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Appendix A
TECHNOLOGY SUMMARIES

A wealth of background information has bee
extensive amount of literature has been pu
past 25 years regarding the extremely toxi
7,8-tetrachlorodibenzo-p-dioxin (TCDD or d
the result of the response by the scientif
sponsoring agencies to the concern over di
lent summary of mucli of the available litq
found in the EPA report "Dioxins" (Novemb#
reader' s attention is directed to this 44#
literature sources listed in the biblio#*4

Unfortunately, only a small amount of#*bo
work to date is directly applicable 1*CD
contaminated soils and sediment, 1.e¥¥ lit
focused specifically on removal or ,
to soil or sediment.

n developed and an
blished in the

c chemical 2,3,
ioxin). This is

ic community and
oxin. An excel-

*ature can be

1980). The
*ment and the other
6hv.

r research
D le**ls found in
tle research has

tion of TCDD bound

The following summaries briefly ****S#& the state of devel-
'·9*·9··*4%03¥:19#4

opment for several dioxin disposa134****{*,wtion technologies.
All of these methods have been resea?or considered for
use on dioxin-contaminated ma'te*iza&**„*Fe technologies de-
scribed in this appendix are *0*§*ad#*fl*w:

4*k A¥-
ly.4·.c@k#* *4Technology 1.- S¥ Page

· A- 2Incineration YFNS#A
Ultraviolet Degradation AM.** 990' A-20..
Biological Treatment ....2„ . V A-22

Solvent Extraction (Lean-4**
Fixation of Soil

A-32

A-34

High-Temperation Flu *TFW) ' Reactors A-40

Supercritical Water 5 A- 41
Microwave Plasma Des A-42

Plasma Arc Pyrolysi* u A-43
4%***&%58™95&

Gamma Ray Radiolys#*7*j**;**« A-44

Molten Salt Combgon vqlll A-45

Carbon Adsorptiogff ./ A-47
tiuirmit,

Chemical Degraclj**on--€g*erination A-48

Chemical Degra***gn--02*hlytic Oxidation A-49
2/im'fly:/ I I

Chemical Degra'5*%0*Floriodides A-50
Emo,4*2,07

chlorination A-51Chemical Degradatrommege --

53%49

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-
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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®a (PCB's, for
example), it will likbly require incinere#*n criteria similar
to that used for PCB's, Federal regulat.ilf#* (40 CFR 761)
call for PCB's to be incinerated at 220,4 2 seconds

retention time in an environment havinia excess

oxygen in the exhaust gases

at

When dioxin-contaminated soil is to:I

cess consists of two basic steps: A
from the soil in a primary combust#en
vapor is destroyed in a secondary432&*-L

=&104,

afterburner. Temperatures in th***.,-i
must be kept below 1800°F to prev@Ti
it may contain from melting and causin

ing and ash handling. While Ft#mme**4
: -be sufficient to vaporize thed**244
-·should be destroyed at tempre##b
once the dioxin is vaporized*%*Bed#Bil
primary chamber for disposal,N*#**ne
are incinerated at higher temp***ures

*J*¥
Heterogeneous soil and *s w
for incineration in buj¢0&<fo*0****Ance2 29 ··,A#Mah

cess relies on heat trlig.Cfe:<, the

cles to vaporize the /xi1:he parti
enough to allow adeqd#**11**t transfer
the particles. Also-,9.*.1***%*rocks must

...*I- **i###F'·9'99<*I

crushed to prevent;mage to
these reasons, so***4¥ion will
tion facility foop@*paration o
feeding the pri comb**ion chamber

ARM..%4

f incinerated, the pro-
dioxin is vaporized

enamber, and 2) the
2%4

- ion chamber, or
. combustion chamber

,, oil and any metals
*oblems with slagg-
**s above 1300°F may
*)m the soil, the vapor
ove 2200°F. Thus,
is removed from the

off-gases and dioxin
in an afterburner.

ill not be suitable

the incineration pro-
soil and rock parti-
cles must be small

into the center of

to be segregated or
the incinerator. For

require a size reduc-
,f the soil before

til:bu, eqU-Lpluelk UUIwgg¥-L diL auu water emissions from an
incineration £ #*diff/11 be required. Without such equip-
ment, particulate2%*ome pollutant gases would be dis-
charged from the exh413*t 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.
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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 particulate 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 s***l have to be
dealt with. Therefore, a pure solven :ion process
is not applicable to the dioxin-contai .1 problem.

t inliherat

min*ted soi

'miumt#

The equipment needed for these proces
in the following sections.

09

Primary Combustion Devices: Becausq
with soil fusion and metal s laggin*F·h
chamber should operate at below fu#*on 1
approximately 1600°F. Dioxin is 1#*fi/
1200°F to 1300°F, so the primary4*77·2%SWWL*

be capable of -removing the dioxin re:/ill
of time that the soil would have to bal

ture to ensure dioxin removal*-
LL-

known. Operating variables add
..

during extensive testing prq04-ms 2%*O£
can begin.

her described

the difficulties
rimary combustion
¥mperatures, or, at
ed to vaporize at
lion chamber should -
*4 soil. The amount

d at this tempera-
7"ppb level is un-
; must be determined

e the design process

Many types or incinerators are »* laole for use as primary4:combustion devices, inc1901*ng bei*?oxidizing incinerators
and starved air combusti However, only a lim-
ited number of these 19*§*heraug«W#w in present commercial use
are capable of handlin*)00 li/tes. These include:

o Rotary kil
o Fluidized

o Multipl
o Other· 1*#ad olilihaker-type hearth arrangements

5%509
. 9A recent study i ariz#* the present status o f the incin-

erator manu fac*ing i**stry. The study indicated that by
. ·44#Imm,od#MMI,c ·54,4WN

far the inclner,9**0***3Ed most often for hazardous waste
destruction in the'q/,MY are liquid injection, fixed hearth,
and the rotary kiln. bther equipment types, with more de-
velopment, may see·increased use for commercial destruction
of hazardous wastes in the future.

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

1-
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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 Bal for handling
inert material, as it is difficult to re : residual ash

from the fluidized bed. Literature stat--. -hat the process
is not well-suited for irregular or bu re-+ae or wastes

with a fusible ash content.

The rotary hearth, multiple hearth.
tionary hearth furnaces hav€
waste incineration, particul
They are capable of maintair
solids retention times greal
tumbling and mixing action
cause hearth incinerators tc

soil particles.

other Rfbving or sta-
e use in hazardous

rth incinerators.

es of 1800°F with

ur. The lack of

e rotary kiln) may,
n heat transfer to

3 seen eltenaty

Any of these primary com
portion of the raw soil
ash. The ash may contai
is delisted from RCRA re

in a secure landfill.

All of the devices menti
incineration may also *g
in j ection incinerator /
incineration is a teq#*14

perience. These sys
tually any liquid was***
incineration. Coml#¢**4

.§79&#,4%0*j*%§3>yef.

3000°F are possib*t***40
second to ih. exce*@Fof 1

Secondary Combu#*on De#
from the soil  idd

will be either a 7
.. 4%93

fled chamber or series c

to heat the exhaust gas
to a desired temperature
fied period of time. As

usually discussed for di
2 seconds residence time

3 percent oxygen in the

bust*4*0tenaimew will leave a large

and *m:@me#¥ feed as residue, or
n ·tri ioxin. Unless this ash
gulat*84**fit will require disposal

1*29¥ for soil and sediment
olvent. However, a liquid

 a used. Liquid injection
10**kith substantial operating ex-

capable of incinerating vir-
046*.have no capability for solid

a . eratures on the order of

*000.dence times ranging from 1/10
8*#conds.

**es: Once the dioxin is vaporized

;tnerator, it will be destroyed in a
mber or afterburner. This device

ory lined cylinder, or a large, baf-
,f chambers; burners will be provided
from the primary combustion device
and to retain the gas for a speci-
previously mentioned, the conditions

oxin destruction are: more than

at 2200 to 2500°F with at least

final gas mixture.
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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.

if
A secondary combustion chamber for a solvent incinerator
would be similar to that for soil incineration. However,

the primary combustion chamber is designed*to operate at the
conditions necessary for dioxin destruct**44 it is possible
that dioxin in a soil-free solvent could£440* destroyed with-
out the use of a secondary combustion .45*/MA. I . However, the

likelihood of a high solid content in from a

solvent extraction process makes it pj a secon-

dary combustion chamber will be requi; - _._ solvent

incineration. .20

ea eve]

..46/4

Emalle

Air Pollution Control Devices: Fl#** ge#as from the secon-
AZ€g 09'W

dary combustion chamber of either**sail* incinerator or from
47**9*J-* I

a liquid injection incinerator we*&>am,#quire emission control
devices, primarily for particulate18#89*»..

»W
In the sequence shown, the gasl

21
spraying water into the gas s*1
to below 200°F. The next st#*
which will provide improved &14
particulate removal. The fin*
which will be sprayed with watl

231%**

* be quenched by
**0*h will cool the gas
iwile a venturi scrubber,
*aith water to assist in
 will be a packed bed

Alkaline chemicals mighleme•¥ckd*to the packed tower sprays
if required for remova; 2 HCl.· Formation of SO2 and
HCl are not expected 52 m *metrstion of soil, but might occur
if a large amount of j#Fe 00*baneous material such as salt
(Nael) or fertilizer46*f*g,5&%mmonium sulfate) is hauled from
the site.

An induced draft :ant**32*61341 the gases through the emission
400-¥ »0.4

control equipmen***hd th**ntire incineration process. The
induced draft if -------- it will maintain a partial
vacuum in the 9* , minimizing the potential
for fugitive ej# ted dioxin.

2#mpor(9*; Decause
*essin#*dquipment
bions#*f uncombus

Treatment of Scrutrt¥* owdown: The wastewater (blowdown)
from the quenching ad¢*0 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

0,@24/0
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for direct discharge. Moreover,
meet strict standards.

the discharge may have to

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 solids ;be fore injecting

the solvent into the incinerator. This ***€ering is neces-

sary to keep .the injection nozzles clear#*cl operable. The
solids residue and filter media will ha,2 be disposed of,
possibly in a hazardous waste landfill ontain

traces of dioxin.

I.

STATE OF DEVELOPMENT: Table A-1 sha#* sgme of the* results
of the search of current informatioeding incineration
of dioxin. To our knowledge, the ,*y ¢**gnificant published

*440 #,4:44
test information regarding TCDD 1*4*ne**tion is from the

work by the Air Force to destroyange and from pub- Ilished research by Dow Chemical. ti12*BitiL of these cases
liquid waste was incinerated.

Cases involving the incin
waste chlorinated hydroca
Table A-1. The two cases

incinerate soil contamina

hydrocarbqns similar to 7

d

Table A-1 shows two exam#
electrical components..24
centrations between

as opposed to hamme

tance of proper prepl
tion efficiency duriff**e
effected by feed pp#7F1

.,494-k

Hazardous Waste Il@*inerat

Lera«s contaminated with
Lrbo#*othete'than TCDD are shown in
1 S}f»** A-*Aa/the only attempts to
cted /Alyazardous chlorinated

€94·«,y<,»,7,07

'CDD. **£

8; of PCB's inence in the final PCB con-
e electrical components
indicates the impor-

0*mot reea materials. The destruc-

**Uncineration will similarly be
nd size reduction procedures.

i !841e r
rm.,fed,4l

1*ywhol
)onents

Facilities: Dioxin-contaminated

soil or a dioxi.][ %*2*ent can be destroyed in a dedi-
cated hazardou .LA@ineration facility. Such a facili-

•44:4•:06

ty could be ei ting hazardous waste incinerator
or it could be %*onstructed facility specifically

vwmi-87·44727
intended for the p=*nese of destroying this dioxin.

..999

sm¢aste

..mit,2#qg=m*&

Some commercial stationary waste incinerators are licensed
to burn PCB's at several locations around the country. Also,

the EPA and others are working to develop relocatable inciner-
ators.

................... 3€4¢
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Table A-1

INCINERATION TECHNICAL STATUS

Destruction

Efficiency
Material Incinerator Initial or Final

Category Burned Type . Organization Concentration Concentration Comments

a
TeD o Agent Orange Liquid USAF (on-board 1.9 ppm TCDD 299.9% TCDD Avg. flame temp., 15000C

injection . M/T Vulcanus) average Retention time, 1.0 sec.

Between 7% and 12%

excess 0 .
2

o Agent Orange
a .a,

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 0 .
2

Soil

62 &·24«

0 2,3,7,8-TCDO A
test standard

-,22

b · **·41
o PCB-contaminated Rotary kiln 

soil w/afterburner 40*
b

0 3,3-dichlorobenzene Rotary hearth

contaminated w/afterburner

dredgings

Dow Chemical

r

1.#m*#481
*%%05*:94.6.#.A

7-'*

Midland 1%@4

Surface Coi
Division

Unknown 99.5% TCDD Reactor temp., 1470¤F

Retention time,0 21 sec.
Oxygen concentration

unknown.

Unknown Unknown

Starved air combustion

in rotary hearth.

<4

PCB's o Electrical

components (whole)
C

Rotary kiln Rollins Env.

w/afterburner Services

o Electrical

components

(hammermilled)

Ppb

kg ash

- mg PC

74 AS*70

kg ash //1

74 <0.
kg ash

Rotary kiln Rollins Env. B
1

w/afterburner Services . kg ash
C

aLiquid state . ,
b
Solid state

Oil in non-combustible solid

WDR99/038
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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, 9*#as, and SCA
Chemical Services Co. of Chicago, Illinot#* Both firms have
incinerators licensed to burn PCB' s and METieve it may be

.A"t&:67&

feasible to bring the dioxin into theirs$*smective states.A,·9>£*49%0.....
Both firms indicate that they may have g*1.**Y#it*mability to44)'I, AN.#MMB.REA -effectively incinerate the contaminated?#sor]39**#NSCO, another

yhv4%7#

commercial incineration firm, has noteexpressey interest in
incinerating the dioxin soil at the EL Dorado, Arkansas,
facility.

Either of these existing hazardou  incineration facili-
ties could destroy dioxin in a sdkE h solvent form with

...9*§ 4¥k

little modification to the facility .9¥.59*ver, if soil were
to be incinerated at one o f these facr***ies, extensive
equipment retrofits would be Ikegessagg.ae

Because there are no solid- htif¢
New York, controlled transpd
will be necessary. Enclosed St

cinerator site will be require
tion and fugitive emissig#*con
ity will have to be con
incineration. Also, imdWgbVd
probably be required
controlled ash storag,*27

CONSTRUCTION OF A NEW€***lou

brdo*#*waste incinerators in
0*f soil out of the state
E#*a#e of the soil at the in-
d**fincluding leachate collec-

A size reduction facil-

*'E*' prepare the raw soil for
*Shp*handling equipment will
*20 of fugitive emissions and

S WASTE FACILITY

£*¥€49'4*.44/til
A new facility folruction of the dioxin can be con-
structed to deal  tr*¢ioxin soil. Such a facility will
need all of the ,#*iipmen**ifor the incineration process, either

ek. · 449¥*003

for soil or sol t, a*..,tscribed previously. For soil,
this includes a==losed***il storage, leachate control, size
reduction, pricondary combustion equipment, air

49 1,1#N/*k#mj#.pollution control 4*10*19(/5, wastewater treatment, ash handl-
ing and storage, and*@*lipment 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.
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A location for a new incineration facility will probably
have to be remote, yet have facilities for maintenance shops,
testing labpratories, 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 accdunt
geologic, hydrogeologic, topographic, and political factors.

USE OF RELOCATABLE INCINERATORS

Relocatable incinerators, mounted on trad** trailers or
flatcars, could be used as the basic inc#*brator portion 0 f
a somewhat temporary hazardous waste intion facility.
Trailer-mounted liquid injection units-7 kiln/after-
burner systems are available.. ..2*.

N f

The Tracor-MBA Co. of San Ramon, Ca¥*
such a relocatable incinerator und

The trailers include rotary kiln, 4
equipment, and fuel storage. To 
dioxin, but a test is planned fo*#imag

Other units may soon be available from
Inc., of Tullahoma, Tennr----

--J ..0--

Whitman, Massachusetts.

OCEANGOING INCINERATOR S

pia, has constructed
*act with the EPA.
frner, air pollution
: has not incinerated

ary, 1985.

otech Systems,
#lagnetics Corp., of

For

HIPS*#* 4*
One of the few published tests 4*hehitoring dioxin destruction
efficiencies in an incine***or *0*#aconducted during at-sea

destruction of Agent Or-bg#*d the M/T Vulcanus in.*4*·194&.';*0 45"1974-1977. The successta,2 c,(,01**0tion of dioxin in the liq-
uid herbicide showed-ti¢*f could be destroyed under

certain conditions ary*¥hal*x. -sea incineration of waste
solvents may be a pr#4echnology.

Presently, however,#metel#**ears to be no commercial devel-
opment of an inciri#**104**Jrf® to incinerate solids in a ro-
tary kiln. Thougtli@i*have addressed this tobic, at the
present time at-*ji inci**tation applies only to liquid
wastes. Three  allurrently building new liquid in-
cinerator shipugltd*here is some disagreement as to the
cost-effectivsea incineration.

*5.*80

There is some diffi62¥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.
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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 modified kiln to incinerate solids without the cement

product.

There are two methods of modifying a cement kiln to inciner-
ate solids without manufacturing cement: 

the existikilno Pass solids through and add an

afterburner for the .

*m.emmiNI'.40?7%

o Divide the kiln into sectiopayana ¥4¥yide supple-
mentary burners to make a RB**nary cor£ustion cham-

erber for solids and an afte*Durn for gases.
403*5 '

*79*72.

There are other methods to coincine#Atl ste while manu-

facturing cement. These include:44*f .49 +

o Liquid injection of wast04****4;he hot end of a
kiln /

solid

o Comingling solid was{ with the clinker in
«·.ms

the kiln ·*itA *·.*.2
44 0

o Incinerating ts -1=1 in a separate prekiln -
and using the cementNNE* as an afterburner

*33*010%2*

ess e™Tient#*'iln o

These last three

tion section of t

Either a. wet. proc

be used to incinerat*j**0
the more widely used.i
ing up to 25
temperatures

wet process k

Solids pass coury**curr@
subjected to te#2#Araturd*
end to 2700°Fin a kiln may 
10 seconds for

iscussed in the Coincineral

r a dry process kiln could

#*¥. However, the wet process is
**Focess kilns vary in size, rang-

1 and up to 760 feet long. Gas
** at .the hot end of·a typical
0 800°F at the cold exhaust end.

{¥ to gas flow and typically are
§*ranging from ambient at the cold

of the kiln. Retention times

four hours for solids and up to

feet im*#1*ant#*

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
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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 A,0 limited to
1800°F. As previously discussed, dioxinably will be
destroyed at 2200°F. For this reason, a#j#*ngle kiln cannot
act as both primary and secondary combu*tif*1 chamber without
extensive modifications. Therefore, a*¥t***1*kiln will

. .4#'hpa0• vA,44*iepa

have to undergo major renovations if netels -20*9** used as
hazardous waste incinerator.

a

One method of modifying a kiln has4nveloped by Marble-
head Lime Co. of Chicago, Illinois**Tll¢R have segmented an49 #»

existing kiln to create a rotatin¢***ry combustion sec-
tion in series with a stationary.4-...'W.mentary fired, sec-
ondary combustion chamber. #b* s shown schemat-
ically in Figure A-2A, and the company*¥li be conducting
pilot tests in the near ld be fed into the

mid-section of such a ki gh the primary
chamber at less than 180 air would flow

countercurrent to the soil, Rke, 4#fthe vaporized dioxin,
and then enter the secondary tion chamber for high-
temperature dioxin destruction«*#*tensive modifications are
required including new rotfNEy s41* at mid-sections of the
kiln, a rotary feed mech,fejtboil feed, supplementary
burners and controls &944#k*ndary combustion chamber,
and possibly new air *ew'*e ntrol equipment.

159*3

Another method of mo 44 kiln is to pass the soil
through the existing» Ed add an external afterburner in

the exhaust gas st method is shown in
Figure A-28. The.**#t enter the kiln and flow
cocurrently or cgge/tere'&**#ntly to the air. Temperatures in
the kiln would bikE{Rept w 1800°F, and the exhaust gases
would enter th -*fterburner. The modifications

would include 'arburner, and possibly reversing
the air flow 1 by relocating the burners and '
combustion air duct*¢¥*yto the opposite end of the kiln. New

air pollution equipm@¥FE 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.

0°F.#4¢6m]62*ion

9¥¥tern**1

Coincineration: Coincineration is the incineration of a

waste material as a secondary purpose in an incineration/
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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

O Municipal solid waste (MSW) incinerators
o Utility boilers

Dioxin-contaminated soil sediment or solvent could be

coincinerated in any of this equipment.

CEMENT KILNS

nerate **t@lu:id ha

liqu** waste des

The use of cement kilns to coinci: zardous

wastes while producing cement has le research

and success. The work at St. Law , Peerless

Cement Co., Stora Vika Cement Pla: ent, and

others show the possibilities of truction by
P '·$:.SV

the cement industry. However, the 4#*kift San Juan Cement
showed some di fficulty in maintain:id#¥ li operating stabil-
ity and also in achieving even 99.4*e#nt destruction o f
the chlorinated wastes used in th*e ***.

Another method coincinerating a wag@**a#naue producing cement
is to comingle a solid waste, in thist€# e soil and sedi-
ment, with the cement product*gg**ge***s been no substan-
tial research on this approas***2341!(*@Possible to carry out
this process by two methods.#4*ithd/soil could be added
directly to the cement feed *p#th**Kiln, or the soil could
be pulverized and sprayed intd*El*Fhot end of the kiln.
However, in either case, the sot#*residue may act as an im-
purity in the cement pro* TI#*uantity of soil and sed-
iment incinerated may haa¢,¥*be %*mall in comparison to the

amount of cement produ¢R¥ t**44*ke cement quality. In ad-
dition, this method re**ire#%*R* soil temperatures reach

/98*40 »4,4,09
the same temperature *th€*ement clinker, possibly 2700°F,
which may cause vapo#*94**¥ of any metals in the soil and
sediment. These met*46¥219*%#A- ghown in Fiaure A-22.

In either of thes#**0
have to be added 24*107 t]

tion of any vapqi#zed
sediment are ad#*8 to

from the sedim@<¥¥
kiln before being 341*

Us, an exterior afterburner may
er*xmaust gas stream to ensure destruc-
ditns. Especially where soil and
tcement slurry feed in the cold end

atential for dioxins to vaporize
¢*¥ cold end of the kiln and exit the
oyed.

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.

F.
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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 auxiliar
kiln at the cement plant. This kiln would

mary combustion chamber for soil and sedime
work would carry its dioxin-bearing exhaust

end of the existing cement kiln. The cem
act as the secondary combustion chamber.

in Figure A-2D, is currently under consi#
mental Specialists, Inc., of Kansas Citil*issouri, in co-
operation with River Cement of Festus

y kiln or a pre-
serve as the pri-
nt, while duct-
gases to the hot

4 kiln would then
Mis option, shown
ation by Environ-

Equipment needed to accomplish this m¢tnoa wily incluae tne
prekiln, ductwork and fans, air poll**Lon control equipment,
enclosed soil storage and leachate ,*.1ion, soil size
reduction equipment, Ash handling ,*tid e*#losed storage, and
improved fugitive emission contro/ ' ash from the pre-
kiln will have to be transportedd#*bagthe cement plant to a
landfill for disposal. ···v,5%9*4*.,·,·49,1 

MUNICIPAL SOLID WASTE (MSW) INg.IN@*025 -
4*%*ARJ.54..:.Ca·'

MSW incinerators have been s*Elied,$**r coincineration of
pesticides and herbicides di t destruction of munici-
pal sludge. This has proved *#14**kt effective for these 1
liquid wastes, but it would no* as effective for soil and.
sediment incineration. M#*ac* ies usually use hearth 1
incinerators (either fi*4**%** mu . iple-hearth, or shaker
grate) . Existing plant*1imitations on ash handling
capabilities, fuel fi rd*¥*grate designs, combustion
temperatures, and sol.*n,*s retention times that may
affect their applica destruction of dioxin and soil
incineration. 44(0&3%*#**

In general, MSW imeigen•*0*2£ers#, as other incinerators, can be
111*mr11111:*WI#n•.

either excess ox**gn ty»efer starved air types. The excess

oxygen units tylr ger.,ot have the temperature capabili-

ties to vapori302*n  a*j'oy dioxin from soil. These excess
air systems ma,9**feguir**19*ta J or modifications to handle dioxin

42223hm ·,€#*0

destruction, in900*,g*y retro fit high-temperature secondary
combustion chamber**he plant's exhaust gases.
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 be required before
soil and sediment entered the incinerator, and enclosed
storage and possibly ash storage would haraL to be built on-
site.

UTILITY BOILERS

High-efficiency utility
destruction by coincine:
be satisfactory for sol,
temperatures and residei
the 2200°F and 2-second

quirement of 3 percent :
operating oxygen level
require excess fuel for
tion of sediment and so
tions. A solid fuel bo.

ash handling equipment r
carry the residue from '
limitations of this ash

the throughput of soil 4
and residence times are

firebox, dioxin would h,
stroyed. Therefore, 10]
peratures less than 180
firebox. The boiler

secondary combustion
to 2200°F for 2 secop?4**3

-479/e:

severe penalties to 134*
fitting expenses. 44¥-45

FUTURE RESEARCH O**jE92

L
boilers have  t for PCB-40.8695

ration of liqu. Thi* approach may
vents contair**g dioxin only if gas
nce times wi*¢*in*#*Aae boiler can meet
criteria. e bess oxygen re-
is *bc* the efficient
for -ww;&'M:L, and may there fore
boiler ope**18*01, The coincinera-

ils in a boile**#& additional limita-
iler wou;&1&·*,eeu* be used so that
,,ou.1.£ ient capacity to
the gameoox/rE is likely that the
equft *puld severely restrict

and se* Again, temperatures
04?.1*0.92,

import&*** But with soil in the
..ea*kt.

a**2,b@st vaporized, then de-
&as vmetention times with tem-
 required in t·he boiler
Ald *8*4440 be retrofitted with a
fnb*to bring its exhaust gases up
4 4&*Brall, this would result in
ficiency and in major retro-
*9%*9*.90*

ikie:*iENT NEEDS: The primary research

probabl¢
a lar#I

·i'..·f

need is to test  abi of an incineration process to4.4.>&44

effectively des#*,y dio***i in soil to below the 1-ppb limit.
variables such,/*ttemp /,Aure, retention time of both solids
and gases, ancf9uirements for this waste must be
determined befor2-scale incinerator could be built.
Other information mus¥ 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.

--A-14



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 particulate matter have nassed through in-
cinerators at 2100°F without any change *gioxin concentra-
tion. There are no data available to in /tigate this pos-
sibility. The impact of this statementfd *ld significantly
effect incinerator design criteria, an#* ld be inves-
tigated further. 4. Im.4/
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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 amoun*of laboratory
and small-scale field'test research has]#* performed on UV
degradation of TCDD. A general conclus:4#'is that, for UV
degradation of 2,3,7, 8-TCDD to take plaAA ollowing

illijh:I#k
d in a suit-conditions must occur: 1) TCDD must b/

able light-transmitting solvent phas,
hydrogen donor must be present (e.g.
olive oil, liquid phenoxy ester, he}d
3) UV light in an appropriate range*
dioxin in solution must be supplie,/
the solvent phase. The TCDD then#*
dichloro and trichloro homologs. *121

. a».47'...a

degraded to "non-toxic" dibenzo-p26*
There is evidence that dibenzo-p-dio:

UV degradation, thereby destro***2**d

myen# Able organic-St%01

2*thanoil*' diesel oil,
'mp,04
M.e, xylene, etc.);
g elengths for
insorbed by TCDD in
p#*todegraded to
n turn are photo-
*103gno chlorines) .
'1***dergoes additional
oxin structure.

The TCDD photodegradation ra**lis Sm[vent-dependent; solu-

tions of certain  cationic sll (like 1-hexadecylpyrid-
inium chloride, CPC) appear t**n**nce photochemical degra-dation of TCDD. One study sho*** total" TCDD degradation
in 4 hours in a 0.05 M CE#Reelli compared to 18 hours for
"total" TCDD degradat:Logr1. Numerous studies con-
cur that the photodegre *ioxin in suitable organic
solvents is relatively4 Ad/complete.

084

A solvent extractionlysis process, conceptualized
by IT Enviroscience, .•*F402,0.eted and used in a full-scale
application in Veri. In that application, the
uv process substa?**a*3**eratroyed the dioxin in 4300 gal-
Ions of dioxin-la sit** at the Syntex Agribusiness
plants. In the *0*st prjeess step, dioxin was batch ex-

.A..0 8 - e»=A,£41
tracted with h * reduced the dioxin concentration

in the sludge 4 ¢m to less than 0.5 ppm). In the
second step, t--- - -., solution was exposed to UV light

from 10-kW, high-11¥**t#ptty mercury lamps for an average of
20 to 40 hours to bre'*k 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.

1C
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TCDD photodegrades only·very slowly, if
surfaces, dry soil, wet soil, or in aqu
The addition of a hydrogen-donating org
sult in substantial photodegradation in
Ninety percent TCDD destruction was obs
period in Seveso after.the application
40-percent aqueous emulsion or as an 80
cyclohexanone) to TCDD-contaminated gra
decomposition rates for TCDD in Herbici
served from soil as compared to glass s
presumably because lower layers were sh
cles. Studies have shown that partial
occur in soil at least up to 3 cm deep
hydrogen-donating solvent and after exp
light or artificial UV radiation. In 
tually total TCDD destruction was obs#*
of soil with 9 days exposure to summe*%

/9
FUTURE RESEARCH OR DEVELOPMENT NEEI#/
dioxin in solvent in a full-scale **§0
strated. Further development is **dgid
level of dioxin concentration re*mt:*mon
research and development is needec[140
UV destruction of dioxin in soil is f@@

Reference: 62, 66, 110, 126,
238, 275, 276, 278

at all, from inert
eous suspensions.
anic solvent can re-

surface layers.
erved over a 9-day
of olive oil (as a

-percent solution in
SS. Lower photo-
de Orange were ob-
urfaces or leaves,

ad#%*by soil parti-
T(*Fdestruction can
U### application of a
 intense sun-

study, vir-
6 top one cm

sun in Rome.

Idegradation of
 has been demon-
*to determine what
F is feasible. Much

rmine if and when

187, 188, 189, 191,

0§5%*3§95

4

F

b*30#

31?4#
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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 labeling to traceR#microbial break-
FY.

down with subsequent production of metab**tes, a slow
breakdown of TCDD has been monitored und#*¢ laboratory con-
ditions. This rate of reaction has beEated to be
between 2 to 5 percent of the TCDD

Biomanipulation and bioengineering re#*arch ismturrently
directed at producing a microbe cap#*¥13 of detoxifying
dioxin in a natural system. The pl limitations in
developing a microbe capable of de**Adi*sr TCDD in a soil
system include:

0

0

0

TCDD's toxic effects 11 metabolism

Energy-starved soilgazyshema*eihich reduce overall

microbial activity0*1*2#¢*9%

Low TCDD content reducing the opportunity
for microbial adapt'**4/as an energy source
The problems 0s qping an engineered microbe
from a laborati***.*m q*F natural environment

Low water so*€40 il#0;t TCDD
.

STATE OF DEVELOPMENT443#04¤40#i#gradation research can be cate-
gorized into two grdEfferentiated by the technique
used for analyzing**antent of soil. Before 1980,

Aak;%·1%09473-#'*¥

the technique con Arst extracting TCDD from the
sample with meth*k¢Ia. and**en with dichloromethane. The

TCDD was concened i: dichloromethane by diluting the
combined organ-i45/hasesth water. Analysis utilized gas
chromatographyzd•, el,on capture detector.

In 1980, Dr. Ralp71**r, a biologist at the University of
Zurich, identified a Mnding 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 extracted by the methanol and
dichloromethane solvents. 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

0

0

1 '4 i J
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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.

Research before 1980 monitored different *Rects of TCDD
degradation in soil environments. Kearns*¥et.al., (1973)
monitored the effect of various soil typ#*'on TCDD degrada-
tion. Soils with higher organic conten£4¥3#had lower levels
of recovered TCDD with the passage of 1

Kearney and co-workers studied twc
with TCDD at concentrations of 1,
labeled TCDD. The two soils were

labeled TCDD. Over a 9- to 10-mor

ples were monitored weekly for ev¢
as an indication of microbial de4%
dioxins. Very little CO was libl
ing either labeled or unabeled TC
85 percent of the dioxin was 
up to 160 days after additior

found in TCDD-treated soil a 
Matsumura and Benezet (1973) I!92*!
persistent pesticides using 100%*
strains were suspected 0ng, r.
metabolizing TCDD .ho 1,altified. „*4**407

Camoni, et.al. in tkd*tedihe mi
22?F .4*0

TCDD in soil by a ***¤**ic con
indigenous high m iviti
affecting TCDD de, **t404$*%49

Young, et.al. in'*-igat'the bic
istered to soils** Flor**, Kanse
tion of Herbicig**Orang#*/ The paz
test included  soi *enetratic
soil, TCDD upt al life,
on TCDD degrad **CDD was det

ves

ddi

icr

g]24

) t***s of sciEL inoculed
10**and 100 ppm with c-
a**) culated with un-

the soil sam-

**mt]$0* of carbon dioxide
*h*Abn of the labeled
:rameaairom soils contain-

:D D79'most cases, 75 to
redmy#om both soil types

etabolites were
)Ip#year.
%2
red the biodegradation of
kgrobial strains. Five

t*limited capability for
gic metabolites were iden-
.

.crobial degradation of
ipost. Compost, with its
,, was not documented as

)degradation of TCDD admin-
is, and Utah via applica-
-ameters monitored in this

n, TCDD biodegradation in
and the effect of charcoal

:ected principally on the
soil surrace, witn less tnan 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.
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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 time-related binding
phenomena in the TCDD/soil complex. 42*.

2091

The TCDD/soil binding mechanism is not w#** understood. The

mechanism is suspected to be either a Asorption,
preferential covalent bonding between 39* pd soil
humus, or an encrustation into the Soile,StriNF:th e.

4*¢.,mm·. -Netu

A.ge'

The mechanism of TCDD/soil binding a*¢¥ the subsequent effect
.%08 ,'I-

on absorption was demonstrated by 13¢*regpind Schlatter in a
1979 study. For any material to b#*&20*18 to living orga-

. 72-7 46*'49nisms, it must be adsorbed into t#*fs*Ill before it can .
interfere with normal metabolism study investigated i
the influence of solvents and adsciP****tlkon the rate of TCDD
absorption through the skin and inted*E#¥of rabbits. After
oral administration of 14.7 n4&9.9.#1/..I.*P.fD using 50 percentethanol as the vehicle, 36.72 the total dose was
found in the rabbit liver a'2. When.TCDD was
mixed with soil particles an**imi*iffstered, only about half
of the original absorbed dose aund in the liver. The
absorbed dose and monitored 11***44*evel also decreased with

increased time of contacti?matween»Sne soil and TCDD.

Adsorption onto activat**%2**an"*Lmost completely prevented
uptake of TCDD. .01.*.104.h,

Similar effects were #**ery¢0' after dermal application of
TCDD on rabbits in vmulations. For TCDD absorp-
tion through the ski ghest liver content, 14.8 per-
cent of the dose, fter contact of the pure com-
pound with the ea*-a..... M The inhibiting effects of soil

and activated cannon wer**ven more pronounced with ear ab-
sorption. Afterf#:ircorpo#**ion of the dioxin into Vaseline
(a lipophilic ent)* .4 percent of the dose was found
in the liver r -- aj*z incorporation into polyethyelene
glycol 1,500 *1#6*lic ointment) containing 15 percent

9*#/874/water, 14.1 pc ¥4# found in the liver. The capability
of microbial E-__-_,_ -166 is essential for innercellular deg-
radation. This binding. complexing phenomena is important
because the TCDD bioavailability is a fundamental limiter to
accommodating biological degradation.

absorot

r

Hutter, et.al. completed a 2-year study on the biodegrada-
tion of TCDD in con'taminated soil at Seveso, Italy. The

...................
A-20
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results 'showed a TCDD metabolite production rate of 2 to
'CDD after one year of incubation.

:f4TCDD and its Tstabolites. The
CO . Due t?4 C-labeled impuri-mos of the CO was theorized to

2
impurities.

5 pefent of the input 7
The C was used to trac

metabolite detected was

ties in the TCDD sample,
be metabolites of these

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,*trains capable of
degrading chlorinated phenols. No bioena**tered strains
wArp 11 =Arl -

. 4954*

¥*tsumura, et.al. have identified polltes from
-labeled TeDD in work with aquatic,##& 064***ystems. Two

microbes were specifically identifie¢0*hich ar@'capable of
co-metabolizing TCDD in the presence**Y other speific aro-
matic compounds. The metabolites cA¥*tai**ng the C traces

mity# 92,4,•m,

were Nocardiopsis and B. megateriu* 235

Dr. D. T. Gibson and G.M. Klecka*£*0***University of Texas
in 1982 documented that dioxin toSM'.f./,MS.2 microbes was in-
creased by higher degrees of chlorinat*&* Two specific
genera of microbes, Pseudomona,sreand*BaiArinicka, were grown
in the presence df a reducibl#**R*=*et•*aergy source and either
nonchlorinated dibenzo-p-dioks' **c lorinated dibenzo-p-dioxin, and two dichlorinatddioxins. In summary,

the unsubstituted dibenzo-p-d*can be readily metabolized
by a mutant strain of Pseudomof¥***with an alternative source
of reducible carbon for Rgergy. ***th greater chlorine sub-
stitution on the dioxin crobial degradation is
reduced. No organisms 44**4124*94@** utilizing dibenzo-p-dioxin

#·*14* Aip*%04#84

were found as a sole caimon**y6**e. This work supports the
observed increase rolli toxicity of dioxins with in-

subcreased chlorine

91
The viability of bid*h
effect TCDD detoxi*it;*#

1*ttatUl
degradation is 04%*rve
be bioengineered*6*The

the desired reeEon t
application ind**ie:

'"95%06%¤6.·:m,,:"

1. The microbe *W.
propagated in arret:

-

, a microbial genetit code to
%4 444

*St- 1%as been questioned. If microbial
31 the environment, it could probably

../ey.yw
5*$*c steps from identification· of
94*0

004**ccessful bioengineered microbe

%04.
%*.
 isolated from its,environment and
a.ncubator.

2. DNA must be restructured, combining a desired growth
rate gene with a desired gene capable of creating the
desired enzyme.

F
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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 matrix, TCDD is particularly difficult to
biodegrade for the following reasons: ·

0 The low TCDD concentration in soil documented

in parts per billion provides# fficient expo-
sure to allow microbes to ad,i#im:5,7,Ihi

A.i*.AP ' aM«40*2%9».
04 »74{t.1

TCDD is virtually insoluble*h ·water'7i.e.,
. 2 ppb, and most microbial42,stems require
metabolizable nutrient sql greater

water solubility.

o Soil is an energy-starlatmma#*tem lacking a suffi- 3
cient reducible carbon set*00&*which supplies the .·

. .4.9 ./.*ls·

cellular energy for normal 1*%15be metabolism.

Less than 1 percent,*401**04%bes are normally
active in soil .syst#Me:duuimklthis energy-starved
state. This state#*ts co£¢#*aited with a reducible-
carbon-rich, enerr;*340**ch/4*ystem, such as an organic
compost pile. Th 501**Unity for microbial manipu-
lation decreases oi**e-onately with the rate of  .
microbial activi*

-

0

e $o have a

el

Pri

0 TCDD bioavai.-Lailail**0*9, microbe metabolism appearsWAWLW. 9001.WIN ··42

to be severei Thus, TCDD is essentially
a permanent*#09!np0#*At of·humus such that its re-
lease in alit..8.icE*N*ticant quantity as either the
parent matf@it##** similar product is limited.

/5118%81*Cf'4390*%2&*
E-4-4/ 741-

A 2-year research **0****<titin(led by the EPA, into microbe
bioengineering foDi5%radation is being conducted by
Dr. Chakrabarty,vers*¥ of Illinois Medical Center.
Dr. Chakrabart*s bee#*uccessful in biogenetic manipula-11'4.4tion of microb**Aprodu**ng microbial system capable of de-
toxifying 2,4,enzothiophene. Neither of these
biochemical reac€¥8***Ed been observed in nature before the
biogenetic manipulattah 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.
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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.

o The manipulated microbe sy
nature.

Dr. Chakrabarty also is "hopeful" th
for TCDD degradation can be develope
identified, the degradation trait ca
negative microbes which are prolifiq

3
However, it is the general consens¢*
familiar with TCDD degradation thaNE#
in a natural soil system will not*%***
5 years. · Several significant limit*
will need to be overcome after a mi

desired characteristics is is**d
tions are:

0 Once a microbe is to be generated of *4,44
extent of the contamo
Love Canal.

o Once the mic™**s'%**6%*¢pl
2.93§02* %45.4/094*2-

soil, provid*@g n,VMB<pts
lation will d***lcult.

/4*ft .4
o Like ly, a med*gS*¥5 that deg

limits,  ennaturalil em will b
49:<sw
4/Fr

o To av comp,4*0tion. and i
micr486. th**atural soil
ster!****{4*ore applicat

o Achieving the desired one-
dioxin in soil will be dif

very low concentration for
biological activity.

stem ***t thrive in

at#*i#BW48%&al system

nit pass€* on to gram
2,4

nature.
/047 ARS.

Fo€¥icrobiologists
begradation of TCDD
*,50*:sible for at least
4*,0- to biodegradation

strain with the

of these limita-

1
, a population will need
ent size to handle the

n at sites such as

ied to the contaminated

to the microbial popu-

rades TCDD will survive

pecific environmental
vironmental factors in a

e difficult.

nterference from other

system may have to be
ion of the TCDD specific

ppb concentration of
ficult since that is

any significant micro-
a
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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 st**es:

University of Illinois Bacteria Study: 2archers at the
University of Illinois have developed a,gf#**Rd culture of
bacteria that can break down 2,4,5-T. 4*0***Mhghnique in-
volved combining the plasmids of natu0}*ly 5*0ring orga-
nisms (isolated from areas previously'¥,ntaminS*ed with
chlorinated compounds) with the plass of other organisms
whose specific degradative function#*brpabilities had
been previously studied and define** ¥ organisms were
exposed to gradually. increasing ceR& ations of 2,4,5-T -a

over a 6- to 9-month period. A 1ture was eventuallyr

obtained ·that would not only survi¥* the 2,4,5-T solutionv
but could use it as its sole food so  Through further
experimentation, a pure cultumai©**as le for the 2,4,5-T -
degradation has been isolate ,riginal mixture of
bacteria. ·By using the gra49** ac¢**mation method. used with
2,4,5-T, it may be possible 'e**'op a form or variant of
the 2,4,5-T organism that wil****fade compounds in the 1
dioxin family. This is the goN##*f the second phase of this-
program, which began in &ar 3. .

b.**4» 49

University of Helsinki /*tResearch at the Uni-
versity of Helsinki in,ff**n14kd***veloped organisms that
could degrade pentacp1 "in either anaerobic or
aerobic conditions. A#hicdi*flese organisms appeared to be
able to degrade a speel****lorinated compound, researchers
felt they might a18*g*49,49**aioxins. In initial tests , the
organisms would nhe most toxic dioxins (2,3,7,8-
TCDD). Consequer¥**, r***aer efforts have been redirected
toward unders'tan the**gradative pathway for pentachloro-
phenol. It is ,d th.29>further studies will reveal thet%*h.:.4¢.4

mechanisms for***adegr,/*tion of recalcitrant chlorinated
:*.e'Wl

. 44.6-=271&4,

FB@0

Bk

"10/*#m
Battelle Columbus Lab*atories 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.

University of Cincinnati Yeast Study: TA#Fproject being
conducted at the University of Cincinn€*1%$2ntitled,
"Genetic Engineering of Yeasts for thin of Haz-
ardous Waste." This·work entails the *1119*fegah of

l**ifi*j b,42@§0

cytochrome P-450 enzymes by exploitig*<metaborit pathways
common to both mammals and yeast. 3**t-2 and other fungi,
because of their characteristics, 1[0*F s**lve and perform
their desired function in a real-w*kild *SVironment better

. 3%%+052 j*%4027
than bacteria. The goal of this *06'ea*en is to determine if
genes for chemical degradative cistics of certain
mammals (e.g., rats) can be transr yeast'. If suc-

cessful, the modified yeast could be 92*0rk in large quan-
tities at low cost with fairl) 4*#4*.- hnology. Yeast

with .the adopted mammalian tading chlorinated
compounds could then be use(144€ EA**fry contaminated soil

44%.4.4 - Au-W
sites. (Applicability to se¥**14&*ontaminated sites with
multiple components is unknow#Ait®£Whis decontamination pro-

:a&98'4332* -
cess would probably be a slow 44*1 but inexpensive, .and
would not require thai

Recent publications si
sults from this resea:

H. Poiger indicate tht
formation products ir¢
2,3,7, 8-TCDD. The s€
was determined and Al
2,3,7,8 -TCDD in thfGN
J.D. Brooker indi@*Ee,
which is acetamt**Fin

61«2966

these two paper#*nd
yeast (both arar
is a good possll?1uB
to degrade dioxi#50*

at . oilliNlexcavated.

apemise that positive re-
rd**ca***Albtained. Investigations by
45*04 _352*·5 -
**re**te of several polar biotrans-
1*he e of dogs that were given
MME#@g of five phenolic metabolites

9&*·.44*4A.
Al#6**mal-i C breakdown scheme for
/proposed. Another paper by
2*6** it is possible to isolate m-RNA,
th** case, from chicks, In view of

th##19'enetic similarity between dogs and
96**s) , it can be reasoned that there
4 inserting the dog' s genetic ability
.*2024 I
!5*., 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 defining further studies that may utilize gen-
etic engineering techniques.
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Other Work: One additional study identified by microbiolo-
gists is the definition of bioavailable 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.

86, 117, 124, 126**131,
184, 200, 201, , 281,

References: 22, 25, 37, 134, 135,
146, 147, 175, 176, 180, 282, 283

lamhilmi
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Solvent Extraction (Leaching)

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 does*not accomplish
the desired level of removal.

STATE OF DEVELOPMENT: Solvent extractid**3*£ materials from

soil is a well-developed industrial pr examples,
solvent extraction of materials from **1 1914nly used
in the mining industry and has been d;**bnstra€15 for extrac-
tion of bitumen from tar sands. ExnbiA ence with tar sand
has shown that some soil types allq Basier extraction

than do others. Sandy soil allows#% - extraction and

solvent recovery than does diatomakeo110Urth.

To date, no pilot or large-scale 0*4 using solvents to
extract TCDD from soil and sediment hS*04>been used. However
TCDD was extracted from contamig*a*eds„=ludge in distillation

bottoms with hexane in a full*0*t extraction pro-
cess at the Syntex Agribusir:t in verona,
Missouri. The dioxin concengmatic*Fin the sludge was
reduced from,343 ppm to 0.1-0*..,.'

Solvent extraction is use*kin ati*4*tical procedures for
4*8?24*84 JV:§10

measuring TCDD in soil an*5*99ime* . Extraction of TCDD

from soil samples has 44#*m*4*3*sults in laboratory ana-
lytical work. Laboratd*f e*****ions are generally done on
pulverized soil samp.1..# 1 some samples, quantitative
extractions have beer4Rfig,e*glished by shaking the samples
with a relatively cominw*feavent (petroleum ether, hexane,
methanol) at a 3: l<ple volume to solvent. TCDDwas extracted froles of soil from Seveso at 
97.5 percent effnctreating the samples twice with
300 ml of methar) Ace*0e-hexane mixtures were used to
extract TCDD fr2*/soil *62 to remove it from contaminated

141*02 49/1/2 +
surfaces at Se=ema. H¢4¢ever, some laboratory samples have
required much 11:wi*0**00*ous extraction, procedures to accom-

*faw,18*=fil##t .
plish quantitativii•***ppaction 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

....................
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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**s for solvent
extraction of dioxin from soil and sedim,0/has been estab-
lished by research on analytical procedu#* for dioxin anal-
ysis. Further laboratory work is neces:4**i:o establish the
applicability of a specific solvent pr=pecific con-
taminated soil samples. *&0  P

.dta3*
5026

Besides laboratory development, the /¥
tion process must be tested for eff@*t
plant scale. Detailed studies mus¢3e
process risks and benefits and to.40*el
and economic impacts of implemen
Finally, detailed design and deve ISA**i
solvent extraction process that would™*
ing all desired contaminated maiteEial,a
place.

There is considerable eviden

phase poses a greater potentird
or sediment. This would reguifi*J*urth
ly assess the risks assoadmted 011** so

References

F

a

3

os,en solvent extrac-

12#mess on a pilot-
4*rformed to assess
plne environmental
#full-scale process.
E*hof a full-scale

ffective in treat-
mwould need to take

oxin in a solvent
than dioxin in soil

er analysis to proper-
1vent extraction.

111 1ABPWFAFf
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Fixation of Soil

DESCRIPTION OF TECHNOLOGY:

in soils has been attempted
past. The immobilization of

sediment may be achieved by
processes. The methods may
gories: inorganic, organic

The fixation of organic wastes
in a multitude of ways in the
dioxin-contaminated soil and

one or a combination of these

be grouped into three cate-
treatment, and encapsulation.

Inorganic Fixation: The common inorganic€#*Exation tech-
niques use portland cement, pozzolanic (sh) materials
with or without lime or cement, and sorlays. In the
process involving cement and pozzolani4*4***als; the soil
and sediment is mixed with the cementim* ag*md allowed
to set up. The advantages of these gesses 'Me plentiful
raw materials, low cost, the fact th** the organic wastes
are adsorbed or mechanically trappe;#f aough both may al-
low leaching of some wastes), and 03*v*technology. Disad-
vantages include porosity of ceme#**d d*dil and the increased
volume of the original waste by **te®*of 2 to 3-1/2 times '
the original waste volume. This  results in in-
creased mixing, packaging, transport&9928*7 and disposal site
expense.

The process using sorbent
W·'9·•-· Ak··.W

1%£** on mixing the finely-
ground powered clay with .thes#%#2#*at*%*nated materials and then
isolating them mechanically. %**ays, with the addition
of water, become very cohesive***df relatively impermeable,
which reduces the possi ticle loss or leaching.
The advantages are low ility of materials, and

ease of mixing. On th the process does not
completely eliminate 14 ixture has to be con-

tained to prevent expdk inated materials that

may be on the surfacdtffknd@ame volume of material expands
substantially.

contam

Another method of

mix 10 to 15 pe

proper mixing,
forms. The pro
ditioning operi
required. Thd
immobilizes the c

factors such as w

in the long-term
treatment.

.g the sedimerit and soils is to
Flnd cement with the soils. After

and during, a hard durable solid
:ing soil-cement involves soil con-
efore dust control measures are

is essentially insoluble, which
5*0=m.tated soil. However, environmental

-ge*401
ettf*®, drying, freezing, and thawing may
cause deterioration of the soil-cement

/ED#89..1

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-

1 6
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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,
applidation rates, and overall effectiven** that can be
achieved for Love Canal creeks. A labora**ry or field test-

.*&4*W

ing program is needed before this treatment can be used.
i*,94*

The gels are subject to UV degradation :00*kJ,hus, the soil
needs to be covered by an opaque paint,;ver.

2%2 9444*.2
W*Ri.5 ISome of the common chemical grouts ***thy ofil#6Lrther study,

testing, and evaluation are describ0*below by trade or
chemical name: 1%,Al .4%.2*gr

:·'*a @%*0
Malt Me###m

'14../¥

o American Cyanimid Acry].em,2 ,(_, mixture of two

monomers that, when cal in an aqueous solu-
tion, form a stiff gel. ***thh*molymerization-cross
linking action binds water ma*tules to the gel to
form a substantially**me*Imeable material.

o Deneef Co. Polyure*gane.22'nis low viscosity, one-
component liquid rk**AM/th water to form a poly-
urethane foam. The4****ed cell foam.has a free
expansion volume 15 t*m* the original volume. It

may be used wi ad¢ve to delay reaction
time up to 10i€*allow the material to
soak into th98*S].3&I#

4@L  0**749
O Pene Grout 0**No**if America has a urea-based poly-

mer, whichi***c##4*ith water to form a hydrophobic
non- Fterial that binds the soil par-
ticl 39

2%7MBRgfeck./41'81* :44

o Terra· E*ana ]3**,trusion Prepakt, Inc. , uses a
chrome#*Rgnin **pound to form a dark brown non-

,$*¥frevegle ge#*which is insoluble in water and
orgaA***aolv***s and is substantially impermeable

9:05139//4/*Awl·.41:*

A polyphenol grout iglso 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 gr*ks seek and react
with water in the soil or groundwater, t]007form irrevers-
ible compounds of indefinite life (under¢per conditions),
they do not substantially increase the 40**me of the treated,#58'%:·i6*%2*7'**7-
soil, and their use is proven. On thea¥60*side, groutsme#.i¥ .-*P**are more expensive than other stabiligon™*#bds, they
are sensitive to freeze-thaw and wet·*¢4' condiftons, and
some grouts deteriorate under ultrav#*let light.

#Af ak

The chemical soil stabilization me#hoa*#re not without merit
and deserve further investigation *T]*40 may be best used in
conjunction with other containme if.,A.ds. Some other con-:
tainment methods are discussed belt***/*0**

Asphalt Membrane: An asphalt,4*du*&*La£'rnembrane also pro- -
™*:%10120%9f,7-4:*Yd

vides an impervious and tota14*teen*E:g cap. The two-
component cover consists of Matric**inforcement sheets laid
on the soil and then sprayedh 2*fspecial asphalt emulsion-
to form a 50-mil-thick membrai'£{401tis system can be formed
in place, which only requires 1¢ii&*ithing the soil surface.
The asphalt material is *0*,gix@**ith the soil to immobil-
ize the soil particles; **P86**lv b*hds to the fabric to con-. --M*>:,ua,a... 'to
fine the soil beneath

n #*meric
13?sh-d to

Polymeric Membrane: 4
inert materials can A
sites. The membrane'«*

in the field to pr
as reinforced chle®*4*
polyethylene havellgryv

Num#10'L
The membranes hadmiv to b

fine-grained sal*ffor B
extreme enviro, a

--- 9 ' .

mwa

membranes of generally
cover contaminated

n large panels and joined

2¥**k.-proof cover. Materials such
- A£*d polyethylene and high-density

 resistance to ultraviolet light.
4vered with at least 1 foot of
0*ection from mechanical damage and
:·4·» .

¢5*ditions.
22235r

ancapsulation: e hnology for encapsulation of toxic
wastes such as dioxirr*as 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

i:92

f !1 1: '; ,:14'#i iIi; :il

t

A-31



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 equipment#**and the effec-
tive bulk volume of the waste is greatly?*reased due to
the pretreatment fixation and usually irapegularly-shaped
encapsulation. A""881"immb#.

Le<€· .*.J N26*#99/#AZ<2$22*. .

FUTURE RESEARCH OR DEVELOPMENT: Rese#**h iff™*;Pixation
methods should be continued, specif:Le*Ay on ufrtried methods
and the feasibility of using fixatign dioxin-contaminated
sediment. For untried methods, labkitat*?9 and/or field

. 0.- A . 42•49

testing may be required to establi#* aa regarding applica-
tion, permanency, side effects, e ,**search into the
feasibility of using fixation fo€*****h-contaminated soil
and sediment is needed, particulare area of insitu
treatment or neutralization of the waJTINIW

One new product on the marketd
Austin, Texas, claims to absdi
material acts to sequester 09
stopping the organics from inl
mentitious reactions involved

tion methods. The more j#*RAL
the better the product j
incorporated in clay cf
ics carried into the **bff**
Research on this and , Fer·4*
ducted and their use
in conjunction with 15* 1
this section.

14#P.*W/*ph.
other potential lp£*thtic*Ath(
as latex and aspt emons
lignosulfonates**yTheseek*e g€

consideration. ;*4
References: 75, 43, 15-

SE

* ana**tabilize organics. The

i.q*Fand could be useful in
t<#*9*ing with pozzolanic, ce-
'/e traditional solidifica-
ib***he organic compound is,

td*ork. This product may befaito " filter out" any organ-
ii#2%*isP.
kN/by groundwater, for example.
ailar products needs to be con-
1. They may be used alone or
fixation methods discussed in

)ds may use bonding agents such
3 and byproduct materials like
anerally untried, but worthy of

7, 164, 174, 216, 240, 254, 262

7.
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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 i#b;€rt gas that is
drawn through the inside of the cylinder.a»* is process re-
sults in a rapid and complete waste heat/// allowing for a
high degree of combustion completeness.AIAgh degree of
process control is possible since the source is

electricity.

STATE OF DEVELOPMENT: The Thagard ***qrch Corporation has
achieved 99.999 percent destructiorgff¥€ co' s in soil
(one percent by weight) in a 1/4-1*#i#*Faboratory-scale
reactor. Thagard has claimed the#me@struction efficiency

h .4, i 694&'/

for burning hexachlorobenzene ing***10*>f a 10-ton-per-day .-p#506:50*6'
reactor unit. EPA certification 4lts on PCB-contami2.
nated soil destruction in a 15-lb/minl reactor owned by 1
the J. M. Huber Corporation ha*fmfufm*struction effi-
ciencies of greater than 99.IMA**6**$*102. Huber has also
processed 200 pounds of soil¢*€ Ti#* Beach, Missouri. The
soil started with a dioxin .c*#**n**#tions of 80 ppb. After .
treatment the soil had a di.ox**tentration of less than
0.1 ppb. Southern California 2***n, Inc., has reportedly
been considering the Thagam,4 prd***s for destruction of „
PCB-contaminated soil. 1*  agard reactor project has
reportedly been considssible support indicatedfrom a Miami investmen*ir**t m'

****

OTHER EQUIPMENT: Si**14*ed**ion equipment is needed for
45#4*4&9#

particle size contror»**mameure evenly distributed heat
transfer. $/4,1*3&61/9

FUTURE RESEARCH 04 EVE111**0ENT NEEDS: Specific areas that
need to be deve rable scaled-up central cores and

F 1the determinatid@0Gf ne#*#sary air pollution control equip-
ment. · 41%*L $**f#

References: 6 15, 247

Sed;

r
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Supercritical Water Oxidation

DESCRIPTION OF TECHNOLOGY: Supercritical water oxidation
uses air 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*gystem so that
anions present can be reacted to salts. 01*It, water, carbon
dioxide, and traces of organic feed exit.#89[e reactor.

STATE OF DEVELOPMENT: Modar Incorpora #oratory
tested a supercritical water process qi *8 other
chlorinated hydrocarbon compounds. D**tructioR¥ e f ficiencies
of greater than 99.99 percent were

8&1:1 ***
n**brded.
ANI &**32

FUTURE RESEARCH OR DEVELOPMENT NEE' ercritical water
oxidation needs to be laboratory **¥tg**bn TCDD-contaminated
materials and the feasibility fo****¢r development should
then be evaluated.

References 19, 57, 65, 247

71
6.9
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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-induced electron reac-
tions.

STATE OF DEVELOPMENT: It appears that this technology has

recently been tested specifically for bre*down of dioxin
with some success, although these results¢*ave apparently
not been published. Microwave plasma de*uction has been
tested on a bench scale using other chl**eated organics,
including PCB's. Organic hazardous waeen treated
as pure liquids, as slurries, or *thanol or
water, or as compressed solids. ' ifar have pro-
cessed up to 7 pounds per hour o f hazardous organic material.

solu·*2
Tes"**Aits sd€

Lockheed Palo Alto Research Labora**ry *idhieved over 99 per-
cent destruction o f a variety o f **ig¢*ganics, including
two commercial PCB's, Malathion **¢**06ne. The feed rates :,·.
for these tests ranged from 0.181?lograms per hour. .
Treatment of PCB's produced carbon mot¥* de, carbon dioxide,
water, phosgene, and chlorine exiAGs-*,*dbme of these pro-%.. + ./*Ill-/**I 

ducts are highly toxic and re¢4*£*21***m* quent treatment.
'aa. A.

FUTURE RESEARCH OR DEVELOPMEN*?NEE*F: This technology needs
to be laboratory tested and dS*¢**Fted .for dioxin-contamin-
ated materials of interest. TA**As a bench-scale technol-
ogy and needs development#%*hroug#%*ilot and large-scale
tests to determine econolE**easitility and technical suc-

$*92304**··fa*?29 -,te, ·e

cess in treating large *¥1 organic mate-
rials.

Westinghouse Electrition is now operating a
20,000-kW test faciluring a plasma torch system.
Toxic chemical wast,0**,BIM#pylon at the facility is currently
under deve lopment 492*

.#,&7 9*;*45*.-a
6.tmii/ ..49%%*2

References: 14, 87,0, 247, 272, 275
6#2%414

1hazardous

f*9?l&-

59.

.A-35



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, =92, HC 1, H and

H,O. Gas volumes supplied to the reactog' e on the rder
or 5 percent of the gas volumes required#*Y conventional
incineration. Scrubbers are needed fort'
cessing halogenated wastes. 0ases from pro-
STATE OF DEVELOPMENT: Preliminary 14*Wtatory *tale tests

have shown PCB destruction from liq¢ wastes in excess of
99 percent. Canadian government 1*a*ty scale testing
has demonstrated destruction effic in excess of
99.9999 percent for pure trans fordht (Al* fluids (Aroclor and

'004/98'·L ./.fmt

Askarel) containing up to 58 perd*****lorine by weight. No
tests are reported on TCDD.

»*99.,$909... L

FUTURE RESEARCH OR DEVELOPMENT,01*F*@*e40boratory testing on
TCDD'·s is needed. Determinatdin-64&/ ercial feasibility
and scale of £--. **14-74*2MAss is needed.

EEBEE

References:

W L.,C l a ll L,11 1 L, 1 l<:///23

15, 247

2%*F
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Gamma Ray Radiolysis

DESCRIPTION OF TECHNOLOGY: Toxic organics are exposed to
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**atment of TCDD in
soil by this technique. A 97-percent TCB#Weduction was
observed after 30 hours of gamma ray irn#Nation at a
million rads per hour for a 100-ppb solail of TCDD in .

=41$/14,»*IjluMe..

ethanol. All sampl6s tested showed th*¥*f#f#** of the less
chlorinated dioxins tri-CDD (three ch DCDD (two
chlorines).

4%*r42*ation on othe
**g **tachlorophenol
¥0/ksion that this

Other research using ionizing gamm r
toxic chlorinated organics (includ
2,4,5-T, and PCB's) has led to
method of destruction is ineffic,#1&*vanna pronioitiveiy cost-
ly for large-scale use.

FUTURE RESEARCH OR DEVELOPMENTef#FFR@1?999*mma ray radiolysis
has yet to be .effectively dem**%**4%**fen a laboratory scale
in a manner that warrants dg¥*#oprrgit on a larger scale.
References: 83, 180 , 247 .%1**,09*

31,1

426*it
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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-conducting reaction
medium. The chlorinated hydrocarbons oxi*ze in the molten
salt to CO2' water, and sodium chloride. 00€pplemental heatfrom coburned combustible materials is r,4*ffired when low-Btu

49*!ff

value wastes are destroyed. Materials .** . ated during thecombustion process can be retained and molten salt
can be either regenerated or landfill 16<4.1 fed to the
reactor must undergo size reduction tatat leas¥ 1/4- to 1/8-
inch pieces. A particulate baghouse#% necessary for the

'4+411 .

off-gas. Ash and any metal, phosph#*oujhalogen, or arsenic
salts build up in the melt and mus/e/,moved.

49*g.%6§7
40*z 239

STATE OF DEVELOPMENT: Molten sa***tenstion has been test-
ed by Rockwell International on a 11@RD*4#r bench scale unit$**:*·*

for decomposition of chlorinated hydroe¥,@Dons (including
2,4-D, chlordane, chloroform, 29&4*.4,41$16#loroethane) . . More
than 99.9999 percent decompo**een achieved. It
appears that this technology**as ng*ybeen tested specifi-
cally on dioxin

Two firms are actively marketilten salt equipment for
hazardous waste destructle*g,. H***er, no units are under

- ...=:Ile
-.

construction or are in ce

A full-scale molten sa**
cult to develop due t
construction.

and materials hand liFg#m*
has been identified#fiBmw

-/0,s@k#§242?th
struction of "con}****20
site cleanup, 1, ha••ig /1
mineral matter m*ed witt
pounds."

.....#.9

FUTURE RE SEAR¢1***aF*C
tory tested for  d
References: 87, 180, 247

Muk#:tial*Else at the present time.

'coon process might be diffi-
ie¢*pquirements for materials of
I#**teh salt also presents disposal
N*4 ems. The molten salt process
y suitable" for potential de-
•1 *stils from spill and old dump

haracteristics of "water and

arious hazardous organic com-

)PMENT NEEDS: Needs to be labora-

tioxin-contaminated materials.

, 275

A-38

.................



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 residence time to achieve
the desired removal.

STATE OF DEVELOPMENT: Activated carbon has been shown to

selectively adsorb· TCDD from solvents. Ca**nut charcoal has
been used in full-scale operations to adgj#* dioxin from the
herbicide 2,4,5-T. 04*

#01.
Tests have shown that, after adsorptio the carbon

cannot be regenerated. Several site**ounates:* world are··4&*m

currently storing dioxin-contaminated**arbon. "**Incineration
of the TCDD-contaminated carbon has.en. proposed for the
final disposal of TCDD. However, *perce with other or-
ganics has shown that, to ensure cempl** combustion, ac-

.

tivated carbon requires processing*e;*pe incineration.
This additional processing intro risk of handlinghighly contaminated materials. :

Other technologies that have ***e*€*9*d for regeneration
of TCDD-contaminatef ,-•=-h-n ;af@**4:4*0*§**Dercritical fluids

a...a:, I.
and microwaver radia

U

tion.

DEVELOPMEN:FUTURE RESEARCH OR A data base needs to

be developed by laboratory res@*4* to provide quantitative .
information on carbon ad#*%*s&ioR/adings and removal effi- -
ciencies for various dio*%%*dent&*Rnated solvents.

00# 3,1,1*WReferences: 180,.27- .7

227

01&$

3.
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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 CC 14 + 4 HC 1 . + 2 4
STATE OF DEVELOPMENT: Under EPA contrac, the Diamond
Shamrock Corporation and the Hoechst-Uh#**Bornoration con-
ducted laboratory studies of chlorolysi{*0*a,arbicide Orange

to form carbon tetrachloride, phosgeng#*ancrN@jg,ogen
chloride gas. The concentration of ']*¥) in tFf€ Herbicide
Orange used by Diamond Shamrock was / ppm. The Herbicide
Orange was diluted 1:1 with (Cl an**th***inated at
600-800°C and 150 psig. The TCDD Ipth**iproduct was lessthan the detectable limit of 10 p **e Herbicide Orange
used in the Hoechst-Uhde study c¢*i 14-18 ppm TCDD.
TCDD was not measurable to a dete264*it of 1 ppb in the
carbon tetrachloride product. .944.

To our knowledge, no further
this method have been done a

dioxin exists.

/dioxin treatment by
ience with soil-bound

FUTURE RESEARCH OR DEVELOPMENT9¢**DS: Since so little is
known about this process.gxten laboratory development
is required to determine#op**ability to soil-bound
dioxin.

m»·e«
References: 61, 138,B»0 -

4
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Chemical Degradation--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-

4
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 hypoch]*gite. Therefore,

only catalytic quantities of RuO4 are req#Efed for the oxi-
dation of TCDD. In lab experiments, a r*50 of-about 30:1
RuO to TCDD was used. Eig#

./.4.4

STATE OF DEVELOPMENT: Catalytic oxic
accomplished in the laboratory. The

sured .at 560 minutes at 30°C and 15 
itself is a toxic compound and is n#!
commercial. quantities. Only labor*£0
been conducted, and no pilot scal/ke]
periments have been done. The h *14&*

&#0:*7··3&;

of ruthenium tetroxide make

large-scale applications.

5*79*,

k)D has been

DD nal:r«Life was mea-
122nutes at 70°C. RuO
940 *- 4

* can*only available in
>rbperiments have

#6/40*t 9

0011-bound dioxin ex-
**t and high toxicity

Bbic:*92

nfeasible for

FUTURE RESEARCH OR DEVELOPMEN*SNE*'8*uture laboratory
.

development required to 'dete*mene 41¥ reasibility of this
process.

References: 12, 13, 61 4.4¥

h. ...
2 r 33*f ..7

0@40

7/

ij'I nit'"14

· 4,4
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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) 1-hexadecylpyridinium (cetylpyridinium)
chloroiodide. The chloroiodides are dissolved in a micellar

solution due to low water solubility of these substances.
TCDD contaminated materials are then cont®ted with the
chloroiodides in micellar solution at am]**t temperatures.
TCDD degradation occurs by the cleavage **'ether bonds.
Chlorinated phenolics are expected as r.41**Lon byproducts.

STATE OF DEVELOPMENT: Moderate levelestruction

from contaminated residues have beenp#erienced in the lab-
oratory. TCDD in benzene was vacuuraE#baporated and the resi-
due treated with benzalkonium chlor#8¥ea,p; 71 percent of
the TeDD was decomposed. Using c40.p#*dinium chloroiodide,
a 92-percent decomposition level 44#' a**ieved. Lab experi-

Ft#*44 M*"*7

ments were also conducted on a se#141**iple from Seveso,
Italy, using a chloroiodide micellit** :ion. The TCDD

concentration dropped from 23 ug/1009 ;oil to '

11.0 ug/1009 in 24 hours. Cat*gai#*#H**Actants worked best
en the soil sample. AL**h=.me*&20

Ay**31

FUTURE RESEARCH OR SE: Further laboratory
development is required to del%***/e feasibility of this
process.

References: 29, 61,

CS·3

DEVELOPMANEE

*##0

f.*40

*S2%

%14*N
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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,*ave used alkali
metal reagents at both ambient and eleva·0, temperatures to
remove the chlorine atoms from TCDD. T411.ertac process
achieves dechlorination of TCDD by the.#5 n of anhydrous

& ,m.

alkali metal salts of polyhydroxy alch, *ospheric
pressure. In an alternate Vertac prog##4 rination is

accomplished by reacting TCDD with aaS
solution of an alkali metal hydroxi*#
uses a proprietary sodium reagent i#*a
ment process to dechlorinate TCDD.A@le %

** m

Wright State University have used#*idi*
reagents (NaPEG) in batch proces/

*44/WA*ek
to dechlorina'te TCDD. . -4%=%**24

Several companies have also d g¥*Ji@2**ap#Gimical dechlorina- :
tion processes for PCB' s that,06*64*r/*fe candidates for
treating TCDD-contaminated n#**rial*4 -based On similarities
in process and chemical read PCB' s and TCDD.
These processes have not been **¥1*d on TCDD.

Research work on other P94*sh10141 ed compounds, including
DDT's and several otherqi& esticides, has shown
that a catalyst can be ata' **3*®m temperature to cause a

rapid reduction reactig€who **4¥lorines on the organic com-pound are replaced wi.0**hyen atoms. Research has shown
#209 . 92*:801 -

that this process do***met**Ompletely dechlorinate most or-
wm4*Wph€»Pr'#fi

ganic chemicals. Th taa**licst most frequently used in re-
. ....4146*je,-4% .

search work is nicide, prepared by mixing sodium
borohydride with ide in alchol. No catalytic
dechlorination tng 14**reportedly been done on TCDD.

*/4*.-I

i?#%06
STATE OF DEVELOP.MENT: #*rradation of TCDD by dechlorination

has been test 1ed extent in the laboratory.
Greater than 999545**4*nt TCDD degradation was observed
from a 2,4, 5-TCP 0ottoms sample contaminated with
250 ppm TCDD in lab62*ory testing of chemical dechlorina-

El.cohol ful a water

,The Acurex process
giile batch treat-
ch studies at
* polyethylene glycol.
*mbient temperatures n

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 40 120 ppt.

7
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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,

.22.Se

%***fie

hz«·4*04

F
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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 and 500-2500 psiq.

The process is best suited to ac
where organic matter constitutes
20 percent. One manufacturer st

ganic content, the process is au
concentrations, large amounts 01
maintain the process. In the pr
into a high-temperature, high-pr
within the reactor improves the
Waste materials in which oxygen
difficult and may require higher
sures to achieve adequate destri

When destroying certain wastes. i
environment within the reactq
is highly corrosive. Requi
treating chlorinated
titanium, hastelloy,

4#* -
[ueous sol**ions or slurries

4940

i betweerl#**£ercent and
:ates t*45* perce'nt or-

A.4 -·'fe&:4496%M*$%04

Ltothe 94,Wl . *99wer organic
5 ene]2may b#%heeded to
-oce 9 oxygen is injected
-essti*e »actor. Mixing

ox#*t-1091¥ of the organics.
ts¥ to the organics is
:*rmal operating pres-
LI.

ny.thiajfpe of system,, the
:mage*#'.3!' parts of the system
.dhs¥Uetion materials '. for

Fy include nickel,hydrocal19
and zirc***AP

STATE OF DEVELOPMENT: Weke*air 5***ation technology has been
commercially applied to 41 *0te types, including mu-
nicipal wastewater, orq pulps, and various other
chemical wastes. Howe#**F, *3lication to TCDD has been
only on a test basis./*ltb#**th an · extensive literature
search did not indic ,thf/treating TCDD in soil with a
wet air oxidation syever been attempted several
manufacturers have ,*Id*84**uch a system can be developed.
WetCom Engineeringp*#33:*tac,™62* currently studying an applica-
tion for wet air,#*dafid*mof large quantities of lake sedi-
ment. 814=mt

1930*
&414The only data ,labld**garding the destruction of TCDD is

from tests corMi*LdN#& pilot model of a variation on the
wet air oxidatis by IT Enviroscience. A 99-percent
reduction in TCDD w&*Abserved 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

A-45



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 conte
requirements of up to 1000 Btu/g
dicated by Zimpro Inc. and Wetea
Zimpro has indicated that a maxi
lon of wastewater is required wh
wastewater is very low (1 G/1 CO
treatment process will not be au

WetCom Laboratory tested their w
PCB destruction. Long batch tim
ing 250°C were used, but destruc
in the 50- to 70-percent range.
cies of >99 percent were achieve
the IT Enviroscience catalyzed w

FUTURE RESEARCH OR DEVELOPMENT N

plication of wet air oxidation-4
needed. The methods of reactd <
dation of organics which arg*g .1
tigated

References: 65, 179,

4

if«*·7

nt of soil, thermal energy
allon are required, as in-
m Enginee***g Limited.
mum defic; 500 Btu/gal-
en the 04##nic content of
D). Th¢, such a soil
togenol4532*49*

et a

es a#* temperatures exceed-
tiok¢*f#*miencies were only

mj#*# Elwaw
P¢i/d***uction efficien-

d.* *t plant testing of
eA06***xidation process.

EEDS'F'earch in the ap-
C. sni 1 93*nd dioxins is
 to facilitate oxi-
RSil need to be inves-

247, 2759*F

*745*5

·4

7.#rES.
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DIOXIN TECHNOLOGY SUMMARY

SUBJECT: Ultraviolet Ozonation

DESCRIPTION OF TECHNOLOGY:, Ultraviolet 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 liq-
uid organic waste in the presence of ultraviolet radiation
of a specified wavelength range and intensity.

A.

STATE OF DEVELOPMENT: One ppb of TCDD wa¥*ompletely de-
graded with an ultraviolet/ozone system .#3*Fresearchers at
California Analytical Laboratories and ****arborundum Com-
pany. Other test results indicate tha of ultra-
violet ozonation are more biodegradab hdi¥**%*Ftial contam-
inants such as 2,4,5-T, PCB , and TCD]*04*ltravidlet ozonation
may, therefore, be considered as a kreatment alternative
for soil disposal.

k '*€*
In fresh field soils, low concent*Eio¥* Cone ppm in H2O) of
2,4,5-T and PCP were rapidly dege#*40*nen first irradiated
for one hour in the presence of Oand PCB were de-
graded more slowly under the same corrd**Ons.

Soil degradation of TCDD in 8*f*tEF¢
for nonirradiated samples an**ampi

presence of N2. Total degral*0¢04%
PCP for the same conditions. ma*tm
to CO was 1.5 percent nonirra
12.7 ercent 02.

*e¥*312 was also monitored

90 irradiated in the
/as less than 2,4,5-T and
f 28 days, the conversion
3d, 3.1 percent N2'

Large-scale ultravio
Water Systems, Inc.,
have not been publis

FURTHER RESEARCH OR

tion of dioxin in 90
scale-up is neede**
mine what level
ble. Research al
if ultraviole

References:·

WDR102/003

4. 4 .

6%9*Z***Z*@3% 9.#*h- 9
det 1, <*d has been conducted by Puret.n iolet Purifier . Results

*2(e/*6

DE*EERPMENT NEEDS: Ultraviolet ozona-
11* been demonstrated, but further
¥.%589&&7&§§40
01•***21¥development is needed to deter-
io]2'*oncentration reduction is feasi-
eve]*nent is also needed to determine

Pif dioxin in SOil iS feasible.
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Section 1

INTRODUCTION

1.1 OBJECTIVES

The objective of this assessment is to evaluate the actual
and potential 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, ;holtz and
Cayuga Creeks., and at the 102nd Street 011*gall in the
Niagara River (Figure 1-1) . This report&*fkes no attempt to
address the habitability of the EDA.· 

1.2 PREVIOUS HEALTH ASSESSMENT
205§*F

/#tutomm
1,1......

mwmt

In 1981·, the U.S. Department of Heal*W and Human Services
814*8 2#*

(DHHS) obtained written opinions f¥* e®*en non-federal
expert consultants on the health ismalliki&tilliE ions of the data

&**L *479
obtained by the U.S. Environmenta**gr¥*¥ct:Lon Agency (USEPA)
in its 1980 chemical testing at al. The letter from

the DHHS Centers for Disease Contrgie consultants asked
them to review the data with respect €54¥hether (1) the con-
centrations were significant.1990300-----7 from levels found
in other areas of Niagara. Fa,, 3 Concentrations re°pre-

sent levels that could cause*m.lte44* chronic adverse health
effects in people in the area*%**0 the "usual residential
conditions" in the Niagara Fal***@ea, (3) the data were
sufficient to make a judgment, 1%* (4) one could conclude
the area is not habitablj

#07

The consultants met fo]43*ne *aw,na were presented with
condensed form of the,*PA Indi*fi?ing data. The experts'

%90%7
opinions on the stormr#*wee**nd creek chemical concentra-

I .4§'···9*t». 2**
tions were summarizee****46¥lows:

"Consultants ievels of chemicals detected in
storm sewers*84@INIhrea 11 (Canal itself and the first
two rings 0*0·ouses#*rrounding the canal) exceed accept-

*h!06»-9 32.·4

able level*and reg¥*7sent a potential for increased
health ris rem*#.al actions are not pursued and if
human ac controlled.
- I . 1 VikABY -.              ..

a

"Any Judgment 1 rding the future nabitability or tne
Love Canal area Pests 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). '

=21

--
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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 alsosupported this position (Huffaker,
1984). ,

1.3 FOCUS OF THIS STUDY

The area included in this evaluation is

on the east by the eastern boundary of t
Bergholtz Creek on the north, Cayuga Cre
the Niagara/Little Niagara Rivers on th*
cussion will include areas west of the/@

**ominantly boundedDA (102nd Street) ,
e*on the west and
004#th. Some dis-

9 9On the basis of frequency of ·observaG156+1 in tne' Malcolm
Jy*.4%4

Pirnie (1983) report, which include*Sampling of the sewers
and creeks, and their toxicological. The follow-
ing chemicals were chosen as targe€*chdiM/cals for assessment

Af@*7 ,=?24

in this report: 2,3,7,8-tetrachle*©di**hzo-p-dioxin, or
TCDD, isomers of hexachlorocyclo*****/ chlorinated benzdnes,
toluene, arsenic, cadmium and thal¥;AM*A

Section 2 summarizes the concern*m**99=And locations of
these contaminants .in the

outfall. Section 3 describe*%*he 0*ential chemical migra-
tion of these chemicals in t.1*kew*is and creeks and the
environmental fate of the tarmicals. In Section 4, a
qualitative exposure and public¢q*lth assessment is de-
scribed. Attachment A d*thi*ls tte#detection limits associated
with the 1980 EPA Monit Attachment B provides a
detailed listing of pot#"*ti#*%*1"&ptors in the Love Canal
area. Appendix C discy#taes¤¥eltoxicological and chemical
properties of the taE ccals.

&9%;%00%43¢ku**W
'2%*3&%£*m#M)%14A57

Other studies in addi**·es***Lthe 1980 EPA monitoring effort
have been conducte,*ently, Malcolm Pirnie per-

49%'*4222*#.04% »W

formed an extensigy program o f the area sewers,
creeks and 102ndl#**eet>**fall in January 1983. The objec-

'6*§49 .

tive of this reE*EE. was review available contaminant data

and to examine entiauman exposure to assist the U.S.Environmental 49acti#** Agency in its determination of the
risks associatfJ***th€*fea contamination.

ggim#moih?Afem,

'Mt;

. ./6

6.t
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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 preparing this

o Malcolm Pirnie, Inc. October 45*3. Site Investi-
AS*hu

gation and Remedial -Action Alzteamaatives-
01·¥·w.t......9..,f'-'0

Love Canal. Prepared for thAR*l€*#*k#*k State Depart-*Pm0§z# '942· p.4. V $--

ment of Environmental Conse#iofi€les were
taken in January and March22983.

L

o Office of Research and D**100*nt, U.S. Environ-
mental Protection AgencyM1982. Environ-

*-" de.£

mental Monitoring at Lo**iC***1, Volumes 2 and 3.
Samples were taken bet***6**#Just and October 1980.

o Smi th, M. P., 0' Kee fe, 1 %Bous, D. R. Hilker,
and J. E. 0' Brien. *** ** 3, 7, 8-tetrachloro-

dibenzo-p-dioxin iamples from Love
' Canal Storm Sewer***cl C#*ks. " Environmental

Science and Techno***,/lume 17, No. 1. Samples
were collected in 19 1980 by the New York
bepartment of Health 24*

'*9%@&7

o Environment c*$*ae*fana ontario Ministry of the
Environment. 4*&*t*2*ti**ital Baseline Report of the
Niagara Riv4 09*80. Samples were taken in
1979.

o Environmen and Ontario Ministry of the

Environm bnmental Baseline Report of the
Niagaradimm**68694mber 1981 Update. November 16,

1981.· 12re taken in 198.
UMP»

m -

1/1=NA

o New ¥*** Depa,£**ent of Health. May 1984.
Ber qJ*Etz. Cr#*ft Preliminary TCDD Data. Samples
were<il 12, 1984.

o New York Ddl#irtment 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.

B-3



o Suns, K., G.R. Craig, G. Crawford, G.A. Rees, H.
Tosine, and J. Osborne, "Organochlorine Contami-
nant Residues in Spottail Shiners (Notropis
hudsonius) from the Niagara River." J. Great

Lakes Research, Vol. 9, pp.335-340, 1983. Samples
were taken in 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.

2=07

These data sources were selected becaus**ney represent re-
latively recent conditions at Love Cana/J#2*kkdetailed quality
assurance assessment of these data was,he scope of
this study. .781

.

A total of 114 chemicals were ident¥**65
these five studies. Of these, eig##F c
compounds were selected for consi
in this report. These include 24
lindane and other BHC isomers, crt****2*t
toluene, arsenic, cadmium, and th
were selected based on their toxicolog¥14
their frequency of detection .i*mehem****'analyses of the
Love Canal area. Other -L--*dentified in only a
small number (less than / sa#es.

The following sections or tnier describe the dis-
tribution and abundance o

Lat Love Canal in
#*ounds or groups o f
U¥ in greater detail
EDI) (dioxin),
:ed benzenes,

%* These compounds
01 properties and on

C Ile m

ten )4

respect to sanitary sewe#
sewer sediment and liqu#A

4 ,»·
liquid, and biota samp JW*j.8

for the study used in
to 2-5. Figure 2-1 sis
sampled by Malcolm .&
manholes sampled Dy Ma**0

21. Figures 2-3 t
including Black, **0
Niagara River. · gagp

fliff. ulPirnie, and the **0 York
69

2.2 SANITARY  '.whiwi##84;#,i##lf- 1,b,M'
rnA _Ann A.A M '14-

f the#*5*bemicals of interest with
f¢*Balmet¥&*and liquid samples, storm
'*1£,Al'and surface water sediment,

•

F %cations of sampling sites4;*·f*. 2049
s 4*****ment are shown in Figures 2-1
g#*itary sewer manhole locations

kt@*igure 2-2 shows storm sewer
**fj.rnie, EPA-ORD, and Smith, et
1%0**sampling sites in surface waters
1**and Cayuga Creek and the
Rksampled by EPA-ORD, Malcolm
*tate Department of Health.
f5

1, r £-1 - V AW U.LU .... L O Call

4- .„e sanitary sewers and, therefore,
all data reported her¥ 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

e
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91st & Luick

2) 9,400 ug/kg
4) 3,400 ug/kg
5) 4,800 ug/kg MH-264MH-759

1) 30.0 ppb1) 2.5 Dob

MH-786

MH-765 · i

1) 6.3 ppb

1) 5.9 ppb :i-

·X •

.-'

MH-457

:: ...:t: 2) 140,000 ug/kg
MH-777 3) 130,000 ug/kg

2) 6,400 ug/kg
4) 4,000 ug/kg
5) 5,200 ug/kg *:·-k·:2 /  *« { 3 r

41

MH-779 
2) 56,000 ug/kg
5) 43,000 ug/kg 

t

y:
N-

KEY

1) Dioxin

2) a-BHC

3) B-BHC
L

43 6 -BHC SCALE: 1"=600'

5) Y-BHC Figure 2-6
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Containing Dioxin & BHC Isomers I
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17,000 ug/kg

MH-754

4,800 ug/kg

MH-752

6,000 ug/kg

MH-457

2,900 ug/kg

1
N

1

MH-779 ..·»::·U U'....:.s..:4 f..·{ .:.. bi
35,000 ug/kg · ' . i i 3 :2

MH-755

17,000 ug/kg

32% ....4.... i j i: ..A i N :4..
4

7 . .

-- tx X.

L
SCALE: 1" = 600' .. tt .6 Figure 2 -7

Sanitary Sewer Sediment Samples
Containing Toluene r---- -

MH-285



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

MH-759

6) 960 ug/kg 42:.
9) . 280 ug/kg i

MH-765 MH-265

P.S. No. 6 9) 4,000 ug/kg 3) 4,800 ug/kg
2) 2,000 ug/kg 
4) 5,600 ug/kg 

MH-777 91st & Luick - : 6) 160.000 ug/kg
..:ii 9) 20,000 ug/kg

6) 7,400 ug/kg 6) 37,000 ug/kg 7 3) 3,800 ug/kg  <
9) 6.000 ug/kg 4) 14,000 ug/kg

6) 29,000 ug/kg .
: A 9) 7,400 ug/kg 'f \

MH-262

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

- MH-264
6) 5,200 ug/kg

MH-755 kE:E

' 4)2,200 ug/kg

MH-285

4) 12,000 ug/kg

MH-251

- 6) 11,000 ug/kg

4)

MH-457

3,900 ug/kg
24,000 ug/kg

6) 510,000 ug/kg
9) 85,000 ug/kg

C MH-754 7-9-44-4 MH-750

4) 4.400 ug/kg : . 4) 480 ug/kg

MH-786

6) 300 ug/kg
MH-779

1) 78,000 ug/kg
2) 34,000 ug/kg
3) 52,000 ug/kg
4) 98,000 ug/kg
6) 310,000 ug/kg
9) 82,000 ug/kg

KEY

1) Chlorobenzene

2) 1,2-Dichlorbenzene . 4
3) 1,3-Dichlorobenzene

4) 1,4-Dichlorobenzene

5) 1,2,3-Trichlorobenzene

6) 1,2,4-Trlchlorobenzene

7) 1,2,3,4-Tetrachlorobenzene

8) 1,2,4,5-Tetrachlorobenzene S
9) Hexachlorobenzene

MH-773

3) 4,000 ug/kg
4) 15,000 ug/kg

6) 20,000 ug/kg
..4

S. 4

-9X 1
t.1 1

1 A .N

:ii... i>

A i '11
ij. i 41. H-i,Ji I 3 33 &: 3 5 2

' ' 1.1 j{ / 450 A. i: 1
4, i I

·i EN*-9*.-.fL 11

Figure 2-8

Sanitary Sewer Sediment Samples 
Containing Chlorinated Benzenes KE:/1,11111
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Table 2-1·

Summary of Chemical Concentrations in the Sanitary Sewers
Malcolm Pirnie Data Taken in 1983

Nondetect Samples
.

Concentration (Ug/kg)

Number of · Detection b
Chemical Median

to
1

Ul

COM02/d.507

,les Number Limit (ug/kg) . Maximum Mean
D

15 0.20-210
C

30 3

24 200-20,000 85,000 10,000
200-20,000 140,000 9,800

200-20,000 20,000 4,100

130,000 7,800

2,000 78,000 4,500

31 35,000 4,300
28 28,000 6,700
28 11,000 1,700
28 *0¥000 2,300

.rations.

the detection limit for nondetect samples. I

i detection limit of 210 ug/kg. The next highest detection 1*ma was -2 ug/kg.

TCDD 1

Hexachlorobenzene 4,000
a-BHC 4,000

8-BHC 4,000 -
A-BHC 4,000
Chlorobenzene 2,000
Toluene 2,000
Arsenic 5,300
Cadmium 1,000
Thallium 1,000

a
Detected concent

b
Calculated with

C

One sample had 2



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 PFesents 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 sur face and average- Sils.

Only three samples of the sewer liquids # taken and all
concentrations were reported as nondeted# Janic detec-

tion limit of 10 ug/L and inorganic d.*gmit of
1,000 ug/L), except for one sample tha*naa't**rted concen-
trations of 1,2-dichlorobenzene, 1,44»chlorobAzene,
1,2, 4-trichlorobenzene, and hexachl#*069zene under 1 mg/L
each.

2.3 STORM SEWERS

Both Malcolm Pirnie and EPA-ORD tooN.
sewers. Locations of detected conceni

Figures 2-9 through 2-13. The*emee-•1

in Table 2-3 for the Malcolm,
the EPA-ORD monitoring studl#et #*t
sediment samples for Malcolm%*1*n**Fclata) . A comparison of
the two tables suggests that 6¥***ncentrations of TCDD, BHC
isomers and hexachlorobenzene R*% decreased, usually by at
least an order of magnitl in *19 2.5 years between the
two sampling periods. reported TCDD concentra-tion went from 650 ug/]**Lrr study to 1.9 ug/kg in
the 1983 study, and th#Altea#*8¥*entration went from 49

*MfiR NAh*#49
Ug/kg to 0.82 ug/kg i4*2982(*Er These decreased concentrations
are consistent with washout of the sediments

egijakywam#44# .

from sewer water floE901%**eeg the cutting of the sewer
connection from theff**W£1*#i*mnediately adjacent to the Canal

Swn"44*-PAm"
to the remainder •11*,IMMMIHE) Other explanations for the con-
centration decre(2 changes in the sampling locations,
or analytical td#Nhique)*Annot be completely ruled out,
however. In- cqast, 0**centrations of the volatiles

/6luene and cb#enza have increased in the Malcolm
(Pirnie data·co : EPA-ORD monitoring study. Since

both studies repoY*i#**bstly nondetectable concentration for
both volatiles, the AP©arent 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 als6 reflect the differ-
ences in detection limits.

#*(*).es in the storm
55*yions are shown in
teations are summarized

*y and Table 2-4 for
Iht concentrations for

B-6



Table 2-2

Soil Inorganic Concentrations (ug/kg)

Love Canal EDA Surface

Chemical Maximum Mean (a) Median (a) Average Range

Arsenic

Cadmium

Thallium

(a) Uses detectio

(b) U.S. value (K

(c) Mean value.

(d) Global value

(e) Median value.

COM02/d.501

15000 12,000 7000 (b,c) 1000-93,000 (b)
.,28*%000 330 10 350 (d,e) 10-2000 (d)

180 100 200 (d,e) 100-800 (d)

.entrations.

(Bowen,

%%*4*95*
L-6



1) 1.9 ppb '0,
04024 . \ 04506

2) 75.0 ug/kg
3) 14.0 ug/kg
4) 200 ug/kg
5) 12.0 ug/kg

\\ 1) 170 ug/kg

02501

' 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

P it: »

5 i. ..;i :

?..

fit

I ©C .... I.. i.¥

P .... .. . 1 . .

! 1 3
: 71.... t '9

, : 1 :i<' A....
.

t ; A:) '2· ti
i .\29 ' 1:n...

f.: ...52 , 71 4- ;  i 'N i:) IR i: !f;:
3,265'-* V\\ i i :

.. f.i' A.... i
* ·. '. i

%4...<%%
t. \ \ ··d

ii :

:#

ii: · :.4 **
:R··

i M

.. %.4..

.

02031

Ft*{/: 1) 0.419 ug/kg
{/ 1 0.165 ug/kg
1 2) 92 ·ug/ki
F. 3) 71 ug/kc

4) 222 ug/ki
5) 79 ug/ki

Il 0,

?··26:
M G :i

:

fli

......

:

02032 j

2) 19 ug/kg - +.
0* 3) 15 ug/kg t 
4)54 ug/kg j .

:uL"

LaE

'....

*%*
>.

kk::%

3 4.

1 :.·: :i I

4

:·¢i : a

 :;:It. i :

/:%.

: i4

i. i

i*1

3:

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

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

11031

1) 199.00 ug/kg

EST, 6

1)120 ug/kg

/1

.i: ''S f.9 .  U'/Al i: . .... t.

\ p 14.t El: i i ! 4 H

EIN Ii:
.: 1 ::· :·: . i

E{: :E: 1

EST, 5

1) 0.9 ug/kg

11032

1) 0.2 ug/kg
/

:3-2.-11 I

Uk:t., 12: I 1
0901709 :A-

9 2) 21 ug/kg

r

08015

.1) 0.40 ug/kg
2) 123.0 ug/kg
3) 560.0 ug/kg
5) 35.0 ug/kg

\L- MH--415
1) 0.87 ppb

01028 03510

2) 8.2 ug/kg 2) 32.0 ug/kg
2) 17.0 ug/kg 3) 135.0 ug/kg

3) 10.0 ug/kg 4) 111.0 ug/kg
3) 18.0 ug/kg
4) 15.0 ug/kg 03511

4) 5.0 ug/kg 2) 36.0 ug/kg
5) 4.6 ug/kg 2) 75.0 ug/kg

3) 22.0 ug/kg
3) 8.0 ug/kg
4) 49.0 ug/kg

.. 5)21.0 ug/kg

: 10032

1) 0.2 ppb

3) 86.0 ug/kg
5) 12.0 ug/kg

MH-412

2) 11,000 ug/kg

EST, 4

1) 312 ug/kg

4 - 97th@Frontier

3) 6,800.0 ug/kg

11033

1) 393.0 ug/kg

SCALE: 1"=600' 1) 303.0 ug/kg

1) Dioxin

2) a-BHC

3) 2-BHC
4) 6-BHC

5) Y-BHC

EST, 1

«,frrr 1) 31 ug/kg

Figure 2-9

Storm Sewer Sediment Samples liNiMM
Containing Dioxin & BHC Isomers -

L

MH-712



097530

< 2) 5.0 ug/1
d) 7 4 1 In/1

51 d.7 ug/1

04506

3) 0.4 ug/1
4) 0.8 ug/1

J

i.&.i 3

;t: 4
71 >&>

1 1.fin ,--

i&

04509

2) 2.9 ug/1
4) 0.9 ug/1
5) 3.4 ug/1

Ck'/.,2.,d

4:t iI 1 /4
i !      :. 1

i.:? i ;i
$

i' 1,
... I $:

H
I.

t.

6 INI)131: f!(iIi .'.·'6. i
04508?Ab..

./. . . ... . . D:.?3::..:: A i . ,.. % A · ..:i *31<: 4 lit 2) 8.05 ug/1. . 4.13...

.. ... . 4

\Y: :

0% 74 9 i iI.

-            i: *i i::
.. . 4 i

1 U :i
...1  ...<li- N., · ·

29/ n
I il i: rs f.¥ 764 I

1.\ 6/ A i :t ts: 1 4
rri

- \1.: Lkl 41 V.JI Uy"

.,

it·kia--irir - 5) 1.4 ug/lC-/=--4- 1 1 1 1 1 1
1 .1

i -• f.2.·ij·'····li:f 9301 1i /./ ji

<
f

4 i <i409 A

11 A M

3) 1.66 ug/l
4) 1.35 ug/l

i M·: i i

iii j

11032

2) 1.2 ug/l
3) 0.16 ug/l
.t I. .4 ..-/I

i. i. , :·: *8 4.S:

i ./ . IiI E

X·

%

01028

M 1\ I.
1

--
:%: I

:33 .:E

41 4 :1: \ ii i %1
.. :I

E Hi · A
.

E i.?4 ./

/ 1 i l. E i L 08015
..

f,„.:.: i : : **Li:'.":N 3) O.012 ug/l
h 2) 0.14 ug/l

.*4:.
4) 0.24 ug/1

97518 2) 0.004 ug/1

2) 0.6 ug/1
3) 0.006 ug/1                                        £ 1 5) 0.20 ug/1

··

3) 0.092 ug/1
4) 1.9 ug/l :?.i::%::..A ../

5) 1.2 ug/l . 03511 0.0/ffr D
2) 0.008 ug/1
3) 0.01 ug/l
4) 0.01 ug/l

-_ 10034
11033 __1-1.-7

2) 0.32 ug/1
2) 10.0 ug/l                                     3) 0,19 ug/1
3) 5.4 ug/1 4) 0.48 ug/1
4) 14.0 ug/l                                                 ./ 5) 0.69 ug/1
5) 11.0 ugn

SCALE: 1" = 600'

KEY F

1) DIoxin (NOTE: No Dloxin Wai Found)
2) a-BHC

3) 8-BHC
41 6-BHC

5) Y-BH
Figure 2-10

Storm Sewer Liquid Samples
Containing BHC Isomers



MH-719

/ 1) 55,000 ug/kg
97530

/ 2) 210,000 ug/kg
3) 29,000 ug/kg
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

04506

< 1) 12.33 ug/kg

MH-715 ./1 .<.. F
.

1) 18,000 ug/kd
4) .5,600 ug/kg t   t 
6) 12,000 ug/kg >:

02501

L/- 1) 61.0 ug/kg
/9 3) 305 ug/kg

6) 1,300 ug/kg

i. ·t?.6

.

R>

1 1.:i

B% 02031

MH-221

.,bi 6) 26,000 ug/kg
-%> 9) 9,200 ug/kg

,  6) 530 ug/kg1: i :

ih.'..L..i#i·/.:,7
mi: 20 43 .

IT f i:

i.:.¥

Al · ...1 '

f£

i h
b./

2 Se.

/51..
......

1

E*E

t:> i

im

118·

74: 02032

U: 7 it-'.. ':

t%

i*

04508

1) .7.9 ug/kg
2) 770 ug/kg
2) 1,700 ug/kg
3) 300 ug/kg
3) 500 ug/kg
4) 400 ug/kg
4) 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 ug/kg
9) 13,100 ug/kg

07018

3 1) 33.0 ug/kg · 1 5) 530.0 ug/kg

r«\/f- 6) 310.0 ug/kg
7) 3,000.0 ug/kg

1 0 I
MH-714 .07\.\ 11030

6) 39,000 ug/kg \fur<-,·'- i (tr- -•r·--·4*-•-•.•.w-.-4•.••.••.....,.......:<.,* ,v-.*A •.w ..'•,.., f 2) 280 ug/kg43

4) 330 ug/kg:j: :. .'= : U.B. :. A

t ·, t., lA A N: 6) 910 ug/kg
9) 1,300 ug/kg- 11. - 'i k I i;: t:i .4 :2% .......

E 3 5 :1 E: 2. PE 439 1 :f·.11: :1 1 .       : ·: 11031
: 1 j ::i · li : i:

4 1) 4,545.0 ug/kg
2) 5,700.0 ug/kg

i 6) 36,300.0 ug/kg
- - 9) 590.0 ug/kg
: : 9) 6,500.0 ug/kg

lA

iii

ii:

.%

:i

} R>i
2_ 08015

6) 250 ug/kg:Y

·X, iii

03511

MH-415

1) 5,900 ug/kg

11032

6) 240 ug/kg
6) 490 ug/kg .....
7) 3,400 ug/kg
8) 590 ug/kg

·bl'

97th@Frontier _

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

- " 9) 3el non .,-4. 1,WWW ..•,tj

9) 43,000 ug/kg

N-

.

............

4.. 3%.· 1 ) 6,600
2) 6,400

8 *.4) 9.200
rE) 48,000

ug/kg·:

ug/kg.:R Z

di ·i:i '2·l R: I.).'F:· '·Q:f·:·.·:.2:4..
2.23

10032

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

MH-412- -

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'

1) Chlorobenzene

2) 1,2-DIchlorobenzene
3) 1,3-Dichlorobenzene

4) 1,4-Dichlorobenzene

5) 1,2,3-Trichlorobenzene
6) 1,2,4-Trichlorobenzene
7) 1,2,3,4-Tetrachlorobenzene
8) 1,2,4,5 Tetrachlorobonzene
9) Hexachlorbenzene

Figure 2-11

Storm Sewer Sediment Samples
Containing Chlorinated Benzenes
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04509

' 8) 62.0 ug/1

97530

3) Trace

5) Trace

6) Trace

7) 21.0 ug/l
8) Trace

:k

.27

E4

:1

ii

./RI-

'+19/:·I· A 1

iji . 31:..i
f

i:
,5::

it .

C..g \ i
P:

CX·A

?it

..::+SEAKS.

./:
E€E

i:*

04508

3) 0.09 ug/1
3) 0.26 ug/1
4) 0.12 ug/l

iLINDBEHCD·i ,91 iii . .. · ···· · ·· · · S'<iii 6 .MA:(..P·B :':i ?.Bi :3 a: . 4) 0.59 ug/1

Ci.An 9... r : 3§:L? 1 <i 4 i:?6 5) 1.56 ug/1
. 1122

2 ::i< :I· 5) 1.08 ug/l
. 3: {iME A .81A: · ··· hF 6) 3.63 ug/1

'%.i 9 g 7) 25.03 ug/1
* 749 :2. h i y.*:Uni g 7) 4.79 ug/1

4 m 8) 1.72 ug/1
il 4 H  A . d>.2, ·. ''l :s Hi ,·S> bt; 9) 0.29 ug/1

't, 1. i i i i ...Ch ·· :. . 4iiI: ':: I 1:·:w::':j:; l:ji .:i j·.i:.-ti{·{ i l *41$ i  ::. 2.0:7'.
08015

?8 b i - .... I.

i ::;·C.·gr'.:·* 1/.i 1 \ i !: Al ":: ·x .3 :N X .. a . 4 *fiE % i 1 : 1.- 5) Trace
. ER: EN *{ / i; i 6) Trace

F: r . ., ··t·: '.R:·. ·i. 3 0 «i  1  i i * i }i / {9 7) Trace4'st:; 91''i ,<:4 ....
f %:- 1 iiI := -4-1 1. 

.

E lic i 8) Tracei M i C i .        .>.I : i -4 i Fl 1 1
s : 401?

111·:... i: h. ...: .e···· ··· ·s* ··· -r·-+4J
i :

0%. fo 2 1 2. : i j. . i: L: .:.ES; :i ·34
: d· ··: C i=4=#.Za=ao=?-LL</4  .... I :: .: k i::

4 7 :=i i: fil: : : d
..

. . ...   .0: ?i : t< '
E ._ 4.2 ? hy i. ·: ··<: :.: :· > I

... 1 : · ··5 k:

1 /6 4
.:: ::i:i

. 1 . ·· F.; Di :': ii U
...,,,... i i·i #:f:

5 2·57/ I .,>.::...

: i: i ::: .... i:

... X:;

...... I
':1 ::: ...« ., . . .. .1 ..

. W. :,/.0 ..

11033
......

·

3) Trace

5) Trace 

6) Trace

7) 120.0 ug/l
8) 19.0 ug/l

-

SCALE : 1"= 600'

1) Chlorobenzene

2) 1,2-Dichlorbenzene

3) 1,3-Dichlorobenzene

4) 1,4-Dlchlorobenzene

5) 1,2,3-Trichlorobenzene
6) 1,2,3-Trichlorobenzene

7) 1,2,3,4-Tetrachlorobenzene

8) 1,2,4,5-Tetrachlorobenzene
9) Hexachlorobenzene

Figure 2-12

Storm Sewer Liquid Samples 
Containing Chlorinated Benzenes fF:r!17117,



04506

MH-719__  < 237 ug/kg

3,700 ug/kg

/ } 1 2MH-715

2,400 ug/kg .

iii

i

.r.

i:

$

MH-221

0.9 ug/kg

48:35.'·S.S.

i

/

4/v/505

'55-X..
\\\

'L 1 N i ) I R t: FE{; :· i ,:. v

h.ff.

26 u..b'

i id
li ii+

it·, 74 9

I .14:.
i?...0.

:>S· i
c '[):3 : 1' i

X*S

02032 '

2) 20.0 ug/kg  ···... ..

y -0.. 1 3
:

6:.Al& 1

E-:

Iti i-i- iii
42 1 <3 4 2
Ni t.:. y· 4

f. $; s..6

*4.-m R
4 13%

Y .
ir:

··Pi:

i: {

04508

2,700 ug/kg

11031

5,045 ug/kg

0 11
t=====*=il

'1

1 il\

i

t: 1
4.'

.·' .,9:$ 42
0-:t :,4, $<

$

i

E»h

i.li

... : : f i

4-

...:: 0 0 1:

/:.6
.:i

:>

Ii* i * iii 
41: jii 81

All
i......s*......4:3:3:/9/14 .0.

EFF 31.46......NE:
R- - i- i MHz-415
im ti i "f-

3

%k1

4,400 ug/kg

 **/6#  .: hi ·Di i ii i 2.:
.,y·

1 i

99@Frontier ,:>0/··.... "····..
-N- 8,300 ug/kg

MH-412...:7-

280,000 ug/kg

SCALE: 10'=600'

Figure 2-13

Storm Sewer Sediment Samples CH2M
Containing Toluene 1IHILL

-



Table 2-3

Summary of Chemical Concentrations in the Storm Sewers
Malcolm Pirnie Data Taken in 1983

Nondetedt Samples
Concentration (ug/kg)

Number of Detection

Chemical Limit (pg/kg) Maximum (a) Mean (b) Median (b)Number

10

16

20

18

18

18

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

8-BHC . 200-28,000 28,000 5,800 4,000
X-BHC 200-28,000 28,000 5,600 4,000
Chlorobenzene 2,000 55,000 7,500 2,000
Toluene 2,000 280,000 16,000 2,000

0 Arsenic
1

m Cadmium

Thallium

18,000 10,000 10,000

454407' 1,700 1,100 1,000

23,000 3,720 4,000

(a) Detected concentration.

(b) Calculated with the detection limit for nondetect

COM02/d.506

r.



Table 2-4

Summary of Chemical Concentrations in the Storm Sewer Sediment
EPA-ORD Data Taken in 1980

Nondetect Samples

Concentration (pg/kg)
Number of Detection

Chemical g/kg) Maximum (a) Me an (b) Median (b)Number Limit (p

18 0.0

3 24 85

6

6

6

7

28

28

28

icentration.

vith the detection limit for nondetect s28*i

TCDD 2 650 49 0.02

Hexachlorobenzen€ 1,800,000 65,000 85

a-BHC 483,000 18,000 6
B-BHC 211,000 7,600 6
A-BHC

Chlorobenzene

Toluene

T Arsenic
Cadmium

Thallium

(a) Detected cor

(b) Calculated p

COM02/d.508

744,000 27,000 6

4,600 220 7

5,000 200 7

13,000 1,600 20

2,400 1,000 10

100 100 100

t.

1I



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 liquidbwere reported by
%*50

Malcolm Pirnie and all concentrations wet»near the detec-
1-/0.-Iqi

tion limit (10 to 20 ug/L for organics 48*1000 ug/kg for
inorganics), except for reported toluegntrations of;9/*A#»WW*i,:84-
2300 and 2900 ug/L. EPA-ORD took 28 44*N**g?*0-he storm
sewer liquids and the highest reporte 1¥ion was 120
ug/L Cone sample of 1,2,3,4ltetrachl-Hbenzene) (Figure 2-12).

2.4 CREEKS

-

Sampling results for the creeks a*06.sl®*n in Figures 2-14
through 2-19, and the concentrat summarized in
Tables 2-5 through 2-7 (wet weight 8*1****rations for
sediment samples for Malcolm Pirnie dit*i¥. No summary
tables were prepared for EN**0*018**h because of the

limited number of samples tsamples from Black 1·

.%.3.24 -4

Creek, three sediment sample***rorn**rgholtz Creek, and
one sediment sample from Cay&0*. The highest
concentrations o f TCDD in the h¥*ent were near the
confluence of Black and Berghof#reeks, where several
sampling programs detectbetions in approximately
the same range of conced*jej****m. Nwith a maximum of 45.8
ug/kg. Concentrations* pam¥*Away from this confluence
generally approached mge]Gr than 1 ug/kg.

6*94¥
48*E .&#&90 .

Only two liquid samp taken by Malcolm Pirnie and
only six liquid sampi*aken in the EPA-ORD monitoring
study from all cre4**33€91¥2*trations were reported as non-
detects (about 10,0ia¥'Se@&horganics, and less than 1000 ug/L

43¥,:70 - ™'41WmF,wia
for inorganics) .*#b voI*#ile organics were reported in the
creek sedimentszwate]

3%5*.947 ·

2. 5 102ND STSIJTP' AND THE NIAGARA RIVER
-1@=.21 44*g

,»93*0
Sampling results a/@arized in Figures 2-20 and 2-21
(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.

once

the

: t...................
4 '

B-10



D-7M

t:*. J.: Dor.:' .11:)* 9.aug/kg ·.
.:DOH, 41329

DOH, 41330 30

04016

/ 11 1.32 ug/kg
2) 146.00 ug/kg
4). 38.0 ug/kg
5) 2:1:.0 ug/kg

B-1 N

< 1) 1.3 ug/kg

DOH

11 7.0 ug/kg...3
DOH, 41331

11 0.11 ug/kg h
DOH..

:1) :0.82 ug/kg  3:........'' *. 5'*.:'.'3)59.0 ug/kg
...5:mu) i       5) 52.0 ug/kg

1 j ·1:1 ug/kg

N oF t€P::Ot3¤ 49/kg.:... li:; 1 7 ii *i:%., 1 ·9',1DOH. 3S U. -3. : ..f:· m j.76 un/kai n
1·)* 0.23·ug/kg -+

i 1) 29 :ug/kg 1 9-·¥95 :··ge*F

D-9N

difil) :45.849/kg : 4...j -444*s,0.:4.-·

H-LF.....li %.. i :1...1*0*42&9;794 :ug/kg f.
F f '· :.f: #*$*5$83. ·3:2 .: N IF· Imd7 Al# 3) 1KW# :uglkg 1

:: .F .1 il. i 1 4) 201082 Hug/kg ¢
' ·.'ff ·:.: ::·*. ii · f* : 6) ...6326 ·ug/Ko ,

9%%3?k 2•4. ··
9754

*a' 2 1) 14 ug/kg:. j C .0

.

#665.0 ug#**4.·:DOH, IS

I'7 1) 0.012 ug/kg 97537 _

2) 33,000 ug/kg
3) 390 ug/kg
5) 2,500 ug/kg

N-

1) 1.2 ug/kg

04014

1) 0.075 ug/kg
2) 32 ug/kg
3) 18 ug/kg
4)·38 ug/kg
5) 8 ug/kg

97543

' f) 0.102 ug/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
*P43 ug/kg
4) 56 ug/kg
4.) 28 ug/kg 
5).34 ug/kg
5) 20 ug/kg
5) 31 ug/kg

97536

2) 300 ug/kg

3) 75 ug/kg
4) 45 ug/kg

l. 5) 30. ug/kg

KEY

1) Dioxin

2) a-BHC

3) 8-BHC Figure 2-14
4) 6 -SHC Surface Water Sediment Samples
5) 7-BHC Containing Dioxin & BHC Isomers

1 '9*.*j/3: 1
6<4*··•*

C

:k:S: ..



04016 3 - 4 R 4 :
/ Trace

/ 14.0:ug/kg
15.0 ug/kg

04015

63.0 ug/kg-
24..0 ug/kg

f.$·6568

3.

97537

37.0 ug/kg
8.0 ug/kg

97543

14.0 ug/kg
Trace

97542

629 ug/kg
Trace

N- 97536
65.0 uc

47

E-9

ug/kg

3,200 ug/kg

Figure 2-15

Surface Water Sediment Samples
Containing Toluene

...

...

97526

track N R

1911
ta-



04015

04016

1) Trace 

2) Trace ....t ··· 3) Trace V. %
4) 429 ug/kg · \ /
5) 138 ug/kg  
6)Trace .. :·.::· \ 1.·

97526 7) Trace.

1) Trace, 4 - d. 1 91 Trace2) Trace 2 0·,7,.3NO  . H . i X i
4)661:ug/kg 4 v 41 3 ·:                                                                                                                                                                    . .1 . ......1 ...'.. .2%.

8} Tticer ·.

Il) Trace

1) 11.0 ug/kg
2) 975 ug/kg
3) 4,267 ug/kg
4) 12,596 ug/kg
6) Trace i

7) 18,195 ug/kg
8) 0.Oug/kg
9) 1,231 :ug/kg

7\- 04014
1) Trace

ii

WBWB

7%4% 97543

1) Trace

1) Trace

97541

4) 150 ug/kg

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
6) 56,000 ug/kg
7) 9,600 ug/kg
8) 52,000 ug/kg
9) 11,000 ug/kg

97536

.v.J uy/-9 1) 2.0 ug/kg
KEY 2) 100 ug/kg · 6) 2,200 ug/kg

3) 7.4 ug/kg 9) 7,800 ug/kg
1) Chlorobenzene 3) 7.3 ug/kg
2) 1,2-Dichlorbenzbne
3) 1,3-Dichlorobenzene
4) 1,4-Dichlorobenzene
5) 1,2,3-Trichlorobenzene
6) 1,2,3-Trichlorobenzene Figure 2-16
7) 1,2,3,+Tetrachlorobenzene
8) 1,2,4,5-Tetrachlorobenzene Surface Water Sediment Samples
9) Hexachlorobenzene Containing Chlorinated Benzenes



2) Trace ·

3) Trace

5) Trace

1 EC (1979)

21.<..0.001.ug/1
3) 0.005 ug/1
5) 0.001 ug/1

EC (1980)

0.004 ug/1
3)

4)
< 0.001 ug/l
<0.001 ugh

tZ

97537

2) Trace

3) Trace

4) Trace

5) Trace

92

97543

2) .011 ug/l
3) .005 ug/1

KEY

1) Dioxin (NOTE: No Dloxin Wai Found)
2) a-BHC

3) B-BHC Figure 2-17
4) 6-BHC Surface Water Liquid Samples
5) Y-BHC Containing BHC Isomers

-=13·

.%€20+

1

......



:9754

0401

04016

3. j'* Trace >

ice · HI

4(*49 97543
/446

Trace

9

\ 97536
35.0 u

2-18

7537

Trace

Figure =13=
Surface Water Liquid Samples »A::c,
Containing Toluene IEFIE

94,4.



.

i
.
..

97537

L- 2) 2.0 ug/1
/ 3) 3.0 ug/1

6) 7.0 ug/1

KEY

1) Chlorobenzene

2) 1,2-DIchlorbenzene
3) 1,3-Dichlorobenzene

4) 1,4-Dichlorobenzene
5) 1,2,3-Trichlorobenzene

6) 1,2,3-Trkhlorobenzene
7) 1,2,3,4-Tetrachlorobenzene
8) 1,2,4,5-Tetrachlorobenzene
9) Hexachlorobenzene

Figure 2-19

Surface Water Liquid Samples

Containing Chlorinated Benzenes 
r -



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

WDR101/011

Allf#mples Number Limit (pg/kg) Maximum (a) M€

4779.

13 0.05-0.62 4

15 200-2 000 2 000

200-2,000 2,000
200-2,000 2,000

2,000 2,000
2,000 2,000

2,000

13 43,000
13 2,200
13 17,000

*40*39

icentration.

vith the detection limit for nondetect ska# 14,3

Chemical 'an (b) Median (b)

TCDD 0.5 0.1

Hexachlorobenzen, 690 0.2

a-BHC 690 ' 0.2

2-BHC 690 0.2

A-BHC 690 0.2

Chlorobenzene 2,000 2,000
Toluene 2,000 2,000
Arsenic 27,000 27,000
Cadmium 1,300 1,000
Thallium 9,800 9,200

(a) Detected col

(b) Calculated r

IT-EI



Table 2-6

Summary of Chemical Concentrations in Bergholtz Creek Sediment
Malcolm Pirnie Data Taken in 1983

Nondetect Samples

Concentration (ug/kg)
Number of Detection

Chemical Limit (ug/kg) Maximum (a) Mean (b) Median (b)

0.03-1.00 46 3.9 0.2

200-4,000 4,000 710 200

200-4,000 4,000 710 200

200-4,000 4,000 710 200

200-4,000 4,000 710 200

2,000 2,000 2,000 2,000

tI:j
1

.A*%8ples Number

'12

15

14

14

14

TCDD

Hexachlorobenzene

a-BHC
4

8-BHC

A-BHC

Chlorobenzene

Toluene

Arsenic

Cadmium

Thallium

(a) Detected concentration.

(b) Calculated with the detection limit for

COM02/d.504

F 2,000 2,000 2,000

40 000 25 000 32 000

2,200 1,100 1,000

22,000 9,600 8,800

ondetect sa a



.€*F--

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

Chemical Median (b)

TCDD O.3

Hexachlorobenzen€ 200

a-BHC 200

8-BHC 200

A-BHC 200

Chlorobenzene 2,000

Toluene 2,000

 Arsenic 27,000
p Cadmium 1,100
w Thallium 12,000

(a) Detected -

(b) Calculate

COM02/d.503

les Number Limit (ug/kg) Maximum (a) Mean (b)

13 0.07-4.50 ND 0 56

13 200-400 400 220

200-400 400 220

200-400 400 220

200-400 400 220

2,000 2,000 2,000

49.2 000 2,000 2,000

13 ./00 170,000 46,000

13 2,400 1,400
13 16,000 10,000

icentration.

Ath the detection limit 'for
44&74.-1477



1) DIoxIn

2) a-BHC

31 8-BHC
4) 6-SHC
61 Y-BHC

21 4,100 ug/kg 1
2) 360 ug/kg , 
3) 49,000 ug/kg i l \ E-8
3) 360 ug/kg i                  / 2) 5,800 ug/kg

4) 260 ug/kg t..i   , ::.$>  31 1,700 ug/kg5) 440 ug/kg :3

F.8

' 1) 3.3 ug/kg
2) 780 ug/kg
3) 300 ug/kg

3

1.1 24 :Vi 22 M.C . F..4 ib i
X·

X. 2
R'int#6 2$i¥/

rE
V

24 G-9

1 i 1 6 1 i 1 6 1 i f i j 5 - 1 1 i N¥ . 8,600 ug/kg
. 18 " 7 1 2:it:·74 :*: 1 01: i.:0 87 ':

K-21

E-4

2) 220 ug/kg

G-6

2) 45,000 ug/kg
3) 26,000 ug/kg
5) 2,400 ug/kg

K-6

2) 350 ug/kg

2) 2,600 ug/kg
3) 580 ug/kg

Figure 2-20

Surface Water Sediment Samples 
Containing Dioxin & BHC Isomers£

SCALE: 1"=300' 102nd Street Outfall

KEY
E-9



KEY

1) 9,100 ug/kg
2) 36,000 ug/kg
2) 300 ug/kg

11 Chlorobenzene

21 1,2-DIchlorbenzene
3) 1,3-Dlchlorobenzene

4) 1,+Dichlorobenzene
5) 1,2,3-Trichlorobenzene

6) 1,2,3-Trichlorobenzene

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

3) 1,700 ug/kg
3) 64,000 ug/kg
4) 54,000 ug/kg
4) 300 ug/kg
6) 6,400 ug/kg :
6) 300,000 ug/kg i E-8
6) 12,000 ug/kg l.1
9) 960 ug/kg i·.4 :kt :.> :i 1) 5,200 ug/kg
9) 780 ug/kg Vi  6) 1,800 ug/kg9) 52,000 ug/kg V   /

E-7

1) 3,300 ug/kg
2) 330 ug/kg

2.

E-10

1) 14,000 ug/kg :S ··«.. 3.

4) 1,800 ug/kg . 'cl ,: : A£W,r,,0

2.·I:

2 2 '.ii:

-18 :7 9'. :: i'/1 :*3 1· k: iD 0 :;: , i :,1 .

4) 420 ug/kg
F -7

22---------- 1) 2,800 ug/kg
1) 27,000 ug/kg

F-9

3) 6,400 ug/kg
: 4) 9,600 ug/kg

6) 88,000 ug/kg
6) 800 ug/kg
9) 6,800 ug/kg

G-6

2) 5,200 ug/kg
3) 3,000 ug/kg

K-21 4) 5,800 ug/kg

6) 280 ug/kg 6) 21,000 ug/kg

F-11

1) 13,000 ug/kg G.11

2) 360 ug/kg . 1) 1,100 ug/kg
4) 260 ug/kg

u.eg/kg

H-10

6) 560 ug/kg

Figure 2-21

Surface Water Sediment Samples 
Containing Chlorinated Benzenes£*

SCALE: 1"=300' '102nd Street Outfall
."I

E-9



Table 2-8

Summary of Chemical Concentrations in the.102nd Street Outfall Sediment (a)
Malcolm Pirnie Data Taken in 1983

Nondetect Samples

Concentration (ug/kg)
Number of Detection

Chemical Limit (pg/kg) Maximum (b) Mean (c) Median (c)

tI;

1

les Number

30

31

31

31

TCDD 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

8-BHC 200-400 26,000 1,300 200

A-BHC 200-400 2,400 280 200

Chlorobenzene

Toluene

Arsenic

Cadmium

Thallium

2,000 2,700 3,200 2,000

0*000 2,000 2,000 2,000

21,000 11,000 12,000

1,100 1,000 1,000

7,200 3 500 3 700

CAmnleq

(a) Between rows F, J, 3 and 16 of Malcolm Pirnie.
(b) Detected concentration.

(c) Calculated with the detection limit for nondetect

COM02/d.502

99 43 1 -'2 ':31· L



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

cray fish were taken from the creeks and r*rs, and the re-
sults are shown in Figure 2-22. TCDD co:#*trations were as
high as 417 ng/kg wet weight (sample ta]** in 1980), and
there were several samples above 25 ng,*0*0L More recent
samples from 1984 from the New York De#*¥1*6*1&*g,f Health had
reported concentrations as high as 12g/k weight.

20:9

TCDD concentrations in spottail shi#**s *ave also been
measured at other areas of the Niag#*6 *44*er. In 1981,
15 ng/kg was measured near Fort E a·nondetect (de-
tection limit 1 ng/kg) was record€*6*982. A concen-
tration of 1 ng/kg was reported ust upstream of
Grand Island, and nondetects were rewal*¥8 ln nearby areas.

A concentration of 120 ng/kg 1 in 1982 about half

way up the Grand Island in th¥45*am<48*a Channel, which is
upstream from the 102nd Streout.**1. A nondetect was

reported a short distance aw&*$*N#*, 1984).

Spottail shiners are small
tend.to school and stay *#i
ments will depend on fo/
temperature and dissolv@*f
sport fish (trout, pe98*1
were reported most of®*A a
10 ng/kg) in 1980, b
nondetects (detectionl#62
Niagara River near
Ontario had conce#*¥80ans

hk·-W·#64.. ·'*#tz@§*&
tection limit 10 *27 kg) *g

...1
Caged freshwate ,<4%
16 days in 19 RA*Lthe#*Ew
The measured cor!on
was 12+ 3 ug/kg weE****ght

fisll€**nder three inches), and
743*est?*2*ed areas. Their move-
@m¥*alab¥lity, predatros, water
0>*4*32 Concentrations of TCDD in
s**Droft*; bass) in the Niagara River
Al.Ar?.

.**ondetects (detection limit
**samples in 1981 were reported as
*L ng/kg) to 30 ng/kg in the Lower
* Sport fish captured in Lake
fhat ranged from nondetect (de-
19 ng/kg in 1980 (NRTC, 1984).

e exposed to the Niagara River for
nstream end of the Tonawanda Channel

of a-BHC in a composite of three
(Environment Canada, 1981).

B-15



Table 2-9

RAW WATER CONCENTRATIONS AT THE NIAGARA FALLS

WATER TREATMENT PLANT (ug/L)

Chemical . 1979a 1980b

TCDD ND

a-BHC ND-0.005 ND-0.005

8-BHC ND ND-0.001

y-BHC ND-0.003 ND-0.005

Toluene ND- 0.063  ND-0.3

Chlorobenzene ND . ND

Arsenic < 1 PI44*la,-

detected.ND-not

Environment Canada 1980. Six or enmples.
Environment Canada 1981. Eleven.4411 40*ve samples.

WDR101/002

·Wwm#,T

8%74¥7

E-B-16



DOH, GF

f-- 1) 10.7 ppt

DOH, 5F

1 ) 50 ppt:

DOH, 3F

11 127 ppt

--04016

..

113 ppt

·· .... .. - .;41§<mage··Ed 219hdif ...:..........J .. STALLING (19854
3) 26...4,6%6;: *rEG¢u.y:0:ma*.

DOH, 2F

lb/*

#Za

SUNS (1981)SUNS (1981)
-\7 1) 4 ppt

1 ) 58 Ppt : i : t " tpOH, 1 F f· . ··': 1) 11 ppt1) 60'pft
3)34*9 ppb 1) 6.8 ppt  3) 31 1 11 ppb

 EC (1980)
3) 33 £ 17ppb

-KEY
1) Dioxin

2) Hexachlorobenzene
3) BHC

Figure 2-22

Surface Water Biota Samples
Containing Dioxin, Hexachlorobenzene
& BHC

.

1 I-

!:IL
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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 dhironment.

3.1 FACTORS AFFECTING SEDIMENT MIGRATI

##0*0

The degree to which sediments can be 10£, ™:* in any me-
dium is dependant on several factors.26*trea**raow is a major
factor with high flows scouring strea*bedimen"6 and carry-

ihgrasticg) .oththedowdstretmndt=lwatdrchemictly
2&(Pew .20*

influence the type and volume of m*¥erp¥ eroded and trans-
norted and the condition of deoos**lor*%1*hen and where it

. - 4%12*$.42-

occurs. Both entrainment and tr®**pg¥¥ depend on the shape,
size, and weight of the particle aff*#theaforces exerted on

1.41*,vankey

the particle by the flow of water. GR*t*these forces are

diminished to the extent thatj#*0,g**port rate is reduced
or transport is no longer pos#3*1*»q#ensition occurs.47"/4·•Nided<*p# "w

65*h. *29
Sediment is transported in s¥**hns¢*En (wash load) or as bed

load, which rolls or slides a.i&*¢¢0he bed of the creek.·G*m64

Sediment moves interchangeably 4.2.L. uspension and bed load.
The rate of bed load tranf#*ort ::; ds on the availability
of sediment and the inf] 44 ange in water flow con-
ditions. If the supplt is reduced by erosion
control the amount of,09 RIFF**1 or sediments will be
reduced, especially ng *gh flow conditions. Suspended
sediment load includ***e***the bed material load in suspen-
sion and the wash loafete the chief source of sediment
is fine-textured ssh load rather than the total
bed material load£ ' 4.*gdflstitutes the majority of the
sediment dischar, 7 Lo**¢*water velocities are required to
keep the finer st ments**in suspension and moving down-
stream. The ccer ma**rial requires higher water velo-
cities before 44.71,Aeined or moves as bed load. Coarse
material will M as rapidly as the finer material.
3.2 PHYS ICAL FEATURES' IN THE SANITARY SEWERS

In*

Most sanitary sewers in the assessment region were installed
by the early 1930's, except fof 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

B-17
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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 nt in evidence at the time of the Malcolm Pirnie
inspection. The sanitary sewers were built without a
drainage for channeling groundwater away **m the pipe.
This tends to produce a waterway around *F along the pipe
which provides for infiltration of grou**hter into the pipe

/=44**4*
and exfiltration of water and material +**ef 1-he pipe into

.

the groundwater through de fective J oin**904 pks (CDM,
1975) . Also bedding material was fou62¥to ckfill of

the original clay trenching materialbjtot crusffed gravel as
was required. Many of the sanitar**ewirs in the study

'404*in. .m,IMN

area have loose bricks in manholes 21*Kiqa*ls a potential

source of sediment accumulation. 4 1*7
.

The flow from Lift Station No. 4 *4*4**gpined with the flows
from the western part of the regioR*%4*#*ye 3-1). They

cross over Cayuga Creek at Military RoS€*and then move on to
Lift Station No. 6. Most of j¢MR™*maN*ter then moves in
westerly direction along Fronitmeml,4%*WN#e. At 74th Street
the wastewater turns north a**,Af 10,/ to Girard Avenue. Tl
flow is then westerly to 66tf¢f.*prdRE.

Occasionally, wastewater from 17*0Station No. 6 can over-
flow into Lift Station NA Ft#**' there, it flows ,westerlyalong Stephenson Avenue*itbbtreet, the wastewater
flow turns north and j 94#0* Mbw coming directly from
Lift Station No. 6 at A% 10**ection of Girard Avenue and
66th Street. Industumal waE#*ewater from the northern indus-

a

le

;$52

trial sector of Niag¢
sewage at this point

&"0%8
to John ·Street and84
The Southside Int
dry weather is te
Treatment Plan. d*(irii
often during.r q**fall
flow through *3o:
Niagara Falls Wastel¢*
ly to the Niagara Rivi

?f@*i.

NE,#emps is combined with the domestic

••491%0+_.--mbined wastewater flows north
*****to 47th Street and Royal Avenue.
ins here and the flow during
Clof Niagara Falls Wastewater

ng ,*h flow periods, occurring most
Southside Interceptor may over-

r**anto the Falls Street Tunnel, which
*fing Station and then to the City of
¥r Treatment Plant or bypassed direct-

1
Discussion 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 1,350 1,550.

Cayuga

at confluence with Little Niagara 28.2

Source: FEMA 1982
kiL

2,650 3,050

5%*%

1,/

WaeFLOOD ELEVATIONS ON BERG AT SELECTED LOCATIONS

tion (ft)
I'%41'b.

Confluence wit***a
Cayuga Creek.y 9" 93rd St. 101st St

(2500 ft)a (4200 ft)

Stream bed 559.84&  560.25 561.0 . 559.5
4.9..m./ *4. I

10-year 567.2**%.00 569.0 569.25 569.5

50-year ' 571.0 571.5

100-year 5 571.5 571.75 572.0

Distance from con**'nce wi#*tayuga Creek.

Source: FEMA 19E #?42

..

....48?WDR101/003

(0

a

-----
-'B- 22
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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®

During the sampling program by Malcolm PiA**e in January
1983, no surcharged sanitary manholes we#*06bserved in the
northern section. Manholes 256 on 101 E - 3#reet and 283 on
95th Street, however, appeared to have sly surcharged
to a depth of about 5 feet. Manholes j *eet up-
stream of 283 also showed evidence of#gt gh 91#. marks and/
or excessive sediment on benches, suggusting past surcharg-
ing. #54&9 A

No signs of past surcharging in 1
tier Avenue were observed during
gation. It has been suggested bj
however, that all sanitary sewerE

surcharging. Surcharging is typ:

hydraulic capacity, pipe cons¤*
sion, sediment deposition, 01**0*%
problems, excessive groundwat*k j
storm sewer interconnections)**€
etc.

Surcharging has been obse inl
ZA·4*'4*'*>FA*69...

92nd Street, 93rd Stree**Re
fall periods. Portabl¢%*u b05#54'frelieve the hydraulic J6r4

y':4iwhigh rainfall at Pasad#*ta #¢ Rek

and 93rd Street, and Ca
the adjacent storm sew*#491*k

%52 immmM* #Met?m

:4002ern area near Fron-

*4. 4***'colm Pirnie investi-
a Falls City personnel,

5 r»****rea are subject to
Lcallfer#{ sed by insufficient
her from root intru-
-'f-;:447.4/3-.'.' 4-,®44KE,m.*4. pipe, structural
Ln#*tration, or in flow from
Ld**1 house connections,

 area of 9lst Street,
1'4' Avenue during high rain-
*Iuipment has been used to
i the sanitary sewers during
id Avenues, Colvin Boulevard
,uga Creek by discharges to

During tne Malcoll,3;*remmelinvestigation, most of the sewers
in the western sqon &g Read Avenue east of 92nd Street
were surcharged .**ihe cat¢e was likely a clogged pipe on
Read Avenue bet***n 918*:*nd 92nd Streets because surcharg-
ing was not 04*0#*80 c#*fstream of this area.

-914"=fg

3.3 PHYSICAL FEATD**t[N THE STORM SEWERS
.L

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
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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.

Storm sewers in the northern section of tJlbEDA flow
northward .to three outfalls, the 96th, 98£05 and 101st, into

. 5%14?W
Black Creek (see Figure 2-2). The pipee€*re constructed of
several materials, including vitrified .8- to 18-inch
diameter) , concrete (18- to 36-inch diam.**xeiand corrugated
steel (48- and 72-inch diameter). De ]1 from 3.5 to
10 feet below street level in the no#**est wit¥1 the outlet
to the 96th Street outfall, and fro],*f. 5to 6.5 feet in the
northeast to the 101st Street outfa*¥. Aff

Storm sewers in the southern sect*40 ***w southward to two
Ak#44 .$•W,41?4&

outfalls, the 102nd Street outfa***/**3nch diameter) into f

the Niagara River, and the Little 1*outfall southwest ,
of 95th Street. It is estimated that (14** 102nd Street out-
fall and its sewer network wer.adm*jil*Athe early 1920's. 7
The originally -discharged stq{**10¢***e4261.lected ·from 97th,
99th, 100th, 101st, and 102n*#.t.ref"and part of Frontier
Avenue. The 97th and 99th St***tg*orm sewers were cut and
plugged in March, 1983 to pre****35¥urther discharge from
Love Canal. Between the Love C**41 EDA and the outfall , the

sewer passes under the L 2?1pessway and Buffalo Avenue·,

and then through the 10*andfill. The sewers vary--
in size from 6 to 42 iq*¥1 lf/f# th. Depth below the sur-
face varied from approgmm, :**r*feet below street level in
the Griffon Manor hol *lopment to 10 feet below
street level along B *Venue.

In the western areab.*3143$ e Canal region, storm sewer
out falls are at 9*1*4861 rtnto Bergholtz Creek, and at

mil=t 1%**%*53

Lindbergh Avenue,%120-irie* land Read Avenue (18-inch) to
Cayuga Creek.

Manhole 232A w.*8*be o#*¥ location that showed any signs of
past surchargiorthern section during the Malcolm
Pirnie investigatieR**#The storm sewer along 93rd Street is
reported to overflow '¥*equently.

at

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
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acreek is approximately 2- to 4-foot wide with less than
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
lit 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,
creek is fenced on both sides to the conflihence with

Bergholtz Creek. The bottom material i.sy down to 3 feet
overlain with organic material. Distu] of the sedi-

ments caused on oily film to surface dugg :he Malcolm
Pirnie investigations (Malcolm Pirnie,A )4

the

C,

Bergholtz Creek flows southwesterly  the :thwest cor-
ner of the EDA to its conflu k Creek. After

joining Black Creek it flows onfluences with

Cayuga Creek near 88th Stree , composition is
clay down to approximately 4 by organic
material. Some portions of mposed of coarse
material of gravel and cobbl coefficient

used in hydraulic computatio k was esti-

mated at 0.03 for the channe verbank

(FEMA, 1982). These values which water

moves along the surface of 4***re#¥or bank. The higher
the roughness coefficient, th*Ap:,0*er surface disturbance.
Disturbance of the sediments *****ted in an oily film

't@i;#54&64
surfacing during the Malcolm Pl*g*e investigations. Creek
banks vary in width, frog00*0 6et. Bank height and
slope also vary with 1044(44*i&04 r,ows are moderate and the

Creek occurs primarily1;2inn oa :e;j:Citzofdepth averages 2 to 3 fi<

snowmelt (average °fjz*yin*,s), .heavy rains (average
25 inches) and ice 1****In*ene Niagara· River. Shallow

flooding can happen avy rains from ponding.
Table 3-1 shows disf#1*46¢**es for Bergholtz and Cayuga

4.63&4*614.'.eA AgyCreeks. Table 3-2¥h**a/mitream bed elevation and flood ele-
vations for the·  5nd 100-year events at two 10-
cations (FEMA l. . j

2*kg a€*Xt

ence wi

*#nja
4/·#mw

the ] co
es. 39**ughness
n for Ber#***tz Cree
1 sae*,Am*4*for the o

Od *%%J ease at

Cayuga Creek OR.rly to its confluence with the
Little Niagara-*8<7Wr South 87th Street. Width of the
creek varies from S** 100 feet and the banks are moderately
steep. The creek botf€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).

9244
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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 thlat stream gra-
dient, the Niagara River can significantle#affect the flow
patterns in the creeks. Weather conditi, such as strong
wind from the southwest, can .produce .1 temporary
reversal of flows in the three creeks .,0,..*p*,P ptuations of

depths in the creeks can be experienc *g on the
quantities of water being withdrawn j¢*n the Niagara River
by power companies. Flow rates of 124 Niagara River have a
mean of 200,000 cfs and a lowest mg fean flow of

140,000 cfs. Water flows at aboutd 2.3 ft/sec, de-
.52*af. *%*·30·

pending on the volume f low rate 03*Kneariver. The Tonawanda

Channel of the Niagara River car 40 percent of the
river's flow. va/A/#*ib

3.5 GROUNDWATER CHARACTERIST3229=0ee•

The regional groundwater hyd*togy,2% summarized by four
characteristics. 5.

(1) There is a shallow, 2nably saturated system
that consists ***silt *01 and silty sand (see -
Figure B-1)- 8.... 907 .... .AX·,•229%0*0$·36 ,§1&2% 9

There is a ning clay and till below
/9*37the shalloks- .. -

Below theJ25***941U layer is the Lockport
Dolomit, 9-*17

10* sysis bounded a€ the lower end by
Rjster #0*hle (GEOTRANS, 1981) .

/$92»
72*41 - . b)*%0

The Dolomite :i,amm*guant£*f bounded hydrogeologically in the
#/;f,#98

Love Canal area.'test by the lower Niagara River and
in the south by Niagara River.

(2)

(3)

(4) The
the

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

B-24



Table 3-3

FLOOD ELEVATIONS ON CAYUGA CREEK AT SELECTED LOCATIONS

Elevation (ft)

South

Moutha 88th Std Military RQ. Lindbergh A. Pear Ave.a
(0 ft) (800 ft) (1593 ft) (3375 ft) (4475 ft)

Stream bed 555.5 559.'4 557.5 ,0 560.0

10-year 567.5 567.5 567.5 ,5 567.7

50-year 567.75 567.75 567.75 ,5 569.5

100-year 568.0 568.0 568.0 .2 570.5

aDistance from confluence with Niagara.
Source: FEMA 1982

WDR101/004

559.5 560.

567.5 567.
568.0 569.
569.5 570.

Hw}immn

7

,=%%*4045&

@*3?%*2

6$*$65%·.i·

%3

.
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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

3.6.1

CONTAMINANT MIGRATION POTENTIAL

Definitions

Several definitions will be useful in the discussions below:

o Solubility. The solubility of a
measure of its tendency to dissch

492.9

Many physical properties influg*gl
of a chemical in the environme¢*
temperature, soil adsorption,I
chemicals. 40*'I

Me'W

0

chemical is a

¥e in water.
& the solubility

valence, state,

kiaresence of other

0

vapor pressure. vapor pres*are reprdsents the
tendency of a chemical to/latilize from the pure
substance. Although thigecondition is not
likely to be present in *0 'ironment, the para-
meter provides an indic#**  the importance of
volatilization.

e

o ...ff

Henry's law constant. Thi the ratio of con-

centrations in ater for a chemical

at equilibrium ents the tendency
of a chemical ueous solutions.to e*» r,e le®m aq

parti ·:mvroeo Octanol-water ient. This para-
meter expresses the tendency or a chemical to con-
centrate in eit**Lth@02*ranic or aqueous phase.
The coefficie**340*eciates with the bioconcentra-

A¢149&1¥. 4,3,.469*·4*A-

tion factor.0  ·
o Soil-water **rtiEG*Sn coefficient. This parameter

is the rat* soil: chemical concentration

to the sotiz concentration divided by the
soil org content at equilibrium. The
coe f fic¥**@1*1#09·des an indication of the leach-
abilit a ical in the soil.

S*962,·*·f
'UNWI#Blt

*i factor. This parameter is the
rati#5¢#*.the#*emical concentration in fish to the
concn water at equilibrium. The coeffi-
cient 2ts the tendency of a chemical to
concentrate in the tissue o f aquatic species.

=#m

4

0 BiocQ#*ntrati
SAS

0 Intestinal absgrption 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.
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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 andi**t available for
uptake by aquatic organisms. The migrati¢*/Potential of the
metals would then be linked to the migr48*n of sediments
through the sewers and creeks. TCDD i,EMNF..likely to be
found adsorbed onto sediments and tran€*4 *th them also.

TCDD is not a volatile compound nor i-AFt ] soluble in

water. ·It will persist in the sedime**s fc iong period
of time. A-BHC is water soluble but*La limited residence
time in aquatic systems. The predq*#hati#*portion of A-BHC

294*m ikilmilli ·

released to the environment would *¥ f#¥d in sediments.
the hypothesis that A-BHC 'is isoq#*30w/to alpha and delta

I ......*'-.-..... .

isomers in sediments by microbia*1*18*%*ity is correct, a
'.90*.,it#f,4&*23*3 0greater portion of BHC compounds d@:€&411&*ln the sediments

should be of the alpha and delta isorri@*both of which are
more persistent in the enviroj¤ he gamma isomer
(TT-R_ EPA- 19Rn)

S6$*64*4e··.··=*6·.*627

ir a

If |

/4»w.-I'll

4%.*49*h.,4§9*.

The chlorinated benzenes all%***e4
to adsorb onto sediments, witil**i
chlorination increases. Transf48
increasing chlorination.2*
would be expected, espe,0if,£3
pounds. Toluene is hi M**41/*

. w. :·,r· 4.'4**64462*

That portion solubiliz#*te¢*0' re
environment. Toluen**ll*#serb
matter, although its#¥**ar**:wate]
low. .j,£00£,Fy<*lag/%%00'4*.

*5latively high tendencies
#rption increasing as
Mation processes slow with
*ce in the environment
*he higher chlorinated com-
Le and relatively insoluble
persist in the aquatic
to sediment high in organic
r coefficient is relatively

3

9#4%«
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Table 3-4

PHYSICAL CHARACTERISTICS OF CONTAMINANTS
a

Vapor Octanol:

Pressure Henry's Water Soil-Water . Intestinal

Molecular· Freezing Flash Solubility Law Partition Partition Bloconcentration Absorption
Contaminant Weight Potnt ('C) Point (°C) in mg/1 at 25C Constant Coefficient Coefficient Factor Factor

& 39@h#4%9&.
d

2,3,7,8-TCDD 0.00001 2.1 6.9-19 x 106 3.8 x 106 3,000-68,000 fish: 0.5 - 0.86

7,000-900,Oood soil: 0.2 - 0.26

321.9 0.2 e

e

nE¢swpm.***m
Y-BHC 290 65 or Ii*48:*;* 0.35

Chlorinated benzenes .g*1. 4
Chlorobenzene 112.6 -46.5 132 2%
1,2-Dichlorobencene 147.01 -17.0 180. f#
1,3-Dichlorobenzene 147.01 -24.7 173.0

1,4-Dichlorobenzene 147.01 53.1 174.0

1,2,4-Trlchlorobenzene 181.46 16.9 213.5

Hexachlorobenzene 284.76 230 322.9

Toluene E*, 310 310 10.3C

Arsenic

Cadmium

92.13 -95 110.6 -94.9

74.92 817 NA NA

112.4 320.9 765 NA NA NA A .¢
00 rhallium 204.37 303.5 1,457*10 NA NA NA .RlQ't

1

Data from ambient water quality criteria documents (USEPA, 1980) unless otherwise specified.

h][ 0.001 log part. coeff.

cThree percent lipids in fish.

Two ranges are based on measured and calculated values, respectively. U.S. EPA has used 5,000 (U.S. EPA, 19848).

%ange USEPA, 1984c.

NA = Not Applicable.

NA 44

3-12

NA

WDR101/005

r

U j ... 4.4 4 2

2 115 k 4% Ok- 8 N * *41

7.3 0.0008 0.05 5200 4270 130

499 11.8 2.6 690 380 10.3

1.3 2400

2400
2.4 2400

4.3 13000

0168 3900 8690



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 of 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 pc*antial duration
of exposure, and the potential chemical @ levels that
might result from this exposure. Signili#Ant uncertainties
in the evaluation are identified.

4.1 TOXICOLOGY SUMMARY
5SS----,r

A summary of the toxicological prop
nants of concern is presented beloW
discussion of the toxicology of th#
Appendix C.

2,3,7 , 8-Tetrachloro-dibenzo-p-dio:21
to be extremely toxic in experiment
teratogenic, mutagenic and capp*FERSE
and target organs differ for *miN
hyperkeratosis are distincti#**sym#
animals and humans. A numbe' **
ciation of soft tissue sarcom***0

.- . .. 922&=-

/ies of the contami-
more detailed

toinants refer to

0**D has been shown
aals and has
en&£4effects. Sensitivity

4%02*cles. Chloracne and

ns of TCDD exposure in
ports suggest an asso-

TCDD exposure in humans.

Mexacniorocycionexane isep392 (1t¥ or BHC). A-BHC is
stored in fat tissue of;**0**amental animals, but is cleared
from the system after a exposure. Target organs
include the brain, lil aney. Chronic exposures may
cause blood disorderq 8, and Y isomers o f BHC have
been demonstrated to-- ='-:ancer in experimental animals.

Chlorinated benzene¢2**m:nes,An sites affected by acute ex-
':;02„.2*.¥*&4792

posure to high co**¥n**ge¥*pms are the hepatic, renal and
nervous systems. Ajewer 4,1:els of exposure for some of the
chlorinated ben?21 *s ma*#01ve adverse effect on the nervous

system. Hexacl**Le'obenz#00 has been demonstrated to produce
3.t;.42fetotoxicity i/ihiperi#m@tal animals and has been shown to

be a animal · ckle*4***/08*m

Toluene. The primal:ffect 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

B-29
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Table B-1

NUMBER OF OCCUPIED LOTS OR BUILDINGS WITHIN THE EMERGENCY DECLARATION AREA (EDA) BOUNDARY
AS OF MAY 1984

Between Bergholtz Creek

(Northern EDA Boundary)
and Colvin Boulevard

Between Colvin Boulevard

and Frontier Avenue

Between Frontier

Avenue and Southern

EDA Boundary

Between western EDA · 7 lots 14 lots

boundary and 93rd Street

Between 93rd and 961*k 4 lots Senior citizen housing
Streets (4 units)

*04 444**

Between 9,6th and 100th
Streets

Between 100th Street and

eastern EDA boundary

LaSalle Development Courts

1-12 (18 full or partially- ,
.full units)

Saraceni Drugs
·1-4*f:*A

4/.38*4
»A**4»LaSalle Community Center

%44/ . j*z**«· * w
3 lots

Wesley Methodist ChurcTA***Chu€¢*72,£*'Q*1**z The Establishment

Restaurant

N.dz< >£.

Jerry's Garage

' J . 43§0§01 Fama's Welding

7 lots 54 lots  
--

Fire house

WDR65/80

1-6
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Attachment B

DETAILED LISTING OF POTENTIAL RECEPTORS

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 populatibns,
recreationalists on the Niagara River in the vicinitv 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 Riat the conflu-
ence of Cayuga Creek and downstream users;**

As of May 1984, 121 residences inside th
homes inside Ring 2, were still occupied

$94

buildings that were occupied or being ##
included two churches, one restaurar

welding shop, one drugstore, one fi]

center, four units of a senior citi**p n
and 18 full units of a housing deved' 1 n4

' - ./1* 04*
number of occupied lots and builaling@ 3
location in Table B-1. According
Revitalization Agency, approximately
live within the EDA.

RAIIA--including two

*1 29 time
rarage, one

one community

reping development
*t court. The

1 summarized by
ve Canal

rsons work and

jEne g
.dE*-27«.oume,
./aei . ,#ZZAa .

GiE

#444 04·*•647'
Potential receptors are thoseap***
adjacent to the three creeks 44**he
which are adjacent to,·the cr@
CH 2M HILL Mav 1984 property maN#*,
supplied by NYDEC. V

£ »66*

Black Creek flows west fggl*2.;tjkfl
with Bergholtz Creek,
Nine lots border the n/% 4/%4

WA¥*,365#occupied houses ; the r  hoi
lots also border the 4#*0ek b4

14%,32&%*%·'9·*7*;9&#W

occupied houses;, four*40#*¢*noccul
vacant lots. Approat<&%9400 :
within the EDA. C#·«':0**Mt  from
of the EDA (near M**07 ler%**rt) to
Creek is about 1,44*0 feet*#' Twenty
creek bank withhis h; four
have unoccupleatilpes,€*hd three i
Bergholtz Cree],2additiona:
confluence with Blami¢452¥eek before

EDA boundary. The 9*3rer Street sch<

and two vacant lots border the soul

reach. The school property is 1OC2
vacant lots and borders about 800 6

A total population of 20 persons ci
homes along the creeks within the 1

***ving or working
#*htus of properties
*¥ determined by the
*a 1980 aerial photograph

Wreet to its confluence
approximately 550.feet.

ank. Four of these have

ises are unoccupied. Nine

ink. Two of these contain

oied houses, and three are
feet of Bergholtz Creek is
the eastern most boundary
the confluence with Black

lots border the south

have occupied houses; 13
are vacant lots.

L 900 feet from its

reaching the western most
101 property (unoccupied)
zh creek bank within this

gted between the two

Feet of Bergholtz Creek.
irrently (May 1984) .occupy
EDA.

------Il'll---
B-1
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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
SOIL AND SEDIMENT DETECTION

'4
9

(a)

erage
d Detection

Chemical & t (ug/kg)

TCDD 0.020

Hexachlorobenzene 85

BHC isomers 6

Chlorobenzene 7

Dichlorobenzenes 85

1,2, 4-trichlorobenzene 85

Toluene 7

Cadmium . 10

Thallium --- 00

U.Uul-

1

(a)

&%*%

Ca)Depends on organic
0.02 ug/kg was used

Source: Black, 19RA

content dillitple. The value
ini.-ction
%4*4 '

§82**5

WDR101/28

4%. *7.91%

y

A-1
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4.8 FISH AQUATIC TOXICITY IN THE NIAGARA RIVER

Chemical concentrations of the Niagara River water shown i
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.

WDR101/001

27*.40

#J:kifih*

044* 24:
..mm:h.,2,?4*

m

--- ... I. I.

--

-99$*=
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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 planto 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*4*nal suggest
little effect. Concentrations of a-BHC i4¥8$1979 were 0.007

=44*4

ug/L at river range 23.3 (upstream from **uga Island) and
0.005 ug/L at river range 19.3 (downst]2he end of
Grand Island) . Concentrations of g-BIi#&*r=*24*ium were
unchanged (Environment Canada, 1980) .1

05%

4.7 INGESTION OF FISH

Based on its evaluation of TCDD t**ci the,U.S. Food and
Drug Administration (FDA) has sta€*L **Wt " fish containing

lk·,Al:':i-'ll....fie,6

more than 50 ppt [ng/kg] should fle**magonsumed and those
containing more than 25, but lessl¥should not be
consumed more than twice a month (MilY@*49 1983)." FDA did
not provide any recommendatio#%#721%**Wtrations below
25 ppt. The FDA° cancer pote: is 17,800
kg-day/mg, which is less thaN#*PA'*0"arcinogen Assessment
Group (CAG) by a factor of n ontrast to the EPA, FDA
used a rat-to-man extrapolatid*i#6*ked on body weight, did

1%*M*%2f

not include some data that CAG Ylti:q* and did not compensate
for early morbidity in tl***imai¢**tudies. FDA, in its expo-
sure assessment, assumeif a limited quantity of

fish having TCDD conce the advisory level
would be consumed · CUS.]  al .

40.4 .:,, se.·y:em?si

The consumption rate€******1 fish caught in the creeks or
near the 102nd Stregt*&***411. is not known, although anec-
dotal stories suggme fishing. Section 2.6 dis-

cussed the.concen TCDD found in the local fish.
Concentrations a#gh 20*17017 ng/kg-wet weight were reported
from in a 1980 2@@ji*le. ,4**hples of spottail shiners and
creek chubs coll-Zid b**he New York Department of Environ-
mental Conser in*4&984 in the creeks below Porter Road
showed TCDD cor *A¢*ns from 6.8 to 127 ng/kg wet weight
(2 of 7 samples exe 50 ng/kg and 3 of 7 samples exceeded
25 ng/kg). As the chdmical 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.

B-39



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 o f creek f*ments would be
expected to be lower, although even more9*ertain, because
of the reduced period of contact and th***tervening layer
of water during activities in the wategQpig#*Lamount of water
ingested during recreational activitie#395%41·> 1. ow, although
one draft study has estimated that 50Ai* arel@ested during. 3*%0

a swimming period. Wading would lik*ky result in a lower

water ingestion rate compared to swi&*ti.rk'*'W ek.
*94

i.m,ju

Cayuga Creek is the most easily ac:ele
its length and absence of fencing#&*
trations, however, are the lowest&*4
concentration of arsenic in Cayuga C
of 46,000 ug/kg) compared to Black 2
(mean about 26,000 ug/kg) bec***2*N
Creek had reported concentrat**62*
ug/kg. Except for those tw14
trations for arsenic in the 1**24

4.5.2 Migratien to Residential /#fild!
4·4046
.·*RUMM

I 1- 3_/_ _-_ i_ -2 --- 2-2-1/ A€4-2421· I··bl

10 "02&72
Fss**creek because of
21#0rsediment concen-
M*Nie three creeks. The

.

34*941%.s increased (mean
nd*9*rgholtz Creeks
R€§Zpmples in Cayuga
,000 and 170,000

F, other reported concen-
eeks are comparable.

A nign rate or rainl:ali#p!*% stage of the Niagara
River could produce flabi*inct?(**10*he creeks onto the yards of
nearby residents. · Th*%*042*;'Iiad to deposition of contam-
inated sediments and *in¢%*it:h residential soils. The
qualitative nature ..Mian exposure potential is much
the same as discussggharged sewer sediments in
Section 4.4.3. Soi*92*#0•*St=*n and dermal contact could be

Theexpected i f the m***i-b**ap@re not immedi ate ly removed.
contaminant concg**ati¢ however, would decrease over
time through act#$*S of 'a@20, iberate human removal, natural
rain and snow-I flow nd organic chemical degradation.

4.6 POTENTIAL FS*%3*EMAN EXPOSURE TO 102ND STREET OUTFALL
AND THE NIAGARA RIVE**F

4#

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
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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 groundwa away from the

pipe. The presence of a shallow groundwa system was dis-

cussed in Section 3.5. The rate of exf*gat:Lon, if any, is
unknown. The effect of fill around the#f#*%*Ts and swales

Ititi,!Wil'RK. 1 i.31*h-and the Love Canal remedial actions orV10: f ground-
'4409 ..,4€5"%0.19water is very uncertain. It is, thus ot 'BS? le to carry

an assessment of this pathway any fu#t¥43r. Several of the
target chemicals, ,including TCDD, a##ti.,ghtly adsorbed to
the soil (Table »4), and therefor.1*pe limited migra-
tion with groundwater. Al= All

4.5 POTENTIAL FOR HUMAN EXPOSURE *0*¢#&K CONTAMINANTS -

Chemical concentrations in the creekslk* discussed in Sec-
tion 2.4. No volatile organi¢*4#F**m5%ide#ected in creek sedi-
ments or water, so inhalation004*1or exposure route
for volatile organics. Disc#**gind¢Zf storm sewer sedi-
ments, which did contain som organics, to the
creeks has the potential for -13zed chemical concen-
trations. Migration to the atrn*574.ee appears to be rapidas sewer discharges haveed detectable volatile con-
centrations in the creele=*z¢*13£ lialcolm Pirnie study.
Atmospheric dispersion*t*'th*men air would reduce concen-
trations substantiallv 4

Human contact with q
swimming, wading, or
It is also possibld#
iment to residentiE*

*v.·*i,y
creeks. Dried 84**An 4

trained into th*¥*tmc
posure through *al,
creek sediment:4***1
Section 4.6. 69
sediments would be-4
transport and degrad,

95§30¥·N

ma'lam**m>ced sediments would occur during
ceational use of the creeks.

1**&212*ding could transport creek sed-
0¥ js many residences abut the
ent&*06 the creek banks may become en-

. p.*ze
leading to potential human ex-

at#* The chemical contribution of
he***agara River will be discussed in
RE 4 the concentrations in the creek
* bted to decline because of downstream
ation of the organic chemicals.

··4·

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

B-37
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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 ouncesl
(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 decreas¢*hrough the
actions of: deliberate washing by residep or city services
after the surcharging is noted; natural#*#hout through rainand snow-melt runoff; and the natural Ad#amat ion of organic
chemicals. 4

.A...

The soil ingestion rate is difficult2*¢F estimate and will

likely vary with age because of chan*Fs in behavior (e.g.,
pica in young children), and the 1*1* contact. Thisuncertainty is reflected in the r***e /soil ingestion

#al*- 498;/#

rates for children r'ecommended by*3*egaEPA: 0.1 to 5 g soil

per day for children ages 2 to 6 yel*4***VSEPA, 1984c) .
Kimbrough, et al. , (1983) have recommeY**d age specific
rates that vary from n 1.5 to 3.5 years

absorp€**R frion
old to 0.1 g/day for The USEPA has

recommended a dermal of 0.0007·to 0.03

for TCDD contained in the du@*g*p#**in (USEPA, 1984c) . The
total amount absorbed would al} a function of the area
of exposed skin on which dust 86*14 settle. Dried sediment

may become entrained igt ait, leading to poten-
tial exposure through 1*49&*AL*

3*Z*=**am

For both the ingestion 0tbal absorption routes, the
magnitude of the dosg# (0 on the duration of exposure,
which is a function riod outdoors in contact with
contaminated mater:LQntaminated soil enters the
home (e.g:, dirty #othes, entrained dust in the
atmosphere), then***%**0*§1&*e will continue in the house.

If a garden soicome*bntaminated, then the contaminants
may be taken ul**IN the nts and ingested by humans if
vegetables or, rown.

..744%#Prm#FLYf
4.4 Back flow o f Si#al'gy Sediments to Basements

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

lAssuming 3,000 lb/yd3.
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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 1,1,1-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 o f 2,%60 ug/kg).

Sewers do not receive regular maintenang*'and workers would
enter the system only if problems are . Prior to

circulatedsewer entry, the manholes .would be open: +

through to reduce volatile gas concen#*ptiorT**¢Normal
health and safety practice for typic041%@ewers Would not ha*e
respirators and special suits in us¢*¥ figher level protec-
tion would be used, however, for en**y **0 the EDA sewers

.to minimize worker exposure.

Section 4.4.1 discussed the presel**4volatile organics in
the sewers. Volatile emissions throt#*0*holes, or the out-
falls will be dispersed by winds and 41**spheric turbulence.
This will reduce the potentiabmiammthemmublic to inhale the

42
volatile organics in the sew¢*$

44*r

4.4.3 Surcharge of Sediment Surface
Sections 3.2 and 3.3 discussed 9*Bi evidence for past sur-
charging of the sewers. 4 har*2*9 of sanitary sewers to '
the surface has been ob# 43,A *e area of 9lst, 92nd, and
93rd Street and Read Al# high rainfall periods.
Surcharging within ,&>'§«;eccurred elsewhere. Sur-

charging to the sur teen observed frequently from
the storm sewers al ;treet.

Surcharging to the/ mults in the possibility that

the material may-/tesidential yard or remain in
the street. No %2;D wa**tected in the area of the reported

':9&60

surface surchar r ar ¥ Read Avenue (Section 3.2), but
TCDD (6.3 ug/kg MH- 1 was reported at an upgradient
manhole. Duri Le Eess of surcharging, the concen-
tration of the uggjts would be expected to become
diluted as the mat¥ mix with the water, and therefore,
the chemical concent£*ion 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

4,1 01.1

this project.

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 02#ermal absorp-
tion.

..7

o Backflow o f sanitary sewer ss to basements.
This route would transport s#**14* the base-
ments of local residents. :P,*c -@re could
occur through inhalation, A#*estion or dermal ab-,
sorption.

o Exfiltration to groundwe

inated material througbd
nate the surrounding se€I
water. Subsequent
through inhalation, ----
if the groundwater

t. /he loss of contam-
w***Fleaks would contami-
the shallow ground-

wre could occur
- -- -=% dermal absorptioninges-clormil

Each of these routes will

following subsections. I
will be discussed in Sect

outfall in Section ·4.6.

Sediment chemical conce*
to decrease with time bjet

inated sediment downgn**
ments, as discussed £6**E
chemical contributio*€*fm
because the lines fr'Zi#%¥
EDA have been plug-
would also be expeg=ea,4.4

'3044,1011

would not occur. * di@*
trations of TCDI*HC is*

100'Ftitil

apparently decn*m®ed du*m
sampling peria d*

4.4.1 Sewer· Main€*i***43

. be qualitatively in the
)isch.*0£/ materials to the creeks
:ion */4£<d to the 102nd Street

40#4

SM**,AM ¥1 the sewers are expected
:ause¥&*DEhe transport of contam-
4 -,22.en**efrif**dilut:Lon by clean sedi-
ac 3.1. Love Canal specific
6*0¥e sewers are not expected
tefjazmmediate Love Canal area to the

,e¢**lation of organic chemicals
ugh photolytic degradation
**Ised in Section 2.3, the concen-
#@rs and hexachlorobenzene have
¥g the 2.5 years between the two

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

B-34



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 buildi;*, built into the
creek bank itself. Backyards abut the ead*f bank with houses

2441#Ful .

set back from the bank. Access to the q*0*k is available
and it is used for recreation (Malcoln ****k 1983) .

·Recreational use of the Little Niag
dermal contact. with, or ingestion o
sediments. The potential for inges
drinking waters by the City of Niag
the city water supply intake is 2.8

.0/.iM

Cayuga Creek/Little Niagara confl#M

Potential routes of exposure from f
Street and the Niagara River includ
sediments and waters

aquatic organisms fr
* from disturbance of

of the outfall.

4.3 POTENTIAL RECEP

ar< Five provide for
f *49¢bntamindted waters or

f contaminated

**a *imls exists since

1:i, downstream of the
-1

¥tall at 102nd
e d1 contact with

e, ingestion of :
ation of volatiles

ore and from waters
om the a#**1 ,14QM,hB1
sediment sh

TORS

Potential receptors are
and adjacent to the EDA

mary or secondary con
of sediments, downstn
the Niagara River in**A

..959?:t

fall, users of the y·ately downstream 6
ists on the Littl
Creek, and downst*am u
detailed listing@@E pot
as local res ide**, _may
multiple sour'c irA

contaminants fraY!

4.4 POTENTIAL FOR HUMA

4*ha*40 2«r'sOns living or working in .-
ma·#49·y ™**;'.f *

°I#f*at¥*tns that may come into pri-
# ntaminated surface waters
m p»*lations, recreationalists on
1Ardinity of the 102nd Street out-
ks and private marina immedi-
merg**,4' Street outfall, recreational-
*Ekltiver at the confluence of Cayuga

Attachment.B contains a

46*fial receptors. Some people, such
exposed to site chemicals through

¥*ample, a resident may be exposed to
#sediments and fish.

N 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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n Contact with surcharged sewer material;

Contact with creek sediments and water;

Contact with contaminated material at the 102nd

Street outfall;

0

0

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

o Ingestion of fish, which may bidke
inants deposited in creek or rige

key*
4%*0069

Chemical concentrations in the creeks att£*mi

present exposures potentially harmful

cumulate contam-

sediments.

Mers may also
:species.

%4*

Surcharging o f sewer lines, particulj
lines, may back up flow into reside#0
soils in the EDA. In that event, iIi#S
and ingestion would be the primar

Sanitary sewer lift stations 4 alt
ceive all flows from the area, are **%
of,volatilization of contaminants and

inhalation exposure. Pipes
taminated from the flow of m

basins within the EDA are a ***ent*mi
tion of contaminants during 9%*an*91
potential inhalation exposure 9®93*=.

Access is limited along *
both banks. Potential I#0 posu

inhalation of volatile*# Es a

street, and dermal con*10Et ,¥n™water
flooding, by breachig, or
fence in areas where is not

..%0?39238%338<k

Bergholtz Creek fruence ' w
sents several exp. It is
upstream of the- *fluen**to 600 fee
contact with se

tional use of 40%'cree]%*f*,3 possible a
3,900 feet leng#***9 t**'confluence w
dermal contactl€*¥*3%*&0dwaters. Sec

include dermal cont**With pets or o
been in contact with tontaminated wat

Ingestion of small amounts of water f
of contaminated aquatic life caught f
ingestion of sediments in the creek,
exhibit pica, are viable exposure rou
volatilized contaminants from the out

also a potential exposure route.

€F s anitary sewer
*s gr onto surface
la.£on, dermal contact
re routes.
*S¢flich ultimately re-
potential source
1%*btential route of

tream may be con-
rm sewer catch

source of volatiliza-

ng and there fore. are a .

ecause of fencing on
re routes would be

t the outfall on 96th
s and sediments from

by going around the
secure.

ith Black Creek pre-
fenced from 150 feet

t downstream. Dermal

wading, or other recrea-
long portions of its
ith Cayuga Creek or
ondary exposure routes
bjects that may have
ers or sediments.

rom swimming, ingestion
rom the creek or

as with children that

tes. Inhalation of

fall at 93rd Street is
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Table 4-1

HEALTH CRITERIA, GUIDELINES, AND STANDARDS FOR VARIOUS CONTAMINANTS

Residential

Drinking
Daily · Cancer

Soil Acceptable
Water EPA Water Quality Criteria (pg/L) Concen-

Standard Drinking Fish and tration Intake Potency
(d)

Contaminant (Pg/L) Water Drinking Waterc Freshwater Aquatic Life (Ng/kg) (mg/day) (kg-day/mg)

2,3,7,8-TCDD 2.2 x 10
-7(f) 1.3 x 10-8(e,f) 1(9) 156,000

a-BHC 0.013

8-BHC 4 . 0.0260.023

Y-BHC

(f)

(f)

(f)

0.0092
0.01,3

0.0186

(f)

(f)

(f)

0.08 ave., 2.0 max. 11.12

1.84

1.33

Chlorinated benzenes

Thallium

(a)

(b)

(C)

(d)

(e)

(f)

(g)

WDR101/006

250

(h)
1

1,120 acute, 763 chronic

-4(f)
9.2 x 10 1.67

17,500 30

0022 (f) 72 ave·, 140 max. 15

10 e»99·- (1.16 In(hardness) --3.841) 0.17

0.037

per day.

and 6.5 g of fish and shellfish per day.

cancer risk.

imbrough, et al., 1983.

i, IT,

8

Chlorobenzene

Dichlorobenzenes

1,2, 4-Trichlorobenzen
Hexachlorobenzene

Toluene

Arsenic

Cadmium

EPA, 1980.
For ingestion of 2 L
For ingestion of 2 L
U.S. EPA, 1984d.
U.S EPA, 1984a.
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10 excess lifetime

Level of concern. K
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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 el ,sure. Recent

evidence indicates inhaled cadmium acl e lung can-
cer.

T=

ts **Enduc,
Eew#¥10

Weel

Thallium. Thallium has been used for purposes,
but can produce toxic effects when 14 200 to

1,000 mg/kg body weight) are ingeste#k:, £..i=u.= Of overexpo-
sure include neurological disorders,#4*Eointestinal dis-
orders, hair loss, kidney damage, 1**Sr#*image and death.

9 22-4Hair loss is a symptom of low dos/c, re=,Dusure.

The toxicological profiles above*%**10
only one chemical, and synergistid«41
have not been considered. The state

ledge is ifnsufficient to descr*ke***8

multiple exposure to a varie;
assessment assumes that the *aect,00

ed on exposure to
*agonistic effects

uig#oxicological know-
*¥8tential effects of

*minants, and this
kre additive.

palll¥*90 two primary health ef-
a*0*nown or suspected carcin-

A T#%, hexachlorobenzene, the
4-ah>enic belong in the
*he chlorinated benzenes,
*0 thallium were evaluated as

Fed that an incremental increase
Will add an incremental increase

in the probability O©90*#*lbg. cancer. In contrast exposure
to other chemicals a threshold hemomegon, in
which a specific 4**@#%eshold, must be exceeded before
a biological wiff¥*cur. .

Table 4-1 summ#  : - - '0#,arious standards, criteria and
recommendation* *gable levels of contaminants in
various environ *dia.

4.2 EXPOSURE PATHWAY* AND ROUTES

The contaminants may be grou
fects categories, those that
ogens and those that areg%*4
a, 8, and Y isomers of 08*0*
carcinogen group and tle*el
toluene, ingested ·cadrra*m, 4

!®AW WA
noncarcinogens. It i,*pelme
in exposure to a car,52#j0?*21%9

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

0 Inhalation of volatile organics from sewers,
creeks, or rivers;
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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 locd roughly
opposite the upstream EDA boundary (10lsta*reet) and are
within about 60 to 100 feet of the creek,03*ix houses are

located approximately opposite the conf) Black Creek
with Bergholtz. All of these buildings*g#*9***t¢*in at least

t41 36-8*00 •
200 feet of the creek. Two houses ars»catet¢posite the
school property, one about 50 feet f]50,the cre@k and the
second about 100 feet. In total te**Nogses. are located

'·30"R &

between Cayuga Drive and Bergholtz *¥e]**djacent to the
creek. #fay **2

Bergholtz Creek flows approximate feet past the
western EDA boundary (93rd Street) Bntering Cayuga
Creek. Cayuga Drive continues to parall* the north creek

bank and is no more than about the creek. One
commercial, building, i *ehorth bank near the
intersection of Cayuga Street. Within this

1,800 feet reach, three houseated adjacent to
Bergholtz Creek on the south b Five other are about
70 feet or more from the creek b 'Eight other houses
located within about 70 f#**frf €*¢south creek bank are
separated from Bergholtz#412¥rookside Avenue. ·

potential population  104*02*ons lives adjacent to
Bergholtz Creek Outs:L**th%*A. This number is derived
from a total of 26 re#j@i*»4** and an average of four persons
per residence. -2?%%*4

·*Aq*Bit*#BMP#

Drive *6¢ 91

A

Cayuga Creek flows.ly 4,900 feet south from its
confluence with Blt*00,eek before entering the Little
Niagara River.  cres outside the EDA. Cayuga Drive
parallels much 0**the w«00* creek bank, and upstream of

422.. M##44

Military Road ..gy,m.„inon¢#than 50 feet from the creek itself.
There are no  burEqtween Cayuga Drive and the creek in
this 3,400 feet read'***In the remaining 1,500 feet of
Cayuga Creek, downstrekm of Military Road, 11 houses and
11 commercial buildings ·are located adjacent to the west
creek bank. Many are within about 10 feet of the creek.

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

a
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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 poten**al receptors
because of the location of the island ben the 102nd
Street outfall and the mouth of Cavuga .vuga Island

is easily flooded; contamination could0 ashore

with flood waters. Approximately 90 1 :he island

is in the 100-year flood plain. 4
022

a

tS.§3*62.2.66 ..
An aerial photograph showing the ea#20*rnk#*Wo-thirds of the
island indicates no buildings are / between Joliet

Avenue, which extends along the nd*l e. and the Little
l*rmemaK ,·r- -- - I

Niagara River. Distance between *t:0*j@*er and Joliet Avenue
=4.Sy.*99*»h.varies from about 125 to 475 feet. *<1***al baseball

diamonds and other recreational faciliti*; are present in
this area. Council Avenue extemds»1,200 feet along

the island' s eastern shore. tween the avenue and
the Little Niagara River var#*, fre*'about 70 to 170 feet.
Sixteen residences are locat@**et**en Council Avenue and
the river. West Rivershore Dr****¥s the main road on the
western half of the island, exl*ng approximately
3,600 feet. No estimate9*8* avi**ble on the number of
residences along this dr 17

Many homes fronting thaver on the south shore of
the island have smally#*cks**'No estimates are available on882449

the population of Ca*tnd.

Workers for the Ci a Falls are potential recep-
tors. Maintenance@*,S*6108 wzio service the sewer lines,

repair possibly s,*har*#*rlanholes, or who service ground
utilities, are p,tialt/ceptors.
The City of Ni Ma*#r has a 1980 population of
71,384 persons potential receptors for potentially

·..../94@SES*f.

contaminated water=·94*,:miles. No estimates are available on

the numbers of recreal¥onalists that utilize the areas

adjacent to the 102nd 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 may
consume fish from the creeks and rivers and would be poten-
tial receptors of contamination.

§-*1

WDR101/10
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Appendix C
CHEMICAL AND TOXICOLOGICAL PROPERTIES 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 based on the frequency with which
they were found during the 1983 Malcolm Pi@hie sampling, and
the concentrations of these chemicals in ronment at

Love Canal. These seven target chemicald ps of chem-
icals follow:

2,8,7, 8-tetrachlorodibenzo- CDD or

dioxin); &492·

isomers of hexachlorocydl.260
mil,Sh

0

0

0

0

+0

0

0

,*ne envi

Wr grou

Oxl

chlorinated benzenes;

toluene;

arsenic;

5088*fl

4 4

3

1*22

cadmium; and *06

thallium

CHEM*t- PR-TIES
"i#Wth .gy

em

4
TCDD

There are theoretical5 #*ferent chlorinated dibenzo-p-
dioxin structures witdj******ig degrees of chlorination. The
most toxic dioxin that•**%.*en isolated and tested is
2,3,7 , 8-tetrachlorod***tesm#*ficioxin, commonly referred to as

TCDD is inadverty sysized in concentrations of a few
parts per milli*/6r le¢*ytiuring industrial processing of
chlorinated phd*i@lk. al**feltelv used class of industrial
organic chemiclted- temperatures during chlorinated
phenol processing een shown to increase the formation

of TCDD. TCDD is ai,u venerated 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.
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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 .B:>72,4
494=*

TCDD is a highly symmetrical and stable*gawlar chlorinated
11111411'DI!!414!91*mlm.n-

organic compound that lacks chemicallyk##ae****functional
groups. Pure TCDD is a colorless cry,lin@id with an
approximate melting point of 305°C-an*Ss believed to have a

-6 4*z

low vapor pressure of roughly 10 ,#¥of*nercury at room
temperature. It is commonly accept#* t TCDD has a low#94&1 -Wi44.,
water solubility at room temperatu¥*0401*proximately
0.2 parts per billion. TCDD is cd€*gq#*ed as a lipophilic

9...#&49*42 ··Lwcompound, which means that it has•64***tive affinity for
fats, waxes, and related organic comp93*299. TCDD solubil-
ities have also been reported at 10 ppRf4* methanol, 40 ppm
in lard, 570 ppm in benzene, a****49*€Bpm in
ortho-dichlorobenzene. . A€&*=4*&23**E,%

SUMMARY OF TCDD 1 THE ENVIRONMENT

-ee*¥'·94.

This summary of TCDD behavior ir¥*0*e environment focuses on
TCDD in soil. Several st**3*00 h**indicated that the
behavior of TCDD in the **j**Nilp* can change substantiallv
depending on the natur t-containing matrix.
Research in the past 5,r**&0*shown that TCDD binds with
soil and becomes incre**ing¢*difficult to extract with

*<42
time. This binding m*i*ma=@am is not precisely understood,

2*2*30;@§23*%01* .

but is generally bell#***5@mm,De either a physical adsorption
on soil particle SN#***0.34*f/ chemical bonding with the
soil humus fracti'3'

..14@Ey
millmilli

Leachate charact.,0*¥zatio.**tudies conducted by the EPA have
verified .the soj@Ebindivihenomenon. In the studies, five
TCDD-contaminat*h 114* ples with TCDD concentrations

*Wi#WRA#& 2'£422

ranging from 11 8,4 were vigorously mixed with
deionized water fof***Ntours, decanted, and sequentially

. »*47
filtered to 0.45 micro'its. 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 analyses for the remaining sample showed TCDD concen-
trations of 6 ppt and 12 ppt. EPA is conducting additional
leachability tests to determine more accurately TCDD's

C-2



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

Physical Movement in the Environment

The potential for TCDD in soil td leach into groundwater
appears to be low dlie to its strong soil binding 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 forement of TCDDin soil is displacement of contaminated s ·a· particles.
This can occur by wind or water erosion,¢*f tact withpeople, animals, or vehicles, or by int movement of
the soil. In these ways, dioxin in soiw.%,Pm££9*01WEad across*:42 - *44*E/
an area and into the air or surface wa**r.

2*49

BIOLOGICAL PATHWAYS Ari. i..
p.>p·Am %4214

lif#* 4/2
®09 MellIt appears that plant uptake of TC¥ha#F#shown mixed experi-

mental results that have not beend. However, several
researchers believe that plant upt*1%08*£ TCDD that is bound
in a soil matrix is not significan€7

TCDD-contaminated soil is intr
4

through the respiratory tract#
tract. Recent animal researd¥*ihi
of TCDD into the body
tract is reduced when

tion was found to further decreS@
between TCDD and soil was#lib*Keal

Studies have shown tha D *
concentrated in fish tp*fmi
rounding water conceni/j Ac
the Columbia NationaF*$*4*ties ]
rdsearch indicates thaft*@embln 5

uptake and conceni
*»

ENVIRONMENTAL DE 'ION*F
f .1.*Biodegradation :1**in soil

to any signific'Z._-ierre Althoi
9 ' f.·ff:40** Cle#

indicated that apprue**ple bioloc
soil did occur, more recent stud:
researchers of previous·studies 1
many of these results were likel,
cal procedures and experimental c

it is mi****#hth

Ize

animals or humans

and the digestive
as Z**bwn that the absorption

or the intestinal

soil. This absorp-

fetes the time of contact
·2¥0;.

tic systems can be bio-
*ely 6,000 times the sur-
=cording to Dr. Stalling of
Research Laboratory,
soil that is translocated

significant levels for fish

has not been demonstrated

iqh several previous studies
Jical degradation of TCDD in
Les have shown, and several
iave also concurred, that
7 due to inadequate anal.vti-
zontrols.

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

C-3
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decomposed by 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.

In summary, TCDD is very persistent. Natq environmental
degradation does not occur for all practi#¥f purposes. This
is evidenced by its presence at a consteRtlevel in the
soils in Times Beach and other Missouri.ter more
than 10 years.

, 4.

PREVIOUS DIOXIN CASE STUDIES

Since 1949, more than 23 major indu*t
ing solubilized dioxin have been tri
In addition, many people have been@t A
dioxin in the chemical manufactur* %
transportation accidents, herbicide a
handling, and chemical laboratory w r
graphs summarize some of the mat*25 4

2?9.05*7
incidents and the public resp*#t i q

6%22*b ap,<497

CS

.

Wrie€*accidents involv-
9 .25:0,8,

around the world.

 ad to solubilized
# istry and through
* *ations, waste
k he following para-
* ted dioxin-exposure
R_ ge hazards.

Seveso, Italy. On July 10, A
Givaudan factory ICMESA 2,4,5,
dioxin-contaminated chemical c

farmland area of about 6,*00@A
mately 40,000 people. T
imately 134 people in t*h*;
ination developed chlo;*46*e
the most sensitive into
it is most prevalent *02

Some of the initialg***eura*P*
included collectin,
evacuating reside in =m:an
measures to avoijntac;t!
decontaminating,/ecte te]
studied for ultal Ct:

including incind,41m,0*ultral
degradation, and chemail desi

.49
44'

 / accident at the
,%50 *lant relea.sed a
31.#i*that showered down on a
icr4%#inhabited bv approxi-
ms* o¢ animals died and approx-

e„:00,signated zones of contam-
Min disorder believed to be
bf dioxin exposure in humans;
ice, neck, and arms) .

Measures implemented at Seveso
zing contaminated materials,
ninated areas, implementing
2 contaminated materials, and
rials. Numerous measures were

Lon of the contaminated material,

Tiolet degradation, biological
sruction. None of these

options were consider@3 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.
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Missouri Horse Arenas. In 1971, waste oils containing TCDD
were sprayed for dust stabilization in th]?ee east-central
Missouri horse arenas. In the most affected arena, 54 out
of 57 horses exposed to the waste oil 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-old girl who played 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 ot.14*r symptoms.
Human illness and animal illnesses and occurred at

the other two horse arenas. All three h arenas were
sprayed within one month of each other **Sff€2,&,te oil from

wIN,44Zmn·.AMA:78#?Wk

Bliss Waste Oil Company. That same cor,9.VT,Lm#Bs sprayed
dioxin-contaminated oil on unpaved st.12*Wis 111es Beach.
The source of the TCDD-contaminated ,***was traced to the
Northeast Pharmaceutical and ChemicaA/tomany (NEPACCO) in

##dr .Pl#*

Verona. Analysis of a distillation#*s¥#Me, similar to that
mixed in with the waste oil, revea** 4*Fresidue contained
306 to 356 ppm TCDD. The Shenand#*les horse arena may
have been sprayed with undiluted ,@4*$***ottoms.

7.440%
Soil from one of the arenas was later eft¥*yzed, and con-
tained 31 to 33 ppm TCDD. Theg1*30*;OmPeach of these are-

nas was excavated and landfilk#kj*ji*g**ous other Missouri
sites. No further TCDD-re-la'¢** anj deaths or human ill-
nesses have been reported sin*oils were excavated.

Syntex--Verona, Missouri. In 1*154* Syntex Agribusiness dis-
covered a tank. containint;f00 '0ons of distillation bot-
toms sludge contaminated#**tipm dioxin. The sludge
was a byproduct formed j**·R'*ction of hexachlorophene
by NEPACCO, the previoa occupants. Syntex imple-
mented initial measur¢?to **vide security and safety for
the storage tank and **Ranvestigating alterriatives for
destroying' the dioxi.IC treatment in a high-
pressure reactor, u;tm**%**rhM**45, treatment with a chemj.cal
process, and ultra*0*34*%1.npaolysis. After extensive re-

'At*&494•4

view, a solvent e**factia**ltraviolet photolvsis process
was selected ar*bleme#**B for destroving dioxin in the*494
waste sludge. ** cost, equipment and installation

d,·W.9.*7

exceeded $500,( processing, the sludge contained
0.1 to 0.5 ppm 3*4***$4*x thousand gallons of process sol-
vent were contaminNEith 0.15 ppm dioxin, and salt
crystals from the evabdrated neutralized brine were contam-
inated with 20-80 parts·per trillion. All of these wastes

are currently stored onsite, awaiting final destruction or
disposal.

C-5
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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 cos*}*f over
$1.8 million. The contaminated materials;0rently await
final disposal or destruction. d#*§63

Neosho Digester--Neosho, Missouri. A
municipal wastewater treatment plant I
wastewater from NEPACCO during 1970 44
during a plant renovation, this dige*/

I 25*4
gravel, soil, and debris. The dige

contaminated the ground nearby. T**1
excavated and put in a trench nea*h,

The EPA in 1981 sampled the digesterm
trations as high as 60 ppb of TCDD anc

June 1984, the EPA issued an 214*
City of Neosho to cap the .sit,0%1

/&*7
Neosho Tank Spill Site--Neosh***011*,01
and Wastewater Technical School*#**duc
studies on NEPACCO wastewater. %*** t,
wastewater leaked onto t!*QuIt¥

Ay¢2*22% le. 4

-9**490*.

*, usecr,%¥ store
1971. in 1977,

filled with

Br**erflowed and
39##*minated soil was
*Egester.

76*4*und concen-
194000 ppm of TCP. In
¢**#ve order to the
$**or groundwater.

irio The Neosho Water

ited treatability
ink used to store the

In 1981, the EPA found Dntration of 1.9 ppm in
samples of the tank's debtete*: »The highly contaminated
soil next to the tank 46 40*vated and put in 15 drums.
The tank and drums w an Army ammunitioh bunker on
the school property._.,2¥*84***k site was capped and fenced.

An EPA administrat2*0:clan, issued in August 1982 and

amended in June 1,g,r, re**es proper disposal of the drums
and soil from th*fank an**. This waste is scheduled to be

. . 9 _ -. "·#f*§97 __ _i_. 1/#81/6 _- _3___--1 -_- 3 .- A L _ r.-'' _ r 'An I

aestroyea in £,2 , mool#82¥lncinerator in une rall or 1384.

4

Rail Accident--ar tissouri. In 1979 a tank car of

orthochlorophenol c 9minated with 37 ppb dioxin was de-
railed in Sturgeon, Mitsouri. 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.

92$=*49,

i

i•241
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Union Carbide--Sydney, Australia. In 1978, dioxin wastes
generated by Union Carbide in trichlorophehol 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 th#kr exposure to
the herbicide, and considerable litigatiod@pas resulted from
these incidents. An out-o f-court settle#¢**t was .recently
reached between the veterans and severa****ULacturers of
Agent Orange. ..A' & Ng@%

In 1977 more than 2 million .gallons 9ent Orknge were
incinerated in the Pacific oceaA on ,£111§ Mcinerator ship
Vulcanus. Calculations on the dio: Mistion efficiency

showed it exceeded 99.9 percent. g
Activated coconut charcoal has be by the Air Force to
reduce the TCDD level from 8 ppm to«6**4*am in Agent - Orange.
The contaminated carbon has been storecrl,th no designated
final disposal.

6342

 196* dioxin-Coalite Chemicals--England. i

chemicals were released in ari
reactor inside the Coalite Cheit@
England. Seventy-nine workers 2
showed signs of chloracn -
ment and other materials,
were buried far down

two workers developed

buiJ.ding at Coalite.  e=<g.CE
traced to a metal ves** hE
contaminated facilit<7* SE

extensively cleane
Phillips-Duphar---8*fterd*0 Nett
contaminated cher*&Wals w#** rel•

9(;i&*17*

reactor inside *¥ Phil.&·4%%.2
Amsterdam. Twamaheigmploy€
chloracne. Extdy¥sures 9
inate and reconstru'eftenntaminal

. -.,0#410
the building. However, animal 1
dioxin contamination was still I
demolished. The rubble was embe

into three barges whose holds w€
barges were towed out into the 1
Azores and sunk in deep water.

contaminated

m.l©*lon 1.n a trichlorophenol

 plant in Derbyshire,
£**tld the plant reportedly

next half year. Equip-
*6 seriously contaminated
coal mine shaft. In 1969,
iring construction of a new

3 of their exposure was
id been salvaged from the
iel reportedly had been

ierlhnds. In 1963, dioxin
aased from a trichlorophenol
iar 2,4,5-TCP plant in
aes were reported to have
iere implemented to decontam-
zed equipment and areas in
zoxicity testing showed that
)resent and the plant was
added in concrete., and placed
are hermetically sealed. The

itlantic ocean near the

0
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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 determindd to be unfeasible and the building was
demolished in 1968.

Dow Chemical--Midland, Michigan. In 1964, 49 out of 61 Dow

workers exposed to dioxin-contaminated trichlorophenol
developed chloracne. Dow is currently being investigated
for dioxin contamination around its MidlanMichigan, chem-

'imical manufacturing facility.

Vertac--Jacksonville, Arkansas. In 197*4**gximately
3,000 barrels of dioxin-contaminated t **%*8*6*henol wastes
were found at this site. Some of the e //e leaking
and had contaminated soil and nearby 3*face water. In
1979, Vertac moved the barrels into .VERA approved shelter
at a cost of approximately $500,00040*inal disposition
of these wastes has not been deter94¥ed* The Vertac facility
is currently on the National Pr2--

Monsanto--Nitro, West Virginia
dioxin-contaminated

chemicals were released after 4M /buildup in a tri-
chlorophenol reactor inside Mdfi, fitro facility. One

hundred twentv-two workers re***ted#¥ developed chloracne as
a result of this contaminatid 4%0

40**6799

A study was released in Mav 1984**A 204 workers exposed to
TCDD in cleanup operation#6%*kNi€¥69 The study concluded
that, in the 35 years sl****41*Ar *xposu:re, these workers
had not developed more 11*41t!,0,plems than workers not
exposed to TCDD. /&9 +92% ™

7-BHC

Lindane is the commthe gamma isomer of
1,2,3,4,5,6-hexachdkane (BHC), a broad spectrum
insecticide of th*,ct***1** lorinated hydrocarbons. Five

111!11.#1isomers of hexac**exane exist, but the gamma isomer
9•04412possess all thei£*6ectie*dal activity. Prior to 1978, all

companies makin£%&*C fc,fE*Elations had various percentages of
BHC isomers. Arm/date, all switched to gamma formu-
lations. Lindane 1.'*%1#ithesized by the direct action o f
chlorine on benzene i€0 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
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finished drinking waters of a small city in Illinois at
4 pg/1. 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

c**ic ar
«**Deen r

01*#4.Mdiff

The chlorinated benzenes are a group of omatic

compounds in which one to six H atoms ha eplaced

with up to six chlorine substitutes. Ty erent

compounds are possible. All have relatt water

solubility, solubility decreases with *0 chlor-

ination, low to moderate vapor pressu**7 witn vapor pressure
decreasing with increasing chlorinat 4%4 low
flammability. Their octanol:water /t: 14*bn coefficient is
moderate to high and increases wit]*ing#*Asing chlorination.
This means the higher chlorinated , such as&*,i:",u + Milhexachlorobenzene, have a high te*#3**¥*,to adsorb onto sedi-.*49;.,9.943*
ments. All are considered to be votf except for
hexachlorobenzene and all are only sli4¥1*y reactive. The
chlorinated benzenes are readilll$*Na#*04*ted in the atmos-

*****2**,4[34phere. They -are likely to. ente**aik***osphere as a result
/65402

of volatilization and/or eva#**Rtion*from soil or

water. Once in the atmosphere*** may be degraded by chem-
ical or sunlight catalyzed react*@A¥ to nitro benzenes»e'.4

and/or nitrophenols. Atm/ri **sidence time is greater
for the more highly chlo*&20616CA*pounds. Chlorinated
benzene compounds in th#ir;**so become adsorbed onto
particles that then se¥*e removed from the atmos-

phere by rain. Transpi**t 9?442hlorinated benzenes in aqueous
/*:ry.*I- ,4-'<':r

systems is limited. ***se,am¥ readily evaporated from both
4<*'41€M:·*ft*g

aerated and nonaerat,t In a controlled experiment
greater than 99 pechlorobenzene,1,2-dichloro-
benzene, 1,4-di.ch-1 4and 1,2,4-trichlorobenzene
exaporated in fouhours ***m aerated water and in 72 hours
from nonaerated , half-life of evaporation has
been calculated, s Law constant and assumptions
on water depth 2i ambient temperature, etc.
Monochlorobenzfchlorobenzene and
1,2, 4-trichlorobeni€t##3*ave calculated half-lives of
4.6 minutes, 8.1 minut#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

1
References can be found at the end of·Appendix B.

..................
C-9

r•.



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 i**es differ.
Little microbial degredation occurs in soj#I¥'' Chlorophenols
are the likely primary product of degreda€*on Chlorinated

'Ip-
benzenes are persistent in soils once ag*955 with persis-

tence a function of chlorination (USEP*
.§

*f20{t

TOLUENE .20.9/47

Toluene is a clear colorless liquid/@Elia t00*hnks fourth among

all agents listed in terms of the a.wr,ee*D f people exposed
/·92 MA#*F

to any single agent. It is the mc¥*= pj»#alent aromatic
hydrocarbon in ambient air, prima:44*0*rom auto emissions.
Atmospheric concentrations of tolue*62***age 37 ppb in the
Los Angeles area. The high volatility1¥ low solubility of
toluene leads €0 its presence ence in the atmos-
phere. It is chemically quitefg***¥*** air and its resi-
dence time in the atmosphere *&§ bg#* estimated at 1.9 days
depending on solar intensitvture and local trace
gas composition. It is remove/arily by the free radical
chain process where OH radicals *0** added to the ring. Re-
action products include a.£*tylen@**cetaldehyde, acetone,

F WNformaldehyde and formic „n*nown yield. Photolysis

of toluene in a pollut€ ke (containing NOx) yields
ozone and peroxyace *4trong eye irritant and
oxidizer. Toluene red from the atmosphere to any

significant degree by#*9n49#*Toluene may be persistent in
aquatic environment. ="ttja?& are available on hydrolysis of
toluene in aquatic 0*¢**20it2**kporation and volatilization
from water surface-90*1#***ther¥s it into the atmosphere at a
relatively rapid. 3*ye. E**poration half-life for toluene
from water lm deg/has bdiA* calculated at 5 hours.

4*»

Volatilization §***trs g a few days time. Sedimentation
occurs, dependidj*t toe¥*rganic matter content of the sedi-
ments as the ocraw*,e*afer partition coefficient is moder-
ately low. Adsorpti:t.kapacity is increased as pH decreases.
The fate of toluene iri»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

/*000
is 03%**t remor

known. It is known that toluene is susceptible to bacterial
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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, depending on soil and leachate
characteristics. The fate of leached toluene is not known

(USEPA, 1980).

ARSENIC

Arsenic can exist in a variety of chemical forms, each with
differing physical properties and solubilit** It is most

'29>=m
commonly found in the pentavalent (arsenagiely and trivalent
(arsenite) states. In oxidizing conditie*£ arsenite is con-k
verted to arsenic acid or arsenate by b lf¢*F#4*gal oxidation.
Arsenate hydrolyzes in water. Arsenate,%*61* in more

basic, aerated soils. Formation of an*eite avored

under conditions of low pH, low dissol#*d oxygen and ].ow
oxidation potential as is found in w,*grmlogged soils and

*94*9 • 84@0
sediments. Arsenic persists in thetenv W.:%,nment in some

A.*7# A#RY

form. Both of, the common forms ma;*pe ,c ipitated from
water by adsorption onto soil .collhEds,*¥Iron and alluminum
strongly fix arsenic to soil collaters containing
high quantities of organic matter ma¥*%0*1 arsenic compounds
to humic matter. The extent of --:'--- '*#6 by clays and
organic matter decreases as pplk over neutral.

rprmq

MB

L dllsUJ

CADMIUM r
44*4*9

The most common valance o f cad*tj#;1;10{0*n nature is 2+. It
occurs principally as a sulfidef#**. In water it
hydrolyzes to form hydro**0*€pm]$3tes. Precipitation from
solution is dependant on concentration of
cadmium. The cadmium i*isN**0pitated from solution by/#*•44,4 '41¥51#DA*9 .
carbonate, as hydroxid€f€* 44**946 ions. The solubility of

. 41=*7 *»9

cadmium compounds ln 901*ter m*Dends on the nature o f the com-

pound and on water qlRelatively insoluble, cadmium
may be mobilized by cl*f****ag with anions. Cadmium is
strongly adsorbed s, and organic matter.
Sorption processes¢#%=ef84' removal of dissolved cadmium
to sediments. rroces*Ss more effective as pH .increases
(USEPA, 1980)  4% 1

3/-»Ze
THALLIUM MID'#i#

fAN#*204
':#./.ng

.

Thallium exists in 1****re in either the monovalent, thallous
'lfi*fm

or trivalent, thallic gtate. The mohovalent 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
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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, dri*ing water con-
tamination is very unlikely, especially 1**roundwater
supplies. Surface waters can be contamir**ed from contam-
inated industrial effluents or washouts»**,0*gentaminated
disposal sites, however, even in these, was found
to be strongly sorbed to sediments andklotal*(1%EPA, 1984a) .

d item#*a

*//2·.·*. 4**56*

Possible TCDD contaminated foo include plant.
crops sprayed with weed killin such as Silvex

and 2,4,5-T, livestock raised iminated forage
and other organisms that have ted the chemical

through the food chain. Studies ****;g;*0ls indicate that
TCDD is readily absorbed through th049***# nal tract,

but there is little evidence that TCDble or

absorbed in food crops (USEPA,search j.ndicates
that when TCDD is a contamina*4$**24*£9**ganic herbicide,

ammea 3464·W

rapid photochemical degradatti*ijocg#*h during the appli-
cation process (Crosby, 198120*1 *W

intesti
* taken up

TeDD can bioaccumulate in a

Bioconcentration

have resulted in
...·al·y

BCF relates the concent£**i
83,242·

species to the concent¥**to

carp, trout, and sall;21
octanol:water parti
7,000 to 900,000 
best estimate foge BCj@

cattle grazing %**conta*?Ra
Levels of TCDD Alkatt]**e

f

70 parts per tri
mammalian milk. 444,1/TY

quat***pd terrestrial organisms.
3*ietv of fish species

factors (BCF).
=sy:'$94as··'.e:.1 

6*** chemical in aquatic
r#%*rathe chemical in water.
Mand species with high fat con-
':47:57

**These species include catfish,
**ulated BCF values using the
*ient resulted in a range of

Currently, the USEPA's
¥ TCDD in aquatic organisms is
y accumulates in fat tissue of
ted pasture (Kimbrough 1983).
re found to range from 4 to

TCDD can also be found in

ti
measurees**page/tration

e

Inhalation of TCDD can occur during agricultural spraying,
industrial incineration, industrial accidents, or as dust
borne particles. Noanalytical information is available
concerning effects of inhaling TCDD (USEPA, 1984a).
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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 studying 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 carcinog.hticity.

3%*

After absorption of 2,3,7,8-TCDD j.nto monimal species
studies, this chemical is most often folhe liver and
adipose tissues. Biological metabolite**1PEamalhare not420*80-*

considered to be toxic compared to TCD**LtseI04¥Elimination
routes for TCDD in mammals include lae**tion, direct intest-
inal elimination, and sebum.

04&4 kah

The tdxic effects of TCDD have be,31*tively studied in
*%264 *4.7

animals. These studies indicate  compound is toxic
from both an acute and chronic st:*0. Animal studies 
indicate that TCDD is potent hepatit€3*****p inducer in most
species. Beside the liver, other targ€1¥*rgans include the
thymus, testicles, splee skin, and urinary
tract Olie, et al, 1977) erest from an acute

toxicity standpoint is t ariation. The oral

LD50 values for TCDD ran body weight for
the guinea pig to 5,051 for the hamster.

Toxicities vary with age, sex, **01*gtrain of test animal
with young animals more s#**pti!3**than older animals. Six
differences varied with 4**f./.M.1e 2¥d showing no apparent
trend (USEPA, 1984a). .Am on toxic responses
included loss of body *mpgnt,¥*trr¥#hic strophy, and increase
in liver weight. Oftg#*oresponses were delayed.

Al***ZU*44/W

he w*#i@*speames v

ug/kg )///eight

Chronic effect studies that TCDD exposure may pro-
duce chloracne, 11, damage, immunological
alterations, hemat 44*6453**al#lierations, gastrointestinal
tract changes, an*&0143urob,Luthiatric effects in test animals.

./04#*7· 62*»3 0
Subchronic effec***i-epor#*0 in rats include lethargy,
decreased body 4*%4hts,f**er pathology, biochemical
eviden.ce of l:i.g,apag/thymic astrophy decreased
lymphatic tissubance of porphyrin metabolism,
slight alterations **4**re hematopoietic system and mild

24'lin

adverse effects on botM male and female reproductive
systems. Long recovery·times were seen in subchronic
studies (USEPA, 1984a). Subchronic effects were observed 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,

..

I#''lili'. I . I

C-13



raised serum transaminase and glutamyl transferase, and some
neurological effects (USEPA, ].984a) . 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
(blie, et al, 1977) .

Animal studies also indicate that TCDD is ,#%.levelopmental
toxin. It acts as a teratogen in mice an**amsters, but not
primates. TCDD produces fetotoxicity at,/#ses higher than

Why,A
doses causing teratogenic e.ffects. The 211**1*Quommon

. 03*4:'A:%Migm-
teratotoxic responses in rats and mice 440%**%**eased cleft

1%90 -1.414%*32%0000

palate and kidney abnormalities. TCDI¥*ppear*pe be acting
synergestically with 2,4,5-T with refp#Et to th# increase in

p.·9··.4

cleft palate occurrences. Many atte008 Ibiye been made to
link fetotoxicity and teratotoxicit*/0 1 -1 or herbicide

exposure in pregnant women. Studie/ti]** far have not been
satistically conclusive regarding*¥ 00*ic effects in human
reproduction. (USEPA, 1984a) . Ani·**0*¢*0ting and human
health histories have shown no incr@*malkab fetotoxicity or
teratotoxicity resulting from male expes*ye to TCDD.

Genotoxicity testing of TCDD Mensive, however,
the results o f these studies 9***e t¢**icated little potential
for mutagenic effects (USEPA, While some studies
indicate that TCDD may be a ba*****B i mutagen and cause

7450*·%.
cytogenetic damage (Olie, et al;%*&77), overall, the data

· I.-..fl
indicate.little potent:Lalhteraction of TCDD with
nucleic acids or the abi,m to produce chromosomal
aberations (USEPA, 1984*339™49**39

=Re':.

Several animal studie have indicated an
oncogenic effect. T ht has been seen in both mice
and rats. s*a been performed that have ledAlso, stiulr
to the conclusion to**5%m:13*%* a tumor promoter. Recently,

the National Toxl.(3 (NTP) bioassay program con-
cluded that TCDD **/Fa cal**Flogen when studied in rats and
mice (NTP, 1983).olby983) states that dioxins are
secondary carcintns onil* able to promote tumors in already

!36.0,1]U#M amt-

initiated cell¥*¢*her qp#finuous, consistent, and selective-·*us,w,/*i, · *.94mmul#,Pe.':*.-* *86
pressures on' thaget**0

Researchers have triedwto link human cancers of various

types 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
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study plans have discounted many human health surveys
attempting to link cancer to TeDD 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 may 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:

;14

Exposure Concentrat DD in water

resulting, ncremental

increase /3 me ·cancer

risk (0/

Consumption of 2 L drinking
water per day and 6.5 g of
fish and shellfish.

Consumption of 2 L drinking
water per day only

As can be seen in this example**
level must be 17 times as .hig]*fj
when no contamihated fish ar4*50:n sumea.

contamination

ne risk level as

The Center for Disease Control€11**4¥ecommended that residen-
*24?Sa04?i

tial soils contain TCDD Goncentrations ho greater
that 1 ppb. Higher tcial areas may represent
an acceptable risk upationa exposed per-

sons (Kimbrough, 1983) .* has r mmended
against consumption of€**od Z**htaining TCDD levels greater

40**0#
than 50 ppt or more t»*¥ t¥*q* per month at eater than

25 ppt. No toleranc have been established for TCDD
on food crops (MillerN·****k

at aver*
leve 14 coR**

1ly
eco

at

gr

In summary, TCDD i,08*%¥19*Fed to be an unusually toxic com-
pound with demons#Afted 44*e, subchronic, and chronic
effects in man a Reported adverse effects include
chloracne and nges to the liver, nervous

system, immuned*?ftem,j**id reproductive system. Special
groups at risk a'm0**a* employed in the manu facture o f
chemicals which mafain 2,3,7, 8-TCDD as a contaminant,
women of child-bearing age, and especially the fetus.

anim
d*ge or

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 ofi
changeably, information presented here wi:

gamma isomer and it should be recognized ]
isomers show similar but not identical crl*

1%4
Human overexposure to BHC has occurred
ingestion, occupational exposure, and LEZ

28'.47
treatment. In each case, the primarv.*02*11
logical effects such as seizures
weakness, and grand mal convulsi
overexposure included liver and
muscle necrosis, vomiting, and h

.;242%*%§*,9422
cases, convulsions were followed **"emaa,
Chronic exposure has been linked td'*00*D,

42*i%00
other blood disorders. It is importantmg
Y-BHCinduced illness may resul***mmwuwae!
inhalation, dermal or· oral ro 2

-IMRremember that human exposure** 7-B*0* has
medicinal purposes in vaporiz*.j#t[ in c
and shampoos (Gosselin, £ 21.1 . Ir
these materials resulting in ex*¢4;*rated ¢
contributed to the adversectrevioi

The mechanism by which ME a*6****ecticidz
#044 . ,&«*Re:2*·4·

toxicity to the nervou***st*#¢1¥ittig, l!
2-

effects are seen in ag**pe &*#hal studies.
Y-BHC is 90 mg/kg (r**Idl/mg/kg (rabbii
(guinea pigs) . DermaP**2&1**2lues vary g]
upon the vehicle usg. As a 11
ishing cream, the  2/ (rabbits) wi
mg/kg while Y-BHC,;.thJUpowder form I
LI)50 of 'Ir 4000 In (Cln and Clayton,··iyelp/%

various isomers BHC ** greatly in to]
beta, and delt a low degree
but are retained?han the gamma is(much greater acute  €**fitv but has a lowf
cummulative toxicity 91nce it is retained

shorter period of time (Sittig, 1980).

ten used inter-

1-3mphasize the
 the other
*ities.

440**NE#ental

us@** a medical
iess raflected neuro-

iasms, overall

r symptoms of
age, pancreatitis,
[n the most severe

then death.

¢c anemia and
b point out that
sure via the

also important to
been approved for
zreams, lotions,

nproper use of
exposures has
isly discussed.

11 is through
980). These

The oral I:D for
50

zs), and 127 mg/kg
reatly depending
& solution in van-

is reported as 50
iad a rabbit dermal

, 1981). The

<icity. The alpha,
of acute toxicitv

Dmer. 7-BHC has a
er degree of

in the body for a

7.49

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 Toxicology 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. Reagles given d ig/kg and 15
mg/kg during gestation had an increased z¢Bber of stillborn

pups. In another study, no teratogenics associated
with exposures up to 20 mg/kg in rats. 0#€*58tt*py*g*r a sug-
gestion o f chromosomal damage, no sub###fltia¥4ttdies re-
sulted in a concern of mutagenicity *ilting from BHC expo-
sure.

The fermissible Exposure Level in *ge Weapcplace is 0.5
mg/m . This is a 5 day, 8 hour e/value. The World
Health Organization has set the am#4***le daily intake at 1-
ug/kg/day. The U.S. EPA states that*ieves that expo-
sure levels to carcinogens ought to be**ro, however, they
have considered setting inte] ls for increased

cancer risk.

-5

For67-BHC, tb, 221::6fgr nd*;cnrdri:6ofg r-10 , and 10

spectively. These values as sum**¥estion of 2 liters of
water per day and consump#*2#k of g of fish daily (USEPA,
1980).

CHLORINATED BENZENES  
M**'3 Pi€&4

Chlorinated benzenes,4,4¥us***of any benzene compound which
42%27*%/*1673/,4

contains one or more*03¥%¥58%atoms. They range from the
monochlorinated mate**a?*4€*1*#e hexachlorinated one. The
dichloro , trich.lorachloro species can exist in
various isomeric ,&*Frns. *44*pre are several generalizations
which can be mad.**bout »Wse compounds which help under-' Ntt%/
stand their env#ment**qual.ities. In general, they are
u sed as chemic dates for the synthesis of other
compounds and cal as pesticides. They may
bioaccumulate in iN?( ironment with their potential for
bioaccumulation increasing with chlorine content. As their

chlorine content increases, their potential for
biomagnification also increase, while their potential for
biodegradation decreases (Sittig, 1980). Volatility 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

. f. 1.1
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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 bages.

Dichlorobenzenes have similar toxicities. Kidney, liver,
lung, and the blood forming organs appear *b be the primary
target organs for toxicity based on '

4%*%0
)osure infor-

mation. They also may irritate s
branes (Clayton and Clayton, 1981
carcinogenity on the ortho isomer
no evidence of carcinogenicity.

numan#*pE
Kin, eye#pna mucous mem-

) . An d&*0hioassay for
conc]049****Lthere was

utagenicity
data also indicate that this effect 1.1ttle concern.

The usual route of exposure is inha r dermal contact,

however, occasionally ingestion of isomer has been

reported (Clayton and Clayton, 1981 chlorobenzenes are

produced in relatively small amou41 with
2 ··· 9·$0*·'24:7.3 -12··

dichlorobenzenes, these isomers h#t**44*#ilar toxicities.
Human experience indicates that tne .4/00 organs include
lung, blood forming organs, and skin. 1%*ed on animal study
results, it may be concluded tha**:ae*=Irdney, liver,

adrenals, and nervous system *1 target organs©
These compounds also may caud€*derm&14 eye and mucous mem-
brane irritation. One chronle:*eal:u#¥ for carcinogenicitv was
negative; however, these resultpla*e not conclusive enough
to give an indication one way 0***e other regarding poten-
tial carcinogenicity. Mu***anicf*ti@and teratogenicity

testing results have* be
Although acute toxicityk*n 4***fAft has not been shown to he
a ma j or concern, (rat +· 3500 - 10,000 mg/kg), human
overexposure to hexac****£eenzene has resulted in a condi-

. .A.<:*'9'WJ:%$
tion called porphyria •4**tardia, an illness in which
porphyrin metabolis*fj[*Nill*%*9bed. This condition does not
appear to be an oc¢{*Dat*1*4L=yproblem even among workers
producing hexachl CIARC, 1979) . Major outbreaks

*57.·49
of this illness ¥*e bee**Reported when humans ingest seeds
treated with hex*@Aloro}1*8¥*ene. One outbreak involved

·74**Mw>* I 99*&*

5,000 people. 19 was characterized by skin
lesions, usuallyatng in areas exposed to sunlight.
Often the lesions bd{* ulcerated and crusted. Other
clinical symptoms incraaed excessive hair growth and

0

a

hyperpigmentation, corneal opacity, and liver damage. Even

20 years 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 (Clayton and Clayton,
1981).
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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 indicate that

hexachlorobenzene is an animal carcinogen./Shronic oral
exposure to hexachlorobenzene of rats, hauR&*ers and' mice
have resulted in increased tumor inciden¢4* Sites where
incidents are elevated include liver, t]***a, and blood
vessels (NTP, 1983). af'.*0¥*%0

..111018 ...49,4.

™Zat«·CA

Chlorobenzenes are listed by several *£#anizations concerned
4.69

with human health effects of these cd*Bounds. Recommend-
*29 ff»

ations for occupational air levels **'e,g##Bure to several
chlorobenzenes are as follows: ch]**cn - 75 ppm;
0-dichlorobenzene - 50 ppm; p-dicljzene - 75 ppm; and
1,2,4 trichlorobenzene - 5 ppm (A@?0219¥984). These values ·

»..9.*,braw#A
are for 8 hours/day, 5 days/week exp@***%%to airborne

4.:97;A·«9

concentrations o f these materials. The9*S. EPA has set the
following criteria for Mrinking water:
monochlorobenzene 20 ug ies .230 ug/ml;

trichlorobenzene 13 jig/1; teva«9195*uenzene 17 ug/1; and
pentachlorobenzene 0.5 ug/1 (f**MA/.41980). The mono and

..3/0.9%340
trichlorobenzene values are baa€p**1*on odor and taste , the
others on toxicity. The U.S. EPA#*tates that they feel that -
exposure levels for carcini**ans 846*t to be zero; however,

• Z#ge#/14*.4& :

EPA has set levels of inGE,fam**t.al Wisk for carcinogen expo-
surE· FgE hexachlo¥obe: tental risks of cancer of

10 , 10 , and 10- ad .72 ng/1 and 0.072 ng/1

respectively (USEPA, 14§501) .**0hese values assume ingestion
of 2 liters of wh'ter **nd consumption of 6.5 g of
fish daily. The WorOrganization has set a condi-
tional daily intak at 0.5 ug/kg/dav in
foods (Clayton and*e,rov,0 1981) .
Since chlorobenzg@*0 compq**ds are irritating, toxic to the

liver, and in g 7' al madsorb to organic matter, care
should be take *, , vol,dermal contact with them. Many of

le.Nwit

these ·compounds » 0.1. ·*p volatile and potential exposure
may occur if sedime*#*Ento which they are entrapped are

I ..4,9
disturbed. Consideratron ought to be given to respiratory
protection if this is a possibility.

...................
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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/1 (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 cons.ideration. Toluene is simila]0* benzene in
toxicity except that it shows none of theatopoietic

- Ii..,Rb(h

effects. Previously toxicity attributed#*a toluene was ac-
tually caused by high benzene levels ofAnation.
Toluene is readily absorbed via the in, inhalation
route. It may also enter the body th::0h trAtin. Al-
though toluene may be exhaled, its ma#0* route of excretion
is through rapid oxidation to benzoic*1, conjugation with
glycine and excretion in the urine #¢ht#*lric acid.44 /84989

Excretion as hippuric acid is prop@/10*at to exposure with-
in reasonable limits.

Acute toluene overexposure may ca
skin and respiratory tract. It a

fatigue, confusion, headache
muscular weakness and numbne

sult in visual disturbances,
kidney and liver damage or deam a

94»94
toluene exposure reportedly car*te*47·,

and brain damage. Prolonged con@t
skin resulting in 7/db

Acute animal toxicity t***S .ir/4
, ,# /<¥**494*.4.76·p

acutely toxic - oral LD*Bl (:c**W'¥4
9 10 9/kg and inh-' '-4 (ra

dermal and eye·ir ihro

the inhalation (u 1 ' an

mg/hg/day) produc Fcan
Clavton, 1981).

44?*ronc*sness,

0

use•*ty r. tion of the eyes,
1so m&%#ause dizziness,

lination, nausea,
:xposure may re-

reversible

1,#numans. Chronic human
*#se cardiac, liver, kidney
** with toluene defats the
'43* .§*a=,lg 0

*te that toluene is not

A.g/kg, dermal LD (rabbit)
t) 9 8000 ppm. . is a
nic animal studies by both
d oral routes (up to 390
t pathology (Clayton and

Chronic rat inha**¥ion s154*ies at exposure levels up to 300
ppm f or 24 mont4*#and

*t.%(.

al skin painting studies in mice
did not indical  ca**inogenic potential for this com-
pound. Gene· mi #6¥m¥%40dies in bacteria gave no indication
that toluene is a Felial mutagen. Chromosomal anomalies
have been seen in som@<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 other
studies (USEPA, 1983).

1 .

cracki

ritai#•¥0•-
p to
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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 Safety 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

14.3 mg/1 as a safe level for protection Uman health

from the toxicity of toluene. This value calculated on

the assumption that exposure will occur *ka Doth drinking
water and ingestion of aquatic organism#f*4@k*ti,ag in - the same

404*44'49'm#*febcontaminated water (USEPA, 1980).
Frill.

ARSENIC

Arsenic is an inorganic material fo ihe earth' s crust
#24/*3: #p.<4·q

at an average concentration of 5 pl*¥(80*bn, 1979) The

element is rarely found in pure f# A,lkher it occurs as an
oxide, metal arsenical, or in som®%*3¢0*£ f compound with
other elements. Many of the forms f*10***Aenvironment are
oxides which are of lower solubility. 1%*with many other
inorganic materials, solub'-t is increased as
the pH decreases or increa *14n content of the.
water also influences the Ntion***ate and solubility of

»*4* 20* ·
arsenic. For the most part, 4*Ser**; and its compounds

P:ke-A rk.,734·strongly adsorb to soils and sts. Arsenic and its

compounds are extremely persisi®* and do not degrade.
Arsenic has had widespreg use for hardeningmetals, insecticides, ve##¥$*aL,86ducts, pharmaceuticals,
weed killers, and otherfl products (Clayton and
Clayton, 1981). .Ars toxic to most
aquatic organisms wi Lie#•rl 20¥*e LC5O in the range of 0.8 to
1,400 ppm and chronic in the range of 0.9 to 3.0 ppm.
Unlike cadmium, arsenret#****eity is not changed by changes
in water hardness. 24**42*6%*es bioconcentrate in aquatic
organisms, so bot be found that are 350 times
greater than the **frouniNi¥*cr environment (USEPA, 1980) .
Contaminated fis]*%bfhd sh**fish could then act as an arsenic:Uff,64*;m

source for huma

The acute oral uos)1822•&:.1*¥..$$·i or arsenic triofluoride for rats is
in the range of t*f90 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 th'e liver. Mutagenic and
cytogenetic changes have been noted in a variety of animal
cells as a result of arsenic exposure, but the consistency

111

sesj

OXI

339
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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
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 importan*%*outes of expo-
sure (Clayton and Clayton, 1981).

a

'592200

Dermal exposure leads to a variety o f s¥blems.
Reddening and formation of various typ¢*„,£**04*m,.eruptions
are quite common. In certain cases, t**re ma¥*pe an. m!101111,increase in skin pigmentation, and ine*J€ased sw/ating may
occur. In addition to changes in t:44@*kia , some degree of
percutaneous absorption can occur w**efh #*tild lead to other
chronic health problems. m 0

Chronic exposure to inhalation an**f#***igestion of arsenic
has led to a variety of physical ailz**1*** Inhalation has
led to problems with the respiratory *37**m which includes
emphysema, rhinitis, performat*t,g¥¥€**Ap septum, and

other symptoms (Clayton and 904&2149*11 rinking
arsenic contaminated water rd**J.te**41 changes in immune

aw# 40
function, cardiovascular discM#*§*sa**eripheral vascular dis-
orders, and nerve degeneratiort**4?*Me peripheral nervous
system (IARC, 1980). Human ars@**11 exposure has also been
associated with reproduct.**lheff€** which includes
increased abortions as w *9/ malformations of off-
spring, particularly Do,66§6 **¥**bne. Finally, there are

**4> LA#:Atv'.BEA#

variety of positive rel**ts #*>*nlhng arsenic exposure to
human cancer. In par#**laingestion of arsenic appears
to lead to increased ancer.
CADMIUM 4..GM...

Cadmium is normal usece*·m electroplating to reduce corro-
sion of the subsl e me#i; in paint and pigment manu-
facturing; and / stal#/lzer in plastics manufacturing,

4144.,t'W

electrical equi 4%* fungicides.
Im4.-442:/145@».

a

In the environment™¥40*ywhole, cadmium is stable and persis-Whym
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

r---
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and soils will generally act as a sink for environmental
cadmium (Sittig, 1980).

The acute animal toxicity of cadmium salts, such as the

chloride, are moderately high with LD50's in the range of 30
to 175 mg/kg. Cadmium concentrates in tne 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 (Clayton
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 aq#*tic animals is
in the range of 0.2 to 80 ppb acutely or 10* to 50 ppb
chronically. Aquatic toxicity is very d¢Andent upon water
hardness, and decreases as hardness inc00**dUSEPA, 1980).

. 447*5**4*498917#:

Fish and other aquatic organisms can b¥*455***4.te cadmium
in their tissue to a level which is 2 #@ ti*reater than
their environment; consequently, ing%*f*on of 44uatic
organisms by humans may pose a signi;**a* health threat.e.,·.4240 A*35097

Some work has been done to examine#*¥e €*rcinoginicity of
cadmium in animals (Clayton and C 10*to//1981) . The studies

a¢*MeN.· *4*17
have found localized cancer at th**$*0of cadmj.um injection

%*14**29·43$*A .

which appeared to be prevented by cd*%*0**t:ion with zinc.
Oral administration of cadmium *ly been unsuc-

cessful in producing tumors inj Likewise, studies

examining mutagenesis have al* ccessful.

Terratogenic effects in test **imalre equivocal since
both positive and negative ret**ts€*ave been obtained.

.Ye.?.-*?>*.40*

Cadmium appears to cause testia****fnecrosis, so that male
fertility may be reduced from exposure (Clayton and
Clayton, 1981). ·e·,A,»3%.£6*%?I-

3.Nah

Human exposure has al,so**su kidney and some liver
problems as with expertqals (Clayton and Clayton,
1981) . The most impon**At 00##tes of human exposure are

42%22·'2 490*0 ..
ingestion or inhalati45**,15*eadmium contaminated dusts,
soils, or sediments. <Mem•*a of the properties of cadmium,
vapors are not geneortant for inhalation, and
dermal absorption ***R<,*40%,e.De significant either. As with

AY,07 /4£37#0*

animal studies, ·t#*tores*qp of zinc can reduce the adverse
health impacts 00*admiu N Chronic exposures of cadmium
need to be in eqs of A ug/day to produce adverse health
effects in hum Adv**se health effects could include
changes in pancreas, thyroid, and bone func-
tion (Sittig, 1980 11:*f€*Eammon problems arising from exposure

'. 444*40
are protein excretion 'yn 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.

has gener

C 1**041 C

4..

a
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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 to humans, ingestion from all sources should be
less than 250 Ng/day.

THALLIUM

Thallium is a widely distributed element, comprising approx-
imately 0.003 percent of the earth. It is<*aolated as a

byproduct of production of other metals s} as zinc, lead
and cadmium. Although used elsewhere in £4¢* world as a
rodenticide, thallium sulfate use for th*4**Npose stopped
in 1972 in the U.S. (Clayton and Claytq- Low levels

of thallium are found in plants and sc#*wate@44¥In plants,
the levels range up to 10 ug/kg (wet *0*ght) . 7hallium
levels in drinking water seldom exced*/O J ug/L. Limited
information indicates that signific,0¥ 48*lium exposure may
occur via smoking. Cigarette smokq** e**ete twice as much
thallium as do non-smokers. It is#* t/ted that daily
adult intake of thallium is about#*4*;68&y (sittig, 1980) .

Human exposure to thallium has resulte09*¥ toxic effects
under occupational, clinical an@me*014%*al exposure, cond-

itions. Usual routes o f into %<4*4..*.e ingestion (acci-
dental or clinical) and derm i**lation (occupational) .
No fatalities have ever been **er**2 as a result of acute
industrial exposure. Fataliti.*ed by thallium usually

f th rat poison. Thallium ·

alk tre,pent of syphilis,
se <*es have produced a elin-
*1*&3*69%*··9+.·

r**4****e to its human toxicity.
k·di»»·$49

0**pe@ancludes neurological dis-
00$36§9*

0#*ders, hair loss, kidney
WIP##d
*¥h (Clayton and Clayton, 1981).
*4les range from 200 to
4** after acute exposure to
$75t possible hair loss resulting
¢here are no data which indicate
0 developing fetus is especially
ting from thallium overexposure

result from the ingestion o

salts also have been useddif
ringworm and tuberculosis#M
ical picture which give
Human toxicity from ov*00:p
orders, gastrointestin¢*'di
damage, liver damage 
Estimated human oral Em****
1,000 mg/kg. Petmaa*****1:#
thallium is unusua¥*»4eisp.im
from very heavy eu]F#*93&§5
that either child*eh or t:34*
sensitive to to**Rity re44€
(Sittig, 1980).. 

AS

Animal data for acicity indicate that LD values of

thallium compounds rart* from about 10 to 65 mag. 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

C-24



dietary levels, weight loss was observed. Distribution and

excretion of thallium was often found to be·"different in

laboratory animals than man. Human autopsy material indi-
cates that thallium deposition was localized in the scalp,
kidney, heart, and spleen in that order. In rats, thallium
localized in the kidney, followed by the gut, gonads, and
pancreas. Similar differences were seen in excretion. In

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 urine, but man,
25 times more thallium was excreted in the urine than in

feces (Sittig, 1981).

aw ,

oldlt vana.kag¥,with
The U.S. occupationa exposure thresh
thallium of 0.1 mg/m lS based upon a
metals. Although this value is for 8
exposure to soluble thallium salts, t
applicable to all thallium compounds. e
criteria value for thallium of 13.0 #*¥L
assumes ingestion of 2 liters of wal:air amal
or shellfish (USEPA, 1980). 2&*381 .#a%5·
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