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This Technical Memorandum (TM) was prepared by GSI Water Solutions, Inc. (GSI) to summarize an
evaluation of emerging pollutants in stormwater that is required to be submitted with the renewal
application for many individual Underground Injection Control (UIC) Water Pollution Control Facilities (WPCF)
permits in Oregon.

1. Background

This section provides background information about the UIC permit requirement to prepare an emerging
pollutant evaluation (Section 1.1), the permittees that contributed to this emerging pollutant evaluation both
financially and technically (Section 1.2), a March 2022 meeting with the Oregon Department of
Environmental Quality (DEQ) to discuss the scope of the emerging pollutant evaluation (Section 1.3), the
purpose and objectives of the evaluation (Section 1.4), and the organization of the TM (Section 1.5).

1.1 Permit Requirement for an Emerging Pollutant Evaluation

In 2012, DEQ began issuing individual UIC WPCF permits to cities, service districts, counties, and businesses
that use UICs to manage stormwater runoff from public rights of ways, building roofs, and/or parking lots.
DEQ used a common template for the permits, and, from 2012 to 2017, issued approximately 40 permits.
The permits are set to expire after 10 years, and permittees will be preparing permit renewal applications in
the coming years.

The individual UIC WPCF permits require permittees to develop an emerging pollutant evaluation that
assesses emerging pollutant types and concentrations, and address the implications of any significant
findings for protection of beneficial uses and for the application of best management practicest. Emerging
pollutant evaluations are required in the fifth2 and final year of the permit. This TM is the emerging pollutant
evaluation that is required in the final year of the permit, and is to be submitted with each permittee’s permit
renewal application.

11n most permits, this requirement is found in Schedule D, condition 5
2 The fifth-year emerging pollutant evaluation was collaboratively prepared by multiple ACWA jurisdictions and was submitted
to DEQ on September 21, 2017 (GSI, 2017).
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1.2 Participating Jurisdictions

Many cities, service districts, and counties that use UICs to manage stormwater runoff are members of the
Oregon Association of Clean Water Agencies (ACWA), and meet approximately quarterly as the Groundwater
Committee to discuss UIC regulatory issues and protection of groundwater quality. In the Fall of 2021, the
Groundwater Committee formed the Emerging Pollutant Evaluation Work Group (the Work Group) to develop
a scope of work for meeting the permit requirement to prepare an emerging pollutant evaluation. The Work
Group met on October 11, 2021, and November 16, 2021, to: (1) identify emerging pollutants to include in
the evaluation and (2) determine methods for evaluating the risk the pollutants posed to degrading the
quality of groundwater that is used as drinking water. In this TM, we focus on “the quality of groundwater
that is used as drinking water” because the exposure pathway of concern involves migration of pollutants to
groundwater during stormwater infiltration, capture by a drinking water well, and ingestion by humans.

The scope of work for the emerging pollutant evaluation was presented to the Groundwater Committee
during the January 13, 2022, meeting, and the jurisdictions in Table 1 contributed financially to hire a
consultant (GSI Water Solutions, Inc.) to perform the evaluation.

Table 1. Participating Permittees.

Permitee Permit No. Permit Expiration Date
City of Gresham 103043 11/30/2022
City of Eugene 103047 12/31/2022
City of Redmond 103050 1/31/2023
City of Bend 103052 4/30/2023
Clackamas County WES 103059 6/30/2023
City of Keizer 103068 9/30/2023
Multnomah County 103076 3/31/2024
City of Canby 103077 3/31/2024
City of Milwaukie 103089 7/31/2024
City of La Grande 103093 9/30/2024
Lane County 103100 10/31/2024
City of Portland 102830 4/30/2025

It should be noted that in addition to financially contributing to the emerging pollutant evaluation, the
participating permittees contributed technically to the evaluation during Work Group meetings, Groundwater
Committee meetings, and a special meeting to discuss evaluation results on August 31, 2022.

1.3 March 2022 Meeting With DEQ

UIC permits and the accompanying permit evaluation reports do not define emerging pollutants and do not
provide detail on the scope of an emerging pollutant evaluation. Therefore, development of a successful
emerging pollutant evaluation requires that UIC permittees work closely with DEQ to agree on a scope that
meets the permit requirement. On March 3, 2022, representatives from DEQ attended the ACWA
Groundwater Committee meeting to discuss the emerging pollutant evaluation and other UIC-related issues.
During the meeting, GSI presented a review of the previous (5t year) emerging pollutant evaluation, the
emerging pollutants proposed for inclusion in the current emerging pollutant evaluation (including the
methods that were used to select the pollutants), and the methods that would be used to evaluate the risk
that the pollutants pose to degrading the quality of groundwater that is used as drinking water. DEQ
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concurred that the emerging pollutants selected for the evaluation appeared to be based on sound
reasoning and were appropriate to include in the evaluation.

1.4 Purpose and Objectives

The primary purpose of this emerging pollutant evaluation is to identify emerging pollutants that pose the
highest risk of degrading the quality of groundwater that is used as drinking water. A secondary purpose is to
discuss implications on best management practices and protection of the beneficial uses of groundwater,
with the understanding specific actions taken based on the results of the study will be jurisdiction-specific
(reflecting the fact that stormwater quality, use of groundwater as a source of drinking water, UIC design
characteristics, depth to groundwater, and long-term stormwater management strategies are jurisdiction-
specific). The objectives of the emerging pollutant evaluation are:

= |dentify emerging pollutants to include in the evaluation based on conversations with municipalities
that use groundwater as a source of drinking water, a review of scientific literature, and pollutants
that should be carried-over from the 5t year emerging pollutant evaluation (GSI, 2017).

= Evaluate whether any of the emerging pollutants are associated with pesticide degradates that
should be included in the emerging pollutant evaluation.

= Conduct a desktop evaluation of the toxicity, mobility, and environmental persistence of the
emerging pollutants to identify the pollutants that pose the highest risk of degrading the quality of
groundwater that is used as drinking water.

= Summarize available stormwater quality data to further refine the list of pollutants that pose the
highest risk of degrading the quality of groundwater that is used as drinking water.

= Develop a “watch list” of pollutants that should be considered for inclusion in a future emerging
pollutant evaluation.

1.5 TM Organization

The remainder of this TM is organized as follows:

= Section 2: Methods. Presents the methods used to identify emerging pollutants; evaluate pollutant
toxicity, mobility, and persistence; summarize stormwater quality data; identify pesticide degradates;
and develop a “watch list” of pollutants for potential inclusion in a future emerging pollutant
evaluation.

= Section 3: Results. Presents the emerging pollutants that were included in the emerging pollutant
evaluation; identifies degradates of pesticides that were considered for inclusion in the emerging
pollutant evaluation; summarizes the pollutants in stormwater that pose the highest risk of
degrading the quality of groundwater used as drinking water based on toxicity, mobility, persistence,
and concentrations in stormwater; and presents a “watch list” of pollutants.

=  Section 4: Conclusions. Presents conclusions from the emerging pollutant evaluation.

2. Methods

This section documents the methods that were used to identify emerging pollutants (Section 2.1);
degradates of the emerging pollutants (Section 2.2); emerging pollutants with the highest risk of degrading
the quality of groundwater used as drinking water (Section 2.3); and emerging pollutants to add to a “watch
list” to be considered for inclusion in a future emerging pollutant evaluation (Section 2.4).
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2.1 Methods to Identify Emerging Pollutants

The Work Group identified emerging pollutants based on conversations with municipalities that use
groundwater as a source of drinking water (Section 2.1.1), results of the 5t year emerging pollutant
evaluation (Section 2.1.2), and a review of the scientific literature (Section 2.1.3).

2.1.1 Conversation with Municipalities that Use Groundwater as a Source of Drinking Water
The City of Gresham, City of Portland, City of Keizer and City of Bend, all of whom are members of the Work
Group, use groundwater as a source of municipal drinking water. These Work Group members interviewed
representatives from their respective water departments to identify emerging pollutants that are currently a
concern for drinking water providers.

2.1.2 Results of the 5t Year Emerging Pollutant Evaluation

The 5t year emerging pollutant evaluation focused on the types and concentrations of pesticides in urban
stormwater. Specifically, a stormwater quality dataset comprised of 248 unique pesticides was statistically
summarized and compared to regulatory standards, and a subset of the pesticides was identified as more
common in stormwater (if they were detected in more than 15 percent of samples) and detected at higher
concentrations in stormwater (if they occurred at average concentrations of more than 10 percent of their
regulatory standard). The Work Group reviewed these pesticides that are more common and occur at a
higher concentration in stormwater (23 pesticides met at least one of these criteria in the 5t year emerging
pollutant evaluation), and carried eight of the pesticides forward to this emerging pollutant evaluation. In
addition, the Work Group carried forward other pesticides from the 5th year emerging pollutant evaluation if
they were “pesticides of interest” (i.e., based on recent media reporting or common use in the urban
environment).

2.1.3 Scientific Literature Review

The Work Group held discussions with the Groundwater Committee and Kevin Masterson (former DEQ Toxics
Coordinator and currently at Stony Creek Consulting) to identify pollutants that have been the subject of
recent scientific studies focusing on emerging pollutants in stormwater runoff.

2.2 Methods to ldentify Degradates of the Emerging Pollutants

Degradates are the product of environmental transformation of a parent pesticide, and surface water
sampling has demonstrated that degradates comprise a significant share of total pesticide load in streams
(USGS, 1998). Based on a review of scientific literature, GSI compiled a list of pesticide degradates
associated with the emerging pollutants that were identified using the methods summarized in Section 2.1.
It is important to note that GSI did not consider which degradates were likely to be found in stormwater (i.e.,
GSI did not restrict the types of degradates to those that only form under aerobic conditions). Degradates
were included in the emerging pollutant evaluation if: (1) a human-health-based regulatory standard for the
degradate could be found, (2) the human-health-based regulatory standard indicated that the toxicity of the
degradate to humans was “moderate” or “high,” and (3) information used to develop a mobility score and
persistence score (Koc and half-life, respectively) was readily available. It should be noted that human health
toxicity information is much more commonly available for pesticides than for their degradates (Bexfield et al.,
2021).

2.3 Methods to Identify Pollutants with the Highest Risk of Degrading the Quality

of Groundwater Used as Drinking Water
This section summarizes the methods that were used to evaluate the toxicity, mobility, and persistence of
the emerging pollutants (Section 2.2.1) and to develop a classification system that was used to identify the
pollutants that pose the highest risk of degrading the quality of groundwater used as drinking water (Section
2.2.2).
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2.3.1 Evaluation of Pollutant Toxicity, Mobility and Persistence

GSI conducted a review of the scientific literature to summarize data on the toxicity, mobility, and
persistence of the emerging pollutants, and assign them a score based on the criteria in Table 2. A “high”
score indicates that a pollutant is relatively more toxic (i.e., a lower regulatory standard), more mobile (i.e.,
does not sorb to soil), and more persistent (i.e., a longer half-life). Conversely, a “low” score indicates that a
pollutant is relatively less toxic (i.e., a higher regulatory standard), less mobile (i.e., sorbs to soil), and less
persistent (i.e., a shorter half-life).

Table 2. Criteria for Evaluating Pollutant Toxicity, Mobility, and Persistence.

Toxicity Mobility Persistence
(Regulatory Standard) (Median Koc) (half-life)
High <10 ug/L < 1,000 L/Kg > 500 days
Medium 10 ug/L - 100 ug/L 1,000 L/Kg - 50,000 L/Kg 50 - 500 days
Low > 100 ug/L > 50,000 L/Kg < 50 days
Notes
ug/L = micrograms per liter L/Kg = liters per kilogram

The following bullets describe the methods that were used to assign toxicity, mobility, and persistence scores
to the emerging pollutants.

= Toxicity. Emerging pollutants were assigned a toxicity score based on the lowest human health-based
regulatory screening level value for ingestion of the pollutant from tap water. Specifically, GSI
compiled:

o DEQ Risk-Based Concentrations (RBCs) for the urban residential exposure scenario (DEQ,
2018),

o Environmental Protection Agency (EPA) Regional Screening Levels (RSLs), Ingestion
Screening Level for a Child, Residential Tap Water, THQ = 1, TR=1E-06 (EPA, 2022),

o EPA Human Health Benchmarks for Pesticides (HHBPs), acute or chronic (whichever is lower)
(EPA, 2021),

o EPA Maximum Contaminant Levels (MCLs), and

o United States Geological Survey (USGS) Health-Based Screening Levels (HBSLs) (USGS,
2018).

If a DEQ RBC, EPA RSL, EPA HHBP, EPA MCL, or USGS HBSL had not been developed for an
emerging pollutant, then GSI identified a regulatory standard from another source [specifically,
Minnesota Department of Health Guidance Value for ingestion by humans through the drinking water
pathway (Minnesota DOH, 2022a; Minnesota DOH, 2022b) and Montana Department of
Environmental Quality Human Health Standards for Groundwater (Montana DEQ, 2019)].

= Mobility. Pollutants were assigned a mobility score based on the pollutant-specific organic carbon
partitioning coefficient, Koc. The Koc (Which has units of liters per kilogram, or L/kg) describes the
tendency of an organic pollutant to partition between the aqueous and solid phases. Higher Koc
values indicate that a pollutant binds strongly to soils (i.e., a less mobile pollutant) and lower Koc
values indicate that a pollutant has a tendency to remain in the aqueous phase (i.e., a highly mobile
pollutant). GSI compiled Koc values for the emerging pollutants measured from laboratory studies
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and calculated Koc statistics (number of values, minimum, median, and maximum). The median Koc
was used to assign a mobility score according to the criteria in Table 2.

= Persistence. Pollutants were assigned a persistence score based on the pollutant half-life, which is
the time required for pollutant concentrations to decline by one half. GSI compiled half-lives for the
emerging pollutants from field and laboratory studies. To develop persistence scores that are
representative of the conditions that pollutants experience during infiltration with stormwater, only
half-lives for attenuation by biodegradation in soil and groundwater under aerobic conditions were
used. Half-lives measured under anaerobic conditions, half-lives measured in surface water, and
half-lives measured for a photolysis pathway (i.e., exposure to sunlight) were not used. GSI
calculated statistics for pollutant half-lives (hnumber of values, minimum, median, and maximum),
and assigned a persistence score according to the criteria in Table 2.

2.3.2 Classification of Risk Posed to Groundwater Quality
GSl tabulated the toxicity, mobility, and persistence scores, and assigned emerging pollutants to one of three
tiers with the objective of classifying risk posed to the quality of groundwater used as drinking water:

= Tier 1 Pollutants (Highest Risk). Toxicity, mobility, and persistence scores were all “medium” or
“high.”

= Tier 2 Pollutants (Moderate Risk). At least one score (toxicity, mobility, or persistence) was “low” (i.e.,
the toxicity, mobility, and persistence scores were “high,” “medium,” and/or “low”).

= Tier 3 Pollutants (Lowest Risk). No scores (toxicity, mobility, or persistence) were “high” (i.e., the
toxicity, mobility, and persistence scores were all “low” or “medium”).

Tier 1 pollutants are considered to pose the highest potential of degrading the quality of groundwater used
as drinking water because their mobility and persistence are medium or high, and they are highly toxic to
humans.

GSI further refined the list of Tier 1 pollutants by compiling stormwater quality data from the 5t year
emerging pollutant evaluation (because in order to pose a risk of degrading groundwater quality due to
stormwater infiltration, the pollutant must be present in stormwater). The stormwater quality data were
statistically analyzed (number of samples, minimum concentration, median concentration, average
concentration, maximum concentration, frequency of detection, and frequency of exceeding the lowest
regulatory standard) to assess the presence of the pollutant in stormwater.

2.4 Methods to Develop a Watch List of Pollutants for Potential Inclusion in a

Future Emerging Pollutant Evaluation
GSlI's April 18, 2022, scope of work for the emerging pollutant evaluation assumed that 16 pollutants would
be evaluated. Over the course of reviewing scientific literature for emerging pollutants, it was expected that
GSI would encounter other emerging pollutants that would be good candidates for evaluation that, due to
budget constraints, could not be included in the current evaluation. GSI included these pollutants on a
“watch list” for potential inclusion in a future emerging pollutant evaluation.

3. Results

This section lists the emerging pollutants identified by the Work Group (Section 3.1), identifies pesticide
degradates (Section 3.2), identifies the emerging pollutants that pose the highest risk of degrading the
quality of groundwater used as drinking water (Section 3.3), and presents a “watch list” of pollutants for
potential inclusion in a future emerging pollutant evaluation (Section 3.4).
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3.1

Emerging Pollutants

The 17 emerging pollutants that were included in the evaluation, and the reason for their inclusion in the
evaluation, are shown in Table 3. Note that one pollutant (glyphosate isopropylamine) was added by GSI to
the initial list of 16 pollutants identified by the Work Group because it is closely related to glyphosate.

Table 3. Emerging Pollutants.

Emerging Pollutant
2,4-D

Reason for Including

Carry-forward from 5th Year evaluation, detected in
>15% of samples

Common Uses

Herbicide applied in agriculture, forestry, and the
urban environment

2,6-dichlorobenzamide

Carry-forward from 5th Year evaluation, detected in
>15% of samples

Metabolite of dichlobenil, which is an herbicide
used to control weeds and grasses in agricultural
and urban environments

6PPD Quinone

Emerging pollutant based on literature review

Degradate of 6PPD, which is an antiozonant and
antioxidant in rubber tires

AMPA Carry-forward from 5th Year evaluation, “pollutant Degradate of glyphosate
of interest” because a degradate of glyphosate
(herbicide currently in the news). Note that
glyphosate and glyphosate isopropylamine are
also included in this emerging pollutant evaluation
(see below).
Atrazine Carry-forward from 5t Year evaluation, detected in  Herbicide applied in agriculture, golf courses, and
>15% of samples residential lawns
Bifenthrin Carry-forward from 5t Year evaluation, included Insecticide used in the urban environment
because of common current use in the urban
environment
Diuron Carry-forward from 5th Year evaluation, detected in  Herbicide used in agriculture and the urban
>15% of samples and averages >20% of environment (along streets, residential aquariums
regulatory standard and ponds, paints, coatings, and adhesives)
DCOI Emerging pollutant based on literature review Wood preservative that is a candidate to replace
pentachlorophenol on utility poles
Fipronil Carry-forward from 5th Year evaluation, detected in  Insecticide used to control pests on lawns, pet-
>15% of samples care products, and agricultural applications
Carry-forward from 5th Year evaluation, “pollutant Herbicide used in agriculture, forestry, and the
Glyphosate . ,, . . .
of interest” (herbicide currently in the news) urban environment
Imidacloprid Carry-forward from 5th Year evaluation, “pollutant Insecticide used in agriculture and the urban
of interest” because of association with DCOI environment
(wood preservative replacement for
pentachlorophenol)
MCPA Carry-forward from 5th Year evaluation, detected Herbicide used in agriculture, forestry, and rights-

average >20% of regulatory standard

of-way

Nonylphenols

Identified as a pollutant of concern by Kevin
Masterson (Stony Creek Consulting)

Surfactant used in industrial processes, laundry
detergents, personal hygiene, automotive
applications, latex paints, and lawn care products

PFAS Identified as a pollutant of concern by drinking A class of thousands of chemicals used in
water providers consumer, commercial, and industrial products
Simazine Carry-forward from 5t Year evaluation, detected Herbicide used in the urban environment

average >20% of regulatory standard

Sulfometuron Methyl

Carry-forward from 5t Year evaluation, detected in
>15% of samples

Herbicide used mostly in nonagricultural
situations (roadsides, industrial facilities, and
public lands)

Glyphosate
Isopropylamine

Closely related to glyphosate

Herbicide used in the urban environment
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3.2 Pesticide Degradates

Table 4 summarizes pesticide degradates that GSI compiled based on a review of the scientific literature.
The degradates were not included in the emerging pollutant evaluation because: (1) a human-health-based
regulatory standard could not be found, or (2) a human-health-based regulatory standard was found but the
degradate was considered to have a “low” toxicity to humans (using the criteria in Table 2). Specifically, EPA
RSLs were found for benzoic acid (80,000 ug/L), formaldehyde (4,000 ug/L), and ortho-chlorobenzoic acid
(600 ug/L), which are greater than the 100 ug/L criteria used to identify emerging pollutants with a “low”
toxicity to humans.

Table 4. Pesticide Degradates.

2,4-D 2,4-DCP; 3,5-dichlorocatechol; 2,4-dichloro-cis-cis-muconate; 2-chlorodienelactone; 2-
chloromaleylacetate; maleylacetate; B-ketoadipate

2,6-dichlorobenzamide 2,6-DCBA; ortho-chlorobenzoic acid; 2,6-dichlorobenzene; benzoic acid; 2,6-dichloro-3,4-
dihydroxybenzene; 2,6-dichloro-3,4-dihydroxybenzoic acid

AMPA Methylamine; phosphonoformaldehyde; phosphate; formaldehyde
Atrazine Hydroxyatrazine; N-isopropilamelide; Cyanurate; deisopropylatrazine (DIA); deethylatrazine (DEA)
Bifenthrin TFP acid; BP acid; BP alcohol; Hydroxymethyl-bifenthrin; 2’- or 4’-OH-hydroxymethyl-bifenthrin; 4sy’-

OH-bifenthrin; 4’-OH-BP alcohol; Dimethoxy BP alcohol; cis-hydroxymethyl TFP acid; trans-
hydroxymethyl TFP acid; Dimethoxy-BP acid; 4’-OH-BP acid; 4-methoxy BP acid

Diuron DCPMU; DCPU; DCA
Fipronil Sulfone; desulfinyl; amide; sulfide
AMPA, glyoxylate, phosphate, methylamine, phosphonoformaldehyde, acetylglyphosate, phosphate,
Glyphosate . )
arcosine, glycine, formaldehyde
Imidacloprid 6-chloro-nicotinaldehyde; 6-chloro-N-methylnicotinacidamide; 6-chloro-3-pyridyl-

methylethylendiamine; 6-hydroxynicotinic acid; imidacloprid guanidine; imidacloprid urea
MCPA MCP

Simazine Deisopropylatrazine (DIA)

Sulfometuron Methyl Methyl 2-(aminosulfonyl)benzoate, 2-amino-4,6-dimethylpyrimidine, 2-(aminosulfonyl)benzoic acid, 2-
amino-4,6-dimethylpyrimidine

Glyphosate None identified
Isopropylamine

Notes
Bold text indicates a degradate with a human-health-based regulatory standard (i.e., EPA RSL)

3.3 Identification of Emerging Pollutants that Pose the Highest Risk of Degrading

Groundwater Used as Drinking Water
The risk scores for the toxicity, mobility, and persistence of each emerging pollutant are summarized in
Table 5. Seven of the emerging pollutants fall into the highest risk category (i.e., Tier 1) because the risk
scores are all medium or high. These pollutants pose the highest risk of migrating to groundwater and
degrading groundwater quality because they are moderately to highly toxic, mobile, and persistent.

= The regulatory standards that were used to assign a toxicity score, and the resulting toxicity score,
are presented in Table A.1 of Attachment A.

= The Koc statistics that were used to assign a mobility score, and the resulting mobility score, are
presented in Table A.2 of Attachment A. Individual Koc values are presented in Table B.1 of
Attachment B.
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= Half-life statistics that were used to assign a persistence score, and the resulting persistence score,
are presented in Table A.3 of Attachment A. Individual half-life values are presented in Table B.2 of
Attachment B.

Table 5. Summary of Pollutant Risk Scoring.

Emerging Pollutant Toxicity Score Mobility Score Persistence Score
PFAS High High High
Diuron High High Medium
1 Fipronil High High Medium
High " avrazine High High Medium
Mes‘ium Simazine High High Medium
2,4-D Medium High Medium
4-nonylphenol Medium Medium Medium
2 Imidacloprid Low High High
High, MCPA High High Low
Medium, 2 6-dichlobenzamide (BAM) Low High Medium
& Low Sulfometuron methyl Low High Low
6PPD Quinone - Medium Medium
Aminomethylphosphonic acid (AMPA) Low Medium Medium
I\/Iegium Bifenthrin Low Low Medium
& Low Glyphosate Low Medium Low
Glyphosate Isopropylamine - Medium Low
DCOI - Low Low

Table 6 shows the frequency that the Tier 1 pollutants that were detected in urban stream and stormwater
samples based on stormwater quality data analyzed during the 5th year emerging pollutant evaluation
(collected from 2005 to 2017)3 and sampling for PFAS (conducted by the City of Portland in 2020 and
2021), and the frequency that they exceed the lowest human health based regulatory standard. Note that
there are many other data sources that have shown the presence of these compounds, but this data is
provided as a snapshot of existing data collected by ACWA UIC and MS4 communities.

Pollutant concentrations are presented based on the stormwater sampling location—UICs, urban streams, or
stormwater outfalls. Note that frequency of detection in urban streams is not necessarily the same as the
frequency of detection at UICs. While this difference is sometimes due to sample size (e.g., see Fipronil,
Atrazine, and Simazine), it also may be due to the fact that urban streams receive agricultural runoff (either
historically or currently) from further upstream in the watershed. Additional sampling at UICs would provide
more information about concentrations of emerging pollutants at UICs. Pollutant concentrations are
presented in Table A.4 of Attachment A.

3 Note that the statistics presented in Table 6 may be different than the statistics presented in the 5t year emerging pollutant
evaluation (GSI, 2017), even though both Table 6 and the 5% year emerging pollutant evaluations are based on the same
data sets. The difference occurs because the 5% year evaluation excluded samples from statistical analysis if the method
reporting limit exceeded a regulatory standard. Table 6 includes all stormwater quality samples.

GSI Water Solutions, Inc. 9



Emerging Pollutant Evaluation for Individual Underground Injection Control Permit Renewals

Table 6. Tier 1 Pollutants: Frequency of Detection and Frequency of Regulatory Standard Exceedance.

Frequency of

. Number . Detection at
Emerging of Detection at UICs 1 Detection in Urban Stormwater Lowest Regulatory
Pollutant Streams Standard
Samples Outfalls
Exceedance
PFAS 10 No Data No Data 40% to 100% 2 0.0%
Diuron 581 13/50 (26%) 3 367/531 (69.1%) 3 No Data 1.4%
Fipronil 43 0/4 (0.0%) 4 8/39 (20.5%) 4 No Data 0.0%
Atrazine 917 0/4 (0.0%) 5 59/913 (6.5%) 5 No Data 0.0%
Simazine 922 0/4 (0.0%) & 341/918 (37.1%) 6 No Data 0.2%
2,4-D 2,051 327/1,859 (17.6%)7  20/192 (10.4%) 7 No Data 0.0%
4-nonylphenol No Data No Data No Data No Data No Data
Notes

(1) Stormwater samples collected at or up-pipe from the end-of-pipe where stormwater discharges into the UIC

(2) Frequency depends on the specific compound

(3) UIC samples from Portland and Multnomah County datasets; urban stream samples from Eugene, Salem, USGS (2008), and PSP
datasets. See GSI (2017) for details.

(4) UIC samples from Multnomah County dataset; urban stream samples from Clackamas, Eugene, and Salem datasets. See GSI
(2017) for details.

(5) UIC samples from Multnomah County dataset; urban stream samples from Salem, Eugene, USGS (2008), and PSP datasets. See
GSI (2017) for details.

(6) UIC samples from Multnomah County dataset; urban stream samples from Salem, Eugene, USGS (2008), and PSP datasets. See
GSI (2017) for details.

(7) UIC samples from Gresham, Multnomah County, and Portland datasets; urban stream samples from Salem, USGS (2008), and
PSP datasets. See GSI (2017) for details.

It is important to note that the PFAS results are stormwater samples collected in north and northeast
industrial Portland, and may not be representative of residential and commercial stormwater. The other
pollutants in Table 6 are from the 5th year emerging pollutant evaluation (stormwater samples are primarily
from residential and commercial areas of town).

3.4 Watch List of Pollutants for Potential Inclusion in a Future Emerging Pollutant

Evaluation
The following bullets present a list of emerging pollutants in stormwater that GSI identified while conducting
this emerging pollutant evaluation.

= Pesticides found regularly in surface water that weren’t assessed in early studies of pesticide
occurrence in Oregon (i.e., prior to 2012) (pers. comm., K. Masterson, 2022):

o Dimenthamid-p, a herbicide used primarily in agricultural applications but also for non-
agricultural weed control (Minnesota DOH, 2013).

o Azoxystrobin, a fungicide

o Chlorothalonil, fungicide and wood protectant with significant nonagricultural use (15
million pounds used from 1990 to 1996) (EPA, 1999).

o Aminocyclopyrachlor, a weed killer used by the Oregon Department of Transportation
(ODOT) and other public entities along rights of way. The substance was responsible for
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the death of nearly 1,500 Ponderosa Pines near Sisters, and was recently banned in
Oregon (OPB, 2018).

4. Conclusions

The primary conclusions of this emerging pollutant evaluation are:

= Seven emerging pollutants have the highest potential to pose a risk to degrade the quality of
groundwater used as drinking water because they are moderately to highly mobile, highly persistent,
and highly toxic to humans: PFAS, diuron, fipronil, atrazine, simazine, 2,4-D, and 4-nonylphenol.

= Three of these pollutants—fipronil, diuron, and 2,4-D—have been evaluated using pollutant fate and
transport modelling (GSI, 2017; GSI, 2011). The conclusion from the fate and transport modeling is
that these pollutants generally do not pose a risk of degradation of the quality of groundwater used
for drinking water as long as a five foot vertical separation distance is present between the bottom of
the UIC and seasonal high groundwater. The four remaining emerging pollutants—PFAS, atrazine,
simazine, and 4-nonylphenol—are characterized by uncertainty regarding fate and transport because
no fate and transport modeling has been performed.

= The emerging pollutant that potentially poses the highest risk of degrading groundwater quality is
PFAS because it is highly mobile, highly persistent, and highly toxic to humans. PFAS have been used
since the 1940s in a wide variety of consumer products (ITRC, 2020). PFAS can be transported in
the atmosphere in the gas phase and as particulates, and have been found surface snow of the artic
peninsula (Mahmoudnia et al., 2022) and rainwater (Cousins et al., 2022). Additional stormwater
quality data is needed to better-characterize the concentration of PFAS in municipal stormwater
because: (1) only 10 stormwater analyses for PFAS were included in this emerging pollutant
evaluation, and (2) the PFAS stormwater quality data is from an industrial area of north and
northeast Portland and may not be representative of the stormwater that typically drains to public
UICs (City of Portland BES, 2021).

= We were unable to find stormwater quality data for nonylphenols. Therefore, concentrations of
nonylphenols in municipal stormwater runoff is not currently well-understood.

We recommend that jurisdictions consider these conclusions when evaluating implications of this emerging
pollutant evaluation on best management practices and protection of the beneficial uses of groundwater.
One consideration is that many of the emerging pollutants have not been sampled in stormwater (e.g.,
nonylphenols), have only been sampled in Oregon in industrial stormwater (PFAS), or have not been sampled
frequently at UICs (Fipronil, Atrazine, Simazine). Another consideration is the fact that these pesticides are
present in stormwater and urban streams suggests they are not being used properly (according to
manufacturer’s directions) and that public education and regulation (i.e., from the Oregon Department of
Agriculture or Department of Environmental Quality) is warranted.

Specific actions taken based on the results of the study will be jurisdiction-specific (reflecting the fact that
stormwater quality, use of groundwater as a source of drinking water, UIC design characteristics, depth to
groundwater, and long-term stormwater management strategies are jurisdiction-specific).
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Table A.1. Toxicity Scoring (Regulatory Standards in ug/L).

Emerging Pollutant Evaluation.

DEQ Rlsk-Ba.sed EPA Regional Screening
Concentration Level EPA Human Health

Drinking Water Ingestion ) . . USGS Health-Based EPA Maximum Toxicity

Pollutant Ingestion from Residential Benchmarks for ) . Other
Pathway , .. Screening Level Contaminant Level Score
) . Tapwater, Child THQ=1, Pesticides
Urban Residential
. TR=1E-06
Exposure Scenario

2,4-D 670 ug/L 200 ug/L - - 70 ug/L - Medium
2,6-dichlorobenzamide (BAM) - - 270 ug/L - - - Low
4-nonylphenol - - - - - 20 ug/L (1) Medium
6PPD quinone - - - - - - -
Aminomethylphosphonic Acid (AMPA) - - - - - 1,000 ug/L (2) Low
Atrazine - 60 ug/L - - 3ug/L - High
Bifenthrin — 300 ug/L 210 ug/L — — — Low
DCOI - - - - - - -
Diuron - 40 ug/L - 2 ug/L - - High
Fipronil - - 1ug/L - - - High
Glyphosate - 2,000 ug/L - - 700 ug/L - Low
Glyphosate Isopropylamine - - - - - - -
Imidacloprid - - 500 ug/L - - - Low
MCPA 30 ug/L 10 ug/L - 30 ug/L - - High
PFAS: PFBS - 6 ug/L - - - - High
PFAS: PFHxS - 0.4 ug/L - - - - High
PFAS: PFNA - 0.06 ug/L - - - - High
PFAS: PFOS - 0.04 ug/L - - - - High
PFAS: PFOA - 0.06 ug/L - - - - High
Simazine - 100 ug/L - - 4 ug/L - High
Sulfometuron methyl - - - - - 1,800 ug/L (3) Low

Notes:

(1) Minnesota Department of Health Guidance Value for nonylphenols, ingestion by humans through the drinking water pathway
(2) Minnesota Department of Health Guidance Value for AMPA, ingestion by humans through the drinking water pathway
(3) Montana Department of Environmental Quality Human Health Standards for Groundwater

DEQ = Department of Environmental Quality
EPA = Environmental Protection Agency

USGS = United States Geological Survey

ug/L = micrograms per liter

2,4-D = 2,4-Dichlorophenoxyacetic acid

DCOI = 4,5-Dichloro-2-octylisothiazol-3(2H)-one
MCPA = 2-methyl-4-chlorophenoxyacetic acid
PFAS = Perfluoroalkyl and Polyfluoroalkyl Substances
PFBS = Perfluorobutane Sulfonic Acid

PFHxXS = Perfluorohexane Sulfonic Acid

PFNA = Perfluorononanoic Acid

PFOA = Perfluorooctanoic Acid

PFOS = Perfluorooctane Sulfonic Acid
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Table A.2. Mobility Scoring (Koc Values in Liters per Kilogram).

Emerging Pollutant Evaluation.

Pollutant Number of Minimum Median Maximum Mobility Score
Values

2,4-D 15 20 124 772 High
2,6-dichlobenzamide (BAM) 9 30 34 54 High
4-nonylphenol 4 3,981 16,009 53,300 Medium
6PPD quinone 5 1,585 8,472 8,710 Medium
Aminomethylphosphonic Acid (AMPA) 5 1,160 9,749 25,000 Medium
Atrazine 48 52 246 2,399 High
Bifenthrin 10 8,387 150,144 240,000 Low
DCOI 5 1,585 74,550 2,290,868 Low
Diuron 44 20 591 5,240 High
Fipronil 32 58 336 2,023 High
Glyphosate 17 0.002 4,871 56,741 Medium
Glyphosate Isopropylamine 2 2,080 13,040 24,000 Medium
Imidacloprid 29 71 225 1560 High
MCPA 29 11 29 270 High
PFAS: PFBS 16 0.20 49 1,585 High
PFAS: PFHxS 22 14 251 31,623 High
PFAS: PFNA 26 4 1,395 251,189 Medium
PFAS: PFOS 46 29 684 50,118 High
PFAS: PFOA 37 1 389 100,000 High
Simazine 19 16 95 1,700 High
Sulfometuron methyl 11 18 85 160 High

Notes:

Koc = Organic Carbon Water Partitioning Coefficient
2,4-D = 2,4-Dichlorophenoxyacetic acid

DCOI = 4,5-Dichloro-2-octylisothiazol-3(2H)-one
MCPA = 2-methyl-4-chlorophenoxyacetic acid

PFAS = Perfluoroalkyl and Polyfluoroalkyl Substances

2
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PFBS = Perfluorobutane Sulfonic Acid
PFHxS = Perfluorohexane Sulfonic Acid
PFENA = Perfluorononanoic Acid

PFOA = Perfluorooctanoic Acid

PFOS = Perfluorooctane Sulfonic Acid
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Table A.3. Persistence Scoring (Half-Life Values in Days).

Emerging Pollutant Evaluation.

Pollutant Number of Minimum Median Maximum Persistence
Values Score
2,4-D 3 10 59.3 66 Medium
2,6-dichlobenzamide (BAM) 3 Weeks Months Years Medium
4-nonylphenol 2 1 50 99 Medium
6PPD quinone 3 38 75 337 Medium
Aminomethylphosphonic Acid (AMPA) 6 35 66 98 Medium
Atrazine 1 60 60 60 Medium
Bifenthrin 3 26 65 125 Medium
DCOI 1 4.8 4.8 4.8 Low
Diuron 11 20 90 90 Medium
Fipronil 14 31 119 1,378 Medium
Glyphosate 14 1.8 18 151 Low
Glyphosate Isopropylamine 3 1.9 2.1 47 Low
Imidacloprid 1 997 997 997 High
MCPA 2 7 24 41 Low
PFAS: PFBS - - - -
PFAS: PFHxS - - - - -
PFAS: PFNA - - - - -
PFAS: PFOS 1 >14,965 >14,965 >14,965 High
PFAS: PFOA 1 >33,580 >33,580 >33,580 High
Simazine 1 60 60 60 Medium
Sulfometuron methyl 1 20 20 20 Low

Notes:
2,4-D = 2,4-Dichlorophenoxyacetic acid

DCOI = 4,5-Dichloro-2-octylisothiazol-3(2H)-one
MCPA = 2-methyl-4-chlorophenoxyacetic acid

PFAS = Perfluoroalkyl and Polyfluoroalkyl Substances

2
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PFBS = Perfluorobutane Sulfonic Acid
PFHxS = Perfluorohexane Sulfonic Acid
PFNA = Perfluorononanoic Acid

PFOA = Perfluorooctanoic Acid

PFOS = Perfluorooctane Sulfonic Acid
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Table A.4. Pollutant Concentration Statistics.
Emerging Pollutant Evaluation.

Number of
Minimum Median Average Maximum Exceedances of
Number of , . . . Number of Percent Exceedance
Pollutant Sambles Concentration Concentration Concentration Concentration Detections  Detection Lowest Regulatory Standard Lowest Frequenc
P (ug/L) (ug/L) (ug/L) (ug/L) Regulatory g y
Standard
2,4-D 2,051 0.028 0.1 0.88 32.3 347 16.9% |MCL (70 ug/L) 0 0%
2,6-dichlobenzamide (BAM) 283 0.0213 0.128 0.20 0.986 249 88.0% |EPA HHBP, Chronic or Lifetime (270 ug/L) 0 0%
4-nonylphenol - - - - - - - Minnesota Department of Health (20 ug/L) No data No data
6PPD quinone 2 0.137 0.419 0.42 0.701 2 100.0% |- NA NA
Aminomethylphosphonic Acid (AMPA) 92 0.05 0.471 3.54 10 51 55.4% [Minnesota Department of Health (1000 ug/L) 0 0%
Atrazine 917 0.002 0.0096 0.0290 0.3 59 6.4% MCL (3 ug/L) 0 0%
Bifenthrin 498 0.0185 0.038 0.0583 0.313 10 2.0% EPA HHBP, Acute or One Day (210 ug/L) 0 0%
DCOI - - - - - - - Predicted No-Effect Concentration (0.06 ug/L) No data No data
Diuron 581 0.002 0.0202 0.14 6.92 380 65.4% |USGS HBSL, Cancer (2 ug/L) 8 1.4%
Fipronil 43 0.0061 0.6 0.37 0.6 8 18.6% |EPA HHBP, Chronic or Lifetime (1 ug/L) 0 0%
Glyphosate 160 0.05 6 5.40 27 39.0 24.4% [MCL (700 ug/L) 0 0%
Imidacloprid 535 0.01 0.0216 0.0430 0.795 64 12.0% |EPA HHBP, Chronic or Lifetime (360 ug/L) 0 0%
EPA Regional S ing Level, | tion SL Child THQ = 1.0
MCPA 440 0.04 1.24 9.89 101 5 1.1% egional Screening Level, Ingestion SL Child THQ 218 50%
(Noncancer) (10 ug/L)
EPA Regional ing Level, | i L Child THQ = 1.
Simazine 922 0.002 0.024 0.0426 1.3 341 37.0% egional Screening Level, Ingestion SL Child THQ = 1.0 2 0.2%
(Noncancer) (0.65 ug/L)
Sulfometuron methyl 394 0.0037 0.00438 0.0238 1.09 90 22.8% [Montana Department of Environmental Quality (1800 ug/L) 0 0%
EPA Regional ing Level, | i L Child THQ = 1.
PFAS: PFBS 10 0.0003 0.000955 0.0016 0.0044 10 100.0% egional Screening Level, Ingestion SL Child THQ = 1.0 0 0.00%
(Noncancer) (6 ug/L)
EPA Regional S ing Level, | tion SL Child THQ = 1.0
PFAS: PFHxS 10 0.0013 0.00185 0.0029 0.006 5 50.0% egional Screening Level, Ingestion SL Child THQ 0 0.00%
(Noncancer) (0.4 ug/L)
EPA Regional ing Level, | i L Child THQ = 1.
PFAS: PFNA 10 0.0011 0.0011 0.0018 0.0039 4 40.0% egional Screening Level, Ingestion SL Child THQ = 1.0 0 0.00%
(Noncancer) (0.06 ug/L)
EPA Regional S ing Level, | tion SL Child THQ = 1.0
PFAS: PFOS 10 0.0015 0.00655 0.0102 0.023 10 100.0% eglonal screening Level, Ingestion 1dTHQ 0 0.00%
(Noncancer) (0.040 ug/L)
EPA Regional ing Level, | i L Child THQ = 1.
PGAS: PFOA 10 0.00084 0.00245 0.0051 0.017 10 100.0% egional Screening Level, Ingestion SL Child THQ = 1.0 0 0.00%
(Noncancer) (0.060 ug/L)
Notes:
2,4-D = 2,4-Dichlorophenoxyacetic acid PFOA = Perfluorooctanoic Acid
DCOI = 4,5-Dichloro-2-octylisothiazol-3(2H)-one PFOS = Perfluorooctane Sulfonic Acid
EPA = Environmental Protection Agency SL = screening level
HBSL = Health-Based Screening Level THQ = target hazard quotient
HHBP = Human Health Benchmarks for Pesticides ug/L = micrograms per liter
MCPA = 2-methyl-4-chlorophenoxyacetic acid USGS = United States Geological Survey

PFAS = Perfluoroalkyl and Polyfluoroalkyl Substances
PFBS = Perfluorobutane Sulfonic Acid

PFHxS = Perfluorohexane Sulfonic Acid

PFNA = Perfluorononanoic Acid
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—ATTACHMENT B

Individual Koc and Half Life Values for Emerging Pollutants




Table B.1. Koc Values.
Emerging Pollutant Evaluation.

Emerging Pollutant Description Koc Value Units [Source
2,4-D Acid: Sorption Coefficient ( ) 20 L/Kg |OSU Extension Pesticide Properties Database (orst.edu)
2,4-D Acid: Sorption Coefficient ( ) 136 L/Kg |OSU Extension Pesticide Properties Database (orst.edu)
2,4-D Acid: Sorption Coefficient ( ) 19.6 L/Kg |EPA (1995) 2,4-D National Primary Drinking Water Regulations fact sheet
2,4-D Acid: Sorption Coefficient ( ) 109.1 L/Kg |EPA (1995) 2,4-D National Primary Drinking Water Regulations fact sheet
2,4-D Acid: Sorption Coefficient ( ) 61.13 L/Kg [Meftaul et al (2020)
2,4-D Acid: Sorption Coefficient ( ) 112.95 L/Kg [Meftaul et al (2020)
2,4-D Acid: Sorption Coefficient ( ) 771.59 L/Kg [Meftaul et al (2020)
2,4-D Acid: Sorption Coefficient ( ) 263.27 L/Kg [Meftaul et al (2020)
2,4-D Acid: Sorption Coefficient ( ) 87.34 L/Kg [Meftaul et al (2020)
2,4-D Acid: Sorption Coefficient ( ) 665.31 L/Kg [Meftaul et al (2020)
2,4-D Acid: Sorption Coefficient (soil Koc) 256.31 L/Kg [Meftaul et al (2020)
2,4-D Acid: Sorption Coefficient (soil Koc) 256.03 L/Kg [Meftaul et al (2020)
2,4-D Acid: Sorption Coefficient (soil Koc) 106.8 L/Kg [Meftaul et al (2020)
2,4-D Acid: Sorption Coefficient ( ) 135.15 L/Kg [Meftaul et al (2020)
Minimum 20 L/Kg
2,4-D Median 124 L/Kg
Maximum 772 L/Kg
2,6-dichlobenzamide (BAM) Koc low 34 L/Kg [Special Review of Dichlobenil
2,6-dichlobenzamide (BAM) Koc high 54 L/Kg |Special Review of Dichlobenil
2,6-dichlobenzamide (BAM) Koc low 30 L/Kg HSDB
2,6-dichlobenzamide (BAM) Koc high 33 L/Kg [Holtze et al (2008)
2,6-dichlobenzamide (BAM) Koc low 35 L/Kg [Holtze et al (2008)
2,6-dichlobenzamide (BAM) Koc high 34 L/Kg |EPA(2012)
2,6-dichlobenzamide (BAM) Koc low 54 L/Kg |EPA(2012)
Minimum 30 L/Kg
2,6-dichlobenzamide (BAM) Median 34 L/Kg
Maximum 54 L/Kg
4-nonylphenol low 6900 L/Kg |4-Nonylphenol | C15H240 - PubChem (nih.gov)
4-nonylphenol high 53300 L/Kg |4-Nonylphenol | C15H240 - PubChem (nih.gov)
4-nonylphenol (general) Koc in soil 3981 L/Kg [Nonylphenols Tier Il Assessment
4-nonylphenol (general) calculated from log Kow = 4.48. Nonionisable in environment. 25119 L/Kg [Nonylphenols Tier Il Assessment
Minimum 3,981 L/Kg
4-nonylphenol Median 16,009 L/Kg
Maximum 53,300 L/Kg
6PPD quinone Koc 8589 L/Kg |2022_SWTreatmentOfTireContaminants-BMPEffectiveness.pdf (wa.gov)
6PPD quinone Koc 8710 L/Kg |2022_SWTreatmentOfTireContaminants-BMPEffectiveness.pdf (wa.gov)
6PPD quinone 8472 L/Kg |CalEPA (2021)
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Emerging Pollutant Description Koc Value Units [Source
6PPD quinone Koc 1585 L/Kg |Hiki and Yamamoto (2022)
6PPD quinone Koc 3162 L/Kg |Hiki and Yamamoto (2022)
Minimum 1585 L/Kg
6PPD quinone Median 8472 L/Kg
Maximum 8710 L/Kg
AMPA Koc low 1160 L/Kg |Glyphosate and AMPA behavior...
AMPA Koc high 24800 L/Kg |Glyphosate and AMPA behavior...
AMPA Koc 9749 L/Kg |RMS Germany (2013).
AMPA Koc 1200 L/Kg |Reding (2005)
AMPA Koc 25000 L/Kg |Reding (2005)
Minimum 1160 L/Kg
AMPA Median 9749 L/Kg
Maximum 25000 L/Kg
Atrazine Koc 91 L/Kg |ATSDR Profile
Atrazine Koc 93 L/Kg |ATSDR Profile
Atrazine Koc 151 L/Kg |ATSDR Profile
Atrazine Koc 214 L/Kg |ATSDR Profile
Atrazine Koc 339 L/Kg |ATSDR Profile
Atrazine Koc 955 L/Kg |ATSDR Profile
Atrazine Koc 2399 L/Kg |ATSDR Profile
Atrazine Sorption Coefficient (soil Koc) 100 L/Kg |OSU Extension Pesticide Properties Database (orst.edu)
Atrazine Sorption Coefficient (soil Koc) 440 L/Kg [Mersie and Seybold (1996)
Atrazine Sorption Coefficient (soil Koc) 109 L/Kg |Dousset et al. (1994)
Atrazine Sorption Coefficient (soil Koc) 100 L/Kg |Wauchope et al. (1992)
Atrazine Skunk River Site 1, 0 - 25 cm 163 L/Kg [Moorman et al. (2001)
Atrazine Skunk River Site 1, 50 - 75 cm 346 L/Kg |[Moorman et al. (2001)
Atrazine Skunk River Site 1, 160 - 180 cm 255 L/Kg |[Moorman et al. (2001)
Atrazine Skunk River Site 1, 235 - 260 cm 440 L/Kg |[Moorman et al. (2001)
Atrazine Skunk River Site 1, 300 - 325 cm 558 L/Kg |[Moorman et al. (2001)
Atrazine Skunk River Site 1, 350 -375 cm 459 L/Kg |Moorman et al. (2001)
Atrazine Skunk River Site 2, 0-25 cm 153 L/Kg |Moorman et al. (2001)
Atrazine Skunk River Site 2, 50 - 75 cm 213 L/Kg |Moorman et al. (2001)
Atrazine Skunk River Site 2, 150 - 175 cm 112 L/Kg |[Moorman et al. (2001)
Atrazine Skunk River Site 2, 235 - 260 cm 150 L/Kg |Moorman et al. (2001)
Atrazine Skunk River Site 2, 300 - 325 cm 370 L/Kg |[Moorman et al. (2001)
Atrazine Skunk River Site 2, 350 - 375 cm 563 L/Kg |[Moorman et al. (2001)
Atrazine Treynor Monona Soil, 0 - 25 cm 145 L/Kg [Moorman et al. (2001)
Atrazine Treynor Monona Soil, 50 - 100 cm 165 L/Kg |Moorman et al. (2001)
Atrazine Treynor Monona Soil, 150 - 200 cm 88 L/Kg [Moorman et al. (2001)
Atrazine Treynor Monona Soil, 250 - 300 cm 386 L/Kg |[Moorman et al. (2001)
Atrazine Ida Soil, 0 - 25 cm 169 L/Kg |[Moorman et al. (2001)
-
[‘ Water Solutions, Inc. Page 2 of 13 P:\Portland\698-ACWA\002-Emerging Pesticide TM\Tables_20220823



Emerging Pollutant Description Koc Value Units [Source
Atrazine Ida Soil, 50 - 100 cm 236 L/Kg [Moorman et al. (2001)
Atrazine Ida Soil, 150 - 200 cm 511 L/Kg |[Moorman et al. (2001)
Atrazine Ida Soil, 250 - 300 cm 678 L/Kg |[Moorman et al. (2001)
Atrazine Walnut Creek Clarion Soil, 0 - 25 cm 216 L/Kg |[Moorman et al. (2001)
Atrazine Walnut Creek Clarion Soil, 40 - 110 cm 138 L/Kg [Moorman et al. (2001)
Atrazine Walnut Creek Clarion Soil, 140 - 210 cm 52 L/Kg |Moorman et al. (2001)
Atrazine Walnut Creek Clarion Soil, 320 - 335 cm 1021 L/Kg |[Moorman et al. (2001)
Atrazine Walnut Creek Clarion Soil, 604 - 619 cm 1588 L/Kg |[Moorman et al. (2001)
Atrazine Nicollet Soil, O - 25 cm 230 L/Kg |[Moorman et al. (2001)
Atrazine Nicollet Soil, 40 - 110 cm 154 L/Kg |Moorman et al. (2001)
Atrazine Nicollet Soil, 140 - 210 cm 512 L/Kg [Moorman et al. (2001)
Atrazine Okoboji Soil, 0 - 25 cm 332 L/Kg [Moorman et al. (2001)
Atrazine Okoboji Soil, 40 - 110 cm 258 L/Kg [Moorman et al. (2001)
Atrazine Nashua, 0 - 15 cm 187 L/Kg |[Moorman et al. (2001)
Atrazine Nashua, 100 - 115 cm 485 L/Kg |[Moorman et al. (2001)
Atrazine Nashua, 232 - 244 cm 750 L/Kg |[Moorman et al. (2001)
Atrazine Nashua, 488 - 503 cm 100 L/Kg |[Moorman et al. (2001)
Atrazine Nashua, 786 - 820 cm 546 L/Kg |[Moorman et al. (2001)
Atrazine Nashua, 1186 - 1189 cm 567 L/Kg [Moorman et al. (2001)
Atrazine Nashua, 1189 - 1219 2094 L/Kg Moorman et al. (2001)

Minimum 52 L/Kg

Atrazine Median 246 L/Kg

Maximum 2399 L/Kg
Bifenthrin Sorption Coefficient (soil Koc) 240,000 L/Kg |OSU Extension Pesticide Properties Database (orst.edu)
Bifenthrin Sorption Coefficient (soil Koc) 14,332 L/Kg |PubChem (2022)
Bifenthrin Sorption Coefficient (soil Koc) 8,695 L/Kg |PubChem (2022)
Bifenthrin Sorption Coefficient (soil Koc) 8,387 L/Kg [PubChem (2022)
Bifenthrin Sorption Coefficient (soil Koc) 131,000 L/Kg |Fecko (1999)
Bifenthrin Sorption Coefficient (soil Koc) 302,000 L/Kg |Fecko (1999)
Bifenthrin Sorption Coefficient (soil Koc) 148,094 L/Kg |PubChem (2022)
Bifenthrin Sorption Coefficient (soil Koc) 152,193 L/Kg [PubChem (2022)
Bifenthrin Sorption Coefficient (soil Koc) 2,290,868 L/Kg |EPA (2016)
Bifenthrin Sorption Coefficient (soil Koc) 251,189 L/Kg |Oros et al. (2005)

Minimum 8387 L/Kg

Bifenthrin Median 150144 L/Kg

Maximum| 2290868 L/Kg
DCOI adsorption/desorption; 0.2-4.4% OC; low 1691 L/Kg [DCOIT Final Work Plan
DCOI adsorption/desorption; 0.2-4.4% OC; high 7865 L/Kg |DCOIT Final Work Plan
DCOI adsorption/desorption; 4.1-5% OC; low 15441 L/Kg [DCOIT Final Work Plan
DCOI adsorption/desorption; 4.1-5% OC; high 18100 L/Kg [DCOIT Final Work Plan
DCOI Log Koc = 3.2 1585 L/Kg |Sea-Nine fact sheet
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Emerging Pollutant Description Koc Value Units |Source

Minimum 1,585 L/Kg

DCOI Median 74,550 L/Kg

Maximum| 2,290,868 L/Kg
Diuron Sorption Coefficient (soil Koc) 480 L/Kg |OSU Extension Pesticide Properties Database (orst.edu)
Diuron Sorption Coefficient (soil Koc) 259 L/Kg Kasozi et al. (2010)
Diuron Sorption Coefficient (soil Koc) 558 L/Kg Kasozi et al. (2010)
Diuron Sorption Coefficient (soil Koc) 973 L/Kg Kasozi et al. (2010)
Diuron Sorption Coefficient (soil Koc) 2,090 L/Kg Kasozi et al. (2010)
Diuron Sorption Coefficient (soil Koc) 1,666 L/Kg Bramble et al. (1998)
Diuron Sorption Coefficient (soil Koc) 468 L/Kg Bramble et al. (1998)
Diuron Sorption Coefficient (soil Koc) 626 L/Kg Bramble et al. (1998)
Diuron Sorption Coefficient (soil Koc) 452 L/Kg Priester (1990)
Diuron Sorption Coefficient (soil Koc) 418 L/Kg Priester (1990)
Diuron Sorption Coefficient (soil Koc) 574 L/Kg Priester (1990)
Diuron Sorption Coefficient (soil Koc) 487 L/Kg Priester (1990)
Diuron Sorption Coefficient (soil Koc) 1,326 L/Kg Simpson and Hargreaves (2001)
Diuron Sorption Coefficient (soil Koc) 3,738 L/Kg Simpson and Hargreaves (2001)
Diuron Sorption Coefficient (soil Koc) 2,244 L/Kg Simpson and Hargreaves (2001)
Diuron Sorption Coefficient (soil Koc) 5,240 L/Kg Simpson and Hargreaves (2001)
Diuron Sorption Coefficient (soil Koc) 507 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 884 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 598 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 918 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 556 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 762 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 459 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 583 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 473 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 679 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 477 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 678 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 428 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 707 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 452 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 479 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 405 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 547 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 538 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 975 L/Kg Ahangar et al. (2008)
Diuron Sorption Coefficient (soil Koc) 145 L/Kg Dores et al. (2009)
Diuron Sorption Coefficient (soil Koc) 917 L/Kg Dores et al. (2009)

-
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Emerging Pollutant Description Koc Value Units |Source
Diuron Sorption Coefficient (soil Koc) 636 L/Kg Nkedi-Kizza et al., (1983)
Diuron Sorption Coefficient (soil Koc) 570 L/Kg Nkedi-Kizza et al., (1983)
Diuron Sorption Coefficient (soil Koc) 884 L/Kg Nkedi-Kizza et al., (1983)
Diuron Sorption Coefficient (soil Koc) 619 L/Kg Nkedi-Kizza et al., (1983)
Diuron Sorption Coefficient (soil Koc) 706 L/Kg Nkedi-Kizza et al., (1983)
Diuron Sorption Coefficient (soil Koc) 733 L/Kg Nkedi-Kizza et al., (1983)

Minimum 145 L/Kg

Diuron Median 591 L/Kg

Maximum 5,240 L/Kg
Fipronil Soil Sorption Coefficient (Koc); low 214 L/Kg |Fipronil Technical Fact Sheet (orst.edu)
Fipronil Soil Sorption Coefficient (Koc); high 825 L/Kg [Fipronil Technical Fact Sheet (orst.edu)
Fipronil Koc 427 L/Kg Godward et al. (1996)
Fipronil Koc 1248 L/Kg Godward et al. (1996)
Fipronil Koc 486 L/Kg Godward et al. (1996)
Fipronil Koc 800 L/Kg Godward et al. (1996)
Fipronil Koc 673 L/Kg Godward et al. (1996)
Fipronil Koc 278 L/Kg Ying and Kookana (2001)
Fipronil Koc 290 L/Kg Ying and Kookana (2001)
Fipronil Koc 546 L/Kg Ying and Kookana (2001)
Fipronil Koc 268 L/Kg Ying and Kookana (2001)
Fipronil Koc 410 L/Kg Ying and Kookana (2001)
Fipronil Koc 380 L/Kg Ying and Kookana (2001)
Fipronil Koc 254 L/Kg Ying and Kookana (2001)
Fipronil Koc 369 L/Kg Ying and Kookana (2001)
Fipronil Koc 320 L/Kg Doran et al. (2006)
Fipronil Koc 292 L/Kg Doran et al. (2006)
Fipronil Koc 116 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 58 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 70 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 65 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 72 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 2023 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 1452 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 1642 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 1500 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 1428 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 351 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 234 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 192 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 149 L/Kg Mukerjee and Kalpana (2006)
Fipronil Koc 150 L/Kg Mukerjee and Kalpana (2006)
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Emerging Pollutant Description Koc Value Units [Source
Minimum 58 L/Kg
Fipronil Median 336 L/Kg
Maximum 2,023 L/Kg
Glyphosate Koc high 2080 L/Kg |ATSDR Profile
Glyphosate Koc high 4,900 L/Kg |ATSDR Profile
Glyphosate Koc low 0.0017 L/Kg |ATSDR Profile
Glyphosate Koc low 2,600 L/Kg [ATSDR Profile
Glyphosate Koc 15,844 L/Kg |RMS Germany (2013)
Glyphosate Koc 24,000 L/Kg [Monsanto (2005)
Glyphosate Koc 1,099 L/Kg [Montgomery and Crompton (2018)
Glyphosate Koc 4,871 L/Kg [Montgomery and Crompton (2018)
Glyphosate Koc 554 L/Kg |Montgomery and Crompton (2018)
Glyphosate Koc 33,967 L/Kg |Montgomery and Crompton (2018)
Glyphosate Koc 3,414 L/Kg [Montgomery and Crompton (2018)
Glyphosate Koc 2,661 L/Kg [Montgomery and Crompton (2018)
Glyphosate Kurosol - Unifarm 1169 L/Kg Doyle et al (2008)
Glyphosate Vertosol - Unifarm 26622 L/Kg [Doyle et al (2008)
Glyphosate Ferrosol - Huon 52081 L/Kg Doyle et al (2008)
Glyphosate Ferrosol - Northdown 56741 L/Kg [Doyle et al (2008)
Glyphosate Dermosol (Pyengana) 33698 L/Kg Doyle et al (2008)
Minimum 0 L/Kg
Glyphosate Median 4871 L/Kg
Maximum 56741 L/Kg
Glyphosate isopropylamine isopropylamine salt: Sorption Coefficient (soil Koc) 24,000 L/Kg |0OSU Extension Pesticide Properties Database (orst.edu)
Glyphosate isopropylamine Koc 2080 L/Kg |ATSDR Profile
Minimum 2,080 L/Kg
Glyphosate Isopropylamine Median 13,040 L/Kg
Maximum 24,000 L/Kg
Imidacloprid Soil Sorption Coefficient (Koc) range; low 156 L/Kg |Imidacloprid Technical Fact Sheet (orst.edu)
Imidacloprid Soil Sorption Coefficient (Koc) range; high 960 L/Kg [Imidacloprid Technical Fact Sheet (orst.edu)
Imidacloprid Soil Sorption Coefficient (Koc) range; low 132 L/Kg Environmental Fate of Imidacloprid
Imidacloprid Soil Sorption Coefficient (Koc) range; high 310 L/Kg |Environmental Fate of Imidacloprid
Imidacloprid Sand, pH=5.1 411 L/Kg |EFSA (2008)
Imidacloprid Sandy soil low humus, pH=5.6 157 L/Kg |EFSA (2008)
Imidacloprid Sandy loam, pH=5.2 256 L/Kg [EFSA (2008)
Imidacloprid Sandy loam, pH=5.7 153 L/Kg |EFSA (2008)
Imidacloprid Sandy loam, pH=6.4 235 L/Kg |EFSA (2008)
Imidacloprid Sandy loam, pH=6.4 109 L/Kg |EFSA (2008)
Imidacloprid Sandy loam, pH=5.6 165 L/Kg [EFSA (2008)
Imidacloprid Loamy sand, pH=4.5 292 L/Kg |EFSA (2008)
Imidacloprid Silt loam, pH=5.8 277 L/Kg |EFSA (2008)
-
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Emerging Pollutant Description Koc Value Units |Source
Imidacloprid Silt soil, pH=5.3 132 L/Kg |EFSA (2008)
Imidacloprid Silty clay, pH=7.4 212 L/Kg |EFSA (2008)
Imidacloprid Loam, pH=6.5 296 L/Kg [EFSA (2008)
Imidacloprid Koc 225 L/Kg |PPDB (2014)
Imidacloprid Silt Loam 78 L/Kg |[Coxetal (1997)
Imidacloprid Silt Loam 802 L/Kg |[Coxetal (1997)
Imidacloprid Clay Loam 81 L/Kg |[Coxetal (1997)
Imidacloprid Clay Loam 1560 L/Kg |[Coxetal (1997)
Imidacloprid Sandy Loam 71 L/Kg |Coxetal (1997)
Imidacloprid Sandy Loam 893 L/Kg |[Coxetal (1997)
Imidacloprid Loamy Sand 799 L/Kg [Oliveria et al (2010)
Imidacloprid Clay 158 L/Kg |Oliveria et al (2010)
Imidacloprid Clay 186 L/Kg [Oliveria et al (2010)
Imidacloprid Sand 203 L/Kg [Oliveria et al (2010)
Imidacloprid Sandy Loam 227 L/Kg Oliveria et al (2010)
Imidacloprid Sandy Clay Loam 620 L/Kg |Oliveria et al (2010)

Minimum 71 L/Kg

Imidacloprid Median 225 L/Kg

Maximum 1560 L/Kg
MCPA low 54 L/Kg |Areview of the pesticide MCPA in the land-water environment and emerging research needs
MCPA high 118 L/Kg |Areview of the pesticide MCPA in the land-water environment and emerging research needs
MCPA A1, initial concentration 10 mg/L 20.9 L/Kg [Hiller et al (2006)
MCPA A2, initial concentration 10 mg/L 25.9 L/Kg [Hiller et al (2006)
MCPA A3, initial concentration 10 mg/L 14.7 L/Kg Hiller et al (2006)
MCPA A4, initial concentration 10 mg/L 15.1 L/Kg Hiller et al (2006)
MCPA A5, initial concentration 10 mg/L 16.5 L/Kg [Hiller et al (2006)
MCPA S1, initial concentration 10 mg/L 26.6 L/Kg [Hiller et al (2006)
MCPA S2, initial concentration 10 mg/L 26.6 L/Kg Hiller et al (2006)
MCPA S3, initial concentration 10 mg/L 37.4 L/Kg Hiller et al (2006)
MCPA L1, initial concentration 10 mg/L 28.6 L/Kg [Hiller et al (2006)
MCPA L2, initial concentration 10 mg/L 16.3 L/Kg [Hiller et al (2006)
MCPA SS, initial concentration 10 mg/L 12.9 L/Kg Hiller et al (2006)
MCPA A1, initial concentration 0.5 mg/L 24 L/Kg Hiller et al (2006)
MCPA A2, initial concentration 0.5 mg/L 20.5 L/Kg Hiller et al (2006)
MCPA A3, initial concentration 0.5 mg/L 19.4 L/Kg Hiller et al (2006)
MCPA A4, initial concentration 0.5 mg/L 32.7 L/Kg Hiller et al (2006)
MCPA A5, initial concentration 0.5 mg/L 324 L/Kg Hiller et al (2006)
MCPA S1, initial concentration 0.5 mg/L 41.9 L/Kg [Hiller et al (2006)
MCPA S2, initial concentration 0.5 mg/L 17.1 L/Kg [Hiller et al (2006)
MCPA S3, initial concentration 0.5 mg/L 44.3 L/Kg Hiller et al (2006)
MCPA L2, initial concentration 0.5 mg/L 11.1 L/Kg Hiller et al (2006)
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Emerging Pollutant Description Koc Value Units [Source
MCPA SS, initial concentration 0.5 mg/L 35.1 L/Kg Hiller et al (2006)
MCPA Kurosol - Unifarm 91 L/kg Doyle et al (2008)
MCPA Vertosol - Unifarm 72 L/kg Doyle et al (2008)
MCPA Vertosol2 - Unifarm 44 L/kg Doyle et al (2008)
MCPA Ferrosol - Huon 165 L/kg Doyle et al (2008)
MCPA Ferrosol - Northdown 120 L/kg Doyle et al (2008)
MCPA Dermosol - Pyengana 270 L/kg Doyle et al (2008)

Minimum 11 L/Kg

MCPA Median 29 L/Kg

Maximum 270 L/Kg
Perfluorobutane-sulfonic Acid (PFBS) Koc average 115 L/Kg |ATSDR Profile
Perfluorobutane-sulfonic Acid (PFBS) Perfluorobutane-sulfonic Acid (PFBS) - Koc 182 L/Kg |NGWA_PFAS_document
Perfluorobutane-sulfonic Acid (PFBS) 10 L/Kg [Geosyntec (2019)
Perfluorobutane-sulfonic Acid (PFBS) 17 L/Kg [Milinovic et al (2015)
Perfluorobutane-sulfonic Acid (PFBS) 62 L/Kg |Guelfo and Higgins (2013)
Perfluorobutane-sulfonic Acid (PFBS) Soil 0.20 L/Kg [ITRC (2022)
Perfluorobutane-sulfonic Acid (PFBS) Soil 1.20 L/Kg [ITRC (2022)
Perfluorobutane-sulfonic Acid (PFBS) Soil 0.20 L/Kg [ITRC (2022)
Perfluorobutane-sulfonic Acid (PFBS) Soil 158 L/Kg [ITRC (2022)
Perfluorobutane-sulfonic Acid (PFBS) Sediment 56 L/Kg [ITRC (2022)
Perfluorobutane-sulfonic Acid (PFBS) Sediment 123 L/Kg [ITRC (2022)
Perfluorobutane-sulfonic Acid (PFBS) Soil 355 L/Kg [ITRC (2022)
Perfluorobutane-sulfonic Acid (PFBS) Sediment & Suspended Particulate Matter 42 L/Kg |ITRC (2022)
Perfluorobutane-sulfonic Acid (PFBS) Sediment 6 L/Kg [ITRC (2022)
Perfluorobutane-sulfonic Acid (PFBS) Sediment 1 L/Kg [ITRC (2022)
Perfluorobutane-sulfonic Acid (PFBS) Sediment 1585 L/Kg [ITRC (2022)

Minimum 0.20 L/Kg

PFBS Median 49 L/Kg

Maximum 1,585 L/Kg
Perfluorohexane-sulfonic Acid (PFHxS) Perfluorohexane-sulfonic Acid (PFHxS) - Koc 60 L/Kg NGWA_PFAS_document
Perfluorohexane-sulfonic Acid (PFHxS) Soil 112 L/Kg [ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHxS) Soil 50 L/Kg ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHxS) Soil 12589 L/Kg ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHXS) Sediment 105 L/Kg [ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHXS) Sediment 138 L/Kg [ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHxS) Soil 457 L/Kg ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHXS) Sediment & Suspended Particulate Matter 191 L/Kg ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHXS) Sediment & Suspended Particulate Matter 195 L/Kg ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHXS) Sediment & Suspended Particulate Matter 3981 L/Kg |ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHXS) Sediment & Suspended Particulate Matter 5012 L/Kg ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHxS) Sediment 14 L/Kg [ITRC (2022)
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Emerging Pollutant Description Koc Value Units [Source
Perfluorohexane-sulfonic Acid (PFHxS) Sediment 16 L/Kg [ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHXS) Sediment 316 L/Kg [ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHXS) Sediment 794 L/Kg [ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHXS) Sediment 1000 L/Kg [ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHxS) Sediment 251 L/Kg [ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHXS) Sediment 12589 L/Kg [ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHXS) Sediment 5012 L/Kg [ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHXS) Sediment 158 L/Kg [ITRC (2022)
Perfluorohexane-sulfonic Acid (PFHxS) Sediment 31623 L/Kg [ITRC (2022)

Minimum 14.13 L/Kg

PFHxS Median 251 L/Kg

Maximum 31,623 L/Kg
Perfluorononanoic Acid (PFNA) Koc 245 L/Kg |ATSDR Profile
Perfluorononanoic Acid (PFNA) Perfluorononanoic Acid (PFNA) - Koc 120226 L/Kg [NGWA_PFAS_document
Perfluorononanoic Acid (PFNA) Perfluorononanoic Acid (PFNA) - Koc 120000 L/Kg |PubChem
Perfluorononanoic Acid (PFNA) 245 L/Kg Geosyntec (2019)
Perfluorononanoic Acid (PFNA) Sediment 316 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Soil 4 L/Kg [ITRC (2022)
Perfluorononanoic Acid (PFNA) Soil 79 L/Kg [ITRC (2022)
Perfluorononanoic Acid (PFNA) Soil 229 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Soil 251 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Soil 7943 L/Kg [ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment 224 L/Kg [ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment 316 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment 4898 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Soil 3981 L/Kg [ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment & Suspended Particulate Matter 5129 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment & Suspended Particulate Matter 7413 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment & Suspended Particulate Matter 251 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment & Suspended Particulate Matter 10000 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment 1995 L/Kg [ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment 3981 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment 10000 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment 251189 L/Kg [ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment 39811 L/Kg [ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment 794 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment 676 L/Kg ITRC (2022)
Perfluorononanoic Acid (PFNA) Sediment 562 L/Kg [ITRC (2022)

Minimum 4 L/Kg

PFNA Median 1,395 L/Kg
Maximum| 251,189 L/Kg
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Emerging Pollutant Description Koc Value Units |Source
Perfluorooctane-sulfonic Acid (PFOS) low 250 L/Kg PubChem
Perfluorooctane-sulfonic Acid (PFOS) high 50100 L/Kg [PubChem
Perfluorooctane-sulfonic Acid (PFOS) Koc average 1000 L/Kg [PubChem
Perfluorooctane-sulfonic Acid (PFOS) Koc average 1380 L/Kg |ATSDR Profile
Perfluorooctane-sulfonic Acid (PFOS) low 251.2 L/Kg NGWA_PFAS_document
Perfluorooctane-sulfonic Acid (PFOS) high 50118 L/Kg [NGWA_PFAS_document
Perfluorooctane-sulfonic Acid (PFOS) 1400 L/Kg |[Chen etal.(2013)
Perfluorooctane-sulfonic Acid (PFOS) 676 L/Kg |[Chen etal.(2013)
Perfluorooctane-sulfonic Acid (PFOS) 644 L/Kg |[Chen etal. (2013)
Perfluorooctane-sulfonic Acid (PFOS) 775 L/Kg [Chen etal.(2013)
Perfluorooctane-sulfonic Acid (PFOS) 718.75 L/Kg |[Chen etal.(2013)
Perfluorooctane-sulfonic Acid (PFOS) 9500 L/Kg [Milinovic et al. (2015)
Perfluorooctane-sulfonic Acid (PFOS) 2000 L/Kg [Milinovic et al. (2015)
Perfluorooctane-sulfonic Acid (PFOS) 974 L/Kg [Milinovic et al. (2015)
Perfluorooctane-sulfonic Acid (PFOS) 987 L/Kg [Milinovic et al. (2015)
Perfluorooctane-sulfonic Acid (PFOS) 1170 L/Kg [Milinovic et al. (2015)
Perfluorooctane-sulfonic Acid (PFOS) 756 L/Kg [Milinovic et al. (2015)
Perfluorooctane-sulfonic Acid (PFOS) 1500 L/Kg [Enevoldsen and Juhler (2010)
Perfluorooctane-sulfonic Acid (PFOS) 4048 L/Kg |Enevoldsen and Juhler (2010)
Perfluorooctane-sulfonic Acid (PFOS) 692 L/Kg [Higgins and Luthy (2006)
Perfluorooctane-sulfonic Acid (PFOS) 178 L/Kg Higgins and Luthy (2006)
Perfluorooctane-sulfonic Acid (PFOS) 328 L/Kg [Higgins and Luthy (2006)
Perfluorooctane-sulfonic Acid (PFOS) 474 L/Kg [Higgins and Luthy (2006)
Perfluorooctane-sulfonic Acid (PFOS) 22143 L/Kg |Ahrens et al. (2011)
Perfluorooctane-sulfonic Acid (PFOS) 1069 L/Kg |Ahrens et al. (2011)
Perfluorooctane-sulfonic Acid (PFOS) 5783 L/Kg [Ahrens etal. (2011)
Perfluorooctane-sulfonic Acid (PFOS) 1000 L/Kg |Zareitalabad et al. (2013)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-0027, Clay 355 L/Kg Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-0029, Till-sand-silt 338 L/Kg |Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-0031, Till-sand-silt (gravely) 183 L/Kg [Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-0032, Till-sand-silt 193 L/Kg |Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-033, Till-sand-silt 29.3 L/Kg |Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-0035, Till-sand-silt 6322 L/Kg |Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-0036, Till-sand-silt 435 L/Kg [Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-0038, Till-sand-silt (gravely) 166 L/Kg |Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-0039, Till-sand-silt 1140 L/Kg |Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-0042, Till-sand-gravel 129 L/Kg |Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-0043, Silt 727 L/Kg Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-0043, Till-sand-gravel 200 L/Kg |Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-0044, Silt 147 L/Kg Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS) BH-15-044, Clay-gyttja 121 L/Kg Rosenqvist et al. (2017)
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Perfluorooctane-sulfonic Acid (PFOS BH-15-0045, Peat-sand-gravel-clay 308 L/Kg Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS BH-15-0048, Silt 87.3 L/Kg Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid ( BH-15-0048, Till-sand-silt-gravel 232.5 L/Kg |Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS BH-15-0050, Clay-sand 73.9 L/Kg |Rosenqvist et al. (2017)
Perfluorooctane-sulfonic Acid (PFOS BH-15-0052, Till-sand-silt-gravel 571 L/Kg Rosenqvist et al. (2017)

Minimum 29 L/Kg

PFOS Median 684 L/Kg

Maximum 50,118 L/Kg
Perfluorooctanioic Acid (PFOA) Koc 115 L/Kg |ATSDR Profile
Perfluorooctanioic Acid (PFOA) Koc high 229 L/Kg |ATSDR Profile
Perfluorooctanioic Acid (PFOA) Koc low 49 L/Kg |ATSDR Profile
Perfluorooctanioic Acid (PFOA) Koc, high 389 L/Kg NGWA_PFAS_document
Perfluorooctanioic Acid (PFOA) Koc, low 83.2 L/Kg |NGWA_PFAS_document
Perfluorooctanioic Acid (PFOA) 223.9 L/Kg [Geosyntec (2019)
Perfluorooctanioic Acid (PFOA) 631.0 L/Kg |Zareitalabad et al. (2013)
Perfluorooctanioic Acid (PFOA) Sediment 114.8 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 128.8 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Soil 95.5 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Soil 1.1 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Soil 39.8 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 251.2 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Soil 77.6 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Soil 50.1 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Soil 794.3 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Soil 588.8 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Soil 1621.8 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 123.0 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 147.9 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 97.7 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 446.7 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 426.6 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Soil 831.8 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment & Suspended Particulate Matter 1230.3 L/Kg ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment & Suspended Particulate Matter 4168.7 L/Kg ITRC (2022)
Perfluorooctanioic Acid (PFOA) - 660.7 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment & Suspended Particulate Matter 79.4 L/Kg ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment & Suspended Particulate Matter 3162.3 L/Kg ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 794.3 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 1000.0 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 2511.9 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 100000.0 L/Kg [ITRC (2022)
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Perfluorooctanioic Acid (PFOA) Sediment 12589.3 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 426.6 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 141.3 L/Kg [ITRC (2022)
Perfluorooctanioic Acid (PFOA) Sediment 1995.3 L/Kg [ITRC (2022)
Minimum 1.1 L/Kg
PFOA Median 389 L/Kg
Maximum| 100,000 L/Kg
Simazine Sorption Coefficient (soil Koc) 130 L/Kg |OSU Extension Pesticide Properties Database (orst.edu)
Simazine Sorption Coefficient (soil Koc) 16 L/Kg [Sannino et al (1999)
Simazine Sorption Coefficient (soil Koc) 400 L/Kg [Beltran et al., (1998)
Simazine Sorption Coefficient (soil Koc) 833 L/Kg [Beltran et al., (1998)
Simazine Sorption Coefficient (soil Koc) 58 L/Kg |Reddy et al (1992)
Simazine Sorption Coefficient (soil Koc) 76 L/Kg |Reddy et al (1992)
Simazine Sorption Coefficient (soil Koc) 74 L/Kg |Barriuso et al (1997)
Simazine Sorption Coefficient (soil Koc) 67 L/Kg |[Cox et al (1999)
Simazine Sorption Coefficient (soil Koc) 44 L/Kg |Cox etal (1999)
Simazine Sorption Coefficient (soil Koc) 445 L/Kg [Cox et al (2000b)
Simazine Sorption Coefficient (soil Koc) 1700 L/Kg [Cox et al (2000b)
Simazine Sorption Coefficient (soil Koc) 103 L/Kg [Ahrens (1994)
Simazine Sorption Coefficient (soil Koc) 152 L/Kg |Ahrens (1994)
Simazine Sorption Coefficient (soil Koc) 105 L/Kg |Hassink et al (1994)
Simazine Kurosol - Unifarm 35 L/Kg |Doyle et al (2008)
Simazine Vertosol - Unifarm 98 L/Kg |Doyle et al (2008)
Simazine Ferrosol - Huon 74 L/Kg |Doyle et al (2008)
Simazine Ferrosol - Northdown 74 L/Kg |Doyle et al (2008)
Simazine Dermosol - Pyengana 95 L/Kg |Doyle et al (2008)
Minimum 16 L/Kg
Simazine Median 95 L/Kg
Maximum 1,700 L/Kg
Sulfometuron methyl Sorption Coefficient (soil Koc) 78 - OSU Extension Pesticide Properties Database (orst.edu)
Sulfometuron methyl 85 L/Kg [Tomlin (1994)
Sulfometuron methyl Fallsington Sandy Loam, pH=5.6 120 L/kg  [Montgomery (1997)
Sulfometuron methyl Flanagan Silt Loam, pH=6.5 122 L/Kg |Montgomery (1997)
Sulfometuron methyl Myakka Sand, pH=6.3 71 L/kg Montgomery (1997)
Sulfometuron methyl Kurosol - Unifarm 89 L/Kg Doyle et al (2008)
Sulfometuron methyl Vertosol - Unifarm 66 L/kg Doyle et al (2008)
Sulfometuron methyl Vertosol 2 - Unifarm 18 L/Kg |Doyle et al (2008)
Sulfometuron methyl Ferrosol - Huon 123 L/kg Doyle et al (2008)
Sulfometuron methyl Ferrosol - Northdown 76 L/Kg Doyle et al (2008)
Sulfometuron methyl Dermosol - Pyengana 160 L/kg Doyle et al (2008)
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Emerging Pollutant Description Koc Value Units |Source
Minimum 18 L/Kg
Sulfometuron methyl Median 85 L/Kg
Maximum 160 L/Kg
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Table B.2. Half-Life Values.
Emerging Pollutant Evaluation.

Contaminant Description Value Units Data Source
2,4-D soil half life 10 days OSU Extension Pesticide Properties Database (orst.edu)
2,4-D soil half life 59.3 days Meftaul et al (2020)
2,4-D soil half life 66 days Walters (undated)
Minimum 10 days
2,4-D Median 59.3 days
Maximum 66 days
2,6-dichlobenzamide (BAM) degradation is insignificant below the water table - - Degradation of Dichlobenil and BAM
2,6-dichlobenzamide (BAM) in dichlobenil-contaminated topsoils two weeks to four months Degradation of Dichlobenil and BAM
2,6-dichlobenzamide (BAM) pristine surface soils 5-26 or no degradation |years Degradation of Dichlobenil and BAM
4-nonylphenol (general) aerobic microbial degradation, sewage sludge and sediments, low 1.1 days Occurrence and Biodegradation of Nonylphenol in the Environment
4-nonylphenol (general) aerobic microbial degradation, sewage sludge and sediments, high 99 days Occurrence and Biodegradation of Nonylphenol in the Environment
Minimum 1.1 days
4-nonylphenol (general) Median 50.05 days
Maximum 99 days
6PPD quinone In sediments 337 days 2022_SWTreatmentOfTireContaminants-BMPEffectiveness.pdf (wa.gov)
6PPD quinone In Soil 75 days 2022_SWTreatmentOfTireContaminants-BMPEffectiveness.pdf (wa.gov)
6PPD quinone In water 37.5 days 2022_SWTreatmentOfTireContaminants-BMPEffectiveness.pdf (wa.gov)
Minimum 37.5 days
6PPD quinone Median 75 days
Maximum 337 days
AMPA corn field 71 days Dynamics of glyphosate and AMPA in the soil surface
AMPA soybean field 54.7 days Dynamics of glyphosate and AMPA in the soil surface
AMPA Sand topsoil, in dark, 20C 60.4 days Bergstrom et al (2011)
AMPA Sand subsoil, in dark, 20C 91.3 days Bergstrom et al (2011)
AMPA Clay topsoil, in dark, 20C 34.9 days Bergstrom et al (2011)
AMPA clay subsoil, in dark, 20C 97.6 days Bergstrom et al (2011)
Minimum 34.9 days
AMPA Median 65.7 days
Maximum 97.6 days
Atrazine soil half life 60 days OSU Extension Pesticide Properties Database (orst.edu)
Bifenthrin soil half life 26 days OSU Extension Pesticide Properties Database (orst.edu)
Bifenthrin Aerobic soil half-life 65 days Fecko (1999)
Bifenthrin Aerobic soil half-life 125 days Fecko (1999)
Minimum 26 days
Bifenthrin Median 65 days
Maximum 125 days
DCOI soil half life, 2 ug/g soil 4.8 days Octylisothiazolinone preservatives and industrial biocides
Diuron soil half life 90 days OSU Extension Pesticide Properties Database (orst.edu)
Diuron Aerobic soil, 25 C 372 days AG (2011)
Diuron Aerobic soil, 25 C 20 days AG (2011)
Diuron Aerobic soil, 20 C 119 days AG (2011)
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Contaminant Description Value Units Data Source
Diuron Aerobic soil, 20 C 51 days AG (2011)
Diuron Aerobic soil, 10 C 143 days AG (2011)
Diuron Aerobic soil, 20 C 27 days AG (2011)
Diuron Aerobic soil, 20 C 112 days AG (2011)
Diuron Aerobic soil, 20 C 705 days Madhun and Freed (1987)
Diuron Aerobic soil, 25 C 653 days Madhun (1984)
Diuron Aerobic soil, 25 C 1,378 days Madhun (1984)
Minimum 20 days
Diuron Median 119 days
Maximum 1378 days
Fipronil Sandy loam soil, sterile, 15% “water holding capacity”, 20 C 217 days Ying and Kookana (2002)
Fipronil Sandy loam soil, sterile, 60% WHC, 20 C 210 days Ying and Kookana (2002)
Fipronil Sandy loam soil, non-sterile, 15% WHC, 20 C 198 days Ying and Kookana (2002)
Fipronil Sandy loam soil, non-sterile, 30% WHC, 20 C 161 days Ying and Kookana (2002)
Fipronil Sandy loam soil, non-sterile, 60% WHC, 20 C 68 days Ying and Kookana (2002)
Fipronil Chazay Clay Loam, pH=8.2, WHC=45.3, 20 C 304 days Fitzmaurice and Mackenzie (2002)
Fipronil Ongar Clay Loam, pH=7.3, WHC=60.1, 20 C 102 days Fitzmaurice and Mackenzie (2002)
Fipronil Royston Clay Loam, pH=8.3, WHC=104.6, 20 C 31 days Fitzmaurice and Mackenzie (2002)
Fipronil Levington Sandy Loam, pH=6.6, WHC=39.3, 20 C 221 days Fitzmaurice and Mackenzie (2002)
Fipronil Chazay Clay Loam, pH=8.2, WHC=45.3, 10 C 686 days Fitzmaurice and Mackenzie (2002)
Fipronil Ongar Clay Loam, pH=7.3, WHC=60.1, 10 C 358 days Fitzmaurice and Mackenzie (2002)
Fipronil 4 degrees C, 20 % Field capacity moisture 90 days Mohapatra et al., (2012)
Fipronil 4 degrees C, saturated 61.5 days Mohapatra et al. (2012)
Fipronil 4 degrees C, saturated 90.13 days Mohapatra et al. (2012)
Minimum 31 days
Fipronil Median 179.5 days
Maximum 686 days
Glyphosate aerobic soil metabolism half life, low 1.8 days Draft Glyphosate Exposure Characterization
Glyphosate aerobic soil metabolism half life, high 109 days Draft Glyphosate Exposure Characterization
Glyphosate Sandy Loam, 25C 1.8 days EPA (2022)
Glyphosate Silt Loam, 25C 2.6 days EPA (2022)
Glyphosate Sandy Loam, 25C 7.5 days EPA (2022)
Glyphosate Sandy Loam, 25C 2.04 days EPA (2022)
Glyphosate Sandy Loam, 20C 19.3 days EPA (2022)
Glyphosate Scl Loam, 20C 27.4 days EPA (2022)
Glyphosate Clay Loam, 20C 7.78 days EPA (2022)
Glyphosate Silt Loam, 20C 109 days EPA (2022)
Glyphosate Sand topsoil, in dark, 20C 16.9 days Bergstrom et al (2011)
Glyphosate Sand subsaoil, in dark, 20C 36.5 days Bergstrom et al (2011)
Glyphosate Clay topsoil, in dark, 20C 110 days Bergstrom et al (2011)
Glyphosate clay subsoil, in dark, 20C 151 days Bergstrom et al (2011)
Minimum 1.8 days
Glyphosate Median 18.1 days
Maximum 151 days
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Contaminant Description Value Units Data Source
Glyphosate isopropylamine isopropylamine salt 47 days OSU Extension Pesticide Properties Database (orst.edu)
Glyphosate isopropylamine isopropylamine salt, aerobic soil metabolism in sandy loam 1.85 days EPA Archive
Glyphosate isopropylamine isopropylamine salt, aerobic soil metabolism in silt loam 2.06 days EPA Archive
Minimum 1.85 days
Glyphosate isopropylamine Median 2.06 days
Maximum 47 days
Imidacloprid aerobic 997 days Environmental Fate of Imidacloprid
MCPA low 7 days PubChem
MCPA high 41 days PubChem
Minimum 7 days
Median 24 days
Maximum 41 days
Perfluorooctane-sulfonic Acid (PFOS) - 14965 years NGWA_PFAS_document, Table 4.3
Perfluorooctanioic Acid (PFOA) - 33580 years NGWA_PFAS_document, Table 4.3
Simazine soil half life 60 days OSU Extension Pesticide Properties Database (orst.edu)
Sulfometuron methyl soil half life 20 days OSU Extension Pesticide Properties Database (orst.edu)
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