herbicide

To our knowledge, no further
this method have been done
dioxin exists.

FUTURE RESEARCH OR DEVELOPMENT®"}
known about this process
is required to determine

dioxin. ;

References: 61,
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Chemical Degragation-—Catalytic Oxidation

DESCRIPTION OF TECHNOLOGY: TCDD is dissolved in a non-
nucleophilic solvent and reacted with ruthenium tetroxide
(Ru0,). Examples of solvents include chloroform, nitro-
methane,. and carbon tetrachloride. In the reaction, ruthen-
ium tetroxide oxidizes the TCDD and ruthenium dioxide is
formed. Ruthenium dioxide can be converted back to ruthen-
ium tetroxide by combining it with hypochlgrite. Therefore,
only catalytic quantities of RuO, are reg@iited for the oxi-
dation of TCDD. 1In lab experiments, a r&ty¥o of about 30:1
RuO4 to TCDD was used.
STATE OF DEVELOPMENT: Catalytic oxidgti
accomplished in the laboratory. The
sured at 560 minutes at 30°C and 15
itself is a toxic compound and is
commercial quantities. Only laborg
been conducted, and no pilot scal
periments have been done. The hig
of ruthenium tetroxide make this
large~scale applications.

DD has been
%) i fe was mea-
i utes at 70°C. RuO
imonly available 1in
/ experiments have
so1l-bound dioxin ex-
- and high toxicity
infeasible for

4

process.

References: 12,

o



DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Chemical Degradation--Chloroiodides

DESCRIPTION OF TECHNOLOGY: Two types of chloroiodides have
shown promising results for degrading TCDD. They are:

1) alkyldimethyl benzyl ammonium (benzalkonium) chloro-
iodide, and 2) l~hexadecylpyridinium (cetylpyrldlnlum)
chloroiodide. The chloroiodides are dissolved in a micellar
solution due to low water solubility of these substances.
TCDD contaminated materials are then contagted with the
chloroiodides in micellar solution at ambi@énht temperatures.
TCDD degradation occurs by the cleavage g&f/ether bonds.
Chlorinated phenolics are expected as ion byproducts.

STATE OF DEVELOPMENT: Moderate levelg & estruction
from contaminated residues have been &% in the lab-
oratory. TCDD in benzene was vacuun#e@vaporated and the resi-
due treated with benzalkonium chlo :
the TCDD was decomposed. Using c
a 92-percent decomposition level ;
ments were also conducted on a s@
Italy, using a chloroiodide micella
concentration dropped from 23 ug/lOOg
11.0 uyg/100g in 24 hours. Catig

on the soil sample. ¢

......

ple from Seveso,
ation. The TCDD
50il to

ctants worked best

: Further laboratory
e feasibility of this

FUTURE RESEARCH OR DEVELOPME
development 1is required to det
process.

References: 29,
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~solution of an alkali metal hydroxid

DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Chemical Degradation--Dechlorination

DESCRIPTION OF TECHNOLOGY: Dechlorination of TCDD involves
the use of chemical reagents or catalysts to remove chlorine
atoms from the TCDD structure, thereby reducing its toxicity
and making it amenable to other forms of treatment or dis-
posal. Dechlorination processes have been tested and con-
sidered for use in detoxifying TCDD by Vertac, Acurex, and .
Wright State University. These processes /have used alkali
metal reagents at both ambient and eleva
remove the chlorine atoms from TCDD.
achieves dechlorination of TCDD by the | ion of anhydrous
alkali metal salts of polyhydroxy alchgd, '
pressure. In an alternate Vertac prog
accomplished by reacting TCDD with agp

cohol dnd a water
The Acurex process
uses a proprietary sodium reagent 2 55
ment process to dechlorinate TCDD.; #3rch studies at
Wright State Unlver51ty have used/: i 1 polyethylene glycol -
reagents (NaPEG) in batch proces- ambient temperatures ::
to dechlorinate TCDD. R

emical dechlorina- ;:
candidates for

8¢ based on similarities
#etween PCB's and TCDD.

Several companies have also d
tion processes for PCB's that

Research work on other p ed compounds, including

DDT's and several other g

rapid reduction reactlf 7wh florlnes on the organic com-
en atoms. Research has shown
that this process do. \
ganic chemicals. Thi st most frequently used in re-
search work is nick&® fride, prepared by mixing sodium
borohydride with p 1 I'6ride in alchol. No catalytic
dechlorination t rreportedly been done on TCDD.

; i
STATE OF DEVELQ] ‘ 'iadation of TCDD by dechlorination
has been testeg f
Greater than 99%4%%

ent TCDD degradation was observed
from a 2,4,5-TCP ¢ bottoms sample contaminated with

250 ppm TCDD in laborétory testing of chemical dechlorina-
tion at Vertac. The Acurex mobile batch sodium reagent de-
chlorination process has been developed commercially for
PCB's. Test data from the Acurex PCB dechlorination process
showed a reduced dioxin concentration in transformer oil
from 310 parts per trillion (ppt) to 40 +20 ppt.




FUTURE RESEARCH OR DEVELOPMENT NEEDS: Currently undergoing
further laboratory development at Wright State University
and Acurex Corporation. Extensive pilot studies needed to
determine: 1) technical feasibility, 2) economics, 3) pro-
cess safety, 4) environmental impact, and 5) specific pro-
cess requirements for soil treatment.

References: 60, 61, 65, 112, 180, 247, 275
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Wet. Air Oxidation

" DESCRIPTION OF TECHNOLOGY: Wet air oxidation is a physical/

chemical treatment process for the destruction of organic
compounds in water under high temperatures and pressures.
Under these conditions, organics are oxidized to alcohols,
aldehydes, acids, and ultimately to carbon dioxide and water
by injecting oxygen into the process. Typical. operating
temperatures and pressures are 150-350°C amd 500-2500 psig.

ions or slurries
percent and
percent or-
g ower organic
fmay bééneeded to
oxygen is injected
dactor. Mixing
of the organics.
"to the organics is

The process is best suited to agueous s
where organic matter constitutes betwee]
20 percent. One manufacturer states t
ganic content, the process is autothe
concentrations, large amounts of ener:
maintain the process. In the proce
into a high- temperature, high-pres
within the reactor improves the OX;
Waste materials in which oxygen t?
difficult and may require higher &
sures to achieve adequate destruct

type of system,  the
parts of the system
“tion materials ' for
include nickel,

When destroying certain waste
environment within the react
is highly corrosive. Requir,
treating chlorinated hydroca
titanium, hastelloy, and zirc@

STATE OF DEVELOPMENT: W
commercially applied to /
nicipal wastewater, orga
chemical wastes. Howej
only on a test basis.g
search did not indic
wet air oxidation sy
manufacturers have g
WetCom Engineeringi
tion for wet air ¢
ment. /

tion technology has been
8te types, including mu-
idges, pulps, and various other
#pplication to TCDD has been
thengh an-extensive literature

thdt/ treating TCDD in soil with a

o ever been attempted, several

uch a system.can be developed.
currently studying an applica-

The only data
from tests com a pilot model of a variation on the
4 Ss by IT Enviroscience. A 99-percent
reduction in TCDD wa%ipbserved in lab tests of catalyzed wet
oxidation conducted at 200°C and with a 4-hour reaction
time. The oxidation reaction was catalyzed by a bromide-
nitrate solution. While a substantial amount of lab experi-
ence has been published, no industrial or soil decontamina-

tion work is mentioned. At one time, IT Enviroscience
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planned to construct a pilot plant for this process, but the
pilot plant was never built.

Before TCDD in soil can be treated by wet air oxidation, the
soil must be pulverized and mixed into a slurry. The slurry
then enters the system through a high-pressure pump. Care-
ful control of soil particle size is, therefore, important.

Because of the low organic content of soil, thermal energy
requirements of up to 1000 Btu/gallon are requlred as in-
dicated by Zimpro Inc. and WetCom Engineergng Limited.
Zimpro has indicated that a maximum defic of 500 Btu/gal-
lon of wastewater is required when the nic content of
wastewater is very low (1 G/1 COD). Th re, such a soil
treatment process will not be autogeno,

;, h process for

? temperatures exceed-
‘iriencies were only

gfruction efficien-

PCB destruction. Long batch times af
ing 250°C were used, but destructiofi
in the 50- to 70-percent range. P
cies of >99 percent were achieved; ¥
the IT Enviroscience catalyzed wé’ & O6xidation process.

FUTURE RESEARCH OR DEVELOPMENT NEEDS'
plication of wet air oxidation,,

needed. The methods of reac
dation of organics which are
tigated.

nd dioxins is
#n to facilitate oxi-
oil need to be inves-

References: 65, 179, 247,
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT:  Ultraviolet Ozonation

DESCRIPTION OF TECHNOLOGY: Uitraviblet ozonation is a com-

bination of breaking chemical bonds with ultraviolet light
and oxidation of the activated organic compounds with ozone.
It is achieved by bringing ozone into contact with the lig-
uid organic waste in the presence of ultraviolet radiation
of a specified wavelength range and intensity.

STATE OF DEVELOPMENT: One ppb of TCDD w ompletely de-

' Soil degradation of TCDD in 2 was also monitored
- for nonirradiated samples a '

researchers at
rborundum Com-
s of ultra-
idnitial contam-
ualtravidlet ozonation
treatment alternative

graded with an ultraviolet/ozone system %
California Analytical Laboratories and ;
pany. Other test results indicate tha
violet ozonation are more biodegradab}
inants such as 2,4,5-T, PCB, and TCDL
may, therefore, be con51dered as a p¥
for soil dlsposal

In fresh field soils, low concent#

; g:(one ppm in H20) of.
2,4,5-T and PCP were rapidly degz e

n first irradiated v
and PCB were de-

. graded more slowly under the same”cond ns.

irradiated in the

s less than 2,4,5-T and
t 28 days, the conversion
d, 3.1 percent N2,

presence of N Total degra
PCP for the same condltlons.

12.7 percent O2

Large-scale ultraviolet/ gzon "f“fhas been conducted by Pure
Water Systems, Inc.,

have not been publish
FURTHER RESEARCH OR D% ENT NEEDS: Ultraviolet ozona-
tion of dioxin in s} ;

¥/ deve lopment is needed to deter-
mine what level of roncentration reduction is feasi-
ble. Research ‘ ent is also needed to determine
if ultraviolet @#pnation Bf dioxin in soil is feasible.
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-in its 1980 chemical testing at L

Section 1
INTRODUCTION

1.1 OBJECTIVES

The objective of this assessment is to evaluate the actual
and potent1a1 health and environmental effects if no remedial
action is taken at hazardous waste sites. This section
evaluates the consequences if no remedial action is under-
taken at the sanitary and storm sewers of the Love Canal
Emergency Declaration Area (EDA), Black, jﬁﬁgholtz and
Cayuga Creeks, and at the 102nd Street ouy# 411 in the
Niagara River (Figure 1-1). This reportimakes no attempt to
address the habitability of the EDA. /

1.2 PREVIOUS HEALTH ASSESSMENT

In 1981, the U.S. Department of He
(DHHS) obtalned written opinions f
expert consultants on the health i
obtained by the U.S. Environmentg;

gd Human Services
j'en non-federal
#¥ions of the data
wction Agency (USEPA)
nal. The letter from
Phe consultants asked
shether (1) the con-
from levels found
concentrations repre-
) chronic adverse health
the "usual residential
ea, (3) the data were
» (4) one could conclude

the DHHS Centers for Disease Contr
them to review the data with respect t&
centrations were significantl
in other areas of Niagara. Fak

conditions" in the Niagara Fa
sufficient to make a judgment,

The consultants met fo
condensed form of the
opinions on the stor
tions were summarize

: nd were presented with a
%t’ilng data. The experts'

Oows:

evels of chemicals detected in
(Canal itself and the first

rrounding the canal) exceed accept-

gsent a potential for increased

al actions are not pursued and if

"Consultants
storm sewersj
two rings of;
able level
health ri
‘human ac

"Any judgment%@gerding the future habitability of the
Love Canal area rests on two important requirements.
The first reservation is that appropriate measures must
be taken to clean up the obvious contamination of local
storm sewers and their drainage tracts. Second, the
security of Area 11 must be reevaluated to guarantee
permanent containment of chemicals in the dump."
(Heath, et al., 1981). ‘



Although the U.S. Congress Office of Technology Assessment
criticized the general conclusions of the 1982 EPA monitoring
report and the DHHS statement on habitability, no criticisms
were directed at the identified need to clean the storm sewers

-and drainage tracts. This need was restated by DHHS on

July 13, 1982, (Heath et al., 1982). The New York Depart-
ment of Health has also supported this position (Huffaker,
1984).

1.3 FOCUS OF THIS STUDY

ominantly bounded
DA (102nd Street),
on the west and

The area included in this evaluation is py&
on the east by the eastern boundary of t
Bergholtz Creek on the north, Cayuga Crej

the Niagara/Little Niagara Rivers on thé& eadnt] Some dis-
cussion will include areas west of the 2 Dreek.
On the basis of frequency of observa & Malcolm

Pirnie (1983) report, which include
and creeks, and their toxicologica
ing chemicals were chosen as targ @
in this report: 2,3,7,8-tetrachlérody
TCDD, isomers of -hexachlorocyclohe
toluene, arsenic, cadmium and thall%

ipling of the sewers
&¥ties. The follow-
fcals for assessment
eénzo-p-dioxin, or’
chlorinated benzenes,

mamand locations of
;.-% and 102nd Street
tential chemical migra-
s and creeks and the
: #Hemicals. In Section 4, a
. g?lth assessment is de-
Hadetection limits associated
% Attachment B provides a
wsbptors in the Love Canal
he“doxicological and chemical
Micals. ‘

Section 2 summariées the concentra
these contaminants .in the se
outfall. Section 3 describe

scribed. Attachment A dg!
with the 1980 EPA Monitg
detailed listing of pote
area. Appendix C disgﬁ‘{
properties of the targe

Other studies in acld.é;""‘w

have been conducteg“
formed an extensiy
creeks and 102nd,
tive of this regp
and to examine
Environmental #
risks associated:

the 1980 EPA monitoring effort
‘cently, Malcolm Pirnie per-
g program of the area sewers,
fall in January 1983. The objec-
review available contaminant data

'ea contamination.




‘ Section 2
SAMPLING RESULTS FOR SANITARY SEWERS, STORM
SEWERS, AND SURFACE WATERS

2.1 INTRODUCTION

This chapter summarizes chemical data collected at Love Canal
for sanitary sewers, storm sewers, and surface waters (Black,
Bergholtz and Cayuga Creeks, and the Little Niagara and
Niagara Rivers). Nine sources were used in preéparing this

report:

o Malcolm Pirnie, Inc. 'OctoberL; 3. Site Investi-
gation and Remedial ‘Action Al i
Love Canal. Prepared for t State Depart-
ment of Environmental Consezy Famples were
taken in January and March

o Office of Research and De ,i?nt, U.S. Environ-
mental Protection Agency %1982, Environ-
mental Monitoring at Lo , Volumes 2 and 3.
Samples were taken bet ust and October 1980

o  Smith, M. P., O'Keefe, K. M.°& dous, D. R. Hilker,

. and J. E. O'Brien. 3, 7, 8-tetrachloro-
dibenzo-p-dioxin in ¢ Samples from Love
Canal Storm Sewer y eks.” Environmental
Science and Techno é¢Plume 17, No. 1. Samples
were collected in 19 Hd 1980 by the New York
Department of Health

o Environment Cg ] ‘gntario Ministry of the
Environment. , ¥ thtal Baseline Report of the
Niagara R1v 5 “¥980. Samples were taken in
1979. / :

o Env1ronmen and Ontario Ministry of the
Environme Engironmental Baseline Report of the
Niagara; - November 1981 Update. November 16,
1981. 7ére taken 1in 198.

o} New ent of Health. May 1984.

Berg, Preliminary TCDD Data. Samples
were 1 ~:1l 12, 1984.

o New York Department of Health. February 8, 1985.
Bergholtz Creek samples taken in July, 1984.

o E. J. Kuzin, New York Department of Health.

Cayuga Creek Dioxin Sampling of Fish and Sediment.
Samples were taken in 1984.




o Suns, K., G.R. Craig, G. Crawford, G.A. Rees, H.
Tosine, and J. Osborne, "Organochlorine Contami-
nant Residues in Spottail Shiners (Notropis
hudsonjus) from the Niagara River." J. Great
Lakes Research, Vol. 9, pp.335-340, 1983, Samples
were taken 1in 1980 and 1981, :

o D.L. Stalling, Fish and Wildlife Service,
Columbia,. Missouri. Letter to L. Skinner, New
York State Department of Environmental Conserva-
tion, January 18, 1982. Carp samples taken on
June 5, 1980. b

Rey represent re-
latively recent conditions at Love Canaﬁl A, detailed quality

A total of 114 chemicals were identi ',\at Love Canal in
these five studies. Of these, eidgl i

compounds were selected for consi
in this report. These include 2,
lindane and other BHC isomers, chk
toluene, arsenic, cadmium, and thale
were selected based on their tox1colog
their frequency of detection : hamie
Love Canal area. Other chemi
small number (less than ten)s

f in greater detail
DD (dioxin), -

ed benzenes, .
2, These compounds
properties and on
ks analyses of the :
identified in only a

tribution and abundance of the&l emicals of interest with

respect to sanitary sewey: S nd liquid samples, storm

sewer sediment and liqu @?and surface water sediment,

liquid, and biota samp cations of sampling sites
for the study used in ment are shown in Figures 2-1

to 2-5. Figure 2-1 1tary sewer manhole locations

sampled by Malcolm P, igure 2-2 shows storm sewer

A Pirnie, EPA-ORD, and Smith, et

;% Sampling sites in surface waters
. %4nd Cayuga Creek and the

sampled by EPA-ORD, Malcolm

Ltate Department of Health.

al. Figures 2-3 togi &
including Black,
Niagara River.

Pirnie, and the

2.2 SANITARY §

‘«_ /the sanitary sewers and, therefore,
all data reported here’ are from the Malcolm Pirnie report.
Figures 2-6 through 2-8 summarize the locations of the de-
tected concentrations, and Table 2-1 summarizes the chemical
concentrations found in the sewer sediments (wet weight con-
centrations for Malcolm Pirnie data). There were only four
detected concentrations of TCDD (from 19 samples), ranging
from 2.5 to 30 ug/kg. Concentrations of other organic
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91st & Luick

2) 9,400 ug/kg
4) 3,400 ug/kg

5) 4,800 ug/kg 264
1) 30.0 ppb
MH-765
MH-786 ‘1) 6.3 ppb .
1) 5.9 ppb
MH—-457

2) 140,000 ug/kg
3) 130,000 ug/kg
5) 120,000 ug/kg

MH—-777

2) 6,400 ug/kg
4) 4,000 ug/kg

MH-779

2) 56,000 ug/kg
5) 43,000 ug/kg

KEY

1) Dioxin

2) a-BHC

3) B-BHC N
4) 5-8HC SCALE: 1 = 600"
5) Y—BHC

"~ Figure'2—6

Sanitary Sewer Sediment Samples
Containing Dioxin & BHC Isomers [T TN
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SCALE: 1" =600’

35,000 ug/kg

MH-779

MH-755

17,000 ug/kg

MH-—-285
17,000 ug/kg

MH-754

4,800 ug/kg

MH-752
6,000 ug/kg

MH—457

2,900 ug/kg

Figure 2-7

Sanitary Sewer Sediment Samples =

Containing Toluene

CHMHILL




MH—-267

6) 7,200 ug/kg
g) 6,000 ug/kg

. MH-765 MH-—-265
P.S. No. 6 9) 4,000 ug/kg 3) 4,800 ug/kg

6) 160,000 ug/kg

2) 2,000 ug/kg
9) 20,000 ug/kg

4) 5,600 ug/kg
6) 7,400 ug/kg

MH-777 91st & Luick

6) 37,000 ug/kg 3) 3,800 ug/kg
9) 6,000 ug/kg 4) 14,000 ug/kg

- 6) 29,000 ug/kg
9) 7:400 ug/kg

MH-—759

6) 960 ug/kg
9) . 280 ug/kg

MH-262

6) 39,000 ug/kg
9) 22,000 ug/kg

E o ' i ' ————MH_ZM
6) 5,200 ug/kg

‘MH-285
4) 12,000 ug/kg

__MH-755_
4)2,200 ug/kg

MH-251
6) 11,000 ug/kg

MH—457

R 1) 3,900 ug/kg
) 4) 24,000 ug/kg
6) 510,000 ug/kg
9) 85,000 ug/kg

MH~-750
4) 480 ug/kg

- MH-=754
4) 4,400 ug/kg

MH-786

6} 300 ug/kg MH_779
1) 78,000 ug/kg .

2) 34,000 ug/kg MH-773
3) 52,000 ug/kg 3) 4,000 ug/kg
4) 98,000 ug/kg 4) 15,000 ug/kg
6) 310,000 ug/kg
9) 82,000 ug/kg

KEY

1) Chlorobenzene

2} 1,2-Dichlorbenzene -N-
3) 1,3-Dichlorobenzene

4) 1,4-Dichlorobenzene

5) 1,2,3-Trichlorobenzene ’% b Lo 7‘ T .
' 6} 1,2.4Trlchlorobenzere | g et s . Figure 2-8 I
' ;; :'g'igletm::om:nmne Sanitary Sewer Sediment Samples —] |
,2,4 5-Tetrachlorobenzene SCALE: 1" = 600’ : ‘ ini i enes
, 9) Hoxachlorobenzene , : . Containing Chlorinated Benz CRMHILL




Table 2-1 - .
Summary of Chemical Concentrations in the Sanitary Sewers
Malcolm Pirnie Data Taken in 1983

Nondetect Samples
! : e e Concentration (ug/kg)

' Number of . Detection  —————c———mm e o
Chemical A Number Limit (pg/kg) . Maximum® Meanb Medianb
TCDD . ‘15 0.20-210° 30 3 1
Hexachlorobenzene- 200-20,000 85,000 10,000 4,000
a-BHC 200-20,000 ’ 140,000 9,800 4,000
R-BHC 200-20, 000 20,000 4,100 4,000 °
| A-BHC 200-20,000 130,000 7,800 4,000
Chlorobenzene 2,000 . 78,000 4,500 2,000
Toluene 35,000 4,300 2,000
%W Arsenic 28,000 6,700 5,300
U1 Ccadmium 11,000 1,700 1,000
Thallium 13,000 2,300 1,000

®petected concentrations.
bCalculated with the detection limit for nondetect samples.

®one sample had a detection limit of 210 pg/kg. The next highest detection was 2 ug/kg.

CoM02/d.507 C . : . L



chemicals ranged as high as 510,000 ug/kg (1,2,4-trichloro-
benzene at station MH-257 in Figure 2-8). In general, the
median concentrations were close to the detection limit for
all chemicals shown.

Detection of arsenic, cadmium and thallium was generally
widespread throughout the sewer sediments. A summary of the
concentrations is presented in Table 2-1. For comparison
purposes, Table 2-2 presents concentrations of these inor-
ganics for the EDA surface and average soils. As can be
seen, the concentrations in the sanitary sewer sediments are

about the same as the surface and ‘average &gils.

wfe taken and all

jg%%?anlc detec-

i s sy mit of

ad pyrted concen-
chlorobé%zene,

%%e zene under 1 mg/L

Only three samples of the sewer liquids,
concentrations were reported as nondeteg
tion limit of 10 ug/L and inorganic degf
1,000 ug/L), except for one sample thg
trations of 1,2-dichlorobenzene, 1,4;
1,2,4-trichlorobenzene, and hexachl
each. ;

2.3 STORM SEWERS

ples in the storm
ions are shown in
ions are summarized
y and Table 2-4 for
ght concentrations for
data). A comparison of
ncentrations of TCDD, BHC
decreased, usually by at
2.5 years between the

Both Malcolm Pirnie and EPA-ORD to&
sewers. Locations of detected concen
Flgures 2-9 through 2-13. Th
in Table 2-3 for the Malcolm,
the EPA-~ORD monitoring stud
sediment samples for Malcolm¥
the two tables suggests that &
isomers and hexachlorobenzene
least an order of magnityé
two sampling periods. E reported TCDD concentra-
tion went from 650 ug/k 980 study to 1.9 ug/kg in
the 1983 study, and th# j Gfitentration went from 49
ug/kg to 0.82 ug/kg i 198 These decreased concentrations

are consistent with # ted washout of the sediments

from sewer water flow%f ng the cutting of the sewer
connection from thei: fnediately adjacent to the Canal
to the remainder ¢ _ ¥ Other explanations for the con-

centration decrea
or analytical t
however. In cqgj
<toluene and c

hanges in the sampling locations,
szsannot be completely ruled out,
ficentrations of the volatiles
have increased in the Malcolm
‘the EPA-ORD monitoring study. Since
both studies rep 24 niostly nondetectable concentration for
both volatiles, the apparent increase in mean and median
concentrations is a reflection of the difference in detec-
tion limits. Increases in the median concentrations and the
smaller decreases of the BHC isomers in the Malcolm Pirnie
data compared to the EPA-ORD study also reflect the differ-
ences in detection limits.

Pirnie data co
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Table 2-2
Soil Inorganic Concentrations (ug/kg)
Love Canal EDA Surface
Chemical Maximum Mean (a) Median ‘(a) Average Range
Arsenic 15000 . 12,000 7000 (b,c) 1000-93,000 (b)
Cadmium 330 - 10 350 (d,e) 10-2000 (4)
Thallium - 180 100 200 (d,e) 100-800 (4)
(a) Uses detectiort \, entrations.
- (b) U.S. value (Kabatd<pandias: 84) .

(c) Mean value. e .
(d) Global value (Bowen, 1979) &

? (e) Median value.

~J

COM02/4.501
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MH-712

1) 1.9 ppb
04024 04506
2} 75.0 ug/kg 1) 170 ug/kg
3) 14.0 ug/kg 02501

4) 200 ug/kg ——
- 5) 12.0 ug/kg 1)  5.39 ug/kg

- 4)542  ug/kg

97530

2) 483,000 ug/kg
3) 211,000 ug/kg
4) 584,000 ug/kg
5) 744,000 ug/kg

06017

1) 0.054 ug/kg
2} 55.0 ug/kg
4)119  ug/kg

07018

2) 9.0 ug/kg
2) 130 ug/kg
3} 13.0 ug/kg
4) 24.0 ug/kg
5) 3.9 ug/kg

02031

1) 0.419 ug/kg
1)  0.165ug/kg
2) 92 ‘ug/kg ¥
3) 71 ug/kg
4) 222 ug/kg
5) 79 ug/kg

04508
1) 672.0 ug/kg
1)  638.0 ug/kg
2) 20,000 ug/kg
5) 20,000 ug/kg
11030 |
1) 329.00 ug/kg
1103 1
1) 199.00 ug/kg |
EST,6
1) 120 uglke
EST,5
1) 0.9 ug/kg

4) 54 ug/kg

11032. . 1
1) 0.2 ug/kg

o917
2) 21 ug/kg

08015

.1} 0.40 ug/kg
" 2)123.0 ug/kg
3) 560.0 ug/kg

5) 35.0 ug/kg

MH'—415
1) 0.87 ppb

' 5 10032
01028 03510 0.2 prb
2) 8.2 ug/kg 2) 32.0ug/kg 3) 86.0 ug/kg
2) 17.0 ug/kg 3) 135.0 ug/kg 5) 12.0 ug/kg
3) 10.0ug/kg 4) 111.0 ug/kg A
3) 18.0 ug/kg e AN
4) 15.0 ug/kg 03511 e tinininnes
4) 5.0ug/kg 2) 36.0 ug/kg o
5) 4.6 ug/kg 2) 75.0 ug/kg MH—412
' 3) 220 ug/kg oo — ___MH-412
3) 8.0ug/kg - _ 2) 11,000 wug/kg
4) 490 ug/kg .. ~<
- 5)21.0ug/kg "
' EST.4__ __— s EST, 1
1312 ughkg i . 1131 uglkg
-N- _ 97th@Frontier
3) 6,800.0 ug/kg
11033
P ~
1) 393.0 ug/kg
SCALE: 1" = 600’ 1) 303.0 ug/kg 5
KEY
1) Dioxin . .
2) a—-BHC : . | ‘
3) B-BHC ' . i
4} §—BHC |
5) Y-BHC ‘
Figure 2-9 . —

Storm Sewer Sediment Samples

I Containing Dioxin & BHC Isomers

Py



097530
2) 5.0 ug/t
4) 7.4 ug/l
5) 6.7 ug/I

-
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04506

2) 1.3 ug/l
3) 0.4 ug/l
4) 0.8 ug/I

04509

2) 2.9 ug/t
4) 0.9 ug/I
5) 3.4 ug/|

04508

2) 8.05 ug/I
3) 1.66 ug/|
4) 1.35 ug/|

11032

2) 1.2 ug/l

3) 0.16 ug/l.

14) 0.31 ug/l
5) 1.4 ug/l -

08015

2) 0.14 ug/l
3) 0.012 ug/
4) 0.24 ug/l
5) 0.20 ug/|

01028

2) 0.004 ug/l
3) 0.006 ug/|

97518

2) 0.6 ug/!
3) 0.092 ug/i
4) 1.9 ug/l
5) 1.2 ug/l . 03511 .
2) 0.008 ug/!
3) 0.01 ug/l
4) 0.01 ug/|
11033 10034
. 2) 0.32 ug/!
g; 122 :g;: 3) 0.19 ug/l
21120 ugh- 4) 0.48 ug/!
: 5)1t0ugn 5) 0.69 ug/|
-N-

SCALE: 1" =600’

KEY

1) Dioxin (NOTE: No Dioxin Was Found)
2) q—BHC
3} B-BHC
4) §—BHC

5) Y-BHg

Figure 2—10

Storm Sewer Liguid Samples
Containing BHC Isomers
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MH—-719 04506
1) 65,000 " ug/kg 1) 12.33 ug/kg
97530
2) 210,000 ug/kg
3) 29,000 ug/kg MH-715

4) 140,000 ug/kg
5) 1,900,000 ug/kg
. 6) 50,000 ug/kg

8) 650,000 ug/kg
9} 1,800,000 ug/kg

1) 18,000 ug/kg
4) .5.600 ug/kg
6) 12,000 ug/kg

02501

1) 61.0 ug/kg
3) 305 wug/kg
6) 1,300 ug/kg

MH-—221

6) 26,000 ug/kg
9) 9,200 ug/kg

04508

1) .7.9 ug/kg

770 ug/kg
1,700 ug/kg

300 ug/kg

500 ug/kg

400 ug/kg
1,700 ug/kg
6) 4,100 ug/kg
. 6) 1,200 ug/kg
6) 3,100 ug/kg
7) 1,700 ug/kg
9) 15,700 ug/kg
9) 11,000 wug/kg
9) 13,100 ug/kg

02031
6) 530 ug/kg

07018

g (T QN 5) 530.0 ug/k
%71 230 ua/ka- .0 ug/kg
1 1) 33.0 ug/kg \. 6) 310.0uglkg -
S 7) 3,000.0 ug/kg
11030
1 2) 280 ug/kg
; ' 4) 330 ug/kg
6) 910 ug/kg
9) 1,300 ug/kg

11031
1) 4,545.0 ug/kg
2) 5,700.0 ug/kg
6) 36,300.0 ug/kg
9)  590.0 ug/kg
9) 6,500.0 ug/kg
08015
... 6) 250 ug/kg
~ MH-415
1) 5,900 ug/kg
11032
6) 240 ug/kg

03511

Rt 6) 490 ug/kg
e 7) 3,400 ug/kg
8) 590 wug/kg

99@Frontier

1) 6,600
2). 6,400

97th@Frontier

2) 12,000 ug/kg
3) 4,400 ug/kg
4) 32,000 "ug/kg
6) 130,000 ug/kg

- : : g} 24,000 uglkg’

10032
6) 280 ug/kg
6) 240 ug/kg

—~ _MH-212.. _

9) 43,000 wug/kg 1) 35,000 ug/kg
2) 48,000 ug/kg
4) 64,000 ug/kg
6) 110,000 ug/kg
9) -7,200. ug/kg

SCALE: 1" = 600’

KEY

1) Chiorobenzene

2) 1,2-Dichlorobenzene

3} 1,3-Dichlorobenzens

4) 1,4-Dichlorobenzene

5) 1,2,3-Trichlorobenzens

6) 1,2,4-Trichlorobenzene

7) 1,2,3,4-Tetrachlorobenzene
8) 1,2,4,5 Tetrachlorobenzene
9} Hexachlorbenzene

Figure 2—11
Storm Sewer Sediment Samples
Containing Chlorinated Benzenes CRVIFIL




97530

3) Trace
5} Trace
6) Trace
7) 21.0 ug/l
8) Trace

11033

3) Trace
5) Trace
6) Trace
7) 120.0 ug/I
8) 19.0 ug/l

SCALE: 1" =600

KEY

1) Chlorobenzene

2) 1,2-Dichlorbenzene

3) 1,3-Dichlorobenzense

4) 1,4-Dichlorobenzene

5) 1,2,3-Trichlorobenzene

6) 1,2,3-Trichlorobenzene

7) 1,2,3,4-Tetrachiorobenzene
8) 1,2,4,5-Tetrachlorobenzene
9) Hexachlorobenzene

04509
8) 62.0 ug

04508

3)
-3)
4)
4)
5)
5)
6)

0.09 ug/|
0.26 ug/l
0.12 ug/
0.59 ug/i
1.566 ug/I
1.08 ug/|
3.63 ug/|

7) 25.03 ug/|
7} 4.79 ug/i
8) 1.72 ug/
9) 0.29 ug/l

08015

5) Trace
6) Trace
7) Trace
8) Trace

Figure 2—12

Storm Sewer Liquid Samples
Containing Chlorinated Benzenes




S

CALE: 1" =600’

MH-719

3,700 ug/kg

2,400 ug/kg

MH-715

02032

N
$
H
By

04506

237 ug/kg

MH-221

0.9 ug/kg

‘04508

99@Frontier
8,300 ug/kg

Figure 2-13

Storm Sewer Sediment Samples |CH2M

Containing Toluene

2,700 ug/kg

11031
5,045 ug/kg

MH=-415
4,400 ug/kg

NPV

MH-412

280,000 ug/kg
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) Table 2-=3
Summary of Chemical Concentrations in the Storm Sewers
Malcolm Pirnie Data Taken in 1983

Nondetect Samples

------------------------------ Concentration (ug/kg)

Detection e e e e e e

Chemical Limit (pg/kg) - Maximum (a) Mean (b) Median (b)
TCDD 0.01-3,80 . 1.9 0.82 0.45
Hexachlorobenzene - 200-28,000 34,000 7,800 - 4,000
a-BHC 200-28,000 - " 28,000 . 6,000 . 4,000
B-BHC 200-28,000. 28,000 5,800 4,000
A-BHC 200-28,000 28,000 5,600 . 4,000
Chlorobenzene ' 55,000 7,500 2,000
Toluene 280,000 16,000 2,000
? Arsenic 18,000 10,000 10,000
®  Cadmium 1,700 . 1,100 - 1,000

Thallium 23,000

3,720 4,000

COM02/d.506



Table 2-4 e
Summary of Chemical Concentrations in the Storm Sewer Sediment v
EPA-ORD Data Taken in 1980

|
Nondetect Samples
------------------------------ Concentration (ug/kg)
\
\

Number of Detection === emmee o

Chemical Number Limit (pg/kg) Maximum (a) Mean (b) Median (b)
TCDD 18 0.02 650 49 0.02
Hexachlorobenzene 24 85 1,800,000 65,000 85
a-BHC ' 6 483,000 18,000 ' 6
R-BHC 6 211,000 7,600 6
A-BHC 6 744,000 27,000 6
Chlorobenzene 7 4,600 ) 220 7
Toluene - 7 5,000 200 . 7
W Arsenic : 28 13,000 1,600 .20
o Cadmium 28 2,400 1,000 10
Thallium . 28 100 100

(a) Detected concentrafion. . i
(b) Calculated with the detection limit for nondetect san

COM02/4.508
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"Tables 2-5 through 2-7 (wet weight ¢

The concentrations of the inorganic chemicals remained ap-
proximately the same between the two sampling periods, with
the difference in the mean and median concentrations being
an artifact of the differences in the detection limits be-
tween the two studies. The concentrations in the sewers,
creeks, and 102nd Street outfall (shown in later tables) are
approximately the same. This and the similarity with other
soils presented in Table 2-2 suggest that the inorganic
chemicals do not originate from the Canal, but are
indigenous to the area.

Only two samples of the storm sewer liqui

Malcolm Pirnie and all concentrations weyg near the detec-
tion limit (10 to 20 ug/L for organics agng 1000 ug/kg for

inorganics), except for reported toluen 52

2300 and 29200 ug/L. EPA-ORD took 28 s
sewer liquids and the highest reported
ug/L (one sample of 1,2,3,4-tetrachlg

% fion was 120
" (Figure 2-12).

2.4 CREEKS

#n in Figures 2-14
~summarized in
3 g rations for
sediment samples for Malcolm Pirnie a ‘%@. No summary
tables were prepared for the 4%a because of the
limited number of samples: tw} fit’ samples from Black
Creek, three sediment sample Bérgholtz Creek, and
one sediment sample from Cayw k. The highest

fient were near the

concentrations of TCDD in the*™
creeks, where several

Pations in approximately
“With a maximum of 45.8
“away from this confluence
owér than 1 ug/kg.

Sampling results for the creeks &
through 2-19, and the concentrati

ug/kg. Concentrations/g
generally approached @t

taken by Malcolm Pirnie and
“$}aken in the EPA-ORD monitoring
) _j,trations were reported as non-
detects (about 10% _drganics, and less than 1000 pg/L
for inorganics);é - le organics were reported in the

Only two ligquid samp\.
only six liquid samg

2.5 102ND ST% AND THE NIAGARA RIVER

Sampling results a éﬁ, mmarized in Figures 2-20 and 2-21

oy

(wet weight concentrations for Malcolm Pirnie data). TCDD
was not detected in sixty-two samples taken by Malcolm
Pirnie in the Little Niagara River. The concentration sum-
mary is shown in Table 2-8. No summary table was prepared
for the EPA-ORD study because only five sediment samples
were reported.



04016
7 1) 1.32 ug/kg
2) 146.00 ug/kg
4)' 38.0 ug/kg
B-1N

N1.3ugkg

Fy 9 4A::ug/k9 .

M) 5 4 ug/kg N

1¥0.23.ug/kg
i BN
1) 1.2 ug/kg

04014

1} 0.075 ug/kg
2) 32 ug/kg
3) 18 ug/kg

':' 1\ p: ORI 4).38 ug/kg
ol P 5) 8  uglkg

97543

« 1) 0.102ug/kg

1}  0.061 ug/kg
1) 0.023 ug/kg
2) 300.0 ug/kg
2) 27.0 ug/kg
2) 130.0 ‘ug/kg
3) 281 . ug/kg
3} 500 -:ug/kg
3) 790 . ug/kg
_4)y"43 ug/kg
4) 56 ug/kg

3) .1 80 qg/kg~_

1)40ppb .

.. 5) .38 ug/kg
.0.ug/k ' . L . 7 .BY 20 ug/kg
5.0 o B} 31 uglkg

.\ 97536

" 10.012 ug/kg

N 97537
A 2) 33,000 ug/kg 2) 300 ug/kg
3) 390 ug/kg . 3) 75 ug/kg
5) 2,500 ug/kg 4) 45 ug/kg
5) 30 ug/kg
KEY
1) Dioxin
2) a-BHC .
31 B_8HC _ Figure 2—-14
4) §-BHC Surface Water Sediment Samples

“4q) 28  -ug/kg"

5) Y-BHC Containing Dioxin & BHC Isomers




629
Trace

97542

ug/kg

14.0 ug/kg
Trace

Trace .
14.0:ug/kg
15.0.ug/Kg

04015

63.0 ug/kg
24.0 ug/kg

97537

37.0 ug/kg
8.0 ug/kg

97536

65.0 ug/kg

47 ug/kg
E9

3,200 ug/kg

-N-
Figure 2—-15
Surface Water Sediment Samples g —
Containing Toluene
. [




’ 1). Trace
3) Trace

-5) 138 ug/kg
. 6) Trace

i. 7) Trace, -
i 8) Trace’

"7 7) Trace
©.2) Trace | o
74).661:ug/kg -

KEY

1) Chlorobenzene
2) 1,2-Dichlorbenzine
-N- 3) 1,3-Dichiorobenzene
4) 1,4-Dichlorobenzene
5) 1,2,3-Trichlorobenzene
6) 1,2,3-Trichlorobenzene
7) 1,2,3,4-Tetrachlorobenzens
8) 1,2,4 5-Tetrachiorobenzens
9) Hexachlorobenzene

04016

4) 429 ug/kg

.2) Trace ...

1) Trace
J) Trace
2) 46.3 ug/kg
2) 100 wug/kg
3) 7.4ug/kg
3) 7.3ug/kg

97543 /

" 04015

1) Trace
1) 11.0 ug/kg
2) 975 :iug/kg
e 3) 4,267 uglkg
77-4) 12,596 flg/kg
6) Trace & &
7) 18,195 “ug/kg
8) 0.0.ug/kg
9) 1,231 ug/kg

04014
1) Trace

97537

1) 3.0 ug/kg
1) 2.0 ug/kg
2) 2,200 ug/kg
. 3) 6,000 ug/kg
4) 3,300 ug/kg
Lo 6) 56,000 ug/kg
= 7) 9,600  ug/kg
8) 52,000 wug/kg
9) 11,000 ug/kg

\ 97536
1) 2.0 ug/kg

6) 2,200 ug/kg
9) 7,800 ug/kg

Figure 2—16
Surface Water Sediment Samples

Containing Chlorinated Benzenes EE—
aining | CHMHIL]

CHMHILL




.2) 1 0,004 ugh ..

3)<0.00tug/| "
4)<0.001ugh -

KEY

1) Dioxin {NOTE: No Dloxin Was Found)
2) a—-BHC
3) B—BHC
4) 6-BHC
5) Y—BHC

3) .005 ug/l

Figure 2-17

Surface Water Liquid Samples
Containing BHC Isomers

04015

2) Trace-
3) Trace
5) Trace

97537

2) Trace
3) Trace
4) Trace
5) Trace

| CHMHILL |

o
W



04014 .
_2) Trace

97536
35.0 ug/I

Figure 2-18

Surface Water Liquid Samples
Containing Toluene




KEY

1) Chlorobenzene

2} 1,2-Dichlorbenzene

3) 1,3-Dichlorobenzene

4) 1,4-Dichlorobenzene

5) 1,2,3-Trichlorobenzene

6) 1,2,3-Trichlorobenzene

7) 1,2,3,4-Tetrachlorobenzene
8) 1,2,4 5-Tetrachlorobenzene
9) Hexachiorobenzene

_97537_

2) 2.0 ug/l
3) 3.0 ug/I
6) 7.0 ug/t

Figure 2-19
Surface Water Liquid Samples : m

Containing Chlorinated Benzenes dfMHILL




Table 2-5
Summary of Chemical Concentrations in Black Creek Sediment
Malcolm Pirnie Data Taken in 1983

Nondetect Samples

—————————————————————————————— ’ Concentration (ug/kg)

Number of Detection —e-emcmmmcmmmc————e———.—————;— ., , -
Chemical = Number Limit ' (ug/kg) Maximum (a) Mean (b) Median (b)
TCDD “13 0.05-0.62 4 0.5 0.1
Hexachlorobenzene 200-2,000 2,000 690 0.2
o-BHC : 200-2,000 2,000 690 ' 0.2
f-BHC 200-2,000 2,000 690 0.2
A-BHC 2,000 2,000 690 0.2
Chlorobenzene 2,000 - 2,000 2,000 : 2,000
Toluene 1,000 : 2,000 2,000 2,000
W Arsenic ,000 43,000 27,000 27,000
z Cadmium E,000 2,200 1,300 1,000
Thallium 2,800 9,200

(a) Detected concentration. 4 L

(b) Calculated with the detection limit for nondetect saif

WDR101/011




Table 2-6 .
Summary of Chemical Concentrations in Bergholtz Creek Sediment
’ Malcolm Pirnie Data Taken in 1983

Nondetect Samples

Number of Detection  ==cee e
Chemical SuSamples Number Limit (ug/kg) Maximum (a) Mean (b) Median (b)
TCDD 12 0.03-1.00 46 3.9 0.2
Hexachlorobenzene ; 200-4,000 4,000 : 710 200
a-BHC 200-4,000 4,000 710 200
g~BHC 200-4,000 4,000 710 200
A-BHC 200-4,000 4,000 710 200
_Chlorobenzene © 2,000 2,000 2,000 2,000
Toluene . 2,000 2,000 2,000
% arsenic 40,000 25,000 32,000 :
.5 cadmium 2,200 1,100 1,000 ,
Thallium 9,600 8,800

(a) Detected concentration.
(b) Calculated with the detection

COM02/d. 504



Table 2=7
Summary of Chemical Concentrations-in Cayuga Creek Sediment

Malcolm Pirnie Data Taken in 1983

Nondetect Samples »
------------------------------ Concentration (ug/kg)

Number of Detection  =e=mece e e
Chemical Number Limit (pg/kg) Maximum (a) - Mean (b) Median (b)
TCDD -13 0.07-4.50 ND 0.56 0.3
Hexachlorobenzene- 200-400 400 220 200
o-BHC ' : 200-400 400 220 200
R-BHC 200-400 400 220 200
A-BHC 200-400 400 220 : 200
Chlorobenzene 2,000 2,000 2,000 2,000
Toluene 2,000 : 2,000 2,000 .
? Arsenic 900 o 170,000 : 46,000 27,000
—  Cadmium 2,400 1,400 1,100
“  Thallium 16,000 10,000 12,000
(a) Detected concentration.: g
(b) Calculated with the detection limit ‘for nondetect sé';
COM02/4.503
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KEY E_o
1) DioxI
2) af;:c 2) 4,100 ug/kg '
3) B-BHC 2) 360 ug/kg ‘
4) 6—BHC 3) 49,000 ug/kg __Eg8 ‘g
6) Y-BHC 3) 360 ug/kg 2) 5,800 ug/kg
4) 260 ug/kg 3) 1,700 ug/kg 1) 3.3ug/kg

K-21

2) 2,600 ug/kg

3) 580ug/kg \

2) 780 ug/kg
3) 300 ug/kg

E4
2) 220 ug/kg

5) 440 ug/kg

...... .

/ Py , 2) 45,000 ug/kg
. 3)26,000ug/kg
: A ' © B) 2,400 ug/kg

K-6
2) 350 ug/kg

’ | Figure 2—20
Surface Water Sediment Samples @
Containing Dioxin & BHC Isomersm’-

SCALE: 1" = 300° ' 102nd Street Outfall
et |




E9

1) 9,100 ug/kg
2) 36,000 ug/kg

KEY 2) 300 ug/kg
1) Chlorobenzene 3) 1,700 ug/kg
2) 1,2-Di 3) 64,000 ug/kg
+2-Dichiorbenzene 4) 54000 ua/k
3) 1,3-Dichlorobenzene a) :300 U9/k9
4) 1,4-Dichlorobenzene ug/xg
6) 1,2,3-Tri 6) 6,400 ug/kg
,2,3-Trichlorobenzene 6) 300000 ug/k
6) 1,2,3-Trichlorobenzene ¢ ug/kg E-8

6) 12,000 ug/kg
9) 960 ug/kg
9) 780 ug/kg
9) 52,000 ug/kg

7) 1,2,3,4-Tetrachlorobenzene
8) 1,2,4 5-Tetrachiorobenzene
8) Hexachlorobenzene

By 1} 5,200 ug/kg
6} 1,800 ug/kg

P -Lr S
1) 3,300 ug/kg
2} 330ug/kg

£10 4) 420 ug/kg
1) 14,000 ug/kg # e o —
) [« o 1) 2,800 ug/kg

Sl i 1) 27,000 ug/kg

o et Fo

""" “# 1 3} 6,400 ug/kg

;1 4) 9,600 ug/kg
6) 88,000 ug/kg

B i 6) 800ug/kg

T 1 9) 6,800ug/kg

2) 5,200 ug/kg
3) 3,000 ug/kg
4) 5,800 ug/kg
6) 21,000 ug/kg

K-21
6) 280 ug/kg

1) 13,000 ug/kg G-11
2) 360 ug/kg

1 k
4) 260 uglkg \ ) 1,100 ug/kg

‘ ‘ Figure 2—271

Surface Water Sediment Samples ger
. Containing Chiorinated Benzenes yre
SCALE: 1" = 300" "102nd Street Outfall [ CHMHIL |

6) 560 ug/kg

D R e I
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Table 2-8
Summary of Chemlcal Concentrations in the.102nd Street Outfall Sediment (a)
Malcolm Pirnie Data Taken in 1983

Nondetect Samples

Bt Concentration (ug/kg)
Number of . Detection et et et e
Chemical Number Limit (pg/kg) Maximum (b) Mean (c) Median (c)
TCDD ‘30 0.07-2.2 3.3 0.4 0.2
Hexachlorobenzene ', 200-400 6,800 430 200
a=BHC 200-400 48,000 3,500 200
B-~BHC 200-400 26,000 1,300 200
A-BHC 200-400 2,400 280 200
Chlorobenzene 2,000 2,700 3,200 2,000
 Toluene .2,000 . 2,000 . 2,000
| Arsenic 21,000 11,000 12,000
=~ Cadmium 1,100 1,000 1,000
- Thallium 7,200 3,500 3,700
(a) Between rows F, J, 3 and 16 of Malcolm Pirnie.
(b) Detected concentration.
(c) Calculated with the detection 11m1t for nondetect samples.

COoM02/d.502

oy




No outfall liquid samples were reported by Malcolm Pirnie
and only five liquid samples were reported by EPA-ORD. Con-
centrations were reported as nondetects (detection limits
were the same as for the liquid samples discussed in Section
2.4). Table 2-9 lists the concentrations detected in the
Niagara River at the raw water intake at the Niagara Falls
city water treatment plant.

2.6 BIOTA SAMPLES

Biota samples of spottail shiners, creek chubs, carp, or
crayfish were taken from the creeks and rjig¥brs, and the re-
sults are shown in Figure 2-22. TCDD co htrations were as
high as 417 ng/kg wet weight (sample tak in 1980), and
there were several samples above 25 ng/j More recent
samples from 1984 from the New York De of Health had
weight.

have also been
“¥er. In 1981,

iif a nondetect (de-

982. A concen-

TCDD concentrations in spottail shiga
measured at other areas of the Niaga
15 ng/kg was measured near Fort Ex
tection limit 1 ng/kg) was record
tration of 1 ng/kg was reported ¥
Grand Island, and nondetects were r# in nearby areas.
A concentration of 120 ng/kg in 1982 about half
way up the Grand Island in tk ngda Channel, which is
upstream from the 102nd Str : l. A nondetect was
reported a short distance awayg INRET 1984).

ed areas. Their move-
#1ity, predatros, water
Concentrations of TCDD in
oN%, bass) in the Niagara River
fiondetects (detection limit
 /samples in 1981 were reported as

temperature and dissol
sport fish (trout, pe
were reported most off
10 ng/kg) in 1980,

nondetects (detecti
Niagara River near
Ontario had conce
tection limit 105

Sport fish captured in Lake
"hat ranged from nondetect (de-
19 ng/kg in 1980 (NRTC, 1984).

Caged freshwat
16 days in 198
The measured co
was 12%* 3 ug/kg

e exposed to the Niagara River for

Yon of o¢-BHC in a composite of three
8yght (Environment Canada, 1981).

o2}
!

15

ng/kg) to 30 ng/kg in the Lower

wnstream end of the Tonawanda Channel.
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RAW WATER CONCENT

Chemiéal

TCDD

a=-BHC

8-BHC

y=BHC

Toluene
Chlorobenzene
Arsenic

ND-not detected.

a

bEnvironment Canada 1980.

Environment Canada 1981.

WDR101/002

‘Table 2-9

RATIONS AT THE NIAGARA FALLS
WATER TREATMENT PLANT (ug/L)

19792

ND-0.005"
ND
ND-0.003
- ND-0.063
ND '
<1

Six or
R
Eleven /o)

:-B-16

1980b

ND
ND-0.005
ND-0.001
ND-0.005
ND-0.3

ND



1) 68 ppt -
3) 341 9 ppb

KEY

SUNS (1981)]

1) 60ppt-" - &

1} Dioxin

3) BHC

2) Hexachlorobenzene

e

-

SUNS (1981) °
1) 4ppt‘,.: .
1) 11 ppt
3)31+11ppb
EC (1980)
3)3317 ppb

T .

- -

/S

Figure 2—22
Surface Water Biota Samples
Containing Dioxin, Hexachlorobenzene

& BHC

Ig
=
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Section 3
CONTAMINANT MIGRATION

The objective of this section is to evaluate the potential
for migration of contaminants from the sewers and creeks.
Factors influencing potential migration include the physical
characteristics of the sewers, the physical characteristics
and hydrologic setting of the three creeks, the physical
properties of the contaminants, the physical, chemical, and
biological transformation processes by which a contaminant
is transported and/or transformed in the gggironment.

Py

3.1 FACTORS AFFECTING SEDIMENT MIGRATIQO

The degree to which sediments can be t#
dium is dependant on several factors./
factor with high flows scouring streas
ing (entraining) them downstream. y g%ysical and chemical
characteristics of the sediment ang, 4ining water directly
influence the type and volume of m; i eroded and trans-
ported and the condition of depos en and where it
occurs. Both entrainment and tr
size, and weight of the particle a
the particle by the flow of water.
diminished to the extent that%
or transport is no longer pog

sforces exerted on
hese forces are
ort rate is reduced
sosition occurs. ' ‘

Sediment is transported in s#
load, which rolls or slides a¥
Sediment moves interchangeably
The rate of bed load trapSfiort
of sediment and the inf} _
ditions. If the suppl y $ht is reduced by erosion
control the amount of 5 g i
reduced, especially di
sediment load includgs
sion and the wash loa#:

¥he bed of the creek.
uspension and bed load.

gh flow conditions. Suspended
the bed material load in suspen-
re the chief source of sediment

bed material load /i ai égztitutes the majority of the
7o ‘water velocities are required to

1 suspension and moving down-

ial requires higher water velo-

ined or moves as bed load. Coarse

ed as rapidly as the finer material.

keep the finer
stream. The cqg
cities before
material will nt

3.2 PHYSICAL FEATURES IN THE SANITARY SEWERS

Most sanitary sewers in .the assessment region were installed
by the early 1930's, except foE those connected to the
Griffon Manor housing in 1973. All sanitary sewers in the
eastern section of the EDA flow toward Colvin Boulevard,
then west beneath the Boulevard to Lift Station No. 4. They

oy

« e

e



-Lift Station No. 6. Most of

" often during.r

are constructed of vitrified clay pipe ranging from 8 to

18 inches in diameter with mortar joints. Their depths
ranged from 6.5 feet below street level in the Griffin Manor
housing project to 21 feet below Colvin Boulevard. Their
condition has been described as good, with few major cracks
or leaks. Sewers were plugged near Manholes 265, 267 and
466 in March, 1983 (see Figure 2-1).

When constructed, manholes had an exterior mortar coat,
which was n?t in evidence at the time of the Malcolm Pirnie
inspection. The sanitary sewers were built without a
drainage for channeling groundwater away £
This tends to produce a waterway around :
which provides for infiltration of groudﬁ?;ter into the pipe
and exfiltration of water and material / :

the groundwater through defective join
1975). Also bedding material was fo
the original clay trenching materialg
was required. Many of the sanitarj '
area have loose bricks in manholes
source of sediment accumulation. &

to % of
ot crushed gravel as
ewgrs in the study
%ﬁ* a potential

The flow from Lift Station No. 4% bined with the flows
from the western part of the regio 4xe 3-1). They
cross over Cayuga Creek at Mllltary Ro l’and then move on to
¥$ter then moves in a
e, At 74th Street,

westerly direction along Fro Ry
to Girard Avenue. The

the wastewater turns north

Occasionally, wastewater from Lgfs Station No. 6 can over-
flow into Lift Station N » there, it flows westerly
2 o Street, the wastewater
flow turns north and j : i
Lift Station No. 6 at &

66th Street. Industrsg éwater from the northern indus-

‘trial sector of Niagr s is combined with the domestic

rombined wastewater flows north
ﬁio 47th Street and Royal Avenue.

:of Niagara Falls Wastewater
gh flow periods, occurring most
Southside Interceptor may over-

Treatment Plan.
flow through

Niagara Falls Was
ly to the Niagara

lDiscussion on sanitary and storm sewers is derived from
Malcolm Pirnie (1983).
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.Table 3-1
FLOOD DISCHARGE ON CAYUGA AND BERGHOLTZ CREEKS

Drainage
Area Peak Discharge (cfs)
- (sq. miles) 10-yr 50-yr 100-yr
Bergholtz ’
at confluence with Cayuga 13.3 900 1,350 1,550
Cayuga

at confluence with Little Niagara

28.2

Source: FEMA 1982

2,650 3,050

FLOOD ELEVATIONS ON BERGH(

Stream bed
10-year
50-year
100-year

&t 93rd St.

571.75

a_. . ;
Distance from conf

Source: FEMA 19&

WDR101/003

©.B=22

101st St.

(2500 f£t)2 (4200 ft)2
561.0 . 559.5
569. 25 569.5
571.0 571.5
572.0




Lift station Nos. 4 and 6 have overflow bypasses that dis-
charge to the storm sewers in the west during high flow
periods. The Lift Station No. 4 surcharge pump discharges
into a storm sewer that empties into Cayuga Creek at the
Lindberg Avenue outfall. The surcharge pump at the Lift
Station No. 6 discharges into a sewer that empties into
Cayuga Creek at Pershing Avenue. An additional sanitary
overflow into Cayuga Creek during high rainfall periods can
occur from the overflow pump station at the intersection of
Cayuga Drive and Military Road.

fige in January

bbserved in the

During the sampling program by Malcolm Pi
1983, no surcharged sanitary manholes we
northern section. Manholes 256 on 101lst
95th Street, however, appeared to have j cusly surcharged
to a depth of about 5 feet. Manholes|, o Dhreet up-
stream of 283 also showed evidence of &% marks and/
or excessive sediment on benches,
ing.

No signs of past surcharging in tlh
tier Avenue were observed during
gation. It has been suggested b¥
however, that all sanitary sewers %§rea are subject to
surcharging. Surcharglng is typlcally“\” sed by insufficient
hydraullc capacity, pipe constj $#ther from root intru-
sion, sediment deposition, om“.,,f ¢l pipe, structural
problems, excessive groundw in, tration, or inflow from
storm sewer interconnections?w blgaal house connections,

etc. 7

Surcharging has been obs
92nd Street, 93rd Stree
fall periods. Portable
relieve the hydraulic, £
high rainfall at Pas
and 93rd Street, andy

ifyuipment has been used to

A the sanitary sewers during
Read Avenues, Colvin Boulevard
Cayuga Creek by discharges to

were surcharged ‘
Read Avenue bets

' T :
3.3 PHYSICAL FEAT N THE STORM SEWERS

Many storm sewers were initially used for sanitary sewer
disposal prior to the installation of sanitary sewers which
began shortly after annexation. After the canal was filled
in 1953 and Read and Wheatfield Avenues were built across
the landfill, the City of Niagara Falls installed a storm
sewer line under Read Avenue, which entered the canal from

-
A

. ~, N . . i"i 5 ~
_, -/ i",l 7 | '//

- N P i/- .
: a—

-



- - 0 e e

—

> S Y — /. ~ L A
- O aaa Em e an
~ 2 — - — S ~ ’ >

97th Street and ended in a catch basin at approximately 98th
Street. Storm sewer lines were also built along Wheatfield
Avenue from 97th Street and 99th Street running toward the
canal. Apparently, all storm sewer trenches were backfilled
with excavated soils as were most of the sanitary sewers
(CDM, 1975; Malcolm Pirnie, 1983). Many of the manholes
were noted as in poor condition during the Malcolm Pirnie
field investigation. Loose brick with sediment accumulation
on the walls and benches was common in approximately 40 per-
cent of the manholes inspected.

DA flow

and 101lst, into
e constructed of

: - to 18-inch
»and corrugated
;@%*from 3.5 to
Fvest with the outlet
.5, to 6.5 feet in the

Storm sewers in the northern section of th?
northward .to three outfalls, the 96th, 9
Black Creek (see Figure 2-2). The pipes/
several materials, including vitrified
diameter), concrete (18- to 36-inch di;
steel (48- and 72-inch diameter). De
10 feet below street level in the nox
to the 96th Street outfall, and fron
northeast to the 10lst Street outf

w southward to two _
nch diameter) into i
&, outfall southwest |
102nd Street out-
the early 1920's -
¢llected -from 97th,

and part of Frontier
orm sewers were cut and

further discharge from

Storm sewers in the southern sect
outfalls, the 102nd Street outfal}
the Niagara River, and the Little N:
of 95th Street. It is estimated that~
fall and its sewer network we
The originally -discharged stqg
99th, 100th, 101st, and 102n
Avenue. The 97th and 99th S
plugged in March, 1983 to prevs
Love Canal. Between the Love ( EDA and the outfall, the
sewer passes under the L s s’essway and Buffalo Avenue,
and then through the 102 ”--;tvhandfill. The sewers vary:-
in size from 6 to 42 in W Depth below the sur-

face varied from appr
the Griffon Manor houg
street level along B)

elopment to 10 feet below
enue.

e Canal region, storm sewer
“into Bergholtz Creek, and at
.and Read Avenue (18-inch) to

In the western areg
outfalls are at 93
Lindbergh Avenue
Cayuga Creek. /

Manhole 232A \V":
past surcharginé
Pirnie investigati®
reported to overflow

location that showed any signs of
“northern section during the Malcolm
he storm sewer along 93rd Street is
“frequently.

3.4 SURFACE WATERS

Black Creek flows westerly from the eastern edge of the EDA
to a point near Colvin Boulevard and 102nd Street where it
enters an underground pipe. Prior to its piped section, the



creek is approximately 2- to 4-foot wide with less than a
foot of water at very low flows. The bottom material is
clay extending to 21 inches below the creek bed. Access is
readily available to this section of the creek as it is open
and flat and only a short distance from the street. The
flow in the pipe is to the west, then north, then west near
the intersection of Greenwald Avenue and 98th Street, where
it receives stormwater. The Creek emerges from the pipe
just north of Greenwald Avenue and flows westerly to its
confluence with Bergholtz Creek in the vicinity of

96th Street. After surfacing from the piped section, the
creek is fenced on both sides to the conflmence with
Bergholtz Creek. The bottom material is, y down to 3 feet
overlain with organic material. Disturbgite of the sedi-
ments caused on oily film to surface d he Malcolm
Pirnie investigations (Malcolm Pirnie, 30

Bergholtz Creek flows southwesterly f§ thwest cor-
ner of the EDA to its confluence with Black Creek. After
joining Black Creek it flows west the ¢
Cayuga Creek near 88th Street. T
clay down to approximately 4 fee%
material. Some portions of the Ui composed of coarse
material of gravel and cobbles. pughness coefficient
used in hydraulic computation for Berqﬁ\h%z Creek was esti-
mated at 0.03 for the channel s #@6mEOor the overbank
(FEMA, 1982). These values i T ease at which water
moves along the surface of t < ‘or bank. The higher
the roughness coefficient, t iater surface disturbance.
Disturbance of the sediments Yed in an oily film
surfacing durlng the Malcolm PX investigations. Creek
banks vary in w1dth fro feet. Bank height and

sm composition is
n by organic

S

depth averages 2 to 3
Creek occurs primaril
snowmelt (average of |
25 inches) and ice j

i ¥ly spring as a result of
s) , heavy rains (average

e Niagara River. Shallow

avy rains from ponding.

eés for Bergholtz and Cayuga

t¥eam bed elevation and flood ele-

nd 100-year events at two lo-

"Berly to its confluence with the

' je¥fr South 87th Street. Width of the
creek varies from 3§ F& 100 feet and the banks are moderately
steep. The creek bot¥bm is clay to approximately 4 feet
overlain with organic material. A bed roughness coefficient
used in hydraulic computations was estimated to be 0.03 for
the channel and 0.06 for the overbank. Water depth at the
time of the Malcolm Pirnie investigation was to 5 feet and
averages 4-5 feet with moderate flows (FEMA, 1982).
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"140,000 cfs. Water flows at abouts

The most severe flooding on Cayuga Creek occurs during early
spring as a result of snowmelt, heavy rains and ice jams in
the Niagara River. Conditions of strong southwesterly winds,
power releases and ice jams on the Niagara can back water up
into Cayuga Creek for 2,500 feet from its confluence with

“the Little Niagara. Table 3-3 gives stream bed elevations

and flood elevations for the 10-, 50-, 100-year events at
several locations upstream of its confluence with the Little

Niagara 1982).

The Little Niagara River flows into the Niagara River at the
west end of Cayuga Island. Because of thé& lat stream gra-
dient, the Niagara River can 51gn1f1cant;4$ ffect the flow
patterns in the creeks. Weather conditi such as strong
wind from the southwest, can produce lo&i? temporary
reversal of flows in the three creeks ; wptuations of
depths in the creeks can be experienc fﬁgfg on the
quantities of water being withdrawn ’éh the thgara River
by power companies. Flow rates of #h& Nj
mean of 200,000 cfs and a lowest mgn#

¢ fiean flow of

tp 2.3 ft/sec, de-
pending on the volume flow rate o ¥iver. The Tonawanda
Channel of the Niagara River carfs

river's flow.

4

3.5 GROUNDWATER CHARACTERISTIGS:u

The regional groundwater hyd . summarized by four
characteristics. -

(1) There is a shallow, § sonably saturated system
that consists gf ni ‘43191 and silty sand (see -
Figure B-1). 4 -

5,

(2) There is a b /¢onfining clay and till below
the shallow Systémy

(3) Below the cénfining layer is the Lockport
Dolomiteg '

(4) The lo em: is bounded at the lower end by

the Rgh - le (GEOTRANS, 1981).
The Dolomite bodnded hydrogeologically in the
Love Canal area™ est by the lower Niagara River and

The shallow groundwater system is bound to the north by
Bergholtz Creek, on the west by Cayuga Creek and toward the
south by the Little Niagara River. The system has some low
permeabilities and a low gradient. Before the Love Canal
remedial actions, the slight water mound in the £fill resulted
in a potential migration in all directions. The effect of




Table 3-3
FLOOD ELEVATIONS ON CAYUGA CREEK AT SELECTED LOCATIONS

Elevation (ft)

. South Confluence

Moutha 88th Sta Military Rd. Lindbergh Axe. Pear Ave.a w/Bergholsz
(0 ft) (800 ft) (1593 ft) (3375 ft) (4475 ft) (5750 ft)
Stream bed 555.5 559.4 557.5 ’ 559.5 560.0 560.0
10-year 567.5 567.5 567.5 567.5 567.5 567.7
50-year 567.75 567.75 567.75 568.0 . 569,5 569.5
570.5

100-year 568.0 568.0 568.0 - 569.5 570.2

3pjistance from confluence with Niagara.
Source: FEMA 1982

WDR101/004
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fill around the sewers and swales is uncertain. Exfiltration,
if any, from the sewers is -likely to connect with this shallow
system. .

-‘

3.6 CONTAMINANT MIGRATION POTENTIAL

3.6.1 Definitions

Several definitions will be useful in the discussions below:

o Solubility. The solubility of a chemical is a
measure of its tendency to diss e in water.
Many physical properties influ; the solubility
of a chemical in the environmesn valence, state,
temperature, soil adsorption esence of other
chemicals. '

re represents the
tilize from the pure
egl’condition is not
ﬁggironment, the para-~-

o - Vapor pressure. Vapor pre
tendency of a chemical to
substance. Although thig 55
likely to be present in &
meter provides an indi
volatilization.

Henry's law constant.
A centrations in air %

. at equilibrium.. I
of a chemical to €

pywater for a chemical
represents the tendency
pm agqueous solutions.

(o]
I+

Octanol-water parti
meter expresses the
centrate in eitfiér

The coefficie:r
tion factor.

oefficient. This para-
ncy of a chemical to con-
ganic or aqueous phase.

(o]

n coefficient. This parameter
soil: chemical concentration
_concentration divided by the
7 content at equilibrium. The
s an indication of the leach-
ical in the soil.

o) Soil-water
is the ra

-l
+
o
ct
o3
®
(2]
(o]
[y

soil orga
coefficie
abilit

-\

factor. This parameter is the

iemical concentration in fish to the
Y in water at equilibrium. The coeffi-

cient re ts the tendency of a chemical to

£4

concentrate*ﬁn the tissue of aquatic species.

o
an
o p
5 o
a
o

Intestinal absorption factor. This parameter is
the fraction of ingested chemical that is absorbed
in the human gut. This coefficient is used in
estimating the human chemical dose.

4 . N\
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3.6.2 Mobility of Contaminants

Appendix C contains a discussion of the chemical character-
istics of the contaminants and the partioning of the contam-
inant into various environmental media (see Table 3-4 for a
summary of the physical properties of the contaminants which
may be important in the transport and transformation of-the
contaminant through the environment). The mobilities of the
contaminants vary. The inorganics arsenic, cadmium and
thallium, exhibit low aqueous solubility at neutral pH, such
as would be found in sewers and creeks. Therefore, they
should be strongly bound to sediments and fipt available for
uptake by aquatic organisms. The migratipf/ potential of the
metals would then be linked to the migr n of sediments
through the sewers and creeks. TCDD is; .. 1ikely to be
found adsorbed onto sediments and trang
TCDD is not a volatile compound nor i
water. It will per31st in the sedime
of time. A-BHC is water soluble buf W
time in aquatic systems. The pred
released to the environment would /
the hypothesis that A-BHC is iso :
isomers in sedlments by mlcroblaf

i1y soluble in
"long period
N 11m1ted re51dence

id in sedlments. If

2+ both of which are
more persistent in the env1ro*f* the gamma isomer

(U.S. EPA, 1980).

to adsorb onto sediments, w1th%~ Srption increasing as
chlorination increases. Transf@ ation processes slow with
increasing chlorination. ¢ B istapce in the environment
would be expected, espe e higher chlorinated com-
pounds. Toluene is hig
That portion solublllz &%é persist in the aquatlc

orb to sedlment hlgh in organlc

low.

i,th them also. -

“le and relatlvely insoluble..

. _ . , .
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Molecular. ; :

Contaminant Weight
2,3,7,8-1C0D 321.9
Y-BHC 290
Chlorinated benzenes

Chlorobenzene 112.6
1,2-Dichlorobenzene 147.01

1,3-Dichlorobenzene 147.01
1,4-Dichlorobenzene 147.01
1,2,4-Trichlorcbenzene 181.46

Hexachlorobenzene 284.76
Toluene 92.13
Arsenic 74.92
Cadnium 112.4

uls Tallium 204.37
[N]
@

2pata from ambient va't'er quality criteria documents (USEPA, 1980) unless otherwise specified.

"x 0.001 log part. coeff.
“Three percent lipids in fish.

817
320.9
303.5

1,457410

. N Lo - RN S R - N L .
40 Wm0 a am s e B Wy an
- G = 7 . - g d . ’ T -

Table 3-4 a
PHYSICAL CHARACTERISTICS OF CONTAMINANTS

Vapor ' Octanol:
Pressure Henry's Water Soil-Water . Intestinal’
Freezing Plash Solubility om Hg : Law b Partition Partition Biloconcentration Absorption :
Point (°C) Point (°C) in mg/1 at 25°C Constant_ Coefficlent Coefficient Factor Factor
: -- 0.2 0.00001 21 6.9-19x10° 3.8x1°%  3,00068,000]  f1sh: 0.5 - 0.86°
7,000-900,000 soil: 0.2 - 0.26°
7.3 ~ 0.0008 0.05 §200 4270 “130 0.35
2. 690 380 10.3
1 : 2400 - -

8690
10.3€
4
3-12,000
NA

d‘l\vo ranges are based on measured and calculated values, respectively. U.S. EPA has used 5,000 (U.S. EPA, 15984a).

©Range USEPA, 1984c.
NA = Not Applicable.

WDR101/005




Section 4
QUALITATIVE EXPOSURE PUBLIC HEALTH ASSESSMENT

This section provides a brief summary of the toxicology ef-
fects of the target chemicals and then examines the environ-
mental pathways by which populations at risk might become
exposed to the chemicals. A set of potential exposure sce-
narios is developed for each sources 6f contamination; sewers,
creeks, 102nd Street outfall and,the Niagara River. Each
scenario is discussed qualitatively in terms of the events
that must occur for human exposure, the pd§~ntial duration

of exposure, and the potential chemical levels that
might result from this exposure. Signiffé¢ant uncertainties
in the evaluation are identified. - ;

s

U

—' N
-

4.1 TOXICOLOGY SUMMARY

contami-
$%?a more detailed
inants refer to

A summary of the tox1cologlcal prope¢’
‘nants of concern is presented below
discussion of the toxicology of t
Appendix C. -

" .
ey -

2,3,7,8- Tetrachloro-dlbenzo— -dloxfhw
to bp extremely toxic in experlmentaf%w
teratogenic, mutagenic and caxgx {5
and target organs differ for
hyperkeratosis are distincti
animals and humans. A numbe
ciation of soft tissue sarcom

©PD has been shown

mals and has
seffects. Sensitivity

ﬁ%cies. Chloracne and

‘.ii>

V

£ports suggest an asso-
TCDD exposure in humans.

¥

or BHC). A-BHC is

nt¥al animals, but is cleared
gf exposure. Target organs
k¥dney. Chronic exposures may
, B, and y isomers of BHC have
ancer in experimental animals.

Hexachlorocyclohexane is :
stored in fat tissue of g ‘§“
from the system after ggséa
include the brain, liv@&r; as
cause blood disorder
been demonstrated toy

Chlorinated benzen main sites affected by acute ex-
posure to high con I3 0HE are the hepatic, renal and
nervous systems. els of exposure for some of the
chlorinated ben/ﬁ ve adverse effect on the nervous
system. Hexachif has been demonstrated to produce

| fetotoxicity i perimefital animals and has been shown to
be a animal - car ¢

-

- o =

7

Toluene. The primariﬁéffect of exposure to humans is
dysfunction of the central nervous system. Levels required
to induce effects (100-300 ppm in air for short-term expo-
sures) are substantially in excess of typical environmental
levels. No evidence of mutagenicity, teratogenicity or
carcinogenicity has been found in animal experimentation.

- e G e



Table B-1
NUMBER OF OCCUPIED LOTS OR BUILDINGS WITHIN THE EMERGENCY DECLARATION AREA (EDA) BOUNDARY
. - AS OF MAY 1984

Between Bergholtz Creek ’ Between Frontier
' (Northern EDA Boundary) Between Colvin Boulevard Avenue and Southern
and Colvin Bouleévard and Frontier Avenue EDA Boundary
Between western EDA : 7 lots : 14 lots -

boundary and 93rxrd Street

Between 93rd and 964%
Streets

Senior citizen housing -
(4 units)

LaSalle Development Courts
1-12 (18 full or partially-
full units)

Saraceni Drugs

Z»l.aSalle Community Center

Between 96th and 100th 28 lots

:_,E 3 lots
Streets : &
Ch 7 The Establishment
A Restaurant
;é%
' Jerry's Garage
4 Fama's Welding
Between 100th Street and 7 lots 54 lots -

eastern EDA boundary
Fire house

WDR65/80
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"live within the EDA.

- EDA boundaryv. The 93rd

Attachment B
DETAILED LISTING OF POTENTIAL RECEPTOQORS

Potential receptors are those persons living or working in
and adjacent to the EDA, populations that may come into
primary or secondary contact with contaminated surface
waters of sediments, downstream populations,
recreationalists on the Niagara River in the vicinityv of the
102nd Street outfall, users of the public docks and private
marina immediately downstream of the 102nd Street outfall,
recreationalists on the Little Niagara Rivégipat the conflu-
ence of Cayuga Creek and downstream users

As of May 1984, 121 residences inside t .f=»1nc1ud1ng two
homes inside Ring 2, were still occupie@,* Graw

buildings that were occupied or being .
included two churches, one restaurantg
welding shop, one drugstore, one fi;@
center, four units of a senior citiz
and 18 full units of a housing deve
number of occupied lots and buildi# are summarized by
location in Table B~1. According# 3 Love Canal
Revitalization Agency, approximatel¥ persons work and

puking development
court. The

Potential receptors are those

_ tus of properties
3%’ determined by the
a 1980 aerial photograph

an approx1matelv 550 _feet.

1 “bank. Four of these have

occupled houses; hads? y: éyg’e.houses are unoccupied. Nine

lots also border the 4 heryeek bank. Two of these contain

occupied houses;, ynoccupied houses, and three are
% 7400 feet of Bergholtz Creek is

' from the eastern most boundary

to the confluence with Black

7 Twenty lots border the south

ch; four have occupied houses; 13

Creek is about 1 /50
creek bank with"

in’additional 900 feet from its

#eek before reaching the western most
Street school property (unoccupied)
and two vacant lots border the south creek bhank within this
reach. The school property is located between the two
vacant lots and borders about 800 feet of Bergholtz Creek.

A total population of 20 persons currently (May 1984) .occupy
homes along the creeks within the EDA,

Bergholtz Creek
confluence with Bl
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Attachment A
DETECTION LIMITS FOR THE 1980 EPA MONITORING STUDY

Detection limits for soil and sediment samples were obtained
for the 1980 monitoring study and are shown in Table A-1.
They represent the average reported detection limit across
the analytical laboratories used in that study.

- Table A-1 : (é)
SOIL AND SEDIMENT DETECTION LI

Chemical t (vg/kq)
TCDD -0.020 @)
Hexachlorobenzene 85
BHC isomers 6
Chlorobenzene 7
Dichlorobenzenes 85
1,2,4-trichlorobenzene 85
Toluene 7
Cadmium 10
Thallium 100

(a)

Depends on organic content o7 "ple. The value

0.02 ug/kg was used in ctio
Source: Black, 1984,

WDR101/28
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4.8 FISH AQUATIC TOXICITY IN THE NIAGARA RIVER

Chemical concentrations of the Niagara River water shown in
Table 2-9 are below the aquatic life criteria shown in
Table 4-1, and therefore little effect on the river biota
would be anticipated. o

WDR101/001
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exposure because of the general absence of volatile organic
chemicals at the 102nd Street outfall.

Niagara River water (after treatment) is used for drinking
water purposes. Table 2-9 shows the chemical concentrations
in the raw water (before treatment) at the Niagara Falls
water treatment plant. These concentrations are below the
drinking water criteria shown in Table 4-1. The quantita-
tive contribution of the sewers, creeks and 102nd Street
outfall on the chemical loading of the river has not been
determined. Data on the concentrations in the Tonawanda
Channel upstream and downstream from Love €anal suggest
little effect. Concentrations of a-BHC j 979 were 0.007
ug/L at river range 23.3 (upstream from uga Island) and
0.005 ug/L at river range 19.3 (downstr fwthe end of
Grand Island). Concentrations of g-BH
unchanged (Environment Canada, 1980).

4.7 INGESTION OF FISH

Based on its evaluation of TCDD tQ’

»
R ST g > S

Drug Administration (FDA) has staf t "fish containing 1,
more than 50 ppt [ng/kgl] should m@l consumed and those: , %
containing more than 25, but less . should not be l‘;.‘
consumed more than tw1ce a month (Mill 1983) FDA did A
not provide any recommendatio wtrations below LR 4
25 ppt. The FDA®cancer pote D is 17,800 v.

kg-day/mg, which is less tha arcinogen Assessment g

Group (CAG) by a factor of nipes contrast to the EPA, FDA
used a rat-to-man extrapolatlo“ Baged on body weight, dld
not include some data that CAG : and did not compensate
for early morbidity in t : ‘fﬁ“tudles. FDA, in its expo-
sure assessment, assume ‘only¥ a limited quantity of-
fish having TCDD concen ,ﬁéar the advisory level
would be consumed - (USE .aﬁf

fish caught in the creeks or
near the 102nd Street ‘& _is not known, although anec-
#ime fishing. Section 2.6 dis-
,?' TCDD found in the local fish.
417 ng/kg-wet weight were reported
imples of spottail shiners and

he New York Department of Environ-

Lmiem

v,
’I‘

.

-y
<

Concentrations ag
from.in a 1980 ga
creek chubs co:

mental Conservg 984 in the creeks below Porter Road
showed TCDD con&&q ons from 6.8 to 127 ng/kg wet weight 1
(2 of 7 samples exé®&@d¢d 50 ng/kg and 3 of 7 samples exceeded

25 ng/kg). As the chemical concentrations decrease in the
creek and 102nd Street outfall sediments, the concentrations
in the fish should decrease. These fish, however, are not
usually consumed because of three small sizes.

-
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.Creek had reported concentra

downstream on Bergholtz Creek and up to*97th Street on
Black Creek. Although fences can be breached or gone
around, this barrier should further reduce the potential
human exposure to the contaminated areas of Black and
Bergholtz Creeks. Access to Cayuga Creek, however, is open.
Several homes abut the creek and recreational use has been
observed.

During recreational activities, creek sediment and water may
be ingested. Section 4.4.3 discussed the uncertainty asso-
ciated with the ingestion of residential soil during outdoor
activities. The ingestion rate of creek sgdiments would be
expected to be lower, although even more aljcertain, because
of the reduced period of contact and th tervening layer

of water during activities in the wate .amount of water
ingested during recreational activitie %%@ﬁ ow, although
one draft study has estimated that 504m gy

a swimming period. Wading would likdd
water ingestion rate compared to swipmii

creek because of
“sediment concen-
three creeks. The
s increased (mean
rgholtz Creeks
fmples in Cayuga
460,000 and 170,000

s, other reported concen-
eeks are comparable,.

Cayuga Creek is the most easily ag
its length and absence of fencing
trations, however, are the lowes#
concentration of arsenic in Cayuga
of 46,000 ug/kg) compared to Black and”
(mean about 26,000 ug/kg) bec

ug/kg. Except for those tw
trations for arsenic in the

1gh stage of the Niagara
he creeks onto the yards of
54d to deposition of contam-
ith residential soils. The
man exposure potential is much
tkcharged sewer sediments in

n and dermal contact could be
re not immediately removed. The
however, would decrease over
iberate human removal, natural
"and organic chemical degradation.

A high rate of rainfall

River could produce flg
nearby residents. Thf&
inated sediments and 4
qualitative nature of
the same as discusseg
Section 4.4.3. Soi
expected if the mg
contaminant concgpn’
time through acyig
rain and snow-

4.6 POTENTIAL FoL
AND THE NIAGARA RI

" EXPOSURE TO 102ND STREET OUTFALL

Potential human exposure routes to the 102nd Street outfall
and the Niagara River are much the same as the creek sedi-
ments and water. Recreational activities, such as wading or
swimming, may lead to the ingestion of contaminated sediment
or water, and dermal absorption through contact. Inhalation
of volatiles is not considered to be a route of potential




that sanitary sewer sediments.may backflow to the houses,
and be discharged into the house. Concentrations would have
‘been reduced by the mixing with the sewer liquid. If the
discharged material remain undetected, volatile organics
will be released within the house and contact with the
material may occur through normal activities.

4.4.5 Exfiltration to Groundwater

As discussed in Section 3.2, the potential for exfiltration
of water from the sewers has been enhanced by the absence of
a drainage system to channel the groundwat@l®r away from the
pipe. The presence of a shallow groundwa{e$ system was dis-
cussed in Section 3.5. The rate of exf ation, if any, is
unknown. The effect of fill around the/ gewers and swales
and the Love Canal remedial actions on 0f ground-
water is very uncertain. It is, thusg
an assessment of this pathway any fug
target chemicals, ,including TCDD,
the soil (Table 4-4), and therefor
tion with groundwater. y

v

4.5 POTENTIAL FOR HUMAN EXPOSURE# HEK CONTAMINANTS -

Chemical concentrations in the creeks‘méﬁk discussed in Sec-
tion 2.4. No volatile organigg ected in creek sedi-
ments or water, so inhalatio A major exposure route
for volatile organics. Disc f storm sewer sedi-
ments, which did contain some Vo le organics, to the
creeks has the potential for Igedlized chemical concen-
trations. Mlgratlon to the atm ere appears to be rapid,
detectable volatile con-
Malcolm Pirnie study.

air would reduce concen-

centrations in the cree
Atmospheric dispersion f
trations substantially
Human contact with cé%%'
sw1mm1ng, wading, o
It is also possibl
iment to resident
creeks. Dried
trained into the
posure through /4

‘ted sediments would occur during
creational use of the creeks.
igding could transport creek sed-
“as many residences abut the

the creek banks may become en-

; leading to potential human ex-
, The chemical contribution of
creek sedimentf fagara River will be discussed in
Section 4.6. O the concentrations in the creek
sediments would be “@gpgcted to decline because of downstream
transport and degradation of the organic chemicals.

-

4.5.1 Recreational Activities

Access is limited along Black and Bergholtz Creeks because
fencing extends from the confluence of Black and
Bergholtz Creeks from 150 feet upstream to 650 feet

-
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has been estimated that the sanitary sewers have 200 cubic
yards and the storm sewers have 80 cubic-.yards of sediment.
With the mean TCDD concentrations from Tables 2-1, 2-3, and
2-4, the total - quantity of TCDD in the sanitary sewers is
estimated to be 0.03 ounces (0.8 g), and the total in the
storm sewers is estimated to be 0.003 ounces (0.09 g) using
the Malcolm Pirnie concentrations, and 0.02 ounces

(0.5 g)using the EPA-ORD monitoring study results.

The human chemical dose would also depend on the length of
time that the chemical remained in the yard or on the
street.- The concentrations would decreasg ithrough the
actions of: deliberate washing by resider or city services
after the surcharging is noted; natural,: hout through rain
and snow-melt runoff; and the natural Zpation of organic
chemicals. ;

likely vary with age because of ch
pica in young children), and the 1
uncertainty is reflected in the rs
rates for children fecommended b

An behavior (e.g.,

4af contact. This
soil ingestion

PA: 0.1 to 5 g soil

‘ayEpA 1984c) .

6d age specific

en 1.5 to 3.5 years
5. The USEPA has

: ion of 0.0007-to 0.03
for TCDD contained in the dusf dbnssKin (USEPA, 1984c). The

per day for children ages 2 to 6 yea%d
Kimbrough, et al., (1983) have recommery
rates that vary from 10 g/dayg

total amount absorbed would al a function of the area
of exposed skin on which dust ¢ settle. Dried sediment
may become entrained 1nt it 4 phere, leading to poten-

4 absorption routes, the
magnitude of the dose on the duration of exposure,
which is a function ¢ period outdoors in contact with
contaminated materlaﬂég scontaminated soil enters the
home (e.g:, dirty lothes, entrained dust in the
atmosphere), then; e will continue in the house.

If a garden soi
may be taken u
vegetables or 4

4.4 Backflow of S ‘ ry Sediments to Basements

Backflow preventers were probably not installed in houses of
the age around Love Canal. Therefore, the potential exists

1Assuming 3,000 lb/yd3
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. enter the system only if problems are

.to minimize worker exposure.

data collected in 1983. EPA-ORD data from 1980 on the storm
sewers gave maximum and mean sediment concentrations of
5,000 and 200 ug/kg. Sediment chlorobenzene maximum and
mean concentrations were 78,000 and 4,500 ug/kg in the sani-
tary sewers. In the storm sewers, the maximum and mean con-
centrations were 55,000 and 7,500 ug/kg with Malcolm Pirnie
data, and 4,600 and 200 ug/kg with EPA-ORD data. Other
detected volatiles in the sanitary sewer include one sample
that had 1,1,l1-trichlorethane and trichlorofluromethane at
less than 4,000 ug/kg each. In the storm sewer, other
detected volatiles included one sample with ethylbenzene and
benzene (both at the detection limit of 2@%%0 ug/kg) .

and workers would
o d Prior to
circulated

Sewers do not receive regular maintenan

sewer entry, the manholes would be opeji
through to reduce volatile gas conceng
health and safety practice for typica
respirators and special suits in usg L] ¢
tion would be used, however, for e §§§o the EDA sewers

Section 4.4.1 discussed the presé volatile organics in
the sewers. Volatile emissions thr holes, or the out-
falls will be dispersed by winds and spheric turbulence.
This will reduce the potentia mblic to inhale the
volatile organics in the sewe

4.4.3 Surcharge of Sedimené%

Sections 3.2 and 3.3 discussed"
charging of the sewers. 8%
the surface has been obgs
93rd Street and Read Av
Surcharging within man g-gpccurred elsewhere.  Sur-
charging to the surf & been observed frequently from
the storm sewers alof

g of sanitary sewers to -
e area of 91st, 92nd, and

ghults in the possibility that

esidential yard or remain in
tected in the area of the reported
Read Avenue (Section 3.2), but
was reported at an upgradient

4 *ess of surcharging, the concen-
tration of the &gj ants would be expected to become
diluted as the maﬁ'ax ¥s mix with the water, and therefore,
the chemical concentrdtion of the deposited material would
be lower than that of the sewers. It has not been possible
to estimate a range of dilution factors within the scope of
this project.

Surcharging to the
the material may
the street. No
surface surchargii
TCDD (6.3 ug/kgig
manhole. Duriyg

The size of the sediment deposit on a yard or street would
depend on local flow and topographical characteristics. It
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o Sewer maintenance. Workers may be exposed to
chemicals through inhalation, ingestion or dermal
contact.

o Migration.of volatile organics. Volatile emissions

through manholes or outfalls could expose the public
through inhalation. ’

o Surcharge of sewer sediments. Surcharging would
transport contaminated sediments to the surface
soil and roads. Public exposure could occur
through inhalation, ingestion oy igermal absorp-

tion.

o Backflow of sanitary sewer sef to basements.
This route would transport sg 61 o the base-
ments of local residents. Pgblic eXpggure could
occur through inhalation, jim@gestion or dermal ab-,

sorption.

,.@he loss of contam-
7leaks would contami-
” the shallow ground-
yeyre could occur

r dermal absorption

nate the surrounding séj
water. Subsequent publl

| qualitatively in the
materials to the creeks

Each of these routes will b
following subsections. Disc
will be discussed in Section
outfall in Section '4.6.

Sediment chemical conceny : ih the sewers are expected
to decrease with time kL ’
inated sediment downg,ﬁ
ments, as discussed i
chemical contributio;

'd/dilution by clean sedi-

'3.1. Love Canal specific

e sewers are not expected

mmediate Love Canal area to the
dation of organic chemicals

-ftbugh photolytic degradaticn

sed in Section 2.3, the concen-

sers and hexachlorobenzene have

g the 2.5 years between the two

would also be expe:!
would not occur:
trations of TCDI
apparently dec
sampling periof

4.4.1 Sewer'Maint-ﬁ

The detected sediment concentrations of the volatile organics
toluene and chlorobenzene were summarized in Sections 2.2

and 2.3 for the sanitary and storm sewers, respectively.

The maximum and mean concentrations for toluene were 35,000
and 4,300 ug/kg in the sanitary sewers, and 280,000 and
16,000 ug/kg in the storm sewers with the Malcolm Pirnie



.Recreational use of the Little Niagar

Houses abut the west side of Bergholtz Creek in the study
area except for a large open field which is part of the
93rd Street School, just below the confluence with Black
Creek. Recreational use of the creek by children was ob-
served during the Malcolm Pirnie investigation.

Cayuga Creek presents a similar set of exposure routes as
described above. The length of the creek, the accessibility
and increased number of inhabitants along the creek increases
the potential for human exposure from this pathway. The

west bank of Cayuga Creek abuts Cayuga Drive. At the southern
end, a commercial area has several buildig@s built into the
creek bank itself. Backyards abut the egi#’bank with houses
set back from the bank. Access to the
and it is used for recreation (Malcolm

1983).

v provide for
dermal contact. with, or ingestion ofy ed waters or
sediments. The potential for ingesf} of contaminated
drinking waters by the City of Nia ; 11s exists since
the city water supply intake is 2.4 | downstream of the
Cayuga Creek/Little Niagara conf%

He

tie b Y
[

! ggall at 102nd

£Mal contact with
e, ingestion of
hbalation of volatiles
‘He shore and from waters

Potential routes of exposure from tr
Street and the Niagara River include
sediments and waters from recpg
aquatic organisms from the a
from disturbance of sediment
of the outfall.

4.3 POTENTIAL RECEPTORS

Potential receptors are /Eh ! ons living or working in -~
and adjacent to the ED
mary or secondary conts
of sediments, downst
the Niagara River inj
fall, users of the
ately downstream Of
ists on the Little
Creek, and downst
detailed listing;
as local resid
multiple sourc
contaminants froéw, sediments and fish.

¥ c¢ontaminated surface waters
lations, recreationalists on
inity of the 102nd Street out-
ks and private marina immedi-
g’ Street outfall, recreational-
Bdver at the confluence of Cayuga
. Attachment.B contains a

'1al receptors. Some people, such
exposed to site chemicals through

4.4 POTENTIAL FCR HUéﬁN EXPOSURE TO SEWER MATERIALS

The sediment chemical concentrations were summarized in
Sections 2.1 and 2.2 for the sanitary and storm sewers,
respectively. Several chemical migration pathways offer the
potential for human exposure to chemicals in the sewers.
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o Contact with surcharged sewer material;
o Contact with creek sediments and water;
‘o) Contact with contaminated material at the 102nd

Street outfall;

o Ingestion of contaminated creek (recreational
activities) or river water (ingestion of drinking
water) ;

o) Ingestion of fish, which may bi cumulate contam-

inants deposited in creek or r sediments.

Chemical concentrations in the creeks
present exposures potentially harmful

ers may also
s, species.

sanltary sewer
gs or onto surface
o
¥a é%“on, dermal contact

lines, may back up flow into re51de
soils in the EDA. In that event,
and ingestion would be the primary

Sanitary sewer lift stations 4 ang ich ultimately re-
ceive all flows from the area, are “aikg '
of;volatilization of contamlnants and
inhalation exposure. .Pipes fyiin oWy
taminated from the flow of matetg Storm sewer "catch
basins' within the EDA are a ¢ source of volatiliza-
tion of contaminants during ing and therefore.are a .
potential inhalation exposure

’ because of fencing on
ggosure routes would be

s at the outfall on S6th
"“waters and sediments from
nce, or by going around the
nce is not secure.

Access is limited along ]
both banks. Potential g
inhalation of volatile &
street, and dermal con:
floodlng, by breachin
fence in areas whereg
Bergholtz Creek frg Fluence with Black Creek pre-
' . It is fenced from 150 feet
to 600 feet downstream. Dermal
om swimming, wading, or other recrea-
% . . .
i possible along portions of its
confluence with Cayuga Creek or
dwaters. Secondary exposure routes

s ith pets or objects that may have
been in contact with contaminated waters or sediments.
Ingestion of small amounts of water from swimming, ingestion
of contaminated aquatic life caught from the creek or
ingestion of sediments in the creek, as with children that
exhibit pica, are viable exposure routes. Inhalation of
volatilized contaminants from the outfall at 93rd Street is.
also a potential exposure route.

upstream of the ¢
contact with sedi
tional use of
3,900 feet lenf
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Table 4-1
HEALTH CRITERIA, GUIDELINES, AND STANDARDS FOR VARIOUS CONTAMINANTS

Residential

Drinking Soil Acceptable

Water EPA Water Quality Criteria (ug/L) Concen~- Daily
Standard - Drinkipg Fish and i tration Intake

Contaminant (ug/L) Wate Drinking Water® Freshwater Aquatic Life (ug/kq) (mg/day)

Cancer
Potency(d)
(kg-day/mq)

2,3,7,8-TCDD 2.2 x 10771 3 4 1078(esf) _ 19

a-BHC 0.013(£) 0.0092{£)
B-BHC . 0.023!F) 0.01:3
4 . 0.02% 0.01

0.08 ave., 2.0 max.

Chlorinated benzenes 1250

Chlorobenzene h)
Dichlorobenzenes 1,120 acute, 763 chronic
1,2,4-Trichlorobenze 3 D ~4(f)
Hexachlorobenzene ; 7 : 9.2 x 10 .

Toluene "~u%:4,3oo -~ 17,500 . 30

Arsenic 72 ave., 140 max.

Cadmium _(1.16 In(hardness)--3.841) = . - 0.17

Thallium 0.037

EPA, 1980. :
(C)For ingestion of 2 L per day.
(d)For ingestion of 2 L and 6.5 g of fish and shellfish per day.
(e)U.S. EPA, 19844. :
(f)U'§6 EPA, 1984a.
(g)lo excess lifetime cancer risk.

Level of concern. Kimbrough, et al., 1983,

WDR101/006
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156,000

11.12

1.84

1.33

1.67
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Arsenic. Mutagenic changes have been noted in animal cells
following exposure to arsenic. Ingestion of contaminated

water can result in changes in immune function, cardiovascular

disorders, peripheral vascular disorders, and nerve degenera-
tion in the peripheral nervous system. Arsenic exposure. has
been linked to cancer and reproductive effects in humans.
Dermal exposure can lead to skin reddening and formation of
skin eruptions.

Cadmium. Primary effects of chronic exposure to inhaled
cadmium are pulmonary emphysema and renal tubular damage.
Hypertension may be an early sympton of eégasure. Recent
evidence indicates inhaled cadmium acts f#@7induce lung can-
cer. :

Thallium. Thallium has been used for
but can produce toxic effects when lajg
1,000 mg/kg body weight) are ingested
sure include neurological dlsorders-
orders, hair loss, kidney damage,
Hair loss is a symptom of low dose

The toxicological profiles above#
only one chemical, and synergistic
have not been considered. The state ot
ledge is insufficient to describse :
multiple exposure to a varief
assessment assumes that the

tential effects of
inants, and this
re additive.

4 0 two primary health ef-

fects categories, those that arg own or suspected carcin-
j57 ¢D¥, hexachlorobenzene, the

%enic belong in the

he chlorinated benzenes,

¢, B, and y isomers of
carcinogen group and tk
toluene, ingested -cadm
noncarcinogens. It i
in exposure to a carg
in the probablllty o1

ill add an incremental increase
cancer. In contrast exposure
a threshold hemomegon, in

which a specific eshold, must be exceeded before

a biological eff?

Table 4-1 summa ; arious standards, criteria and
@ able levels of contaminants in

various environ

4.2 EXPOSURE PATHWAYS AND ROUTES

The principal pathways of human exposure to contaminated
waters and sediments are:

o Inhalation of volatile organics from sewers,
creeks, or rivers;



)

"Cavuga Creek flowsgiap

- There are no- bulv

The potential population that could occupy present housing
within. the EDA numbers is 2,250 persons. This figure is
based on the number of residences currently standing and an
assumed four persons per household. Of these, 128 persons
could occupy housing adjacent to either the free flowing
portion of Black Creek or Bergholtz Creek. This potential
population would be receptors if no action.is taken on
contaminants in sewers and creeks and the area is rehabited.

Along the north bank of Bergholtz Creek, outside the EDA,
Cayuga Drive roughly parallels the creek about 50 to

300 feet to the north. Two houses are locg¥ed roughly
opposite the upstream EDA boundary (101lst eet) and are
within about €0 to 100 feet of the creek ix houses are
located approximately opposite the conf} . 0f Black Creek
with Bergholtz. All of these buildings at least
200 feet of the creek. Two houses are/ A
school property, one about 50 feet frgmvthe creek and the
second about 100 feet. In total, tef”‘og%es are located
between Cayuga Drive and Bergholtz ad
creek.

Bergholtz Creek flows approximates 0 feet past the
western EDA boundary (93rd Street) beforerentering Cayuga
Creek. Cavuqa Drive continues to para' ¥ the north creek
bank and is no more than aboutg® @yom the creek. One
commercial, building, is loca yehorth bank near the
ive i 7 Street. Within this
hcated adjacent to
Bergholtz Creek on the south ba& 7 Five other are about
70 feet or more from the creek , 'Eight other houses
located within about 70 fge¥: tee’south creek bank are

| sons lives adjacent to
A. This number is derived
and an average of four persons

A potential populatlonj“
Bergholtz Creek outsidf

per residence.

tely 4,900 feet south from its
reek before entering the Little
is outside the EDA. Cavuga Drive
creek bank, and upstream of

qhan 50 feet from the creek itself,.
4 tween Cavuga Drive and the creek in
this 3,400 feet read In the remaining 1,500 feet of
Cayuga Creek, downstredm of Militarv Road, 11 houses and

11 commercial buildings are located adjacent to the west
creek bhank. Many are within about 10 feet of the creek.

confluence with Bg
Niagara River.
parallels much
Military Road i

A total of 42 houses and three commercial buildings are
located along the east bank of Cayuga Creek downstream of

( its confluence with Bergholtz Creek. Approximately



32 houses and one commercial building are located along the
3,400 feet reach upstream of Military Road. Most of these
buildings are within about 80 feet of the creek. Ten houses
and two commercial buildings are located along the east bank
of Cayuga Creek in the 1,500 feet reach downstream of
Military Road. Several of these buildings abut the creek
and are built into the bank.

A potential population of 212 persons live adjacent to
Cayuga Creek. This number is derived from a total of
53 residences and an average of four persons per residence.

The population of Cayuga Island are poter
because of the location of the island befween the 102nd

Street outfall and the mouth of Cayuga ¢ ., Cavuga Island
is easily flooded; contamination could/hw“hgonght ashore
with flood waters. Approximately 90 péx Tf_%%’he island

is in the 100-year flood plain.

e
An aerial photograph showing the eagtéry Bwo-thirds of the
island indicates no buildings are ;? sei¥ between Joliet .
Avenue, which extends along the ng: tore, and the Little
Niagara River. Distance between & rer and Joliet Avenue
varies from about 125 to 475 feet. “§&vEral baseball
diamonds and other recreational facilit4gs are present in
this area. Council Avenue ex 1,200 feet along
the island's eastern shore.  Bist: he
the Little Niagara River var; gmvabout 70 to 170 feet.
Sixteen residences are locaté wea
the river. West Rivershore D 1
western half of the island, “€nding approximately
3,600 feet. No estimatesdi Tk
residences along this d

Many homes fronting thgik
the island have smallgﬁlf

the population of Cay and.

Workers for the City *a Falls are potential recep-
tors. Maintenanceg fo service the sewer lines,
repair possibly s anholes, or who service ground
utilities, are p ceptors.

14’ has a 1980 population of

ol ﬁgpotential receptors for potentially
contaminated water “gpplies. No estimates are available on
the numbers of recreat¥onalists that utilize the areas
adjacent to the 102rd Street outfall, or the public dock or
private marina on the Niagara downstream of the outfall. No
estimates are available on the number of persons who mav
consume fish from the creeks and rivers and would be poten-

tial receptors of contamination.

WDR101/10
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Appendix C
CHEMICAL AND TOXICOLOGICAL PROPFRTIES OF THE
) CHEMICALS OF CONCERN

INTRODUCTION

This section discusses the chemical and toxicological proper-
ties of seven chemicals or groups of chemicals that were
selected as target chemicals for assessment. These target
chemicals were selected hased on the frequency with which
they were found during the 1983 Malcolm Pj@“'e sampllng, and
the concentrations of these chemicals in ¥ environment at
Love Canal. These seven target chemicalg or groups of chem-
icals follow: '

o 2,8,7,8-tetrachlorodibenzo-g

dioxin);
o isomers of hexachlorocvcl
e chlorinated benzenes; i .
o toluehe;’ EA
e arsenic;
o cadmium; and
o thallium

TCDD

There are theoretical , T
dioxin structures wi g degrees of chlorination. The

en isolated and tested is

lely used class of industrial
organic chemica vated temperatures during chlorinated
phenol processing )een shown to increase the formation
of TCDD. TCDD is also”generated during the combustion of
chlorinated phenols. Some research suggests that TCDD may
form in refuse incinerators, fossil-fueled power plants,
gasoline and diesel-powered motors, fireplaces, charcoal
grills, and cigarettes; however, more research is needed to
verify these findings.

chlorinated ph




TCDD was first intentionally prepared in 1872. It was not
until 1957 that TCDD was synthesized and isolated from other
chlorinated dioxin isomers. Since then, researchers have
investigated various aspects of TCDD generation, environ-
mental behavior, toxicity, and destruction. Most of this
background data, especially the toxicity data, pertains to
solubilized TCDD (a relatively mobile form), with only lim-
ited data applicable to TCDD complexed in soil. Several
studies have indicated that the behavior of TCDD in the en-
vironment can change substantially depending on the nature
of the TCDD-containing matrix.

GENERAL CHARACTERISTICS OF TCDD

groups. Pure TCDD is a colorless cry”{"f
approximate melting point of 305°C 6 f'
low vapor pressure of roughly 10
temperature. It is commonly accept
water solubility at room temperatu*'
0.2 parts per billion. TCDD is cg
compound, which means that it has
fats, waxes, and related organic co
ities have also been reported at 10 ppm<ain methanol, 40 ppm
in lard, 570 ppm in benzene, pm in
ortho-dichlorobenzene. & '

%%'

“@PPIOX1mate1V
vized as a lipophilic
tive affinity for

This summary of TCDD behav'or 1 : e environment focuses on
TCDD in soil. Several st ] e’ indicated that the

behavior of TCDD in the 4
depending on the nature

can change substantlallv
5n-conta1n1ng matrix,
&Ushown that TCDD binds with
soil and becomes incrgis iy’ difficult to extract with
time. This binding e : is not precisely understood,
but is generally bell N e either a physical adsorption
on soil particle sugfae | chemical bonding with the
soil humus fractiof

tudies conducted by the EPA have
phenomenon. In the studies, five
mples with TCDD concentrations

pb were vigorously mixed with
deionized water fo “hours, decanted, and sequentially
filtered to 0.45 microfs. The filtrate samples were
analyzed for their TCDD concentrations after each filtration
stage. Of the five samples analyzed after the 0.45-micron

filtration, four samples had nondetectable levels of TCDD.

Duplicate analvses for the remaining sample showed TCDD concen-

trations of 6 ppt and 12 ppt. FPA is conducting additional
leachability tests to determine more accurately TCDD's



leachability from various soil matrixes and to develop
appropriate leachate treatment methods for TCDD contamin-
ation storage facilities.

Phvsical Movement in the Environment

The potential for TCDD in soil to leach into groundwater

appears to be low due to its strong soil blndlng and its low
solubility in water. Evaporation of TCDD is not well under-
stood, but appears to be quite low, especially when in soil.

It appears that the primary mechanism forﬁﬁm-ement of TCDD
in soil is displacement of contaminated sg particles.
This can occur by wind or water erosion,/ tact with
people, animals, or vehicles, or by intg movement of
the soil. In these ways, dioxin in soj gad across
an area and into the air or surface wag / '

BIOLOGICAL PATHWAYS

Z’hown mixed experi-
ed. However, several
TCDD that is bound -

animals or humans
11/ and the digestive
iown that the absorption
in or the intestinal
vith soil. This absorp-
as the time of contact

of TCDD into the body through
tract is reduced when it is miX:
tlon was found to further decre:

natic systems can be bhio-
e i&tely 6,000 times the sur-
rounding water concenggatiofi.’ According to Dr. Stalling of

ENVIRONMENTAL DEGH

n soil has not been demonstrated

7. Although several previous studies
indicated that appr 8¥le biological degradation of TCDD in
soil did occur, more récent studies have shown, and several
researchers of previous studies have also concurred, that
many of these results were likely due to inadequate analvti-
cal procedures and experimental controls.

Blodegradatlon!
to any 51gn1f1ca“r

Thermal degradation of TCDD in soil is essentially nonexis-
tent in the environment. Pure TCDD is not appreciably



decomposed bv laboratory incineration at 700°C. TCDD bound
to particulates has been said to resist thermal decomposi-
tion at incinerator temperatures up to 1000°C.

TCDD bound in soil does not exhibit any significant ultra-
violet degradation. However, substantial ultraviolet degra-
dation of TCDD will occur in several hours to a few days in
the surface soil layers if TCDD is solubilized in a thin
light-transmitting phase with a hydrogen donor present and
exposed to sunlight or artificial ultraviolet light.

environmental
purposes. This

than 10 years.

PREVIOUS DIOXIN CASFE STUDIES

Since 1949, more than 23 major indu
ing solublllzed dioxin have been reg 7

In addition, many people have beemg d to solubilized
stry and through
ations, waste
handling, and chemical laboratory work 7 C
graphs summarize some of the ‘°”*“;ed dioxin-exposure

incidents and the public resp

J; accident at the

Seveso, Italv., On July 10, 3
lant released a

Givaudan factory ICMESA 2, 4 5,ﬂ
dioxin-contaminated chemlcal clq{
farmland area of about 6_;
mately 40,000 people. :
imately 134 people in t
ination developed chlo;
the most sensitive ing
it is most prevalent

¥ inhabited by approxi-

n disorder believed to be
of dioxin exposure in humans;
ace, neck, and arms).

i measures implemented at Seveso
‘dting contaminated materials,
aminated areas, implementing
with contaminated materials, and
terials. Numerous measures were

Some of the initial
included collectin{

decontamlnatlngﬁg
studied for ulty
including incine®ation, C
degradation, and chi 1l destruction. None of these
options were considered viable for effectively treating the
large volumes of contaminated soil. Removing the contam-
inated materials to offsite disposal site(s) was not
considered acceptable either. Onsite disposal of contam-
inated soil in secured basins was considered the most prac-
tical option. This method has been used for disposing of
the soil in the more highly contaminated zones.

¥ animals died and approx-
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Missouri Horse Arenas. In 1971, waste 01ls containing TCDD
were sprayed for dust stablllzatlon in three east-central
Missouri horse arenas. In the most affected arena, 54 out
of 57 horses exposed to the waste o0il developed similar ill-
ness symptoms and died. Dead birds, cats, dogs, rodents,
and insects were also found in and around the arena. A 6-
year-o0ld girl who plaved regularly in the arena became very
sick and lost 50 percent of her body weight. Five years
later, she had apparently recovered.

The arena co-owners and their 10-year-old daughter have ex-
perienced severe headaches, nausea, and othé&ér symptoms.
Human illness and animal illnesses and degflhs occurred at
the other two horse arenas., All three h@- e arenas were
spraved within one month of each other ste oil from
Bliss Waste 0il Company. That same cor ; c
dioxin-contaminated o0il on unpaved stxg @ires BReach.
The source of the TCDD-contaminated o@l¥was traced to the
Northeast Pharmaceutical and Chemic ":om_anv (NEPACCO) in
Verona. Analysis of a distillation e, similar to that
mixed in with the waste o0il, revealed the residue contained
306 to 356 ppm TCDD. The Shenandg les horse arena wav'
{ottoms.

Soil from one of the arenas was later aﬁﬁ'yzed, and con-
tained 31 to 33 ppm TCDD. The each of these are-
nas was excavated and landfil r¥ous other Missouri
sites. No further TCDD-relaf deaths or human ill-
nesses have been reported sin » 50ils were excavated.

, Syntex Agribusiness dis-
tons of distillation bot-
pm dioxin. The sludge
Juction of hexachlorophene
occupants. Syntex 1mple—

Syntex-~--Verona, Missouri. In
covered a tank containing

was a byproduct formed
by NEPACCO, the prev1o'

¥, treatment with a chemical
imd@%lysis. After extensive re-
ltraviolet photolysis process
@d for destroving dioxin in the

$ equlpment and installation

/ ' processing, the sludge contained
0.1 to 0.5 ppm d% #y gix thousand gallons of process sol-
vent were contamlna'@f ith 0.15 ppm dioxin, and salt
crystals from the evapd@ated neutralized brine were contam-
inated with 20-80 parts per trillion. All of these wastes
are currently stored onsite, awaiting final destruction or
disposal.

pressure reacfor, %d
process, and ultray
view, a solvent e
was selected and
waste sludge. :
exceeded $500,

g




Other dioxin contamination has been discovered and is sus-
pected around the Verona facility. This site is currently
on the National Priority List.

Denney Farm Site, Missouri. In 1979-80, a trench at the
Denney Farm site in southwest Missouri was found to contain
approximately 90 barrels of dioxin-contaminated wastes dis-
posed of by NEPACCO. Syntex Agribusiness, the EPA, and the
Missouri Department of Natural Resources developed and
implemented a cleanup program. The drums and soils contam-
inated from drum leakage were excavated and placed into
storage in onsite concrete vaults at a co f over

$1.8 million. The contaminated materials rrently await
final disposal or destruction.

t the Neosho
j )’ store

1971. 1In 1977,

as filled with

Neosho Digester--Neosho, Missouri. A ¢3
municipal wastewater treatment plant :
wastewater from NEPACCO during 1970
during a plant renovation, this dig
gravel, soil, and debris. The digeg
contaminated the ground nearby. The
excavated and put in a trench nea‘é

The EPA in 1981 sampled the dlgeste"
trations as high as 60 ppb of TCDD and
June 1984, the EPA issued an i
City of Neosho to cap the .sitég

ound concen-

¥ve order to the
Y¥or groundwater.

ouri. The Neosho Water
ucted treatability
. tank used to store the

and Wastewater Technical School
studies on NEPACCO wastewater°

In 1981, the EPA found a
samples of the tank's ¢
soil next to the tank/
The tank and drums we
the school property.

» wI'he highly contam1nate6
oxcavated and put in 15 drums.

# 4n an Army ammunition bunker on
; site was capped and fenced.

issued in August 1982 and
res proper disposal of the drums
. This waste is scheduled to be
ncinerator in the fall of 1984,

An EPA administrag@fn
amended in June 148%

Missouri. 1In 1979 a tank car of
A¥aminated with 37 ppb dioxin was de-
railed in Sturgeon, Mig€souri. Two workers who were involved
in cleanup operations were later found to have low levels of
dioxin in their blood. In 1982, $57 million in damages were
awarded to 75 workers exposed to dioxin contamination during
this cleanup operation. This award was recently repealed
and the suit is now awaiting further court action.

00 ppm of TCP. In



Union Carbide--Sydney, Australia. In 1978, dioxin wastes
generated by Union Carbide in trichlorophenol manufacturing
processes were discovered in garbage sites in three Sydney
suburbs. The Australian government implemented a massive
health record review of residents in proximity to these
sites. This review apparently did not reveal any definite
health problems associated with these landfills. It appears
that no further remedial actions were implemented.

Agent Orange. Dioxin was found to be a contaminant in Agent
Orange, a defoliant used in Viet Nam. At least 4,800 veter-
ans have asked for treatment because of t '% exposure to

the herbicide, and considerable 11t1gat10 -
these incidents. An out-of-court settlemen A
reached between the veterans and severa}l gfizthfacturers of
Agent Orange.

gent Orange were
kncinerator ship

In 1977 more than 2 million gallons
incinerated in the Pacific Ocean on
Vulcanus. Calculations on the diox
showed it exceeded 99.9 percent. /

Activated coconut charcoal has beé& by the Air Force to
reduce the TCDD level from 8 ppm to - 1

The contaminated carbon has been store
flnal disposal.

Coalite Chemicals--England. # 687 dioxin-contaminated
¢olHsion in a trichlorophenol
6 plant in Derbyshire,
England. Seventy-nine workers a% nd the plant reportedly
showed signs of chloracne 3 'Q%f next half vear. Equip-
ment and other materials 0 ‘Pe seriously contaminated
were buried far down an d/coal mine shaft.  In 1969,
two workers developed ¢ furing construction of a new
building at Coalite. g fce of their exposure was
traced to a metal vesg: had been salvaged from the
contaminated Fac1115§%% yessel reportedly had been
extensively cleane%g' 4 '

Netherlands. In 1963, dioxin
released from a trichlorophenol
ys-Duphar 2,4,5-TCP plant in
mployees were reported to have
mMeasures were implemented to decontam-

Phillips—-Duphar--At
contaminated che
reactor inside ;
Amsterdam. Tw¢g
chloracne. Extetf 14

inate and reconstru hﬁ%ntamlnated equipment and areas in
the building. However, animal toxicity testing showed that
dioxin contamination was still present and the plant was
demolished. The rubble was embedded in concrete.and placed
into three barges whose holds were hermetically sealed. The
barges were towed out into the Atlantic ocean near the
Azores and sunk in deep water.




Badische Anilin and Soda-Fabrik (BASF)--Ludwigshafen,
Germany. In 1953, dioxin-contaminated chemicals were
released from a trichlorophenol reactor inside the BASF
plant in Ludwigshafen, Germany. This resulted in 75 cases
of chloracne. Decontamination of the building was attempted.
This was determined to be unfeasible and the building was
demolished in 1968,

Dow Chemical--Midland, Michigan. In 1964, 49 out of 61 Dow
workers exposed to d10x1n contaminated trlchlo ophenol
developed chloracne. Dow is currentlv being investigated
for dioxin contamination around its MldlanéﬁnMichigan, chem-
ical manufacturing facilitv.

Vertac--Jacksonville, Arkansas. In 197 oximately
3,000 barrels of dioxin-contaminated tur; ]
were found at this site. Some of the rel: Wt

and had contaminated soil and nearby ace wafer. 1In
1979, Vertac moved the barrels into gt A approved shelter
at a cost of approximately $500,0004 final disposition
of these wastes has not been deter
is currently on the National Prio

Monsanto--Nitro, West Virginia.
dioxin-contaminated

chemicals were released after
chlorophenol reactor inside Md:

204 workers exposed to
¥nny The study concluded
“@xposure, these workers
%ﬂems than workers not

TCDD in cleanup operatio
that, in the 35 years si
had not developed more
exposed to TCDD.

'y=-BHC

Lindane is the commﬁﬁ the gamma isomer of
1,2,3,4,5,6-hexachlogec _ & ane (BHC) , a broad spectrum
insecticide of theé #hlorinated hvdrocarbons. Five

isomers of hexack xane exist, but the gamma isomer

possess all the : Al activitv. Prior to 1978, all

companles maklﬁ; BHC formblations had various percentages of
% hat/date, all switched to gamma formu-

chlorine on benzene 'in“the presence of ultraviolet light.
This produces a technical grade formulation from which the
gamma isomer is isolated by selective crystallization.
Lindane is fairly water soluble but has a low residence time
in the natural aquatic environment. It is principally
removed by sedimentation, metabolism by microorganisms and
volatilization. It has, however, been detected in the



finished drinking waters of a small city in Illinois at

4 yg/l. It is not susceptible to photolysis, but can be
dehydrochlorinated by alkalies to 1,2,4-trichlorobenzene.
In soils and sediments, lindane is slowly degraded by
microbial action with a 10 percent degredation after

6 weeks. It is hypothesized that the gamma isomer is
changed to the alpha or delta isomers by microbial activity
or from uptak? by plants, but this has yet to be shown
(USEPA, 1980) .

CHLORINATED BENZENES

The chlorinated benzenes are a group of ci’, c aromatic
compounds in which one to six H atoms hay
with up to six chlorine substitutes. Ty b
compounds are possible. All have relatively 1dw water
solubhility, solubility decreases with ‘””'V
ination, low to moderate vapor pressuyj
decreasing with increasing chlorlnat
flammability. Their octanol:water
moderate to high and increases wit}
This means the higher chlorinated %
hexachlorobenzene, have a high teng 7
ments. All are considered to be vo &@;
hexachlorobenzene and all are only sligh#;
chlorinated benzenes are readi ¥ e@@ted in the atmos-
phere. They .-are likely to en : 1
of volatilization and/or eva

#gg low
i on coefficient is

water. Once in the atmosphere- zymay be degraded by chem-
, s to nitro benzenes
and/or nitrophenols. Atmgsthe *‘dsidence time is greater
for the more highly chlo t o’pounds. Chlorinated
benzene compounds in the yY1so become adsorbed onto
particles that then se removed from the atmos-
phere by rain. Transpt
systems is limited. M
aerated and nonaerate§
greater than 99 peri- £
benzene, 1,4-dichly
exaporated in fouﬁ%

réadily evaporated from both
: In a controlled evperiment
iochlorobenzene, 1,2-dichloro-

: half-life of evaporation has
been calculated i1 7ty 's Law constant and assumptions
i 31, ambient temperature, etc.
Monochlorobpnzen . iichlorobenzene and

1,2,4- trlchlorobenz i ave calculated half-lives of

4.6 mlnutes, 8.1 minuté€s, and 0.75 hours, respectively. The
fate of chlorinated benzenes left in water has not been
completely characterized. It is believed that microbial

"degredation occurs on the lower chlorinated compounds, but

has yet to be demonstrated. All of the chlorinated benzenes
have a medium to strong tendency to adsorb onto soils and
sediments. This adsorption potential increases with

1References can be found at the end of Appendix B.
Cc-9



increasing chlorination and increasing organic matter con-
tent of the soils and sediments. Once adsorbed, movement
through soils is dependant on the soil type and temperature
and the characteristics of the leachate. The potential for
downward migration is high. Volatilization from porous
soils to the atmosphere is a potential transport route.
Again, this depends on soil type and temperature (each 10°C
increase in temperature increases volatilization by

3.5 times) and the volatility of the compound, keeping in
mind that vapor pressure decreases with increasing chlor-
ination. The fate of chlorinated benzenes in soils and sed-
iments is similar to water, only reaction ftimes differ.

i ; Chlorophenols
Chlorinated
with persis-

benzenes are persistent in soils once a
tence a function of chlorination (USEP

TOLUENE

Toluene is a clear colorless liquid nks fourth among
all agents listed in terms of the n ] f people exposed
to any sinqle agent. It is the m ' pfévalent aromatic
hydrocarbon in ambient air, prlmat' ?Bm auto emissicns.
Atmospheric concentrations of toluene iwage 37 ppb in the
Los Angeles area. The high volatility“and low solubility of
toluene leads to its presence angduper ence in the atmos-

phere. It is chemically quit
dence time in the atmospherea
depending on solar intensity,%:
gas comp051tlon. It is remove‘

"estimated at 1 9 davs
ature and local trace

added to the ring. Re-
cetaldehyvde, acetone,
nown yvield. Photolysis
{(containing NOx) vields
trong eye irritant and
ved from the atmosphere to any
oluene may be persistent in
,,aTe available on hydrolysis of
poration and volatilization
s it into the atmosphere at a
boration half-life for toluene
calculated at 5 hours.
a few days time. Sedimentation
" rganic matter content of the sedi-
ments as the oct er partition coefficient is moder-
ately low. Adsorpt®@m fapacity is increased as pH decreases.
The fate of toluene in“soils has not been thoroughly inves-
tigated. It is anticipated a portion of the toluene (38-
66 percent) in soils will undergo intermedia transport to
the atmosphere by volatilization. The part that remains in
the soil may undergo chemical transformation or
biodegredation but the relative importance of each is not
known. It is known that toluene is susceptible to bacterial

action products include
formaldehyde and formic
of toluene in a pollute
ozone and peroxyacetylud
oxidizer. Toluene is g
significant degree b
aquatic environment.
toluene in aguatic
from water surfaceg
relatively rapid
from water 1lm de
Volatilization

occurs, dependj

arily by the free radical



decomposition in soils, dependant on soil properties. One
strain of bacteria has been isolated that uses toluene as
its sole carbon source. A half-life of 20 to 60 minutes in
soil containing degrading bacteria was observed. Toluene
may be leached through soil, dependinag on soil and leachate
characteristics. The fate of leached toluene is not known
(USFPA, 1980).

ARSENIC

Arsenic can exist in a varietv of chemical forms, each with
differing physical properties and solubil » It is most
commonly found in the pentavalent (arsenaj and trivalent
(arsenite) states. In oxidizing conditi ¥ arsenite is con-
verted to arsenic acid or arsenate by b al oxidation.
Arsenate hydrolyzes in water. Arsenate & %k, in more
basic, aerated soils. Formation of a : _ﬁ%avored
under conditions of low pH, low disso d oxygen and low
oxidation potential as is found in wgt rh1oqged soils and

sy

strongly fix arsenic to soil colle: Waters containing st
high quantities of organic matter mé&sy 1, arsenic compounds .
to humic matter. The extent of adsorptigf by clayvs and
organlc matter decreases as pr ggyover neutral,

CADMIUM

n nature is 2+. It

In water it

es. Precipitation from
concentration of . .

The most common valance of cadmi

cadmium compounds in
pound and on water q'
mav be mobilized by
strongly adsorbed td
Sorption processe
to sediments. Th
(USEPA, 1980).

Relatively insoluble, cadmium
with anions. Cadmium is

ids, and organic matter.

dr removal of dissolved cadmium
is more effective as pH increases

THALLIUM

Thallium exists in #a@%fife in either the monovalent, thallous
or trivalent, thallic €tate. The monovalent form is more
common and stable with a large variety of compounds. A
large percentage of the thallous salts are soluble in water.
Thallic salts are readily reduced by common reducing agents
to thallous salts. Thallium is chemically reactive with air
and water, oxidizing slowly in air at 20°C. As temperatures
increase so does the rate of reaction. Moisture enhances



the reaction at any temperature. Thallium may be leached
through 'soils into the groundwater. Cycling of thallium
through environmental media is not well understood nor well
documented (USEPA, 1980).

TOXICOLOGICAL PROPERTIES

TCDD

Exposure to TCDD is possible through ingestion of food or
water, inhalation, or dermal application. Because TCDD is
strongly sorbed to soils and sediment, dr'='”ng water con-
tamination is very unlikely, especially 1 roundwater
supplies. Surface waters can be contami
inated industrial effluents or washouts;
disposal sites, however, even in these
to be strongly sorbed to sediments an%é&

'QD was found
*;@ﬁPA 1984a).

Possible TCDD contaminated food 1tei'
crops sprayed with weed killing herk ;
and 2,4,5-T, livestock raised on Tg mn%amlnated forage
and other organisms that have bio
through the food chain. Studies
"TCDD is readlly absorbed through th
but there is little evidence that TCDD'
ahsorbed in food crops (USEPA, e
that when TCDD is a contamin 1.¢
rapid photochemical degradat ocq é durlng the appll—

i

§§taken up or
esearch Jndlcates

Bioconcentration studles
have resulted in measur
RCF relates the concent

_1ety of f1sh species
ceﬁ%ratlon factors (BCF).
# chemical in aquatic
*the chemical in water.
d species with high fat con-
hese species include catfish,
culated BCF values using the
- cient resulted in a range of
P99%a3). Currently, the USEPA's
7of TCDD in aquatic organisms is

Bottom feeders, carni
tent had higher BCF v
carp, trout, and salm
octanol:water parti#
7,000 to 900,000 (&

5,000, TCDD aIS@
cattle grazing ¢
Levels of TCDD,
70 parts per trx
mammalian milk. _ ﬁf

ted pasture (Kimbrough 1983).
ere found to range from 4 to
. TCDD can also be found in

Inhalation of TCDD can occur during agricultural spraying,
industrial incineration, industrial accidents, or as dust
borne particles. No-analytical information is available
concerning effects of inhaling TCDD (USEPA, 1984a).



Dermal exposure to TCDD is most likely to occur during the
manufacture and application of contaminated chlorinated
herbicides. Many people were exposed to-dioxins from the
application of Agent Orange during the Vietnam war.
Researchers have attempted to quantify human health effects
from possible exposure to TCDD by studyving health histories
of manufacturing and agricultural workers and Vietnam
verterans most likely exposed to this chemical. The most
common and obvious effect reported was chloracne, or skin
lesion. Other possible effects are included in the fol-
lowing discussions of acute and chronic toxicities,
mutagenicity, teratogenicity, and carcinogﬁ”‘city.

After absorption of 2,3,7,8-~TCDD into mog
studies, this chemical is most often fouyr
adipose tissues. Biological metabolite ; D
considered to be toxic compared to TCQ@ 'tsé%’q,,Elimination

animal species

‘routes for TCDD in mammals include {;?’ tion, direct intest-

inal elimination, and sebum. i

sively studied in

compound is toxic
it. Animal studies
inducer in most
rgans include the
'skin, and urinary
erest from an acute
Jes variation. The oral
f1ig/kg body weight for
‘weight for the hamster.
train of test animal
than older animals. Six
‘fed showing no apparent
on toxic responses

tymic strophy, and increase
responses were delayed.

The toxic effects of TCDD have bheen
animals. These studies indicate )
from both an acute and chronic st
indicate that TCDD is potent hepatic#g
species. Beside the liver, other targ\ ,
thymus, testicles, spleen, galizblisdaduse
tract Olie, et al, 1977). . Of4
toxicity standpoint is the w
LD50 values for TCDD range fr
the quinea pig to 5,051 ug/kg‘H,
Toxicities varv with age, Y

differences varied with
trend (USEPA, 1984a). Th
included loss of body yeis
in liver weight. Oftegn:

Chronic effect studi;%¢ te that TCDD exposure may pro-
duce chloracne, 1liv, ¢7/kidnev damage, immunological
alterations, hematg ﬁ%erations, gastrointestinal
tract changes, andg: hiatric effects in test animals.
Subchronic effect a in rats include lethargy,
decreased body wi Ger pathology, biochemical
evidence of 1i thymic astrophy, decreased
lymphatic tissué€ i bance of porphyrin metabolism,
slight alterations ‘e hematopoietic system and mild
adverse effects on botH male and female reproductive
systems. Long recovery -times were seen in subchronic
studies (USEPA, 1984a). Subchronic effects were ohserved in
humans after the accidental exposure to TCDD in Seveso,
Italy. Over 200 cases of chloracne were reported with the
most severe fully recovered after 18 to 24 months (with one
exception). Other symptoms included signs of liver damage,

-
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cw v E, ae



raised serum transaminase and glutamyl transferase, and some
neurological effects (USEPA, 1984a). Before chloracne
appears, overexposure may be indicated by burning sensations
in the eyes, nose, and throat, headache, dizziness, and
nausea. Other symptoms include joint pain, fatigue,
insomnia, irritability and nervousness. Emotional dis-
orders, difficulties with muscular and mental coordination,
blurred vision, and loss of taste or smell may occur.

Deaths related to TCDD induced liver damage have occurred
(Olie, et al, 1977).

Animal studies also indicate that TCDD is &zdevelopmental
toxin. It acts as a teratogen in mice an@%;amsters, but not
primates. TCDD produces fetotoxicity at@oses higher than
doses causing teratogenic effects. The
teratotoxic responses in rats and mice
palate and kidney abnormalities. TCDQEA_
synergestically with 2,4,5-T with resp
cleft palate occurrences. Many attegt
link fetotoxicity and teratotoxicity:
exposure in pregnant women. Studi tin/ far have not been
satistically conclusive regarding o¥ic effects in human
reproduction (USEPA, 1984a). Animg ing and human
health hlstorles have shown no incrés § ;fetotoxicity or

AP Y4 be acting
t to thg increase in
have been made to

Genotoxicity testlng of TCDD
the results of these studies

'igten51ve, however,
cated little potential
7. While some studies
al mutagen and cause

77), overall, the data
teraction of TCDD with
CHD to produce chromosomal

indicate that TCDD may be a ba
cytogenetic damage (Olie, et aly

aberatiens (USEPA, 1984§
Several animal studie 'CDD have indicated an
oncogenic effect. Tk t has been seen in both mice
and rats. Also, studl : been performed that have led
to the conc1u51on tHa, DE " a tumor promoter. Recently,

cluded that TCDD
mice (NTP, 1983) 983) states that dioxins are
i 7 able to promote tumors in already

inuous, consistent, and selective

Researchers have tried¥to link human cancers of various
tvpes to TCDD exposure. The most significant association
appears to be between TCDD and soft tissue sarcoma. The
most recent studies prepared by the U.S. Air Force involving
1,247 people exposed to TCDD in Vietnam showed no signif-
icant cancer increase. Small sample size or inadequate



study plans have discounted many human health surveys
attempting to link cancer to TCDD or herbicide exposure.

TCDD is suspected of being a human carcinogen because of
multiple positive animal carcinogenicity studies. The
USEPA's position is that there is 'no recognized safe level
for a human carcinogen and the recommended concentration in
water for maximum protection of human live is zero. Because
attaining a zero concentration mav not be feasible at this
time, the concentrations corresponding to incremental
increased lifetime cancer risk levels have been estimated
(USEPA, 1984a) and are shown below: oy '

Exposure Concentratzg
resulting i
increase ;!

of TCDD in water
incremental
Jme -cancer

Consumption of 2 L drinking 1.3
water per day and 6.5 g of
fish and shellfish.

Consumption of 2 L drinking 2.2%g%
water per day only : '

As can be seen in this exampleg
level must be 17 times as1hig~$,mb
when no contaminated fish ar

ecommended that residen-
tial soils contain TCDD at average .concentrations ho greater
that 1 ppb. Higher levelg r afcial areas may represent
an acceptable risk leve “upationally exposed per-
sons (Kimbrough, 1983).4 . JFDA has recommended
against consumption of _h%%ﬁning TCDD at levels greater
than 50 ppt or more th: per month at greater than
25 ppt. No toleranc
on food crops (Miller

dd to be an unusually toxic com-
te, subchronic, and chronic
Reported adverse effects include
anges to the liver, nervous

i d reproductive system. Special
groups at risk & emploved in the manufacture of
chemicals which ma”’"gé_w ain 2,3,7,8-TCDD as a contaminant,
women of child-bearing“age, and especially the fetus.

In summary, TCDD
pound with demons
effects in man a
chloracne and da
svstem, immune,

HEXACHLOROCYCLOHEXANE

BHC is the common name for a mixture of configurational
isomers of 1,2,3,4,5,6-hexachlorocyclohexane. BHC is really
a misnomer for this aliphatic compound and should not be

C-15



confused with similar aromatic compounds. In 1942, BHC was
introduced as a broad spectrum insecticide that took upon
special importance since it could kill insects that devel-
oped a resistance to DDT. Subsequently, it was found that
the insecticidal activity was due primarily to the gamma
isomer, now commonly called Lindane. Formulations changed
to exclusive use of this isomer and by 1978, the use of BHC
was dropped in the U.S. and replaced by Lindane (Sittig,
1980).

Although the terms BHC and Lindane are often used inter-
changeably, information presented here wilimemphasize the
gamma isomer and it should be recognized ghat the other

isomers show similar but not identical q;

Human overexposure to BHC has occurred /]
ingestion, occupational exposure, and /

treatment In each case, the prlmary"aness reflected neuro-=

; overall

¥ symptoms of
age, pancreatitis,
In the most severe
then death.
ic anemia and
point out that
ppsure via the
also important to
Y has been approved for
in creams, lotions,
and shampoos (Gosselln, et al. %@ %ﬁ) Improper use of
these materlalq resultlng in ex% ated exposures has

ol PHreviously discussed.

weakness, and grand mal convulsionsj
overexposure included liver and ki
muscle necrosis, vomiting, and he
cases, convulsions were followed &3
Chronic exposure has been linked to™
other blood disorders. It is 1mportan
y-BHCinduced illness may resulfysfm
inhalation, dermal or oral ro;

ecticidal is through
“”~6§5t+10, 1980). These

ilal studies. The oral ID., for
ymg/kg (rabbits), and 127 mg/kg
1lues vary greatly depending
ng. As a 1% solution in van-
50 (rabbits) was reported as 50

§ powder form had a rabbit dermal
on and Clavton, 1981). The

% greatly in toxicity. The alpha,
) ve a low degree of acute toxicity
but are retained# han' the gamma isomer. y-BHC has a
much greater acute *# *itv but has a lower degree of
cummulative toxicity s¥nce it is retained in the bodv for a
shorter period of time (Sittig, 1980).

The mechanism by which
toxicity to the nervoug:
effects are seen in a
y-BHC is 90 mg/kg (ra:
(gulnea pigs). Dermal®
upon the vehicle usg
ishing ¢ream, the
ma/kg while y-RH
LDc, of M 4000 m
various isomers
beta, and deltg

Chronic animal studies of y-BHC indicate that this compound
is stored in the fat of the body but does not biomagnify.
Within 3 weeks of cessation of exposure, it disappears from
the fat (Sittig, 1980). Chronic animal studies indicate
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that several BHC isomers including gamma are carcinogenic
when administered in the diet of mice. Liver tumors were
produced. . Studies in rats and dogs were considered to be
inadequate for making a carcinogenicity determination as
were human data (IARC, 1979). Based on the mouse liver
tumor information, the National Tox1cology Program has
included BHC on its list of carcinogens.

Some reproductive data-‘are available. Exposure levels of
0.5 mg/kg/day resulted in disrupted estrus cycles, inhibited
fertility, delayed embryonic development, and reduced
viability of the fetuses in rats. This e ¢t was not seen
at lower exposure levels. BReagles given ‘mg/kg and 15
mg/kg during gestation had an increased ber of stillborn
pups. In another study, no teratogenic was associated
with exposures up to 20 mg/kg in rats.
gestion of chromosomal damage, no sub% antia
sulted in a concern of mutagenicity zf'ﬁltlng from BHC expo-
sure. .

place is 0.5

The germ1551ble Exposure Level in
“value. The World

mg/m>~. This is a 5 day, 8 hour e
Health Organization has set the a¥ 3
ug/kg/day. The U. S. EPA states tha m] ieves that expo--
%ﬁ%, however, they
have considered setting interi wls for increased
cancer risk.
ancer risk of 10_5,
1g/1, and 1.86 ng/l re-
gestion of 2 liters of

5 g of fish daily (USEPA,

Fo§6y-BHC, the values for inc
10"°, and 10 ' are 186 ng/1, 1
spectively. These values assumeg~

CHLORINATED BENZENES

of any benzene compound which
atoms. They range from the
e hexachlorinated one. The
achloro species can exist in

Chlorinated benzeneség
contains one or more

monochlorinated mat -
dichloro, trichlorg

various isomeric j - re are several generalizations
which can be madg =& ese compounds which help under-
stand their env 9qua]1t1es. In general, thev are
used as chemic Ty Aates for the synthesis of other

compounds and c; 2l as pesticides. They may

'? iwironment with their potential for
bioaccumulation incred' ing with chlorine content. As their
chlorine content increases, their potential for
biomagnification also increase, while their potential for
biodegradation decreases (Sittig, 1980). Volatilitv and
adsorbability to organic sediments also increase with the
number of chlorine atoms (USEPA, 1981). Acute toxicity
generally decreases as the number of chlorine atoms

(9]
!
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increase. Most chlorinated benzenes are irritating to the
skin, eyes, lungs, and mucous membranes (Sittig, 1980).

Animal studies and human experience indicate that all
isomers attack the liver, kidney, and nervous system as
target organs for toxic effects. Often chlorobenzenes
affect the reproductive systems (Clayton and Clayton, 1981).
Several representatives of the chlorinated benzene family
will be discussed in the following pages.:

Dichlorobenzenes have similar toxicities. Kidney, liver,
lung, and the blood forming organs appear #£#»be the primary
target organs for toxicity based on human posure infor-
mation. They also may irritate skin, ey and mucous mem-
branes (Clayton and Clayton, 1981). An oassay for
carcinogenity on the ortho isomer concla ». there was
no evidence of carcinogenicity. The ntagenicity
~data also indicate that this effect i £ 1ittlé concern.
The usual route of exposure is inhalg
however, occasionally ingestion of #%
reported (Clayton and Clayton, 198
produced in relatively small amou
dichlorobenzenes, these isomers
Human experience indicates that the™
lung, blood forming organs, and skln.'
results, it may be concluded t}
-adrenals, and nervous system g
These compounds also may caus
brane irritation. One chronig
.negativp- however, these resultsg
to give an indication one way o
tial carcinogenicity. 1%
testing results have bee

isomer has been

ichlorokenzenes are
with

iilar toxicities.

organs include’

aged on animal study

kigtney, liver,

al target organs.

17, eye and mucous mem-

/' for carcinogenicity was
not conclusive enough

e other regarding poten-

x?and teratogenicity

%¥s has not been shown to be
0.3500 - 10,000 mg/kg), human
1zene has resulted in a condi-
ardia, an illness in which
~'%ed This condition does not
“% problem even among workers
producing hexachlg @ (IARC, 1979). Major outbreaks
of this illness , bee’.&eported when humans ingest seeds
treated with he ene. One outbreak involved

5,000 people. / was characterized by skin
le51ons, usuallyg g in areas exposed to sunlight.
Often the lesions b# # ulcerated and crusted. Other
clinical symptoms incltded excessive hair growth and
hyperpigmentation, corneal opacity, and liver damage. Even
20 vears later, a few of the exposed individuals suffer from
the hexachlorobenzene exposure. Young children appeared to
be most sensitive to the effects of hexachlorobenzene and
there were fatalities among this group (Clavton and Clayton,
1981).

Although acute toxicit
a major concern, (rat
overexposure to hexa;
tion called porphvrla
porphyrin metabolis

., or dermal contact,

*



Animal toxicity studies appear to support human observations
with regard to hexachlorobenzene induced toxicity. Like
humans, long term animal exposure to hexachlorobenzene
resulted in porphyrin metabolism changes, liver toxicity,
and parent to offspring transfer of hexachlorobenzene via

‘mothers' milk. Animal studies also indicated there were

effects on the kidney, nervous system, and reproductive
process (IARC, 1979). Data are insufficient to assess the
mutagenic potential of hexachlorobenzene.

Several chronic animal studies 1ndlcate that
hexachlorobenzene is an animal carcinogen.
exposure to hexachlorobenzene of rats, hai
have resulted in increased tumor inciden
incidents are elevated include liver, t
vessels (NTP, 1983).

hronic oral
rs and mice
Sites where
and blood

danizations concerned
ognds. Recommend-
expaosure to several
snsene -~ 75 ppm;
zene - 75 ppm; and
984). These values
w0 airborne
i%S. EPA has set the
0 rinking water:
yZzenes .230 pg/ml;
>enzene 17 ug/l; and
1980). The mono and
on odor and taste, the
tates that they feel that -
-_t to be zero; however,

Chlorobenzenes are listed by several
with human health effects of these c;
ations for occupational air levels ¢
chlorobenzenes are as follows: chk
o-dichlorobenzene - 50 ppm; p-dich
1,2,4 trichlorobenzene - 5 ppm (A€
are for 8 hours/day, 5 days/week exp‘i@
concentrations of these materials. The
following criteria for chlorobgi e
monochlorobenzene 20 ug/l; di
trichlorobenzene 13 ug/l; te
pentachlorobenzene 0.5 ug/l (
trichlorobenzene values are ba
others on toxicitv. The U.S. E
exposure levels for carcizy
EPA has set levels of in
sure. Fog hexachlo;obe-
10 °, 10 °, and 10
respectively (USEPA,
of 2 liters of water ¢

;,"7“31@’ 0.72 ng/l and 0.072 ng/l
‘hese values assume ingestion
yand consumption of 6.5 g of
fish daily. The Worl h. Organization has set a condi-
tional daily intakeg' ompound at 0.5 ug/kg/day in
foods (Clayton andéLu 1981) .

nds are irritating, toxic to the
_ dsorb to organic matter, care
ift dermal contact with them. Many of
these -compounds ‘d volatile and potential exposure-
may occur if sedimeli¥g @nto which they are entrapped are
disturbed. Consideration ought to be given to respiratory
protection if this is a possibility.

Since chlorobenzg
liver, and in ge¢
should be taken




- Toluene is readily absorbed via the ing

TOLUENE

Toluene is a flammable and volatile aromatic hydrocarbon
used as a solvent in the chemical, rubber and pharmaceutical

~industries. The general population may be exposed to

toluene in perfumes, paints, cigarette smoke and inks
(Clayton and Clayton, 1981). Toluene is found in finished
municipal water at levels up to 19 mg/l (Sittig, 1981).

This compound may be toxic to fresh water species at concen-
trations as low as 17.5 ppm. Bioaccumulation is not an im-
portant consideration. Toluene is similari®¥e benzene in
toxicity except that it shows none of theghématopoietic
effects. Previously toxicity attributed#fe toluene was ac-
tually caused by high benzene levels of --1nat10n.

Sl i d inhalation
route. It may also enter the body thg‘ﬁ 4w*in. Al-
though toluene may be exhaled, its ma; 3¢ route &f excretion
is through rapid oxidation to benzoi d, conjugation with
glycine and excretion in the urine 3 faric acid.
Excretion as hippuric acid is propg to exposure with-
in reasonable limits. -

Acute toluene overexposure may caus #ation of the eyes,
skin and respiratorv tract. It also maﬁ%ﬁause dizziness,
fatique, confusion, headache, & b *;@ordlnatlon, nausea,
muscular weakness and numbnesg ‘gh exposure may re-
sult in visual disturbances, {#iicongiousness, reversible
ifithumans. Chronic human

e cardiac, liver, kidney

#te that toluene is not
g/kg, dermal LD.,(rabbit)

acutely toxic - oral L :
(rat) ¢ 8000 ppm. ?g is a

T 10 g/kg and inhalat'ﬁ

mg/hg/day) produce
Clayton, 1981). :

Chronic rat inha
ppm for 24 montls:
did not indicat
pound. Gene mu

ies at exposure levels up to 300
ral skin painting studies in mice
‘incgenic potential for this com-
dies in bacteria gave no indication
that toluene is a ‘'ial mutagen. Chromosomal anomalies
have been seen in some¥studies of toluene exposure. How-.
ever, other studies do not substantiate the observations.
Animal studies indicate that at high exposure levels,
embryotoxic effects as well as maternal toxicity could
result from toluene exposure. One report of potential
teratogenicity in mice was not substantiated by three cother
studies (USEPA, 1983). :
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-contaminated water (USEPA, 1980).

ARSENIC

-oxide, metal arsenical, or in som

- Contaminated fls

The OSHA occupational exposure limit value is 200 ppm in the
air. This value is for an 8 hour, 5 day/week exposure to
airborne concentrations of this compound. The National
Institute of Occupational Safetv and Health recommends that
the 8 hour work place limit be set at 100 ppm and a 10 min-
ute ceiling value of 200 ppm be established. The current
200 ppm regulation value is established based upon the lack
of irritating and narcotic effects seen in workers exposed
to levels below this figure. '

The EPA has established an ambient water concentration of

from the toxicity of toluene. This valueggg calculated on
the assumption that exposure will occur 3 'both drinking
water and ingestion of aquatic organismg 71t g in the same

4t fthe earth's crust
n, 1979). The
her it occurs as an

Arsenic is an inorganic material foy
at an average concentration of 5 pj
element is rarely found in pure £

other elements. Many of the forms
oxides which are of lower solubllltv.'
inorganic materials, solubilitg fo305
the pH decreases or increase
water also influences the ox ate and solubility of
arsenic. For the most part, e and its compounds
strongly adsorb to soils and s@' ts. Arsenic and its

en content of the~

al use for hardening
metals, insecticides, vet gbducts, pharmaceuticals,
weed killers, and othe
Clayton, 1981). Arsen;

aquatic organisms with

; utely toxic to most

e LC in the range of 0.8 to
_ 7in thé range of 0.9 to 3.0 ppm.
Unlike cadmium, arseni ity is not changed by changes
in water hardness. ' i i
organisms, so bodys

greater than the

Y be found that are 350 times
environment (USEPA, 1980).

or arsenic triofluoride for rats is
in the range of 15 mg/kg for aqueous solutions
compared to 145 to 21 “‘mg/kg of the dry powder (Clayton and
Clayton, 1981). The difference probably reflects differ-
ences in absorption from the gut. Toxic doses resulted in
hemorrhage in the stomach and intestines as well as fatty
degeneration and cell necrosis in the liver. Mutagenic and
cytogenetic changes have been noted in a variety of animal
cells as a result of arsenic exposure, but the consistency

The acute oral'



Chronic exposure to inhalation and

of the response can often be quite variable. Likewise,
studies indicate that arsenic is carcinogen and mutagenic in
rodents (Department of Labor, 1983).

Acute exposures in humans that result in deaths are rare
since these events usually arise from poisonings. The

'smallest recorded fatal dose was 130 mg, and death after a

fatal dose usually takes 24 to 48 hours. Acute symptoms
include abdominal pain, inflamation, vomitting, and hemor-
rhaging. Chronic exposure in humans has been documented
through a variety of occupational exposures where dermal,
inhalation, and ingestion are all importanfix
sure (Clayton and Clayton, 1981). :

Dermal exposure leads to a varietv of s Hroblems.
Reddening and formation of various type: £ In, eruptions
are quite common. In certain cases, there m'- & an
increase in skin pigmentation, and in@ﬁfased swgétlnq may
occur. In addition to changes in thé& g£kin, some degree of
percutaneous absorption can occur whi: ¢e1ld lead to other

chronic health problems.

estion of arsenic
has led to a variety of physical ai¥ % Inhalation has
led to problems with the respiratory sy€f#m which includes
emphysema, rhinitis, performatfaw-“m~--i_nasal septum, and
other symptoms (Clayton and /1) . Drlnklng
arsenic contaminated water r
function, cardiovascular diso peripheral vascular dis-
- e peripheral nervous
system (IARC, 1980). Human ars exposure has also been
associated with reproductg#i effegrs which includes
increased abortions as wgéll omﬁymalformatlons of off-
spring, particularly Do 'S »Qme. Flnally, there are a

human cancer. -1ngestion of arsenic appears
to lead to 1ncreasedi ancer.

CADMIUM

Cadmium is normaljy¥used“in electroplating to reduce corro-
sion of the subs# e meﬁ ; in paint and pigment manu-

b

facturing; and stab 1zer 1n plastics manufacturing,

electrical equij

In the environment ‘&4 8#/whole, cadmium is stable and persis-
tent. At a pH of less“than 6.5, cadmium exists in soluble
forms with a high mobility in an aqueous phase. As the pH
increases, the solubility and mobility will both decrease
substantially. Cadmium that is associated with a sedi-
ment/soil will generally remain bound to the sediment/soil,
but some leaching will occur at low pH values. Sediments



and soils will generally act as a sink for environmental
cadmium (Sittig, 1980).

The acute animadl toxicity of cadmium salts, such as the
chloride, are moderately high with LD in the range of 30
to 175 mg/kg. Cadmium concentrates ih tﬁe kidney, liver,
thyroid and pancreas, but the kidney is the most important
target. When zinc is present at a ratio of 4:1 with
cadmium, it blocks the harmful effects of cadmium (Clavton
and Clayton, 1981). Accumulation of cadmium occurs over
time, so that low-level exposures over a long period of time
can also lead to toxicity. Toxicity to aggi#kic animals is
in the range of 0.2 to 80 ppb acutely or to 50 ppb
chronically. Aquatic toxicity is very dg dent upon water
hardness, and decreases as hardness 1nc
Flsh and other aquatic organlsms can b ik

their environment; consequently, 1nge4 fon of équatlc
organisms by humans may pose a 31gn1 -a)%ﬁhealth threat.

&arcinoginicity of
+71981) . The studies
f cadmium injection
wmtion with zinc. ’
ﬁ%'ly been unsuc-
sLikewise, studies
ccessful. :
malg ‘are equivocal since
Eséhave been obtained. ,
*’necrosis, so that male.
Kronic exposure (Clayton and

have found localized cancer at th 5
which appeared to be prevented by co=
Oral administration of cadmium has gené}
cessful in producing. tumors in
examining mutagenesis have alg
Terratogenic effects in test/
both positive and negative re
Cadmium appears to cause testi
fertility may be reduced from c
Clayton, 1981). 4

Human exposure has alsog
problems as with exper ]
1981). The most 1mpo/
ingestion or inhalatig
soils, or sedlmpnts.\
vapors are not genera
dermal absorption
animal studies, ‘t}
health impacts of
need to be in e

effects in humg
changes in kidné¥

portant for inhalation, and
significant either. As with

> of zinc can reduce the adverse
B,/ Chronic exposures of cadmium
ug/day to produce adverse health
£e health effects could include .

7 pancreas, thyroid, and bone func-
tion (Sittig, 1980Y Common problems arising from exposure
are protein excretion ¥h the urine and anemia. Human
cancers that may have been caused by cadmium exposure were a
result of inhalation of contaminated dusts in foundry
operations, not ingestion of particulates, soluble salts, or
contaminated food.




No fatalities have ever been

thallium compounds rangé

Cadmium in the environment is presistent and has wide spread
consequences. The material accumulates in aquatic animals,
mammals, and humans to produce adverse health effects. The
important routes of exposure are ingestion of contaminated
materials and inhalation of contaminated particles. For
protection teo humans, ingestion from all sources should be
less than 250 ug/day.

THALLIUM

Thallium is a widely distributed element, comprising approx-
imately 0.003 percent of the earth. It isji#golated as a
byproduct of production of other metals s Y as zinc, lead
and cadmium. Although used elsewhere in g world as a
rodenticide, thallium sulfate use for t mrpose stopped
in 1972 in the U.S. (Clayton and Clayt ~Low levels
of thallium are found in plants and sq ' 'In plants,
the levels range up to 10 ug/kg (wet weight). 'hallium

3 . Limited
wllum exposure may
fete twice as much
igted that daily

ay (Slttlg, 1980).

information indicates that significa
occur via smoking. Cigarette smoke
thallium as do non-smokers. It is

toxic effects

al exposure-cond-
ingestion (acci-

it ation (occupational) .
as a result of acute

Hised bv thallium usually

um rat poison. Thallium-

ment of svphilis,

ses have produced a clin-

under occupational, clinical a
itions. Usual routes of intox

industrial exposure. Fataliti
result from the ingestion of thf
salts also have been used
ringworm and tuberculosi
ical picture which give
Human toxicity from ove
orders, gastrointesting
damage, liver damage ,
Estimated human oral
1,000 mg/kg. Permap
thallium is unusual
from very heavy e 4
that either child
sensitive to tox
(Sittig, 1980) .,

' néwﬁncludes neurologlcal d:s-
ders, hair loss, kidney
(Clayton and Clayton, 1981).
ues range from 200 to -
& after acute exposure to
possible hair loss resulting
there are no data which indicate
developing fetus is especially
fting from thallium overexposure

Animal data for ac xicity indicate that LD values of
from about 10 to 65 mc?ﬂg. These
data indicate that this compound is considered very toxic.
Subacute and chronic studies indicated that these compounds
are relatively toxic at low dietry exposure levels. In
rats, dietary levels as low as 15 ppm produce adverse
effects. At this dietary level, hair loss is the effect

noted. This effect is also seen in humans. At higher




i3

dietary levels, weight loss was observed. Distribution and
excretion of thallium was often found to be‘different in
laboratory animals than man. Fuman autopsy material indi-
cates that thallium deposition was localized in the scalp,
kidney, heart, and spleen in that order. 1In rats, thallium
localized in the kidney, followed by the gut, gonads, and
pancreas. Similar differences were seen in excretion. 1In
rabbits, about equal percentages of thallium were excreted
in the feces as in the urine; in rats,'about 50 percent more
thallium was excreted in the feces as in the urlne, but man,
25 times more thallium was excreted in the urine than in
feces (Sittig, 1981).

it value for

ith other heavy
. Z ys/week

va “”’f really
e EPAf%ater ouallty
This value
6.5 grams of fish

The U.S. occupational exposure threshold;
thallium of 0.1 mg/m~ is based upon anal#
metals. Although this value is for 8
exposure to soluble thallium salts, t
applicable to all thallium compounds.
criteria value for thallium of 13.0 &
assumes ingestion of 2 liters of wa
or shellfish (USEPA, 1980).
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