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Workgroup

2026 Triennial Review



• Today’s session is being recorded

• Silence cell phones

• When commenting or asking questions, state your name and speak 
into a microphone during designated Q&A time slots

• Only one conversation at a time

• Bathrooms are behind the elevators

• Coffee and water are in the back

• Emergency exit on the west opposite the door

Housekeeping



To assist DEQ by providing feedback on 
proposed revisions. We will do this by:

• Offering unique perspectives 

• Facilitating discussion

• Providing reasonable and achievable 
recommendations for proposed 8 CAR 
Part 21 revisions

Purpose of Workgroup



• Express opinions and ask questions in a 
professional manner

 

• Respect all participants and their right to 
express their views

• Stay on topic

Participant Expectations



“Rule 2” prior to March 2024

Arkansas Code Title 25. State Government § 25-15-218. Code of 
Arkansas Rules

The Bureau of Legislative Research

Completed January 2025

8 CAR Part 21

Code of Arkansas Rules: A codification of the general and permanent 

rules of agencies with a uniform style, format, and numbering system.



Rule 2 - 8 CAR Part 21



Clean Water Act Requirements

Adopt Water 
Quality Standards

Monitor Waters of 
the State

Compare Data 
Against Water 

Quality Standards 
(WQS)

Determine 
Impaired 

Waterbodies
Develop TMDLs

Permits Branch 
uses TMDLs and 

WQS to set Permit 
Limits



What are Water Quality Standards?

Specified goals and 
expectations for how each 

waterbody is used

Numeric or narrative 
values that protect 

designated uses

Requirements that provide 
a framework for 

maintaining and protecting 
water quality that has 
already been achieved

Designated Use Criteria Antidegradation 
Policy



Domestic
Water Supply

Aquatic Life

Primary Contact 
Recreation

Secondary Contact 
Recreation

Industrial Water 
Supply

Designated Uses



WQS include numeric and narrative criteria that protect 
Arkansas’s waters
Numeric
• Bacteria (E. coli) – 410 colony forming units
• Temperature – 32 oC (89.6 oF)
• Dissolved Oxygen – 5 mg/L

Narrative
• Color – True color shall not be increased in 

any waters to the extent that it will interfere 
with present or projected future uses of 
these waters

Water Quality Criteria



Clean Water Act (1972) requires states to establish WQS

• Must review WQS every 3 years

• Adopt new or revised WQS based on:
o New or updated federal or state regulations
o Legal decisions
o New or updated scientific information
o Public input

• Submit to EPA for review & approval

Triennial Review Background



Previous (2023) Triennial Review
Task Timeline

Stakeholder Workgroup March – May 2022

Governor’s Office November 2024

Petition the APC&E Commission December 2024

Public Notice   December 2024

Public Hearing January & February 2025 

45-day Comment Period December 2024 – Feb. 2025

Responsive Summary April 2025

Adoption by APC&E Commission April 25, 2025

Legislative Review June 2025

Submit to EPA July 2025

EPA response October 2025



Current (2026) Triennial Review
Task Timeline

Informal Input Survey July 15-August 14, 2025

Stakeholder Workgroup Fall 2026

Governor’s Office Winter 2027

Petition the APC&E Commission Spring 2027

Public Notice   Spring 2027

Public Hearing Spring 2027

45-day Comment Period Spring 2027

Responsive Summary Summer 2027

Adoption by APC&E Commission Summer 2027

Legislative Review Fall 2027

Submit to EPA Fall 2027

DRAFT



Questions 1 – 10
• Prioritizing criteria revisions 

Question 11 
• Are there additional criteria you would like 

to see the Division investigate?

Informal Input Survey

1 = Short term goal
5 = Long term goal



• Survey Reach
o E-mailed to ~500 people
o Noted in Mitchell Williams Law Blog
o Distributed to AEF and AWWMA members

  
• Response

o 12 individuals
o Primarily neutral

Informal Input Survey Results



Grammar, Formatting, & 
Consistency

Proposal:



• Footnotes moved into text

• 21-106 – “trout waters” instead of “trout fishery”

• 21-302 – “designated use” instead of “beneficial use”

• 21-512 – correct typo in acute table and add “mg/L”

• Appendix A – correct typos in site specific criteria 
tables

Minor Proposals



Grammar, Formatting, & 
Consistency Discussion



• Recreation
o > 10 mi2 – primary contact
▪ April 1 – October 31

o < 10 mi2 – secondary contact

• Aquatic life
o > 10 mi2 – year-round
o < 10 mi2 – non-critical season only
▪ Water temp. < 22oC

Background Information – 
Watershed Size Specific Uses



Site Specific Criteria 
Removals

Proposal:



Site Specific Temperature Criteria Removal

• Bayou De Loutre from 
Lanxess Outfall 001 to 
Loutre Creek



• Bayou De Loutre from Lanxess Outfall 001 to Loutre 
Creek – 2002

• Lanxess permit limit - 96°F
o 8/2019 – 6/2024 - Did not discharge 
o 12/11/2019 - Permittee requested that Outfall 001 be removed
o 7/1/2024 - Permit renewal did not include Outfall 001

Current Criteria Proposed Revision – 

Apply Ecoregion Criteria

35.6°C/96°F 30°C/86°F

Site Specific Temperature 
Criteria Removal



Site Specific Dissolved Oxygen Criteria 
Removal

• Loutre Creek from 
headwaters to railroad 
bridge

• Loutre Creek from 
railroad bridge to mouth



Site Specific Dissolved Oxygen 
Criteria Removal

Waterbody
Current Site 

Specific Criteria

Proposed Revision – 

Apply Ecoregion Criteria
Loutre Creek from 

headwaters to railroad 

bridge

Non-critical season 

DO 5 mg/L

Non-critical season

DO 5 mg/L

Loutre Creek from railroad 

bridge to mouth

Critical season 

DO 2 mg/L

Critical season 

DO 2 mg/L

• Site specific criteria same as ecoregion criteria

• No permittee affected

• Notation in Appendix A not needed



Site Specific Dissolved Oxygen Criteria 
Removal

• Prairie Creek: from 
headwaters to 
confluence with Briar 
Creek



• Prairie Creek watershed size 17.3 sq mi

• City of Mena discharge data 
 97% meet ecoregion DO criteria

• Monitoring site OUA0040 data
 88% over 16 years meet ecoregion DO criteria

Site Specific Dissolved Oxygen 
Criteria Removal

Waterbody
Current Site 

Specific Criteria

Proposed Revision – 

Apply Ecoregion Criteria
Prairie Creek from headwaters 

to confluence with Briar Creek

Critical season DO 

4 mg/L

Critical season DO 

6 mg/L



• One temperature proposal
o Bayou De Loutre – outfall removed from permit

• Two dissolved oxygen proposals
o Loutre Creek – redundant, same as ecoregion criteria
o Prairie Creek – permittee & waterbody can uphold 

ecoregion criteria

Site Specific Criteria Removals 
Summary



Site Specific Criteria 
Removal Discussion



Designated Use Exception 
Removal

Proposal:



Reinstating Fishable/Swimmable Uses

• Railroad Hollow Creek
o No fishable/swimmable 

uses

• Railroad Hollow Creek from 
headwaters to Spavinaw 
Creek
o Year-round DO 2 mg/L 



• Railroad Hollow Creek Study, February 1981 
o Biological community absence not verified in noncritical season

• Watershed size: 2.127 mi²
• 1 permittee – City of Gravette
• City of Gravette permit discharge data 

o 90% meet ecoregion DO noncritical criteria
• Proposed revisions:  

o Add seasonal aquatic life and secondary contact recreation
o Remove site specific criteria “Year-round DO 2 mg/L”

Current Site 

Specific Criteria

Proposed Revision – 

Apply Ecoregion Criteria

Year-round 2 mg/L Noncritical season 6 mg/L

Critical season 2 mg/L

Fishable/Swimmable Use 
Summary



Reinstating Fishable/Swimmable Uses

• Lick Creek
o No primary contact recreation
o Seasonal aquatic life



Reinstating Fishable/Swimmable Uses

Waterbody
Current Use Removal/Site 

Specific Criteria

Proposed Revision – Apply 

Designated Uses and 

Ecoregion Criteria
Lick Creek from 

headwaters to Millwood 

Reservoir

No primary contact Primary contact

Seasonal aquatic life use Year-round aquatic life use

• Lick Creek watershed size 16.7 sq mi
• Fish collected and presence verified in summer 2021
• Town of Wilton discharge data 

o 90% meet primary contact individual sample E. coli criteria



Reinstating Fishable/Swimmable Uses

• Little Lake Bayou
o No primary contact 

recreation
o Seasonal aquatic life
o Year-round DO 2 mg/L 



• Little Lake Bayou watershed size 9.74 mi2

• < 10 mi2 uses and criteria apply

• Site specific criteria same as ecoregion criteria

• No permittee affected

Reinstating Fishable/Swimmable Uses

Waterbody
Current Use Removal/Site 

Specific Criteria

Proposed Revision – Apply 

Designated Uses and Ecoregion 

Criteria

Little Lake Bayou
No primary contact No primary contact

Seasonal aquatic life use Seasonal aquatic life use
Critical season DO 2 mg/L Critical season DO 2 mg/L



• Railroad Hollow – size supports seasonal ecoregion uses

• Lick Creek – permittee & stream can meet ecoregion 
uses & criteria

• Little Lake Bayou – redundant, same as ecoregion uses

Designated Use Exception 
Removals Summary



Designated Use Exception 
Removal Discussion



8 CAR § 21-508
Human Health Criteria

Proposal:



• Section 304(a) of the CWA requires EPA to develop, publish, and 
revise recommended criteria for the protection of water quality 
that reflect the latest scientific knowledge.

• 2015 update includes new health exposure values that more 
accurately represent the current population.
o Body weight: 70 kg → 80 kg
o Drinking water intake: 2.0 L/day →  2.4 L/day
o Fish consumption: 17.5 g/day → 22 g/day

• EPA updated criteria for 94 pollutants as a result.

EPA UPDATE: HUMAN HEALTH CRITERIA



UPDATES TO HUMAN HEALTH 
CRITERIA IN 8 CAR PART 21

Pollutant Previous Criteria 
(ug/L)

Revised Criteria 
(ug/L)

alpha-
Hexachlorobenzene

0.0373 0.0036

Chlordane 0.005 0.0031

Dieldrin 0.0012 0.000012

Dioxin (2,3,7,8 TCDD) 0.000001 0.00000005

PCBs (polychlorinated 
biphenyls)

0.0004 0.00064

Toxaphene 0.0063 0.007

EPA 2015 
Update

Body Weight: 
70kg → 80 kg

Fish Consumption: 
17 g/day → 22 

g/day

Drinking Water:
2 L/day → 2.4 

L/day



2023 & 2024 Toxics Release Inventory

GENERAL PROCESS

2023 & 2024 DMR data

EPA’s Integrated Risk Information 
System (IRIS) Confidence Level



• 14 out of the 94 pollutants were determined to be discharged into 
Arkansas waters and had a medium or high IRIS confidence

GENERAL PROCESS



Pollutant
Carcinogen 

Status
IRIS 

Confidence
Health 

Concern
Criteria Value 

(ug/L)

Chlorobenzene No Medium Liver, kidney 1000

Tetrachloroethylene 
(PCE)

Yes Medium
Liver, kidney, 
neurological

100

Trichloroethylene (TCE) Yes High Liver 6

1,2,4-Trichlorobenzene No Medium Kidney 70

Nitrobenzene Yes Medium Neurological 100

Dichloromethane 
(methylene chloride)

Yes High Neurological 200

1,1,2- Trichloroethane No Medium
Liver, immune 

system
5.5

NEW  HUMAN HEALTH CRITERIA



Pollutant
Carcinogen 

Status
IRIS 

Confidence
Health 

Concern
Criteria Value 

(ug/L)

1,1-Dichloroethylene Possible Medium Kidney, liver 3000

Carbon Tetrachloride Possible Medium
Kidney, liver, 
neurological

4

Pentachlorophenol No Medium Neurological 0.3

Benzo(a)pyrene Yes Medium
Immune 
system, 

developmental
0.2

Hexachlorobenzene No Medium
Liver, 

neurological
1

Vinyl Chloride Yes Medium
Liver, 

neurological
2

2,4-Dinitrotoluene Yes High Kidney, liver 0.46

NEW  HUMAN HEALTH CRITERIA



Human Health Criteria 
Proposals Discussion



15 – MINUTE BREAK



8 CAR § 21-503
Turbidity

Proposal:



“Storm flows” considers all flows and data collected throughout the year, including 
elevated flows due to rainfall events; 

“Base Flows” means that portion of the stream discharge that is derived from natural 
storage, or sources other than recent rainfall that creates surface runoff. Also called 
sustaining, normal, dry weather, ordinary or groundwater flow

Turbidity - Base Flows vs Storm Flows
EPA Took No Action – Parts Not Approved for CWA Purposes 

Continual pressure from EPA regarding how the base flow and storm flow criteria were 
developed.



Base flows criteria -1988
4 to 6 stations per ecoregion
2-year period – one sample per year
Calculation unknown
DEQ unable to determine original justification for derivation of criteria
DEQ unable to determine original justification for the “in no case” exceedance rate

Turbidity – Original Criteria Development

Storm flow criteria - 2004
70 stations
10 year period
90th percentile of ecoregion data
To recognize naturally occurring increase in turbidity after a storm event
NOT paired with storm events, flow, or precipitation data 
DEQ unable to determine original justification for 20% exceedance rate



Turbidity – Criteria Language
EPA Took No Action – Not Approved for CWA Purposes 

Base

Base Flows 
exceedance amount 
is 20%

Storm

Storm Flows 
exceedance amount 
is 25%



Current Criteria 

Seasonal component unclear

Antiquated methods

Limited data and documentation

Parts not approved for CWA purposes



Bottom-Up Effects of Turbidity

01 02 03 04

A leading cause of 
ecosystem 
disruption

ELEVATED
TURBIDITY

Occurs even at 
small, discrete 

increases

REDUCE 
PRIMARY 

PRODUCTIVITY

Negative impacts 
on the growth of 
periphyton and 

macrophytes

LOSS OF 
PLANT LIFE

Uses that are 
dependent on 

ecosystem services 
severely impacted

INHIBIT 
FUNCTION



Elevated Turbidity Impacts a Variety of Uses

AQUATIC LIFE

Perceptions of cleanliness 
& pathogen abundance are 
sensitive to small changes 
in turbidity.

PRIMARY RECREATION
Desire and success for 
secondary recreation is 
reduced.

SECONDARY RECREATION

Habitat degradation, life 
history alterations, increased 
pressure. 

DRINKING WATER
Water treatment costs 
increase & treatment 
effectiveness decreases 
with increases in turbidity.



Ecosystem Disruptions from Turbidity have 
Major Implications for Arkansas’ economy

68,000 jobs 
supported by outdoor 

economy

Water Treatment 
Costs

Outdoor Recreation

Need for upgraded and 
expanded treatment due to 

increasing population

Gear/Equipment 
manufacturing 

and sales, travel 
expenses

Tourism Hunting and 
Angling

Jobs
Small businesses, lodging, 

food, travel expenses
Travel, license sales, 

outfitter hire

Annual saved 
costs: $168 - 
$18,000 for 
some plants

$34.3M in license 
sales revenue

$7.38B GDP 
generated from 

outdoor recreation 
and tourism in 2023

$594M State tax
$240M Local tax



Factors Considered in Data Analysis



Scientific support

Sophisticated supplemental analyses

Protection of all uses

Determining Criteria

Strong dataset = rigorous analytical methods 

EPA-822-B-00-002 July 2000 www.epa.gov

EPA approved method, literature and statistical support



INVESTIGATE 
BACKGROUND CONDITION

Anthropogenic influence

SEASONALITY

Flow and Turbidity

SPATIAL VARIABILITY

Ecoregion specific factors

LABORATORY 
CONSIDERATIONS

Laboratory methods applied 
in criteria development



Spatial variation

Turbidity regimes differed across low gradient ecoregions

Similar patterns in turbidity were observed in high gradient 
ecoregions

Turbidity heavily influenced by terrestrial activity

Similarities in geology

Land use and cover ecoregion dependent 

Elevation gradient and stream order





Seasonality

Flow Regime

Precipitation Threshold

Wet season - ≥ 5 inches of precipitation  

Dry season - < 5 inches of precipitation 

Rolling 30-day total by county from publicly available NOAA data

Factors influencing runoff 



PRECIPITATION DATA

CORRELATION
01

02

03

Precipitation had a correlation value of 
0.2-0.3 across ecoregions. 

LITERATURE
Literature supports precipitation as a 
proxy*. Report supports seasonal break**. 

GMM AND T-TEST
GMM shows distinct groupings at 5-5.5 
inches. T-test supports this threshold.

04
PRECIP. TREND ANALYSIS
Trend analysis shows increase in 
precipitation, seasonal threshold shift.

**Pugh, A. L., & Westerman, D. A. (2014). Mean annual, seasonal, and monthly 
precipitation and runoff in Arkansas, 1951-2011 (No. 2014-5006). US Geological Survey.

*Towler, E., Rajagopalan, B., Summers, R. S., & Yates, D. (2010). An 
approach for probabilistic forecasting of seasonal turbidity threshold 
exceedance. Water Resources Research, 46(6).



Proposed Turbidity 
Criteria

Precipitation 
Data Available

Wet Season 
Criteria ≥ 5 in. 
Precipitation

Dry Season 
Criteria < 5 in. 
Precipitation

Precipitation 
Data Unavailable

Precipitation 
Independent 

Criteria



Criteria Derivation with Laboratory 
Considerations

LEAST DISTURBED SITES AVAILABLE

NO LEAST DISTURBED SITES AVAILABLE 

LABORATORY METHOD

50th percentile of the general population data

75th percentile of the least disturbed data

The DEQ lab has a 20% relative percent difference (RPD) 
allowed between the samples and duplicates. 





Proposed Turbidity Criteria



Ecoregion
Precipitation 
Dependent

Precipitation 
Independent

Dry (NTU)
Wet 

(NTU)
Year-round (NTU)

High Gradient Ecoregions 6.3 10.4 7.7

Arkansas Valley 22 30 24

South Central Plains 27 34 28

Least-altered Mississippi 
Alluvial Plain

28 40 32

Channel-altered Mississippi 
Alluvial Plain

34 65 40



High Gradient Ecoregions 
& Trout Waters



Supporting Biological Analysis



Analysis Output 
Relationship to Biology in 

High Gradient/Trout 
Systems

Value

Threshold Indicator Taxa 
Analysis

TITAN
Point where abundance of tolerant 

taxa begins to decline
6.6 NTU

Species Sensitivity 
Distribution

HC05
Hazard coefficient where 5% of most 

sensitive species are expected to 
decline

4.14 NTU

Species Sensitivity 
Distribution

XC95
Extirpation concentration where 95% 

of genera are expected to be lost
11.56 NTU



XC95: 11.56 NTU

TITAN: 6.5 NTU

HC05: 4.14 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

TITAN: 6.5 NTU
HC05: 4.14 NTU



Storm Flows: 19 NTU

XC95: 11.56 NTU

Base Flows: 10 NTU

Season:
Wet ≥ 5 in.
Dry < 5 in.

Dataset:
DEQ

1990 – 2025

TITAN: 6.5 NTU
HC05: 4.14 NTU



Wet Season: 10.4 NTU

Dry Season: 6.3 NTU

XC95: 11.56 NTUSeason:
Wet ≥ 5 in.
Dry < 5 in.

Dataset:
DEQ

1990 – 2025

Method: 
75th %tile + RPD 

of reference sites

TITAN: 6.5 NTU
HC05: 4.14 NTU



7.7 NTU

XC95: 11.56 NTU

Season:
Wet ≥ 5 in.
Dry < 5 in.

Dataset:
DEQ

1990 – 2025

Method: 
75th %tile + RPD 

of reference sites

TITAN: 6.5 NTU
HC05: 4.14 NTU



Low Gradient Biological Analysis



Analysis Output 
Relationship to Biology in 

Low Gradient Systems
Value

Threshold Indicator Taxa 
Analysis

TITAN
Point where abundance of tolerant 

taxa begins to decline
15.6 NTU

Species Sensitivity 
Distribution

HC05
Hazard coefficient where 5% of most 

sensitive species are expected to 
decline

17.4 NTU

Species Sensitivity 
Distribution

XC95
Extirpation concentration where 95% 

of genera are expected to be lost
43.31 NTU



Arkansas Valley



XC95: 43.31 NTU

HC05: 17.4 NTU

TITAN:15.6 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.



XC95: 43.31 NTU

Base Flows: 21 NTU

Storm Flows: 40 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

TITAN: 15.6 NTU
HC05: 17.4 NTU



Wet Season: 30 NTU

Dry Season: 22 NTU

XC95: 43.31 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

Method: 
75th %tile + RPD 

of reference sites

TITAN: 15.6 NTU
HC05: 17.4 NTU



24 NTU

XC95: 43.31NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

Method: 
75th %tile + RPD 

of reference sites

TITAN: 15.6 NTU
HC05: 17.4 NTU



South Central Plains



XC95: 43.31 NTU

TITAN: 15.6 NTU

HC05: 17.4 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.



XC95: 43.31 NTU

Base Flows: 21 NTU

Storm Flows: 32 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

TITAN: 15.6 NTU
HC05: 17.4 NTU



Proposed Criteria Developed with Updated Methods

Wet Season: 34 NTU

Dry Season: 27 NTU

XC95: 43.31 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

Method: 
75th %tile + RPD 

of general 
population

TITAN: 15.6 NTU
HC05: 17.4 NTU



28 NTU

XC95: 
43.31 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

Method: 
75th %tile + RPD 

of general 
population

TITAN: 15.6 NTU
HC05: 17.4 NTU



Channel-Altered 
Mississippi Alluvial Plain





Storm Flows: 250 NTU

Base Flows: 75 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

XC95: 43.31 NTU



Wet Season: 65 NTU

Dry Season: 34 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

Method: 
50th %tile + RPD 

of general 
population



40 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

Method: 
50th %tile + RPD 

of general 
population



Least-Altered Mississippi 
Alluvial Plain



Base Flows: 45 NTU

Storm Flows: 84 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

XC95: 43.31 NTU



Wet Season: 40 NTU

Dry Season: 28 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

Method: 
50th %tile + RPD 

of general 
population



32 NTU

Dataset:
DEQ

1990 – 2025

Season:
Wet ≥ 5 in.
Dry < 5 in.

Method: 
50th %tile + RPD 

of general 
population



Large Rivers
Arkansas, Red, Mississippi, 
& St. Francis



River Precipitation Dependent Precipitation Independent

Dry (NTU) Wet (NTU) Year-round (NTU)

Arkansas River 31 60 40

St. Francis River 45 80 50

Red River 40 85 55

Mississippi River -- -- 45

Proposed Criteria for Large Rivers



CONCLUSION
New criteria are dynamic, 

protective, and rooted in sound 
scientific evidence that ensure uses 

are supported



Turbidity Proposal 
Discussion



EPA “No Action”
 Turbidity Language

Proposal:



There shall be no distinctly visible increase in turbidity of 
receiving waters attributable to municipal, industrial, 
agricultural, other waste discharges, or instream activities.

Specifically, any such waste discharge, instream activity, or 
non-point source runoff shall not result in the exceedance 
of the in-stream wet season or dry season criteria in more 
than 25% of the samples.

Proposed Turbidity Assessment 
Language - Streams



• Wet Season Turbidity: when the total monthly 
precipitation for the county of data collection is ≥ to 5 
inches during the month of data collection.

•  Dry Season Turbidity: when the total monthly 
precipitation for the county of data collection is < 5 
inches during the month of data collection.

Proposed Turbidity Definitions – 
Steams 



Turbidity Language 
Proposal Discussion



1 1/2 – HOUR LUNCH BREAK



8 CAR § 21-511(a)
Minerals Language Change

Proposal:



Language that is in place through Clean Water Act approval process:
• “Mineral quality shall not be altered by municipal, industrial, other waste discharges or 

instream activities so as to interfere with designated uses.  The following limits apply to 
the streams indicated, and represent concentrations of chloride (Cl-), sulfate (SO4

2-) and 
total dissolved solids (TDS) not to be exceeded in more than one (1) in ten (10) samples 
collected over a period of not less than 30 days or more than 360 days.”

Minerals – Site Specific Language History

During the 2007 triennial review, DEQ removed the last sentence and added 
language to the 303(d) Assessment Methodology:
• 25% exceedance rate over a 5-year period of record

EPA took no action on the modification and discussion has been ongoing



“Mineral quality shall not be altered by municipal, industrial, other waste discharges 
or instream activities so as to interfere with designated uses.  The following limits site 
specific criteria apply to the streams indicated, and represent concentrations of 
chloride (Cl-), sulfate (SO4

2-) and total dissolved solids (TDS) not to be exceeded in 
more than one (1) in ten (10) samples collected over a period of not less than 30 days 
or more than 360 days record.”

Proposed Site Specific Minerals Language

• No more than 360 days restricts the data available to use for impairment 
assessments

• 10% exceedance rate does not drastically increase impairments and is 
more in line with how the criteria were developed



Minerals Language 
Discussion



8 CAR § 21-509
Lake Nutrient Criteria

Proposal:



Environmental impacts

Health impacts

Economic impacts

Stakeholder requests

Why Propose Lake 
Nutrient Criteria?

Image from Arkansas Division of Environmental Quality



Nutrient Tipping 
Point

Image from Alison Ludwig, University of Nebraska

• Lakes that shift into a eutrophic 
(nutrient rich) state are very difficult to 
restore

• Ecological resilience deteriorates



Human Health, 
Environment, and 
Economic Impacts

• Low dissolved oxygen
o Fish kills

• Taste and odor issues

• Nuisance algae blooms

• Reduced aesthetic/recreational value

• Disinfection byproducts

• Harmful algal blooms (HABs)

Image from Arkansas Division of Environmental Quality



All images from Arkansas Division of Environmental Quality



All images from Arkansas Division of Environmental Quality



HAB Advisories in AR

*2018 – 2021 Advisory duration estimated





• Zhang, et al., 2022: property values 
decrease by 4.3% on lakes that experience 
HABs

• US National Office for Harmful Algal Blooms: 
HABs cost an average of $50 million per year
o Response
o Reduced tourism, fishing, and other 

recreational activities
o Impacts to commercial fisheries
o Drinking water treatment costs

National Economic Impact 
Estimates from HABs

Image from Arkansas Division of Environmental Quality



2013

2020

2020

2020

Stakeholder Requests for
Numeric Nutrient Criteria

2020

2023



States without Nutrient Criteria

States with Nutrient Criteria

Nutrient/Chl a Criteria Across the US

https://www.epa.gov/nutrientpollution/state-progress-toward-adopting-numeric-nutrient-water-quality-criteria-nitrogen#tb3



Nutrient 
Scientific 
Technical 
Exchange 
Partnership 
and Support 
(N-STEPS) 
process TN or TP Criteria
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Classifying Lakes

Image from Arkansas Division of Environmental Quality



Why Archetype Instead of 
Traditional Cluster Analysis?

• Lapierre et.al (2023) support using Archetype analysis instead of 
traditional cluster analysis.



•Watershed Area (Lake CAT)

•Base Flow Index - the ratio of base flow to total flow, 
expressed as a percentage, within watershed. (Lake 
CAT)

•Elevation (Lake CAT)

•Surface Area (NID)

•Volume (NID)

•Maximum Depth (DEQ)

Characteristic Variables

Image from Arkansas Division of Environmental Quality



Analysis Indicated Four 
Archetypes for AR Lakes

• 56 of the 90 (62.2%) lakes 
received a high weight score 
>0.75 in AR classification

• Only 10% of Lapierre et al. 
received a high weight score 
>0.75



Top Archetype Drivers
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Archetype 1a vs 1b

• Lakes in Archetype 1 are split 
into two groups
o Shallow lowland lakes (<5m)

o Moderate lowland lakes (≥5m)



1a
1b
2
3
4

Lake Archetypes
       1a
       1b
       2
       3
       4



Nutrient 
Scientific 
Technical 
Exchange 
Partnership 
and Support 
(N-STEPS) 
process TN or TP targets

Chlorophyll Targets

Classification Analysis





Chlorophyll Target Models

• Two state models were limited by sample size
o DBP’s ~ Chlorophyll

o Cyanobacteria ~ Chlorophyll

• Two state models were re-ran using the new 
classifications
o pH~ Chlorophyll

o DO~ Chlorophyll

• National model outputs stayed the same as N-STEPS 
Report
o Zooplankton ~ Chlorophyll

o Microcystin ~ Chlorophyll



Chlorophyll Standards in other states
Similar 

Archetype
State Classification Standard/Target

1b Virginia Lowland site-specific lakes 40-60 µg/L

1b South Carolina Plains ecoregion lakes 40 µg/L

1b Minnesota Plains lowland ecoregion lakes 30-48 µg/L

2 & 3 Missouri Ozark ecoregions 15-22 µg/L

2 & 3 Virginia Upland ecoregions 20-40 µg/L

2 & 3 West Virginia Warmwater upland lakes 20 µg/L

4 Oklahoma and Kansas DWS lakes 10 µg/L

4 Texas Similar site specific 9-12 µg/L

4 Tennessee Similar site specific 18 µg/L



Chlorophyll Target Summary

Archetype Chlorophyll Target (µg/L) Rationale

1a 81.48 80th percentile

1b 46.5 80th percentile

2 26.46 80th percentile

3 27.2 80th percentile

4 9.12 80th percentile

Targets using archetype-based classification
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TN vs Chlorophyll 
Model

Archetype Chlorophyll Target (µg/L)
TN (mg/L)

50% PI

1a 81.48 1.27

1b 46.50 0.84

2 26.46 0.89

3 27.20 0.68

4 9.12 0.39

R²= 0.6379
P < 2.2e-16



Comparing TN Criteria Proposal 
to the Distribution of the Data

Archetype Mean TN 75th TN 80th TN

1a 1.07 1.31 1.51

1b 0.71 0.84 0.94

2 0.69 0.89 1.00

3 0.52 0.66 0.71

4 0.33 0.37 0.39

Archetype Chlorophyll Target (µg/L)
TN (mg/L) 

50% PI

1a 81.48 1.27

1b 46.50 0.84

2 26.46 0.89

3 27.20 0.68

4 9.12 0.39



Archetype Chlorophyll Target (µg/L)

TP Criteria 

(mg/L)

50% PI

1a 81.48 0.135

1b 46.50 0.078

2 26.46 0.036

3 27.20 0.041

4 9.12 0.016

R²= 0.4925
P < 2.2e-16

TP vs Chlorophyll 
Model



Comparing TP Criteria Proposal 
to the Distribution of the Data

Archetype Mean TP 75th TP 80th TP

1a 0.112 0.167 0.193

1b 0.050 0.060 0.065

2 0.026 0.035 0.040

3 0.031 0.040 0.042

4 0.013 0.010 0.014

Archetype
Chlorophyll Target (µg/L)

TP (mg/L)
50% PI

1a 81.48 0.135

1b 46.50 0.078

2 26.46 0.036

3 27.20 0.041

4 9.12 0.016



Bloom Risk of Lakes Over 
Proposed Criteria

Bloom Risk was determined using historic HAB 
advisories and WHO chlorophyll thresholds

Number Lakes 
Over Proposed 

TN

Number Lakes 
Over Proposed 

TP

Bloom Risk of 
Lakes Over 

Proposed TN

Bloom Risk of 
Lakes Over 

Proposed TP

15 12 80% 100%



HABs on Lakes Over Proposed Criteria

Lake Name Archetype
TP Over Proposed 

Criteria  
TN Over Proposed 

Criteria  
HAB 

History

Bear Creek Lake 1b Yes Yes
Bois D’Arc Lake 1a Yes Yes Yes
Brewer Lake 1b Yes Yes Yes
Gillham Lake 3 Yes Yes
Horsehead Lake 3 Yes Yes
Horseshoe Lake 1b Yes Yes Yes
Lake Bennett 1b Yes Yes Yes
Lake Catherine 4 Yes Yes Yes
Lake Charles 2 Yes Yes Yes
Lake Conway 1a Yes Yes Yes
Lake Fayetteville 2 Yes Yes Yes
Lake Hamilton 4 Yes Yes
Lake Hogue 1a Yes Yes Yes
Lake June 1a Yes Yes Yes
Lake Nimrod 3 Yes Yes
Lake Wilson 3 Yes Yes
Overcup Lake 1b Yes Yes Yes



Proposed Lake 
Nutrient  
Criteria

Archetype
Proposed TN 

Criteria (mg/L)

Proposed TP Criteria 

(mg/L)

1a 1.27 0.135

1b 0.84 0.078

2 0.89 0.036

3 0.68 0.041

4 0.39 0.016 Lake Archetypes
       1a
       1b
       2
       3
       4



Reference List
• U.S. Army Corps of Engineers. (2025). National Inventory of Dams (NID). Washington, DC: U.S. Army Corps of Engineers : 

Federal Emergency Management Agency.
• Eugster MJA, Leisch F (2011). “Weighted and Robust Archetypal Analysis.” Computational Statistics and Data Analysis, 55(3), 

1215–1225. doi:10.1016/j.csda.2010.10.017.
• Guo P, Wu W, Liu H, Li M. (2011) Effects of land use and topographical attributes on soil properties in an agricultural 

landscape. Soil Research 49, 606–613.
• Hill, Ryan A., Marc H. Weber, Rick Debbout, Scott G. Leibowitz, Anthony R. Olsen. 2018. The Lake-Catchment (LakeCat) Dataset: 

characterizing landscape features for lake basins within the conterminous USA. Freshwater Science doi:10.1086/697966.
• Lapierre, J.-F., Webster, K.E., Hanks, E.M., Wagner, T., Soranno, P.A., McCullough, I.M., Reinl, K.L., Domka, M. and Lotting, N.R. 

(2023), A continuous classification of the 476,697 lakes of the conterminous US based on geographic archetypes. Limnol 
Oceanogr, 68: 2759-2773. 

• Liyew Birhanu, Binyam Tesfaw Hailu, Tamrat Bekele, Sebsebe Demissew. 2019. Land use/land cover change along elevation and 
slope gradient in highlands of Ethiopia. Remote Sensing Applications: Society and Environment, Volume 16.

• Manuel J. A. Eugster and Friedrich Leisch. "From Spider-Man to Hero -- Archetypal Analysis in R." Journal of Statistical Software, 
30(8), 1-23, 2009.

• Richardson, D.C., Holgerson, M.A., Farragher, M.J. et al. A functional definition to distinguish ponds from lakes and 
wetlands. Sci Rep 12, 10472 (2022). https://doi.org/10.1038/s41598-022-14569-0

• Posit team (2025). RStudio: Integrated Development Environment for R (Version 2025.06.0+42) [Computer software]. Posit 
Software, PBC. Boston, MA. URL https://www.posit.co/ 

• Wickham, H., Averick, M., Bryan, J., Chang, W., McGowan, L., François, R., Grolemund, G., Hayes, A., Henry, L., Hester, J., Kuhn, 
M., Pedersen, T., Miller, E., Bache, S., Müller, K., Ooms, J., Robinson, D., Seidel, D., Spinu, V., ... Yutani, H. (2019). Welcome to 
the tidyverse. Journal of Open Source Software, 4(43), 1686.

https://www.journals.uchicago.edu/doi/full/10.1086/697966


Lake Nutrient Criteria 
Proposals Discussion



15 – MINUTE BREAK



Any Follow up 
Questions?



KEEP IN TOUCH
E&E-DEQ-OWQ
5301 Northshore Drive
North Little Rock, AR 72118

PHONE
501.682.0744

EMAIL

WEBSITE

EE.Rule.2.Comments@arkansas.gov

https://adeq.state.ar.us/water/planning/reg2/

@AREnergyEnvironment @ArkansasEE
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