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FOREWORD

This manual is for reference use of students enrolled in scheduled training courses of the U.S.
Environmental Protection Ageney (EPA). While it will be usetul to anyone who needs information
on the subjects covered. it will have its greatest value as an adjunct to classroom presentations
involving discussions among the students and the instructional staft.

This manual has been developed to provide the best available current information: however.
individual instructors may provide additional material to cover special aspects of their presentations.

Because of the limited availability of the manual. it should not be cited in bibliographies or other
publications.

References 1o products and manutacturers are tor illustration only: they do not imply endorseiment
by AL

Constructive suggestions for improvement of the content and format of the Lnvironmental
Remediation Technologies (163.3) manual are welcome,







ENVIRONMENTAL REMEDIATION TECHNOLOGIES (165.3)

Lhis iniroductony-lev el course provides participants with an overview of the treatment teehnologies most
frequently used for eleanups of contammated media. The emphasis of the course is on the technology
description. apphicability, and limitations of appropriate treatment technologies. rather than on the design
of such systems. [Uis intended for new on-scene coordinators, remedial project managers, wiste sile
managers, and other personned interested in remediation.

Topics that are discussed include site stabilization: site characterization: fate and transport: technology
screening: capping and containing: basic water treatment; chemical reactions and separations: aqueous
biological treatment: phyvtoremediation: bioremediation: physical separation: soil washing and solvent
extraction: thermal treatment; immobilization: in-situ treatments; innovative treatments; and process

testing,

Training methods include lectures and group problem-solving exercises. Case studices are used to
demonstrate applications of the treatment technologies. Group discussions relevant to the course are
encouraged.

After completing the course, participants will be able to:

* Evaluate appropriate technigues to assess. stabihze. and sereen potential remedies for
contaminated sites.

. Identify the processes and explain the limitations of the most frequently used treatment
technologies.

. fdentify resources that describe inpovative treatment technologies.
Note:  Caleudators are recommicnded.

Continuing Education Units: 2.0

U.S. EPA Headquarters

Mail code 3201

1200 Pennsylvania Avenue NW
Washington pC 20460

Library
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SITE STABILIZATION

SITE STABILIZATION

e Control technologies
- Prevent contact
- Prevent migration

* Removaltechnologies
- Ebhminate threat to health or environment

CONTROL TECHNOLOGIES

* Applications

- Site security — Keep people {and animals)
off the site

- Runoff controls — Prevent migration of

hazardous waste

* Limitations
- Do notremediate the site
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CONTROL TECHNOLOGIES (cont.)

¢ Site security
- Fences
- Warning signs
- Guards

CONTROL TECHNOLOGIES (cont.)

e Runoff control
- Ditches, berms, dikes
- Caps
- Containmentwalls
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REMOVAL TECHNOLOGIES

» Applications
- Remove immediate (acute) threats
- Overpacking, staging, bulking, removal

* Limitations
- Generally do not remediate long term
(chronic) threats

REMOVAL TECHNOLOGIES (cont.)

* FEliminate concentrated chemicals by
removal and treatment

e Drums, tanks, lagoons. and soil

REMOVAL TECHNOLOGIES (cont.)

s Damaged or corroded drums, cans,
cylinders, or other containers




Ve e B AR A S N W <P TP 5 3 SN N cReT oy :
R S PR I LA ALY ‘-X'_{;%‘,?*i‘_ R . 3 S N R TR DS S SN
£r me ity i £SrRE LA

“Site'Stabllization’ i Faiiny ¥ % e 2l

REMOVAL TECHNOLOGIES (cont.) .

s Qverpack
- Vessels cover or protect hazardous
material containers held in overpacks

SAMPLING AND BULKING

e Stage ororganize containers in double

rows for sampling .

SAMPLING AND BULKING (cont.)

* Sample containers
= |dentify chemicais

s, o7 " ENVIRONMENTAL - REMEDIATION TECHNOLOGIES®
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SAMPLING AND BULKING (cont))

. Site Stabilization®

* Test for compatibility

» Separate into "waste streams” with
similar chemicals

SAMPLING AND BULKING (cont)

* Bulking
- Combining contents of many small
containers, ponds, orlagoons into a few
large quantities with compatible
materials

BULKING EXERCISE

» Divide into teams of 4 to 6 students perteam.

» Use the Compatibility Chart to select an
appropriate waste category for each of the
drums of chemicals listed.

* Group drums of compatible chemicals into
waste streams for bulking.
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COMPATIBILITY CHART

Simplified for classroom use
<2 pH >125

Acid

Soluble

——

FP >200 FP <140

ORP v
> 430 Base
p——— Oxidizer
Insoluble
sp grav <1.0 851%8‘,

Water? Flammable p 240 L -PCB +PCB

QOrganic
liquid

Flammable 4
Hydrocarbon

Hydrocarbon

REPORT: DRUMS OF CHEMICALS

Drum pH ORP
T T

Sol spgrav FP PCB

1 71 ' 40 | Yes | NA voe200 ! Mo
10 340 1+ Yes NA . +200 ¢ Ne
El 6.9 35 | No 0.6 S -100 No
TTa [ 70 @00 [ No 08 [ 120 : No
5 ! 12 ' 405 | Yes NA I +200 ' Mo
6 71 550 - ves \ NA 1 4200 | tie
7 €8 ° 3%0 , Mo 1.9 . 125 Ho
8 69 385 | No 1.7 +200 | Yes
9 70 400 | No a6 -100 No
10 69 390 | No H 0.7 i3 14 No
1 15 i 400 : VYes 1 NA I «200 o
12 1 71! 390 | No | 06 | -100 | No_ |

ANSWER SHEET

Waste Stream

Drum Number(s)

Acd

Base

Oxdizer

Water?

Flammable Orgaric Liquid

Flammatde Mydrecartan

F«TE Cortarnmated Hodidsatbo™

PCB Contaminated
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SITE
CHARACTERIZATION

SITE CHARACTERIZATION

® Basic information
& Contamination
& Site conditions
® Risk assessment

BASIC INFORMATION

® Site history

® General condition
® General surroundings

® Fyture land use
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® Title search

® Business records
e Sanborn maps
[ ]
[ ]
[ ]

Aerial photographs
Enforcement documents
Employee/public interviews

CHEMDYNE
RECYCLING
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MAPS

® Street
e Topographic
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STREET MAPS ()

® Roads
® Businesses

e Recreational areas

e Residential areas

TOPOGRAPHICAL MAPS

® Geographical relief

e Vegetation .
e Recreational and residential

e Updated from aerial photographs

CONTAMINATION

Types

® |norganic

e \olatiles

® Semivolatiles
e Chlorinated

PAGE 4523 REPANGLT Pl fo 26 Bdard
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CONTAMINATION (cont.)

Extent
e Sample plans
¢ Data quality objectives

SAMPLING METHODOLOGIES

Sampling design:

s Judgmental

e Random sampling

¢ Stratified random sampling
® Systematic sampling

® Systematic random sampling

THE DQO PROCESS

1. State the probiem

¥
2. ldentify the decision

¥
3. ldentify inputs to the decision

N
4. Define the study boundaries

A\
5. Develop a decision rule
v

6. Specify limits 'on decision errors

4
7. Optimize the design for obtaining data




PHYSICAL CONDITIONS

® Surface water data
® Soil data
® Groundwater data

SURFACE WATER DATA

¢ Speed and direction of flow

® Sediment amount and locations
e Discharge to groundwater

¢ Flooding possibilities

'ENVIRONMENTAL < REMEDIATION TECHNOLOGIES
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SOIL DATA

Particle size and density

Homogeneity

Porosity and permeability
Carbon and moisture content
Eh, pH, K., Kee

GROUNDWATER DATA

® Rate of groundwater flow

e Hydraulic conductivity

* Hydraulic gradient

¢ Effective porosity

¢ Discharge to surface water

SAMPLING TECHNIQUES

¢ Hand augers
® Direct push methods

¢ Hollow stem auger, split spoon
o Wells and well construction

¢ Methods
~ US EPA SW 846
- US EPA ERT SOP
- ASTM
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RISK ASSESSMENTS

“Risk assessment is the use of a
factual base to define the health
effects of exposure of individuals or
populations to hazardous materials or
situations.”

Scurce NRC 1883

RISK ASSESSMENT

® Contaminant
¢ Receptors
e Toxicity information

¢ Fate and transport
— Pathways

ENVIRONMENTAL - REMEDIATION TECHNOLOGIES
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FATE AND
TRANSPORT OF
CHEMICAL
CONTAMINANTS

MILLION-DOLLAR PROBLEM:

Pour one cup of TCE onto the ground and it
will cost you $1 million to get it out.
WHY?

MILLION-DOLLAR QUESTION:

Why would it cost so much?

/71

Cc tam“ ant

—_———————m e e

.. Water

Contanunant behavior is a function of the properties of
both the contaminant and the environmenta!l media
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PROCESSES IN THE
ENVIRONMENT

p\i"“’“‘\.
Degradation

Degradation

FATE AND TRANSPORT

Surface
Subsurface
Distribution
Degradation

CONTAMINANT BEHAVIOR
ON SURFACE

¢ Physical state

Volatilization
Runoff
Solubility
Percolation

PAGE 27 o0 @arttarc i s iy o BAREY 5t g 2 Do 5o ENVIRONMENTAL “REMEDIATION TECHNOLOGIES
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PHYSICAL STATE

Solid

Liquid

Gas.

Least Maost
mobile 3 mobile
s Organic vs. inorganic
s Transition temperatures, e.g.,
melting point, boiling point .
PHASE DIAGRAM
P
{mm Hy)
H,O A
] Liquid %
70 A 7,8
i I -~ s
L
175 ! ’
s . ] o
i {c
0C  20°C
{ .3 Tempersature

QUANTIFYING PHYSICAL STATE
LIQUID RANGE (at variable vapor pressure)
-220C -100° Q¢ 20° 100° 20¢C° 30Q°
- 4 — j —
H:O Q1c 100
Benzene __ss_m 8i, 1@
MEK -8812 81
TCE EPEIRPES
Prepana A b Pt
felpte 15 1 M tIecompraes § 300
V-Jg S35 D0 e
Po ERARRES S -
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VOLATILIZATION

Function of:

- Molecular weight

- "Cohesive forces”
« Van der Waals forces
« Polarity

- Temperature

QUANTIFYING VOLATILIZATION

Vapor Pressure (VP): Pressure exerted above
a compound in liquid or sclid phase

Compound VP (mmtg @ 20°0)

Benzene 80.0 Tﬁ'?&hs
TCE 63.0

H,0 17.5

PCP 00011 ¥ne

RUNOFF

Function of;

- Hydraulic gradient

- “Cohesive forces” (e.g.,
internal friction)

2 5 e S A T F s ENVIRONMENTALREMEDIATION TECHNOLOGIES
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QUANTIFYING RUNOFF

Dynamic viscosily (;): Indicates degree of
resistance to flow

Compound [ {ceripnise @ 20Pc)
TCE .57

Benzene .65 Mie

H,0O 1.0

Kerosene 25 LensT,

Phenol 8.5 -

SOLUBILITY

Function of:

e Cohesive forces

» Adhesive forces
~ Van der Waals
- Polarity
-~ lonization

INORGANIC SOLUBILITY vs. pH

Pb(OH)*"

—_—

Fe(OH)™

. AI(OH)*?

Menl solukibty (mobiity)
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PERCOLATION

Function of:

¢ Fluid height or “head”
¢ Fluid density

s Cohesive forces ("surface tension™)
e Adhesive forces ("wetting”)

QUANTIFYING PERCOLATION

Kinematic viscosity (v): Indicates degree of resistance to
downward flow (combines density with dynamic viscosity)

Com pOUﬂd V (centstokes @ 20°) .

TCE 39 R
Benzene 74
HZO 1 0 :JIEOABEIIE

SUBSURFACE

Function of:
s Preferential pathways (channeling)
- Macropores
- Micropores
e Solubility
e Sorption .

e Volatility

PR RN 2R Y e 5 ENVIRONMENTAL - REMEDIATION TECHNOLOGIES -
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SUBSURFACE DISTRIBUTION

e Physical movement stops when matric
potential and hydrodynamic head are
balanced

e Molecular movement continues as long
as relative concentration remains
"unbalanced"

TRANSPORT "7
IN VADOSE
ZONE F

e
© 5T Organie earbon

DIFFUSION

Diffusion — Frocess whereby molecules
move from aregion of higher concentration
1o aregion cf lower concentratizn as a
resu't of Erov.nian motion

ENVIRONMENTAL-REMEDIATION TECHNOLOGIES
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Dispersion - Tendancy fora f
salute to spread from the
ipath trat it would be

expected to follow under
advective transpsn

DISPERSIVITY
DISPERSION AND DIFFUSION

Soil

PERCOLATION
THROUGH
SATURATED ZONE
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QUANTIFYING DISTRIBUTION

Alr Vapor pressure (VP)
Water Solubility (Sol.)
Water/Air Henry's Law {H))
Water/soil Sorption (Ky., CEC)

HENRY'S LAW

= _VP__
M= Ssiubiy

Compound VP (mmHg)  Sol.(mg/l)

atm-m?
H ( “mol )

VC 2.300 1,100 59 x 10"
Benzene 76 1,780 54 %107
TCE 58 1,100 89x10°°
MEK 71.2 268,000 27x10°°
PCP 0.00011 1 28x107°
SORPTION

The degree of attraction between a non-polar
chemical and the natural organic matter
associated with an aquifer (retardation)

Function of:
o (Contaminant

¢ Fraction of organic carbon in medium (f .)

e Properties of soil, e.q., structure, texture (k)
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SORPTION (cont.)

CATION EXCHANGE CAPACITY (CEC)

Total cations adsorbed on a unit mass
of soil (centimoles/kg)

Function of:

® Soil texture (e.g., clay, silt, sand)

® Soil surface area (clay type, e.g., kaoclinite)
® Organic matier content

DEGRADATION OF
CONTAMINANTS

® Break down chemically (organics only)
e Examples of degradation processes:
- Hydrolysis
- Redox
~ Biodegradation

DEGRADATION (cont)

® Function of:
- pH
- Bond strengths of contaminant
— Properties of attacking agent
~ Redox potential

- "Hospitable” environment
(biodegradation)

PAGE 10 *~"
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FATE AND TRANSPORT
OF CONTAMINANTS

| f

GW flow -#

]

15 .
;  chioride — o |
' m carbon 1 Source M\ﬂ'

tetrachloride

ﬂ
i T
280 420

Time (days)

(=]

Relative concentration in
MW dovngradiert of scuree
(=]
wn
o r— I

MILLION-DOLLAR PROBLEM:
WHAT ARE YOU GOING TO DO?

Problem: Saturated soil
contaminated with TCE

(enough to contaminate
groundwater to solubility
lirnit for 15 years)

ANOTHER MILLION-DOLLAR PROBLEM:
WHAT ARE YOU GOING TO DO?

Problem: Chrome plating
bath soiutions have been
disposed into unlined
lagoon (now dry).

Most of chromium has
been adsorbed by
underlying clay soils.

Groundwater
contamination was not
detected.

"ENVIRONMENTAL’ REMEDIATION-TECHNOLOGIES |- > w:.i s> AFHANL IR - 1o e s
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TECHNOLOGY
SELECTION

TECHNOLOGY SELECTION

¢ Presumptive remedies

¢ Potential remedies
Treatability studies
Technology searches

PRESUMPTIVE REMEDIES

e Wood treater sites
Municipal landfills
® Ex-situ groundwater treatment

Volatile organic compounds in soil
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WOOD TREATER SITES .

® Pentachlorophenol, creosote,
and/or chromated copper arsenate

e Biological treatment, incineration,
and/or immotilization

MUN!CIPAL LANDFILLS

® Containment
— Landfill
- Groundwater control
- Leachate collection and treatment .
— Gas collection and treatment

EX-SITU GROUNDWATER
TREATMENT

o LNAPL recovery

® Air stripping, carbon adsorption,
chemical precipitation, ion exchange

¢ JENVIRONMENTALYREMEDIATION TECHNOLOGIES
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o VOLATILE ORGANIC
COMPOUNDS IN SOILS

e Soil vapor extraction

e [ ow temperature desorption
® |ncineration

POTENTIAL REMEDIES

¢ For organics and inorganics
| . e For water and soils/sludges

ORGANIC CONTAMINANTS

e \/olatile organics

e Semivolatile to non-volatile organics
e Pesticides
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VOLATILE ORGANICS

® Aqueous
— Air stripping, air sparging, bioslurping, or
in-situ biological treatment
e Soils and sludges
~ Soils vapor extraction, soils heating, or
bioventing
— Thermal treatment or in-situ biclogical
treatment

SEMI-VOLATILE TO
NON-VOLATILE ORGANICS

® Agqueous
— Carbon adsorption, UV oxidation, chemical
or electron beam destruction, and in-situ
biological treatment

¢ Soils and sludges
- Soils flushing, soil washing, chemical
extraction
- Thermal treatment, ex-situ biological
treatment

PESTICIDES

® Agqueous
- UV oxidation, thermal, carbon adsorption,
or biological treatment
— Dehalogenation

¢ Soils and sludges
— Thermal treatment, biological treatment, or
dehalogenation
— Chemical extraction

5 ENVIRONMENTAL™ REMEDIATION TECHNOLOGIES -
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INORGANICS

® Aqueous
— Chemical treatment, ion exchange, or
membrane separation
— Dewatering

¢ Soils and sludges
~ Immobilization, soil washing, chemical or
biological extraction

TREATABILITY STUDIES

e Screening and remedy selection studies
® Pilot and full scale studies

SCREENING AND REMEDY
SELECTION STUDIES

e Used when several remedies may work

e Help identify which remedies, if any, meet
site clean-up goals

e Help identify the need for the use of
multiple remedies




|

Yechnology Selection iz e !

PILOT AND FULL SCALE STUDIES

e Used to verify that selected remedies will
actually meet clean-up goais

e Help determine design specifications and
operating parameters

TECHNOLOGY SEARCHES

e Literature searches
e Internet searches

LITERATURE SEARCHES

e Presumptive remedies for CERCLA sites

e Engineering bulletins for potential
remedies

e Treatability studies under CERCLA

. > ENVIRONMENTAL < REMEDIATION TECHNOLOGIES
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INTERNET SEARCHES (http://)

EPA.gov
clu-in.org
epareachit.org
frir.gov
gwrtac.org
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CAPPING AND
CONTAINMENT

CAPPING

® Capping controls airborne
contaminantion and surface water
infiltration

® Containment controls groundwater
movement

CAPPING (cont.)

e Applications
— Slows the movement of airborne or
dustborne contaminants
— Slows the movement of surface water
into the ground

e |imitations
- Does not directly remediate
contaminants
- Makes soil recovery and further
treatment difficult

el R OR.gee Capping and Containment
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CLAY CAP WITH
POROUS LAYER

Cravel,
Liner sand
4 7 Soil
P "*m:;:gm\.y\»‘ws?

CONTAINMENT

Subsurface walls fo control groundwater
movement

® Slurry trench cutoff wall
® Grout curtain
® Sheet piling

2 ENVIRONMENTAL REMEDIATION TECHNOLOGIES
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C ) CONTAINMENT (cont)

e Applications
— Si{ows the movement of
groundwater- borne contaminants
using subsurface walls
~ Can be used to dewater a site for
remediation

e Limitations

— Does not directly remediate
contaminants

SLURRY TRENCH CUTOFF WALL

tzrutoring Preduction
well well

o ————— —

Groundwater flow

\

Aquitard Keyed slurmy trench
cutoff wall
Monitoring Production
e — well weil
R B L -
T Smn manle—
v o LHAPLs LR
Recovery weil h i _r
Grouriwater %
flsw [
. -—.‘#‘“ :A
N Aguitard Hsrg__n'g slurry trench T
cutcH wai
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Groundwater -
flow e

\:Naii Waste S Drain

I soil

DOWNGRADIENT WALL

l Groundwater "
| flow

: 1571 I W —— ; :
! Soil N ‘
- ) - Extraction well .

Sotl

Contaminant =
i plume

i
|
| Groundwater flow

LA

< et

Injectian
tube

St 4 ENVIRONMENTALS. REMEDIATION TECHNOLOGIES
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o -~ -
% L L N ! o R |
L K
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\ \
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Injection tube Zone of influence

STEEL PILING SHAPES AND
INTERLOCKS

Stiaight web type
L' ] ———
v —
‘
o R
N L

Deep arch vieb type

T-fitting
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BASIC
WATER TREATMENT

Basic Water Treatment
Advantages

® Treats most contaminants
e Highly flexible and reliable

Basic Water Treatment
Disadvantages

Could be very expensive
Energy- and labor-intensive
Regulatory problems with discharge

Fine-grained material a problem
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Basic Water Treatment
. System Diagram

pH
Control

Qil f Water Reactor Sand Air Carbon
Separator Tank Filter  Stripper Contaztor

Oil / Water Separator

Water —»




Weir-type Oil / Water Separator

éir\

Water —>
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N

Clarifier and Settling Basin




IR T

Air Stripper Diagram

. Discharge
to air

Contaminated
water influent e

Air-stripping
column

Effluent to water
or further treatment

Air Stripper Diagram
Internal Components

: =] Off-gas
i T htreatment {7
Storage N /]
tank
N— o Effiuent |f—
bl treatment [
hlower
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aDsorption
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Carbon Adsorption Unit and Prefilters
mounted on a flatbed trailer
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CHEMICAL REACTIONS
AND SEPARATIONS

CHEMICAL REACTION SYSTEMS

¢ Neutralization
¢ Precipitation
e Reduction

e Oxidation

NEUTRALIZATION

® Advantage
— Eliminates corrosives

¢ Disadvantages
— Process chemicals are hazardous
— Generates a lot of heat

— Heavy-duty process equipment
may be needed




PRECIPITATION

e Advantage
- Removes dissolved heavy metals

e Disadvantages
- Produces metal sludge
- Often produces high pH wastewater

— Doesn't always work on highly soluble
metals




SAMPLE PRECIPITATION SYSTEM

Cne™:zal
fiocecuiants!
settling aids

Chemizal
precipitants

Flocculating
pacdles

Flocculat-on

—p Efluent

Bafle

Mg tank !
Floccu\a‘lor-L’ Studge

ciarifier

Source: U.S. EPA 1661




REDUCTION/OXIDATION

® Chemical reactions

e Advantages:
— Reduces solubility of heavy metals
— Oxidizes and destroys organics

¢ Disadvantage:
— Unintended reactions

Cr (IV) REDUCTION SYSTEM

Acd feed Redacing agent feed

Lime
slurry happer

sO,

pH
conteol

Chrome

wastewaler N l

feed

Efluert

Chirome reductiontars

]‘_> Hydrox de sludge

Chrome precipitation




= ULTRAVIOLET
OXIDATION
SYSTEM

= —
i
| O -
: Effluent
et i . { i _.7..:_-_’-'
UV lamps 775, . ; - :
Influent A
— = — g

_ SEPARATION

Microfiltration

® Reverse osmosis

lon exchange
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MICROFILTRATION

® Advantage
~ Removes very small particles
¢ Disadvantage

— Does not remove dissolved
contaminants

S UE ERPA TS

DU PONT/OBERLIN
MICROFILTRATION TREATMENT
SYSTEM

Grounwaler
AN To cisposal

Filtrate Air

recuc-fation

Futer cake

A Fiter cake
starage
Usi2g Tyve™

L e s uiry tank

Profx shany ¢y
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‘ REVERSE OSMOSIS @

® Advantages:
- lon removal
— Treats large volumes

e Disadvantages:
— Non-destructive
— Costly

REVERSE OSMOSIS

lPressure

:e:.

REVERSE OSMOSIS UNIT

Contaminated water

— Treated
_ water

Concentrated

wastewater
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ION EXCHANGE

® Removes dissolved metals
via transfer of ions

e Uses resin beads

ION EXCHANGE ADVANTAGES

¢ Removes low concentrations of
soluble metals

® Recovers concentrated metal
streams for recycling

ION EXCHANGE DISADVANTAGES

¢ Suspended solids and organics

e Regeneration chemicals are
hazardous
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ION EXCHANGER

Acid Caustic
tegenerant regenerant
Aavte conzinieg MX

Removal: 1 l

H™ " [Cat{s)) + M* - »
M*~ [Cat{s)] + H™

Remeval:
CH™~ {An(s)] + X~
X* " [An{s)] + OH"

Regeneration:
X~ rAn(s)] + OH™ »
OH*~ [An(s)] + X~

Regeneration:
M*7 [Catisi] + H® -*
H™ Catsi]+ M

»
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DEFINITIONS

e Biodegradation-all processes where
microorganisms break down compounds

® Bioremediation-site cleanup using
biodegradation processes

APPLICATIONS FOR AQUEOUS

e Soils/sediment
¢ |eachate

e Runoff

® Dewatering
e Groundwater




- Aqueous Blological Treatment & - fi - ++5c. ¥hif i A 0P RARIA b X Uoipet® T a5 8 i N

ADVANTAGE OF
BIODEGRADATION

Destructive treatment
Usually lower cost

¢ Onsite treatment
Native/indigenous organisms

DISADVANTAGES OF
BIODEGRADATION

e May require pretreatment or
additional treatment

e Sludge generation/solids
treatment and handling

REMOVAL PROCESS

Physical, Chemical, and Biological
L

.
o ®
o®°

)

Volatilization
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FACTORS THAT AFFECT
BIODEGRADATION

e \Waste composition
e Water solubility

e Modes of respiration
Temperature
Nutrients

WASTE COMPOSITION

® Aerobic
— Gaseous compounds
— Aliphatic hydrocarbons
~ Sulfides and cyanides
— Neutral pH

e Anaerobic
— Organic waste mixtures
— Halogenated hydrocarbons
— Neutral pH

SOLUBILITY

e Controls bioavatlability
* Polanty
e DH
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MODES OF RESPIRATION

Anerobic = fermentation/methanogenesis

CyH, Liatsrs , CQ, + CH, + Biomass

nutrients

MODES OF RESPIRATION (cont.)

Aerobic

CyHy + O, mecmmmens, 6O, + H,0 + Biomass

nutrients

ATP PRODUCTION

Anaerobic (less efficient process)
CeH O + 12N0O, e 8CO, + 6H,0 + 12NO, + 26 ATP

Aerobic
CeH..0g + 60, mm» 6CO, + 6CO, + 6H,0 + 38 ATP

ety e T ENVIRONMENTAL REMEDIATION TECHNOLOGIES®
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Aqueous Biological Teatment

TEMPERATURE

. Organi'sms have higher metabolic
rate at slightly elevated temperature

Too high causes cell death
Aerobic (68°- 95°F)
Anaerobic (86°— 158°F)

NUTRIENTS

e Essential nutrients: C, H, N, O, P, S
e Electron acceptors

e Nitrogen and phosphorus are
usually deficient in systems

¢ Added to enhance microbes

pH

¢ Maintained so organisms can survive
e Optimal pH is between 6 and 8

o Acid or alkali conditions can kill
microbes

e Buffer needed to maintain optimal pH

ENVIRONMENTAL REMEDIATION TECHNOLOGIES PAGE §




COMMON AQUEQUS .
TREATMENT SYSTEMS

® Aerobic
— Trickiing filters/fixed film reactor
~ Activated sludge/slurry phase reactor
- Aerated lagoons/oxidation ponds

e Anaerobic
- Digestors/bioreactors

PAGE 6 ENVIRONMENTAL REMEDIATION TECHNOLOGIES
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BIOREMEDIATION
FOR SOILS AND
SLUDGES

SITE CONSIDERATIONS

¢ Soil properties

e Soil conditions
e Microbe types
o Nutrients

e Contaminants

_SOIL PROPERTIES

¢ Particle size
s Types

» Tilth

o Moisture
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Bioremediation for'Soils and Sludges

SOIL CONDITIONS o

Temperature
pH

Salinity

Redox potential

MICROBES

Bacteria

Fungi
Indigenous .

Aerobic / anaerobic

NUTRIENTS

® Fertilizers

® Co-substrates
® Bulking agents
® Animal manure

-7 ENVIRONMENTAL:REMEDIATION TECHNOLOGIES -
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o CONTAMINANTS

® Heavy metals

® Corrosives
Oxidizers / reducers
® Concentrations

BX-SITU SYSTEMS

e Composting
¢ Land farming
. ® Two-stage systems

® Slurry systems

COMPOSTING/LAND FARMING

® Composting
— Open windrow
— Static windrow
— In-vessel

e Land farming




e e

__ SLURRY BIODEGRADATION.

® Simlar to aqueous
® Most organics
® [norganic cyanides

SLURRY BIODEGRADATION
SYSTEM

Contaminated soil Slurry
* r Emission controt
Se T - pem T e 3
Yoee et Fo- o _ — '
Water [T 2 _ N -—_ - “Water
o Mixer Broreactor = | Centrifuge ~—>
! HE :
PR S e e Clean soil
Nutrients T )

® [n-situ
® tJnsaturated zone
® Soil vapor extraction

PAGE 4 ¥ 50 BB GEN e asting ity CENVIRONMENTAL "REMEDIATION TECHNOLOGIES -
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BIOVENTING

 CONSIDERATIONS

Homogeneous soils
Soil gas readings
Soil permeability
Other conditions

BIOVENTING
SYSTEM e
trealmen} _

RN F R S S L S
i Air N P '
D m;echoni cd :
I-_-' weils : Lo !
“Extract ra:;u)n R {Extraction ;
__ wells | valdose zone | wells x !

Groundwater ’

TRADITIONAL
_IN-SITU SYSTEM

Unsaturated / saturated zones
Pumping / sail flushing
Petroleum and solvents
Wood-treating wastes
Chlorinated solvents
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TRADITIONAL
IN-SITU SYSTEM

Pre-
treatment
]| Microbes Nulients Oxigen
1 i R
e l N

BIOREMEDIATION FOR SOILS

e Considerations

o Composting / land farming
Two-stage systems

Slurry systems

e Bioventing

e Traditional in-situ systems

PAGE 8 7R 052 N dgn e WA ety
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SOIL WASHING AND
SOLVENT EXTRACTION

SOIL WASHING TREATMENTS

SOIL TREATMENTS

* [n-situ soil flushing

» Soil washing

* Solvent extraction
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IN-SITU SOIL FLUSHING

In-situ soil flushing is the
extraction of contaminants
from the soil with water or
other suitable aqueous
solutions

fT feray T —-- i Groundweler |
1y k - | Fluging | | teegtment | ey
i o s - gt i aESHNEE—) ” i |
if;';—'v-‘i-:* ST pump T Ty [ E— “ = Puma
Iy EA —_— -pee
Pl .
T
\ hRN
N N, Grounoweler vadom
A R Canlaminatad ares """;‘;;’" weil | Ione
'« L —
| LN
Walartanle .‘ .,
3 N ',

Leachars |
cellection l/'—_
@ Grourdmadar
Fone

Low pemuatiiity Jons
U35 EPA 1931a

—

N i
T
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SOLVENT SELECTION

* Water

- Soluble (hydrophilic) organics
- Octanol/water partition
coefficient <10

* Water with surfactant

- Low solubility (hydrophobic)
organics

SOLVENT SELECTION (cont.)

+ Acids, chelating agents, or
reducing agents

- Metals
- Inorganic metal salts

P S N, RN A E L ey X
PAGE 4 - SRFF g L s e A M B R <
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DEMONSTRATED
EFFECTIVENESS

* Volatile halogenated organics
(perchloroethylene, chloromethane)

» Semivolatile nonhalogenated
organics (phenols, nitrobenzene)

* Nonvolatile metals (arsenic, lead)

US Era1udIa

SOIL PARAMETERS

* Permeability — affects treatment
time and efficiency of contaminant

removal

- 21 x 107 cm/sec = effective soil
flushing

- <1 x 10° cm/sec = limited soil
flushing

SOIL PARAMETERS (cont.)

* Moisture content — affects flushing
fluid transfer requirements

* Groundwater hydrology — critical in
controlling the recovery of injected
fluids and contaminants
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PROCESS RESIDUALS

» Groundwater treatment

 Flushing additives:

- Reuse
- Degradability

SITE REQUIREMENTS

* Underground injection Control
(UIC) permit

» National Pollution Discharge
Elimination System (NPDES)

» Slurry walls or sheet piling for
containment

» Berms, dikes, or caps for surface
water control

SOIL FLUSHING LIMITATIONS

» 1-2 years as concentrations decrease
Hydraulic control required

High silt and clay content not applicable
Surfactants or organic solvents removed
Bacteria and/or iron fouling

Additives may interfere with wastewater
treatment

o v, S

Jen
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SOIL WASHING

Soil washing is a water-based
process for mechanically
separating and scrubbing soils
ex-situ to remove undesirable
contaminants

SOIL WASHING TREATMENT

* Onsite, ex-situ, water-based process

» Contamination reduction by particle
size separation

* Mechanical washing and separation
techniques

» Combines mining and chemical

plant technologies

APPLICABILITY

+ Stand alone or treatment train

» Effective for coarse sand and gravel

« Demonstrated contaminant removal

- Halogenated volatile organics

(perchloroethylene, trichloroethylene)
- Nonhalogenated volatile organics

(phenols, nitrobenzene)

- Volatile and nonvolatile metals

(mercury-volatile, lead-nonvolatile}




Soll Washing and Sotvent Extra

WASTE SOiL CHARACTERIZATION
PARAMETERS

Particle Size
Distnbution Comments
Oversize pretreatment
>2 mm requirements
0252 mm Effective soil washing
0.063-0.25 mm Limited soif washing
<0.063 mm C!;ay and ‘sm fraction, difficult
soil washing
pari—
) ‘)\ SOIL WASHER
t -y

So fres Soll fines

Clean sand

FINES WASHER

Raw feed

Spaent fiud

r
Sep——d

(3
l & Y '.43'
AN .
j !
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SOIL FLOW

Spent fluid -—"“"—""'J
’

Y
f" T § “' '?"'TI ’“' 7."7'“}"."7%
=0 L]

Clean soil -

LIQUID FLOW

Raw feed

Spent iz d

Clean soll

SOIL WASHING SYSTEM

-
BOLY M b
CCONTAMISATED SOIL- FOLYMIR

]

Viater = G

S'ugdge basin ¢

1-

'
Qarsized v Fatar press Q/::
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SOIL WASHING RESIDUALS

Wastewater — treatment and recycie
* Vapors - collect and treat

» Oversize soils — return to site

Fines - further treatment

SOIL WASHING LIMITATIONS

» High percentage of silt and clay
particies

L 3

Hydrophobic contaminants

Complex contaminant mixtures

Additives may interfere with
wastewater treatment

SOLVENT EXTRACTION

Solvent extraction uses an
organic solvent in combination
with standard soil washing
technigques to remove and
concentrate organic
contaminants for further
treatment




SOLVENT EXTRACTION (cont.)

s W% Soil Washing and Sotvent Extraction

» Contaminants separated for
volume reduction

* One in a series of unit operations
» Organic chemical solvent

Site-specific solvent selected

APPLICABILITY

* Sediments, sludges, and soils

* Semivolatile halogenated organics
(dichlorobenzene) ‘

* Volatile nonhalogenated organics
(benzene)

* Semivolatile nonhalogenated
organics (phenaols)

* Polychlorinated biphenyls (PCBSs)
* Pesticides

PRETREATMENT

* Physical
- Size reduction and classification
- Dewater or water addition

e Chemical
- pH adjustment
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SOLVENT SELECTION

» Standard solvents
* Liquefied gas (LG)

* Critical solution temperature
(CST) solvents

PROCESS STEPS

» Extraction
» Separation
» Desorption

Solvent recovery

STANDARD SOLVENT
EXTRACTION PROCESS

Sohent
make-up

Clean
Solwentwith | Sohvent
Contaminated organic “Sohent |
mec;»a Extracv on [ S(;&a;anl::)n conteminenlsi  recovery %
(pretreatment 2) (dnsmlallon)
may be {4} !
necessary) E Cm-cenuateﬁ
contammants
Oeso m on Ciean
. (=fnate solet
. stigpngl
Decontaminateq : (3}
soids plus o L"“

resicual sohent Decentam.s ated

UL B 1utda s0licts
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PROCESS RESIDUALS

. Treateq solids

- Dewatering
- Residual solvent removal
- Metal contaminant removal

* Organic solvents
- QOrganically bound metals

» Solvent/water mixture

* Air emissions

PROCESS LIMITATIONS

* Organically bound metals

* Detergent and emulsifiers
Extraction solvents on treated solids

High molecular weight organics

Hydrophilic substances
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IMMOBILIZATION

GENERAL APPLICATIONS

® Soils, sludges, and sediments
® [ead, cadmium, and similar heavy metals
e [imits mobility (leachability)
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GENERAL LIMITATIONS

® [ncreases waste volume
e Not for organics
® Non-destructive

PREDOMINANT TECHNOLOGIES

¢ Physical
® Chemical
® Thermal
® Biological {emerging technology)

e Solidification
® Sludges and sediments
e Clays, vermiculite, and saw dust







CHEMICAL IMMOBILIZATION

Stabilization

Cement technologies
Phcsphate technologies
Matrix formation
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THERMAL IMMOBILIZATION

o Vitrification
e Primarily radioactive waste
® Electrical resistance or combustion heating




Immobilization




BIOLOGICAL IMMOBILIZATION

® Contains as well as immobilizes
e Treats large volume mine tailings in place




immobilization
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IMMOBILIZATION ADVANTAGES

® Treats metals in soils, sludges, and sediments
® Can be used for radioactive and mixed wastes

¢ Treats large volume mine tailings
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IMMOBILIZATION DISADVANTAGES

e Increases waste volume
e Not suitable for treating organics
e Requires secondary containment

US. EPA Headquarters Lidrary
Mail code 3201
1200 Pennsylvania Avenue N

Washington pc 20460







A
AA

AA
AAQCD
ACGIH
ACHP
ACT
ACO
ADI
AEA
AG
AHERA
AHPA
AlC
ATA
AIRFA
AlS

Al
AL
ANPRA
ANS!
AO
AOC
AOC
APA
APA
AQCR
AQNMD
AQUIRI
ARAR
ARCS
ARPA
AT
ATSDR
AWQC
AWOQCD

B

BACT
BATEAN)
BCPCT
BCT
BDAI
31N

(BAY

BAP

ACRONYMS AND ABBREVIATIONS

absorption coelticionm
atomic absorption

Assistant Administrator (EPA)

Ambient Air Qualis Criteria Document (EPA. CAA)
American Conference of Governmental Industrial Hygienists
Advisory Council on Historic Preservation

alternate concentration limit (EPAL RCRA)
administrative consent order

acceptable daily intake (EPA)

Atomice Energs Act{NRC. ERDAL DOE)

Attorney General

Asbestos Hazard Emergency Response Act(EPA. TSCA)
Archacological and Historical Preservation Act
aceeptable intake for chronic exposure (EPA)
American Industrial Ty giene Association

Amertean Indian Religious Freedom Act

aceeptable intake tor subchronic exposure (1PA)
action tevel (EPA)

administrative law judge

advance notice of proposed rulemaking

American National Standards Institute

administrative order

arca of contamination

arca of concern

Administrative Procedure Act

Acid Precipitation Act

air quality control region

alr qualinn management district

acute aquatic toxicity values database (CIS)
applicable or relevant and appropriate requirements
Alternative Remedial Contracting Strategy
Archacological Resources Protection Act

averaging time

Ageney for Toxic Substances and Disease Registry
Ambient Water Quality Criteria (EPALCWA)
Ambient Water Quality Criteria Document (EPAL CWA)

body werght ol receptor

best available control technology (EPAL CAA)

best avatlable weehnology (economically achievable) (EPAL CWA)
best conventional pollutant control technology (EPAL CAA)

best conventional technology (EPATCW )

best demonstrated available technology (EPA, RCRA)

Burcau of Lund Management (DO[)

Burcau of Mines

best management practices




BOD biochemival tor brotogicaly oxy cen derand
BPAT “best practicable available technology .

BPJ best professicnal judement

BPTCA) best practicable technologs eurrenils availubler (LPALCWA)

BRA basehne risk assessment

BQRA "bascline guantitative risk assessment

BTC brietly tolerable concentration (NRC)

BTEX benzene. toluene. ethylbenzene. and xylenes

BTX benzene. toluene. and xvlenes

C corrosivity hazardous waste code (EPALRCRA)

¢ concent-ation of a pollutant in the eny tronment

CA correctine action (EPA. RCRA)Y

CAA Clean Air Act

CATO consent agreement/final order :
CAG Carcinogen Assessment Group (EPA.ORD)

CAMU correctiy e action management unit (EPA. RCRA)

CAP correctite action plan (EPA.RCRA)

CAP capacity assurance plan (EPA. CERCLA)

CAPA critical aquifer protection arca

CATEN catevorical exclusion (EPA.NEPA)

CCRIS Chemical Carcinogenesis Research Information System (NLM. Toxnet)
¢DC Centers for Discase Control (HHS, PHS)

CERCEA Comprehensive Environmental Response. Compensation and Liabilits Act
CERCLIS CERCLA Information System .
CERI Center for Eny ironmental Research Information (EPA-ORD. Cincinnati)
CESARS Chemical Eveluation Scarch and Retrieval Svstem (CIS)

CLEQ Council on Environmental Quality

CESQG conditionally exempt small quantity generator

Cre Chlorof uorocarbon

CFR Code of Federal Regulations

CHEMID Chemical [dentification (includes SUPERLIS Y (NLEML ELHILL)
CHEMILINE Chemical Dictonary Online (NLM. ELHILL)

CHENTRAC Chemical emissions toxicity inventory database (EPA)

CHEMTREC Chemical Transportation Emergency Center

CHRIS ' Chemical Hazard Response Information System (USCG)

CHS CLRCILA hazardous substance

CIL Chemical Inventory List (EPAL EPCRA)

IS Computer Information System (commercial user network)

CMA Chemical Manufacturers Association

M corrective measures implementation (EPALRCRA)

CMIS corrective measures studs (EPA.RCRA)

O comphance order

O carbon monoxide

coD chemice! oxy 2en demand

COt: Corps of Engmeers

op comventional pollutant (EPA.CWA) .
P criteria »ollutant (EPALCAN)

Foreirias wond Ahhecviciionn 2. RN
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CPsC Consemer Product Satety Commission

COQAP construction quality assurance plan

CRA classtiication resiew arca (EPAL SDW A

CRAV] carcinogen risk assessment veritication endeavor (EPALECAO)
CRP community refations plangning) (EPA. CERCEA)

RS Congressional Rescarch Serviees

CNF cancer slope factor

CICP Chinical Toxicology of Commercial Products (Gleason ¢t at.. CIS)
WA Clean Water Act

C7ZNA Coastal Zone Management Act

D disposer. disposal

D dose of a pollutant in a receptor (me/kg/day)

D--- waste 1D for characteristic hazardous wastes (EPA. RCRA)
DAF dilution-attenuation factor (EPA. RCRA)

DART Development and Reproductive Toxicology (NLM. Toxnet)
DCQAP data collecetion quality assurance plan

DE destruction efficiency

DS draft environmenta! impact statement

DERA defense environmental restoration account

DERNATL dermal absorption and toxicity database (C1S)

DERP defense environmental restoration program

DIRLINI Directory of Information Resources Online (NTAT)

DASIL data management plan

DNMR discharge monitoring report (EPAL CWA)

DNEA determination of no further action (EPA. RCRA}

POC LS. Department of Commerce

DOD LS. Department of Defense

DO LLS. Department of Energy

DO L..S. Department of the Interior

DO LS. Department of Justice

DOL LLS, Department of Labor

DOR Deternunation of Release (EPA. RCRA)Y

DOT LS. Department of Transportation

DQO data quality objective (EPA)

DRE destruction removal etficiency

DAW drinking water

DWCD Drinking Water Criteria Document (EPALSDWA)Y
DWHAS Drinking Water Health Advisory Summary (EPACSDWA)
I toxicity characteristic hazardous waste code (EPA. RCRA)
FA environmental assessment (EPA.NEPA)

1A endangerment assessment

IO median effective concentration

Fo ceologival assessment

FOANO Fovironmental Criteria and Assessment Otice (EPA)

- cxpostre duration
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E.D. median e e dose

B CA engineering oy aluation costaalysis .
FEGL emergency expesure guidance fevel (NRC)

BN emergency expesure level (WHO)

EERU Environmental Emergeney Response Unit

EF “exposure frequency

EFD exposure trequency and duration

EHS extremely hazardous substance (EPALEPCRA)

EIA environmental impact assessment (EPA.NEPA)

EIES Electronic Information Exchange System (IEPA)

EIS environmental impact statement (studyt (EPACNIEPA)

EMIC Environmental Mutagen Information Center (NLM. Toxnet)
EMICBACK Environmental Mutagen Information Center Backfile {NEM. Toxnet)
ENU elementary neutralization unit (EPA. RCRA)

ENVIROFATE bioconcentration and half-life factors database (CIS) -
O exceutive order

P extraction procedure (EPA. RCRA)

EP-TOX extraction procedure toxicity (EPA, RCRA)

LEPA .S, Environmental Protection Agency

EPCRA Emergeney Planning and Community Right-to-Know Act

EPTC extraction procedure toxicity characteristics

ERCS Emergency Response Cleanup System

ERT Environmental Response Team

1SA Endangered Species Act (FWS)

ESD explanation of signihcant differences (EPA. CERCLA) .
ETICBACK Environmental Teratology Information Center Backfile (NLM. Toxnet)
ExA CXPOSUIC assessmeit

F--- waste 10 for nonspecific-source hazardous wastes (EPA. RCRA)
FACA financial assurance for corrective action (EPA. RCRA)

FCL final cleanup level

FCO Federal Coordirating Officer

FEIS final environmental impact statement

FEMA Federal Emergency Management Agency

FEPCA Federal Environmental Pesticide Control Act

FFA federal facifities agreement

FFCA federal facilities compliance agreement

FFCM federal facilities compliance manual

FESRA federal facilities site remediation agreement

FIFRA Federal Insecticide, Fungicide. and Rodenticide Act

FIT Field Investigation Team

FLPMA Federal Land Policy Management Act

FOIA Freedom of Information Act

FONSI finding ot no significant impact (EPA. NEPA)

R Federal Register

FRG final re nediation goals

FRI final re nediztion level (EPACCERCLA)

FRSS Federal Register Scarch System .
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[N
FWPCA
FAVS

G

G 1Ip
GAC
GACT
G

GO NS
GENT-TOX
GIABS
GO0
GSA
GW
GWA
GWPS
GWOA

tH

HA
HAD
AP
HARNMN
FLASDP
HAZINE
HAZWOPER
HC

HC
HCh
A
HEA
HEAD
HEAST
HEED
HEEP
HH& L
HELS
FHIW
HI

FINT
FINTEA
HQ
FIRS
HIS
HSDB
HISW A
AN

teasibiling stindy CEP AV CERCOT A
Poderal Water Poliat o Control A
Uosoash and Wakdhie serviee

ecnerator

generator ransporter

granular activated carbon

cenerally available control technology

as chromatographey)

s chromatography mass spectrometn

renetic toxicology database (NLML Toxnen)
rastromtestinal absorption database (C1S)
overnment-onned. contractor-operated facility
inernment Services Administration

B I Tl

(
aroundwater

Groundwater Act ot 1987

groundwater protection standard (EPA. RCRA)
groundwater quality assessment (EPAL RCRA)
acute hazardous waste code (EPALRCRA)
hazard (or health) assessment

Health Assessment Document (EPA)
hazardous air pollutant (EPA. CAA)

hazard assessment rating methodology
Iealth and safeny plan

Hazardous Chemical Information and Disposal Guide (U, of Alberta)
hazardous waste operations and emergency service

hazardous constituent {EPA. RCRA)

hydrocarbons

hazardous chemical (OSHA)

health effects assessment (EPA)

health and environment assessment (EPA)

Flealth Fitects Assessment Document (EPA )Y

Health Etfects Assessment Summary Tables (EPA)

Health and Lnvironment Effects Document (EPA)

Health and Environmental Lftects Profile (EPA)

human health and the enyironment

LS. Department of Health and Human Services

human health, welfare and the environment

hazard index

hazardous material (DOT. HNTA)

Hazardous Materials Transportation Act (DO

hazard quotient

Hazard Ranking System (EPAL CLIERCTA)

hazardous substance (EPACWA)

Hazardous Substances Data Bank (NN Toxnel)

Hazardouas and Solid Waste Amendments (15PA RCRA)

havzardous waste (0P AL RORA)
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HIWNTE hazerdous waste manggement fcihty (EPACRCRA)

HWN U Chazardous waste management univ tEPACRCRA) ‘.
I ignitable hazardous waste code (EPALRCRA)

I intake rate

IAG “mteragency agreement (EPALCLERCLA)

IARC International Agency for Research on Cancer

ICL mitial cleanup level

[DI.H mimediately dargerous 1o life or health (N1OSH)

KB Invitation for Bids

[HCS imminently hazardous chemicul substance (EPA. TSCA)

ILR individual fifetime risk

IRIS [ntegrated Risk Information System (N Toxner)

IRP installation restoration program

1S interim status (EPA. RCRA) :
[&SE imminent and substantial endangerment

ISHOW information System for Hazardous Organics in Water (C1S)

IUPAC [nternazional Union of Pure and Applicd Chemists

N--- waste 1D for specific-source hazardous wastes (EPALRCRA)

LLAER fowest achievable emission rate (FEPA. CAA)

LC, median lethal concentration

[.Ds. median lethal dose

[.DF land disposal facility (IFPACRCRA) .
L.DU land disposal unit (EPALRCRA)

LEPC local eracrgeney planning committee (EPAL EPCRA)

1K landfill

LFD local fire department

LLRWPA Low Level Radivactive Waste Policy Act

1.OGP bioconcentration factors database

1.0OIS loss of nterim status (EPA. RCRA)

1.QG farge quantity generator

LT lifetime

LTU land trecatment unit

LUST leaking underground storage tank(s)

MACT maximum achievable control technology (EPALCAA)

MARPOL. Marine Pollution Treaty (HSCG)

MOL maximum contaminant tevel (EPASSDWA)

MCLG maxtmum contaminant tevel goal (EPALSDWA)

AMCS media cleanup standard (EPA, RCRA)

MEI maximum exposed individual (EPA. RCRA)

MEDILARS Medial Literature Analysis and Retrievat System (NLM)

NP maximum exient practicable

N modilying factor (EPA)

mu ke milligrems per kitogram

mg | milligrems per fiter .
foros mi e - " VAT




MOy mcimorandum of voreeniont

. NOS margin of safen

MPSRA Marine Protection, Rescarch. and Sanctuarios Act (P )
MPS media protection standard (EPA)
MSDS material satety data sheet tOSTHAY
MSIHA Mining Safety and Health Administration
MITD maximum tolerated dose (EPA)
MITR minimum echnology requirements (EPALRCRA)
MSW Municipal Solid Waste
NAAQS National Ambient Air Quality Standard (EPALCANY
NAS National Academy of Scienee
NBAR nonbinding allocation of responsibitity
NCA Noise Control Act(1:PA) .
NCH Natwonal Cancer Institute (NHI
NCP National totl and hazardous substances) Contingency Plan (CERCLA)
NEPA National Environmental Policy Act tall federal agencies)
NESHAPES national eniission standards for hazardous air pollutants {EPAL CAAN)
NEFPA National Fire Protection Association
NHPA National Historic Preseryation Act
N1 National Institute of Health
NIOSH National Institute of Occupational Satety and Health
NIPDWS national interim primary drinking water standards (EPA. SDWA)
NEA National Library of Medicine (HIS. PHS)

. NOAA National Oceanie and Atmospheric Administration (DOC)
NOAH] no obsersed adverse effect leyvel
NOD notice of deficiencey (EPARCRA)
NOLL no observed eftect fevel
NOI notice of intent (to prepare an EIS)
NONC notice of noncompliance
NOV notice ot violation
NOx nitrogen ovides
NPDES National Poltution Discharge Elimination System (EPALCWA)
NPL National Prieritics List (EPA. CERCLA)
NRC Nuclear Regulators Commission
NRC National Response Center
NRC Natronal Research Council (NAS)
NRDA natural resource damage assessment
NR1 National Response Team
NSE National Science Foundation
NSPS new source performance standards (EPAL CAA)
NS National Technical [Information Service
NP National Toxicology Program
NWPA Nuclear Waste Policy Act
O&G ol and grease

. O&N] operation and maintenance
Ol Ofice of Enforcement (EPA)
Aeresrvans arnd v Cvaions -7 RN260)




OO
OBERR
9.¢18
OHN TADS
OMB
O&N1P
00
ORD
0OsC
OSHA
OSHA
OSM
OSW
OSWER
OTA
OTS

Ou
OuUsY
OWPL

P---
PA
PAAT
PAC
PAL
PCRBs
PCDD

PCDF
pCp
PDR
PLCMT
PLL
PHRLED
PSHA
PHYTOTOX
Pl

PIAT
PIC
PIG

PIpP

Pl

PM
PMN
PNP
PN
PNA
PNC

Office of Enforcement and Complianee Monttoring (B Ay

COffice of Emergoney Response and Remediation (EP AL OSWER)

Of:1ce of Generdd Counsel (EPA)YO
Oil and Hazardous Materials Technical Assistance Data System (FPA)
Oftice of Management and Budget

‘operation and maintenance plan

ownerioperator (EPA. RCRA)

Office of Research and DPevelopment

On-S¢ere Coordinator

Occupational Satety and Health Admin stration (DOL.)
Occupational Satety and Health Act

Office of Surface Mining (DO

Office of Solid Waste (EPAL OSWER)

Oftice of Solid Waste and Emergency Response (EPA)
Oftice of Technoelogy Assessment (Congress)

Office of Tox'¢c Substances (EPA.OPTS)

operable unit (P AL CERCLA)

Office o Underground Storage Tanks (1PA)

Office o Waste Programs Enforcement (EPA. OSWER)

waste 13 for acutels hazardous commercial chemical products (RCRA)
prefiminary assessment (EPAL CERCLA)

Public Affair Assistance Team

pondered actisated carbon

polseyelic aromatic hydrocarbons

pols chlormated bipheny s

pols chlorinated d:benzo-p-dioxin

polychlorinated dibenzofurans
pentachlorephenol

Physicians’ Desk Reference

preliminary evaluation ot corrective measures technology
permissible exposure limit (OSHA)

Public Health Risk Evaluation Database (EPA)
Public Service Health Act

Terrestrial plant toxicology database (C1S)
preliminary injunction

Public Information Assistance Team
product(s) of incomplete combustion

program implementation guidance

public involvement plan

public law

project manager

premanufacture notices

program management plan

public netice

poby nuclear aromatic (use PAH)

public netice and opportunitsy of comment

Acronvars and thireviations K.
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PO point et compliunce (P

. PO point et departire oF P
PO point of exposure

POTIC principle organic hazardous constituent

PONI polyeyclic organic mater

POTW ‘publicalls owned treatment works (EPALCWA)

e priority pollutant (EPACCW A

PP proposed plan (EPA. CERCLA)

pph parts per billion

PPl personal protective equipment

PPIC Pollution Prevention Information Clearinghouse (EPA)
ppm parts per million

pre pollution prevention planning (EPA)

ppt parts per trillion

POL. practical quantitation Jimit )
PR preliminary review (EPALRCRA)

PRAO preliminary remedial action objectives (EPAL CERCLA)
PRG preliminary remediation goal {(EPA. CERCLEAY

PRP potentiails responsible party (EPACCERCEA)

PSD prevention of significant deterioration (EPAL CAA}

Jg-9*.q. Same as SF and CP'F

QAPP quality assurance project plan (EPA)

QA QC guality assurance quality control

ORA quantitative risk assessinent

OSAR Quantitative Structure Activity Relationships (Montana State Univ )

R reactivity hazardous waste code (EPAL. RCRA)

R acceptable risk level (EPA)

RA remedial action (EPA. CERCLA)

RA risk assessment

RA Regional Administrator

RACH reasonably available control technology (EPALCAN)
RAnR risk analysis

RAQ remedial action objective (LPALCERCLA)

RAP remedial action plan

RBC rotating biological contactor

RC risk communication

RCH risk characterization

RComp remedy completion

RORA Resource Conservation and Recovery Act

RD remedial design (EPA. CERCLA)

RD&D rescarch, devetopment and demonstration

RE risk evaluation

REI recommended exposure mit iINTOST)

RENIEIT Field Investication Team tor EPA Remedial Action
RIA RCRA factlity assessment il PALRCRAY

Ri© (Inhalation) reference concentration (generic or chronic) (LPA)
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RIC..
RIC
RID
R,
RID.
RE]
RIP
Rl
RIES
RINS
R)

RM
RME
RM|
RMCL
RN
RO
ROD
RP

RP
RPAR
RPJ
RPM
RQ
RR

RR
RRC
RRS
RRT
RS

RS

RS
RSD
RTECS
R
RW
RWAU

S

SAB
SARA
SC
SDWA
SERC
SES
N

SE
SHPO

Aorerrs g e

~

rederence coreentration tdevelopmental teratzcenicy (EPA)

Crelerehee corcentration (sunchronicon (A

{Oral) reference dose tgeneric or chronic) (1:PA)
reference dose (developmental teratogenicr (EPA)Y
relerence dose {subchronie) (EPA)

RCRA facility investigation (EPARCRA)
Request for Proposal

remedic| investigation (EPAL CERCLA)

remedial investigation/feasibility study

regulatory interpretative memorandum

risk judamen:

risk management

reasonable maxtmum exposure (EPA)

risk management implementation (EPA. RCRA)
recomirended maximum contaminant level (same as MCLG)
risk negotiation

e\ erse 0Smosis

record of decision (EPA. CLRCLA)

risk percepticn

responsible party (EPA CERCLA)

rebuttable presumption against registration (EPAL FIFRA)
risk pereeption and judgment

Regional Pro’ect Manager

reportable guantits (EPA. CERCLA)

restdual risk

risk reduction

Regional Response Center

risk reduction studies

Regional Response Team

regulated substances (EPA, LST)

remedy selection

risk substitution

riss specitic dose (EPA)

Registry of Toxic Effects of Chemical Substances (NENM. Toxnet)
regulated unit (EPA. RCRA)

remediation waste

remediation waste management unit (EPA. RCRA)

storer. storage

Science Advisory Board

Supertund Amendments and Reauthorization Act
specific conduactance

Safe Drinking Water Act

State Emergency Response Commission (EPA. EPCRA)
Senior Executive Service

salety tactor ¢ °A\)

slope tactor (EPA)

State Fhistoric Preservation Officer
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S sampling mspection (EPATRCR A

. Si site inspection (EPALCERCL A
S] surface impoundment
SIC standard industrial classification (eede)
St state implementation plan (EPAL CAAY
SHE Supertund Innovative Technology Iyvaluation Program (1EPA-ORD)
SMCL secondary maximum conaminant leyvel
SMORA Surface Mining Control and Reclamation Act (DO-OSN
SNARIL suggested no adverse reaction level
SNC significant nencomplier (EPA)
SNUR significant new use rule (CPA. TSCA)
SOLUB aqueous solubility database (Univ. of Arizona)
SPCC spill prevention. control. and countermeasure (plan) (EPA. CWA)
SOQG Small quantity gencrator .
SSC Scientific Support Coordinator
SW solid waste (EPA. RCRA)
SWDA Solid Waste Disposal Act
SWAL solid waste management facility (EPA.RCRA)
SWAU solid waste management unit (EPAL RCRA)
T toxicity hazardous waste code (EPA. RCRA)
T treater. treatment
TA toxicity assessment
TAG technical assistance grant (EPAL CERCE A)
. TAR technical amendment to the regulations
TAT Technical Assistance Team
TRC advisory. criteria. or guidance to be considered (EPA. CERCLA)
¢ toxicity characteristic (EPA. RCRA)
TCA trichloroethane
TCE trichloroethylene
TCh toxic chemical (EPA. EPCRA)
1C,, median toxic concentration
TR 2.3.7.8-Tetrachlorodibenzo-p-dioxin
11 toxic chemical list (EPA. EPCRA)
11, target cteanup level (EPA.RCRA)
TeLp toxicity characteristic leaching procedure (EPA. RCRA)
TD30 median toxic dose
1TDS total dissolved solids
T&t test and evaluation facihity
THEGD Technical Enforcement Guidance Document (EPALRCRA)
THA trihalomcethane
Fip Toxicology Information Program (N1.M)
Ty threshold limit value (ACGILH)
FLA-C TL.V—ceiling (ACGIH)
TEAN-STHL TEV- short-term exposure himit (ACGLHT)
TTV-TWA TLV-time-weighted average (ACGIH)
INTV toxicity., mobility. and volume
‘/ HOC total organic carbon
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TON
TOXILINE
TONLY
TOXNET
T

P

TPQ

TRI
TRIFACTS
TRO

s

TSCA
TSCATS
TSD
TSDF
TSP

TSS

1SS

T
TUHC
TV

-
vl
UIC
ur’
UsC
USCA
USCG
USDW
USGS
UST

VOA
VOC
VSl

W
WO
Wi,
Wp
WOA
WOC
WOS
WWIT

totab organic halogen

SToxieology Trformation Online (NN LD

tonicology literature from special sources (NLMLELHILL)
Toxicology Data Network (NLNLMEDLARS)
transporter

toxic pollutant (EPA. CWA)

threshold planning quantity (EPALEPCRA)

Toxic Chemical Release Inventory (EPAL EPCRA. NLM. Toxnet)
Toxic Chemical Release Inventory Fact Sheets (NLM. Toxnet)
tempora-y restraining order

toxic substance (EPA. TSCA)

Toxic Substances Control Act

Toxic Substances Control Act submissions

treatment. storage. or disposal

trcatment. storage. or disposal facility

total suspended particulates

total suspended solids

total settleable solids

temporary unit (EPA. RCRA)

total unburned hydrocarbons

toxicity value

waste 1D for toxic commercial chemical products
uncertainty factor

Underground [njection Control Program (EPAL SDWA)
use. reusz, recvele. reclaim

United States Code

United States Code Annotated

LS. Coast Guard

underground source of drinking water (ILPA. SDWA)
United States Geological Survey

underground storage tank (EPA. RCRA)

volatile arganic analyzer
volatile crganic carbon (or compound)
visual site inspection (EPA. RCRA)

weight oi receptor

World Hezalth Organization

warning letter

waste pile

Water Quality Act

water quality criterion (EPA. CWA)
water guality standard (EPA. CWA)
wastewater treatment unit (EPACRCRAY

eronvms cnnd 1hocoviariony S 2.

R&26G00

L




