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History of Environmental Regulations
in the United States




Since 1969 ...
Environmental Regulations
in the United States Have Become:

More voluminous (>100,000 pages of federal
regulations alone, plus state regulations!) @

More confusing (hard to stay informed) @
More stringent (ppm - ppb - ppt) @
More convoluted (too many lawyers) @
More directed towards toxics @

More risk-driven @




History of Environmental Site Assessment
Work Processes in the United States




Environmental Site Assessments

Then:
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History of the site
Site background

Site conceptual model
Environmental setting
Multi-media sampling
Analytical testing
Exposure pathways
Risk assessment
Regulatory assessment
Feasibility study
Corrective action

Now:
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Better analytical models
Better analytical techniques
Field dissipation studies
Pesticide movement rating
Pesticide persistency / half-life
Degradation daughters
Commingled ingredients
Trace contaminantas
Chemical fingerprinting
Fugacity

Biomarkers

Epidemiological studies




The Problem With Assessing
Pesticide-Contaminated Sites:

More than 1000 pesticide formulations

3 million tons used throughout the world
on annual basis

Industrial, agricultural, domestic uses

Only 0.1% of the pesticides applied reach
target pests

Other chemicals / confounders




Dissipation Pathways
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Fugacity of Pesticides
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Example: Fugacity-Based Indoor Residential
Pesticide Fate and Transport Model
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Persistency and Half-Life

Persistency
Non-Persistent
Half-Life < 30 days

Moderately Persistent
Half-Life 30 — 100 days

Persistent
Half-Life > 100 days

Persistent Pollutant
> 6 months (EPA)

Half-Life

Time required for one-half
of the pesticide mass in a
given volume of soil or
other medium to degrade

Time required for
concentration of pesticide

to be reduced by 50%




Pesticide Movement Rating (PMR)

Pesticide’ s ability to migrate toward groundwater
Based on Groundwater Ubiquity Score (GUS)
GUS = Log(half-life) x (4 — Log Koc)

Extremely Low <0.1




Pesticide

Pesticide
Movement

Soil Half-Life

Rating

(days)

Water
Solubility

(mg/liter)

Soil Sorption

Coefficient
KocC

DDT

Very Low

2000

0.0055

2,000,000

Diazinon

Low

40

60

1000

Diuron

Moderate

90

42

480

Dinoseb

High

30

52

30

PCP

Very High

48

100,000

30




Degradation Daughters

("Metabolites” or “Degradates”™)
(Typically ignored in environmental site assessments)

Toxicity: Persistency. / Mobility:

Parent Parent
or ... or ...
Parent Parent
or ... or ...
Parent Parent
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Many degradates (red bars) appeared more frequently than their parents (blue bars) in (a) 154 suface water samples
taken from 51 streams across the United States in 2002 (9); and (b) groundwater taken from 86 wells in lowa in 2001 (24).
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Example: Fipronil

Fipronil
(Parent Pesticide)

Fipronil Sulfone
(Daughter / Metabolite)

Fipronil Desulfinyl
(Daughter / Metabolite)

Fipronil Sulfide
(Daughter / Metabolite)
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Commingled Secondary Ingredients
(Advertent or Inadvertent)

Inert ingredients of toxicological concern
(original list = 50; current list = 10)
Potentially toxic ingredients of concern
(current list = 100)

Inert ingredients of unknown toxicity
(current list = 1800)

Inert ingredients with minimal risk
(current list = 250)

Other ingredients / insufficient information
(current list = 800)




Commingled Secondary Ingredients
(Advertent or Inadvertent)

Type

Carriers
Emulsifiers
Stabilizers
Wetting Agents
Sticking Agents
Humectants
Synergists
Activators
Solvents

“Inert Ingredients”

Adipic Acid Petroleum Distillates
Ethers Naphtha Solvents
Ethylene Glycol Phenols
Hydroquinone  Trichloroethane
Isophorone Aromatics
Nonylphenol Acids and Caustics
Phenols Metals / Salts
Phthalic Acid Manure !

Ketones Water !




Trace Contaminants

(The chemical formulation process determines the presence / concentration)

Example: Example:

Agent Orange (2,4,5-T) Pentachlorophenol
contains up to 40 ppm contains up to 100 ppm
of PCDD/PCDF PCDD/PCDF

Agent Orange is not Pentachlorophenol is
extremely toxic extremely toxic

PCDD/PCDEF is PCDD/PCDF is
extremely toxic extremely toxic

Cleanup Criteria in Soil: 4 ppt Cleanup Criteria in Soil: 4 ppt




Pesticide Fingerprinting

Comparison of unigue chemical patterns
Comparison of spatial distribution patterns

Most pesticides can be identified by the
parent compound

Degradates may be useful in fingerprinting

Commingled substances may be useful in
fingerprinting




Contaminant “XYZ” Residues Found in the Environment




Biomarkers

A xenobiotically induced variation in a cellular or
biochemical component or process, structure, or
function that is measurable in a biological system
or sample

Typical pesticide biomarkers for humans include

various body fluids.

Example
Organophosphate exposure -

abnormally low level of activity of cholinesterase
enzymes measured in the serum or in red blood
cells




Forensic Technical Challenges

ReguIalions! 1000 Pesticide ROIIIIES! -
Formulations e
Commercial Degradation
Daughters
Uses A

Domestic Trace
Uses Contaminants

el ] et el
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Target Efficiency Contaminant Substances
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Just another frustrated consultant ...
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Case Study:
Forensic Study of Creosote Facility

to Determine Causation




The World of Pesticides

Insecticides I L5 s Rodenticides

Herbicides Fungicides

Biocides

/

Example: “Creosote”




Pentachlorophenol

PCP is a chlorinated phenol
Classified as a “restricted use” pesticide

May contain trace concentrations of PCDD/
PCDF (up to 100 ppm)

PCP half-life in soil = 15 — 48 days
PCDD/PCDF half-life in soil = 10 — 50 years




Causation ...

What caused Mrs. X
to become ill or die?

What caused Mr. Y s property
to become contaminated?




Causation = let's play "connect the dots'




Causation (Toxic Tort)

There are 4 elements of Toxic Tort in the US:

The Defendant must owe a legal duty to the
victim (prevent exposure).

The Defendant breached that duty (allowed a
release).

The breach was cause of an injury to the
victim (illness or property diminution).
There was an injury (exposure and illness).




Creosote? Smoking?  Household Pesticides?

Diet?

€0 | 0ld Age?

X-Rays?




Two Points of View

Plaintiffs:

Health issues are due
to the operation
of the Creosote Facility

Defendants:

Health issues are due
to some other source,
not the Creosote Facility

The route of exposure
Is indeterminate

The dose was insufficient
to cause injury

The “dots” cannot be
connected from the
source to the person






















Releases to Air,
Soil, Sediment,
Groundwater,
Surface Water
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Primary Contaminants of Concern

1970s Methodology:

d Volatile hydrocarbons
0 Semi-volatile hydrocarbons
d Chromated copper arsenate

2005 Methodology:

O Volatile hydrocarbons

0 Semi-volatile hydrocarbons
0 Chromated copper arsenate
0 Pentachlorophenol

d PCDDs / PCDFs




Potential Exposure Pathways

1970s Methodology:

d Atmosphere

d Soil and sediment
d Groundwater

O Surface water

0 Food

2005 Methodology:

Atmosphere

Soil and sediment
Groundwater
Surface water
Food

Indoor dust
Indoor vapors

d
J
J
d
J
J
d




Primary Assessment Tools

1970s Methodology:

0 Multi-media sampling

0 Laboratory analysis

0 Fate and transport studies

O Risk and health assessments

2005 Methodology:

Multi-media sampling
Laboratory analysis

Fate and transport studies
Risk and health assessments
Trace contaminant review
PAH fingerprinting

PCDD / PCDF fingerprinting
Confounder analysis

d
d
d
d
d
d
d
d




Site Confounders

PARS: TCDDs/TCDFs:

Wood burning fireplaces

Diesel exhaust Wood burning fireplaces

Open burnina of trash Diesel exhaust
|=L||33|5 = Open burning of trash

Fuels
Asphalt
Roofing tars Background

Other Other

4
4
4
4
4
4
4




Example of Poor Forensic Logic

Local residents have complained about odors and ilinesses.

The nearest facility is a Creosote Facility.
Therefore, test for VOCs, SVOCs, PAHs, metals.

Testing indicated de minimus levels of VOCs, SVOCs, PAHs, metals.

Therefore, the source is not the Creosote Facility.
Therefore, the Creosote Facility does not pose a significant risk.

Therefore, the noted health effects are from some other source.




The Real Issue ...

Creosote is comprised Only about 50 have been
of 10,000 chemicals extensively studied

Some creosote operations
use Pentachlorophenol

Pentachlorophenol contains PCDDs and PCDFs represent
Trace PCDDs and PCDFs the real health impact




Chemical Fingerprinting

The Last Dot 1!




Forensic Fingerprinting

Creosote Facility
O PAHs

O PCDDs and PCDFs

Public Domain Data Human Blood / Tissue
O PAHs O PAHs

0 PCDDs and PCDFs QO PCDDs and PCDFs

Environmental Media
O Soil

0 Sediment

O Ambient Air

O Indoor Dust




TCDDs / TCDFs (Dioxins/Furans)

209 Congeners

Sources have
unique fingerprints
(sometimes!):

= Agent Orange

= Pentachlorophenol




PCDD/PCDF Congener Patterns

Found in Neat Pentachlorophenol

PCODIF in Pentachlorphenol (Hagenmaier & Brunner, 1987)
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Comparison of Dioxin/Furan Congener Patterns:

Ambient Air vs Pentachlorophenol
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Comparison of Dioxin/Furan Congener Patterns:

Indoor Household Dust vs Pentachlorophenol
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Comparison of Dioxin/Furan Congener Patterns:
Ambient Air vs Indoor Household Dust vs Pentachlorophenol
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| essons Learned

Do not collect data and then evaluate it
horoughly research the facility history
horoughly research the contaminants
Construct a Conceptual Site Model

The answer may not be obvious

A little luck > a lot of science (sometimes)
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Contact:

Randy D. Horsak, PE

3TM International, Inc.

1500 S. Dairy Ashford, Suite 190

Houston, Texas USA 77077
(281) 497-1230 phone
(281) 497-1676 fax

rhorsak@3tminternational. com







