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Class GPAClass GPAClass GPAClass GPA

Includes all great ponds 
and natural lakes and 

d l h 10ponds less than 10 
acres in size.  Also 

includes some 
impoundments.



Stream ClassesStream ClassesStream ClassesStream Classes
% OF LINEAR MILES OF 
STATUTORYSTATUTORY 
CLASSIFICATIONS

Class AA = 6%Class AA  6%

Class A = 45%

Class B = 47%

Class C = 2%
(Class C ~8-10% for large 
rivers and urban streams)



Disturbance/Resource Supply/Grazer Disturbance/Resource Supply/Grazer Disturbance/Resource Supply/Grazer Disturbance/Resource Supply/Grazer 
Control of Algal BiomassControl of Algal BiomassControl of Algal BiomassControl of Algal Biomass

HIGH BIOMASSHIGH BIOMASS
erect, stalked, and/or 

filamentous algae

DISTURBANCE
• substratum instability
• velocity

d d lid
RESOURCES

• suspended solids

GRAZING
• fish

• Nutrients
• Light
• Temperature

LOW BIOMASS

• fish
• macroinvertebrates

low growing, 
tightly adhering taxa

Biggs (1996)

Tom Danielson, Maine DEP



Decision FrameworkDecision FrameworkDecision FrameworkDecision FrameworkDecision FrameworkDecision FrameworkDecision FrameworkDecision Framework
Concentration 

f TP i
Concentration 

f TP iof TP is 
BELOW 

advisory value

of TP is 
ABOVE 

advisory valueadvisory value advisory value
All measured 

environmental 
response 

criteria are met
OOne or more 

environmental 
response p

criteria are NOT 
met



TP Advisory ValuesTP Advisory ValuesTP Advisory ValuesTP Advisory Values
Class TP Value Rationale

AA/A 18 ppb
Most minimally disturbed streams have         
TP concentrations less than 18 ppb.

B 30 ppb
Most streams that attain Class B aquatic life 
criteria (based on macroinvertebrates) have    
TP t ti l th 30 bTP concentrations less than 30 ppb

C 33 ppb Risk of nuisance algal blooms exceeds 40%C 33 ppb Risk of nuisance algal blooms exceeds 40%.

GPA L k 15 b Most lakes with TP concentrations less than 15GPA Lakes 15 ppb Most lakes with TP concentrations less than 15 
ppb do not have algal blooms.

Tom Danielson, Maine DEP



Minimally Disturbed Minimally Disturbed 
Reference SitesReference Sites

Minimally Disturbed Minimally Disturbed 
Reference SitesReference SitesReference SitesReference SitesReference SitesReference Sites

• >95% of upstream>95% of upstream 
watershed is forest 
& wetlands

• No point source 
discharges

• No dams
• No atypical source 

of pollution (e.g., 
iron mining)

Tom Danielson, Maine DEP



Percentile of Reference SitesPercentile of Reference SitesPercentile of Reference SitesPercentile of Reference SitesPercentile of Reference SitesPercentile of Reference SitesPercentile of Reference SitesPercentile of Reference Sites
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DoseDose--Response and Response and 
Ch i t A l iCh i t A l i

DoseDose--Response and Response and 
Ch i t A l iCh i t A l iChnangepoint AnalysisChnangepoint AnalysisChnangepoint AnalysisChnangepoint Analysis
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Conditional ProbabilityConditional ProbabilityConditional ProbabilityConditional ProbabilityConditional ProbabilityConditional ProbabilityConditional ProbabilityConditional Probability
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Total PhosphorusTotal PhosphorusTotal PhosphorusTotal PhosphorusTotal PhosphorusTotal PhosphorusTotal PhosphorusTotal Phosphorus
• Mean TP concentrationsMean TP concentrations

Di t T t l Ph h I d• Diatom Total Phosphorus Index 
(wadeable streams)



Overlapping Response CurvesOverlapping Response CurvesOverlapping Response CurvesOverlapping Response Curvespp g ppp g ppp g ppp g p
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Overlapping Response CurvesOverlapping Response CurvesOverlapping Response CurvesOverlapping Response Curvespp g ppp g ppp g ppp g p
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Diatom TP IndexDiatom TP IndexDiatom TP IndexDiatom TP IndexDiatom TP IndexDiatom TP IndexDiatom TP IndexDiatom TP Index
• Estimates TP 2.

5
2.

5 1:1 lineEstimates TP 
concentration 
from diatom 2.
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Environmental ResponsesEnvironmental ResponsesEnvironmental ResponsesEnvironmental Responsespppp

Periphyton Periphyton 
BlBl

Phytoplankton Phytoplankton 
BloomBloomBloomBloom BloomBloom

DO ProblemsDO Problems
Sewage Sewage 
FungusFungusgg

Tom Danielson, Maine DEP



Environmental Responses Relate Environmental Responses Relate Environmental Responses Relate Environmental Responses Relate pp
to Criteria in Standardsto Criteria in Standards

pp
to Criteria in Standardsto Criteria in Standards

• Numeric Criteria
Dissolved oxygen (A B C)– Dissolved oxygen (A, B, C)

– pH (GPA, A, B, C)
– Aquatic life (A B C)Aquatic life (A, B, C)

• Narrative Criteria
– Trophic state index (GPA)– Trophic state index (GPA)
– Aquatic life (GPA, A, B, C)
– Habitat (GPA A B C)Habitat (GPA, A, B, C)
– Recreation (GPA, A, B, C)



Environmental Responses RelateEnvironmental Responses RelateEnvironmental Responses RelateEnvironmental Responses RelateEnvironmental Responses Relate Environmental Responses Relate 
to Criteria in Standardsto Criteria in Standards

Environmental Responses Relate Environmental Responses Relate 
to Criteria in Standardsto Criteria in Standards

• Numeric Criteria
Dissolved oxygen (A B C)– Dissolved oxygen (A, B, C)

– pH (GPA, A, B, C)
– Aquatic life (A B C)Aquatic life (A, B, C)

• Narrative Criteria
– Trophic state index (GPA)– Trophic state index (GPA)
– Aquatic life (GPA, A, B, C)
– Habitat (GPA A B C)Habitat (GPA, A, B, C)
– Recreation (GPA, A, B, C)



Class A StreamClass A StreamClass A StreamClass A Stream
StonefliesStoneflies

Class A StreamClass A StreamClass A StreamClass A Stream

Babel Brook, T5 R9 NWP 

Dragonflies & Dragonflies & 
DamselfliesDamselflies

MayfliesMayflies

BeetlesBeetles CaddisfliesCaddisflies
Color Code
Sensitive

MidgesMidges
1 inch

Intermediate
Tolerant

Tom Danielson, Maine DEP



Class B StreamClass B StreamClass B StreamClass B Stream

C fliC fli
Eddy Brook, New Gloucester  

Class B StreamClass B StreamClass B StreamClass B Stream

CaddisfliesCaddisfliesCranefliesCraneflies

NonNon InsectsInsects

y ,

BeetlesBeetles
NonNon--InsectsInsects

StonefliesStoneflies
MidgesMidges

Color Code

Bl kfliBl kfli

Color Code
Sensitive
Intermediate
Tolerant

MayfliesMayfliesBlackfliesBlackflies
1 inch

Tolerant

Tom Danielson, Maine DEP



NonNon--Attainment StreamAttainment StreamNonNon--Attainment StreamAttainment StreamNonNon Attainment StreamAttainment StreamNonNon Attainment StreamAttainment Stream

S ilS il

ScudsScuds
Penjajawoc Stream, Bangor

SnailsSnails

Dragonflies & Dragonflies & 
LeechesLeechesDamselfliesDamselflies

Color Code

CaddisfliesCaddisflies MidgesMidges
BeetlesBeetles

Sensitive
Intermediate
Tolerant

1 inch

BeetlesBeetles
CranefliesCraneflies

Tom Danielson, Maine DEP



Environmental Responses RelateEnvironmental Responses RelateEnvironmental Responses RelateEnvironmental Responses RelateEnvironmental Responses Relate Environmental Responses Relate 
to Criteria in Standardsto Criteria in Standards

Environmental Responses Relate Environmental Responses Relate 
to Criteria in Standardsto Criteria in Standards

• Numeric Criteria
– Dissolved oxygen (A B C)Dissolved oxygen (A, B, C)
– pH (GPA, A, B, C)
– Aquatic life (A, B, C)Aquatic life (A, B, C)

• Narrative Criteria
– Trophic state index (GPA)Trophic state index (GPA)
– Aquatic life (GPA, A, B, C)
– Habitat (GPA, A, B, C)Habitat (GPA, A, B, C)
– Recreation (GPA, A, B, C)



New Numeric CriteriaNew Numeric CriteriaNew Numeric CriteriaNew Numeric Criteria
Statutory

Class AA/A B C Impounded
AA/A

Impounded
B or C

GPA
clear

GPA 
colored

Secchi Disk 
Depth

(meters)
≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0

AND
S ti lWater

Column
Chl a

(μg/L, parts 
≤ 3.5
(5.0)

≤ 8.0 ≤ 8.0
Spatial
mean
≤ 5.0

Spatial
mean
≤ 8.0 
and 

no al e

≤ 8.0 ≤ 8.0
(μg , p
per billion)

( ) no value     
> 10.0

Percent of 
substrate ≤ 20 0 25 0 ≤ 35 0covered by 

algae

≤ 20.0 25.0 ≤ 35.0 -- -- -- --

Patches of  
bacteria and None None None None None -- --bacteria and 

fungi
None None None None None

Tom Danielson, Maine DEP



Secchi Disk and ChlorophyllSecchi Disk and Chlorophyll aaSecchi Disk and ChlorophyllSecchi Disk and Chlorophyll aaSecchi Disk and Chlorophyll Secchi Disk and Chlorophyll aaSecchi Disk and Chlorophyll Secchi Disk and Chlorophyll aa
≤≤ 8 ppb chl8 ppb chl aa≤≤ 8 ppb chl8 ppb chl aa≤≤ 8 ppb chl 8 ppb chl aa≤≤ 8 ppb chl 8 ppb chl aa

≥≥ 2 m Secchi depth2 m Secchi depth≥≥ 2 m Secchi depth2 m Secchi depth

Tom Danielson, Maine DEP



New Numeric CriteriaNew Numeric CriteriaNew Numeric CriteriaNew Numeric Criteria
Statutory

Class AA/A B C Impounded
AA/A

Impounded
B or C

GPA
clear

GPA 
colored

Secchi Disk 
Depth

(meters)
≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0

AND
S ti lWater

Column
Chl a

(μg/L, parts 
≤ 3.5
(5.0)

≤ 8.0 ≤ 8.0
Spatial
mean
≤ 5.0

Spatial
mean
≤ 8.0 
and 

no al e

≤ 8.0 ≤ 8.0
(μg , p
per billion)

( ) no value     
> 10.0

Percent of 
substrate ≤ 20 0 ≤ 25 0 ≤ 35 0covered by 

algae

≤ 20.0 ≤ 25.0 ≤ 35.0 -- -- -- --

Patches of  
bacteria and None None None None None -- --bacteria and 

fungi
None None None None None

Tom Danielson, Maine DEP



Percent Algal CoverPercent Algal CoverPercent Algal CoverPercent Algal CoverPercent Algal CoverPercent Algal CoverPercent Algal CoverPercent Algal Cover
• Estimate percent p

algal cover by doing 
9 viewing bucket 
surveys in a streamsurveys in a stream 
reach.

• StandardizedStandardized 
protocol for 
measuring 
thickness of algalthickness of algal 
mat or length of 
filaments.

Tom Danielson, Maine DEP



New Numeric CriteriaNew Numeric CriteriaNew Numeric CriteriaNew Numeric Criteria
Statutory

Class AA/A B C Impounded
AA/A

Impounded
B or C

GPA
clear

GPA 
colored

Secchi Disk 
Depth

(meters)
≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0

AND
S ti lWater

Column
Chl a

(μg/L, parts 
≤ 3.5
(5.0)

≤ 8.0 ≤ 8.0
Spatial
mean
≤ 5.0

Spatial
mean
≤ 8.0 
and 

no al e

≤ 8.0 ≤ 8.0
(μg , p
per billion)

( ) no value     
> 10.0

Percent of 
substrate ≤ 20 0 ≤ 25 0 ≤ 35 0covered by 

algae

≤ 20.0 ≤ 25.0 ≤ 35.0 -- -- -- --

Patches of  
bacteria and None None None None None -- --bacteria and 

fungi
None None None None None

Tom Danielson, Maine DEP



Bacteria and FungiBacteria and FungiBacteria and FungiBacteria and FungiBacteria and FungiBacteria and FungiBacteria and FungiBacteria and Fungi
• Does not includeDoes not include 

iron and manganese 
bacteria.

• Visible growths of 
filamentous bacteria 
fungus typically 
occur with organic 
pollutionpollution.

Tom Danielson, Maine DEP



Control StreamControl StreamControl StreamControl StreamControl StreamControl StreamControl StreamControl Stream
Water Penny Blackflies

Midges

Dragonflies
Dobsonflies

Water Snipe 
FliesMayflies
CraneflyCranefly

Color Code

Sensitive

Intermediate

Stoneflies

Intermediate

Tolerant

Caddisflies

Tom Danielson, MDEP, 9/26/08



Stream with Organic Waste Stream with Organic Waste 
and Filamentous Bacteriaand Filamentous Bacteria

Stream with Organic Waste Stream with Organic Waste 
and Filamentous Bacteriaand Filamentous Bacteriaand Filamentous Bacteriaand Filamentous Bacteriaand Filamentous Bacteriaand Filamentous Bacteria

Midges

Leeches

Blackfly
Color Code

Sensitive

Intermediate

Caddisflies

Intermediate

Tolerant

Cranefly Alderfly

Tom Danielson, MDEP, 9/26/08



New Numeric CriteriaNew Numeric CriteriaNew Numeric CriteriaNew Numeric Criteria
Statutory

Class AA/A B C Impounded
AA/A

Impounded
B or C

GPA
clear

GPA 
colored

Secchi Disk 
Depth

(meters)
≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0 ≥ 2.0

AND
S ti lWater

Column
Chl a

(μg/L, parts 
≤ 3.5
(5.0)

≤ 8.0 ≤ 8.0
Spatial
mean
≤ 5.0

Spatial
mean
≤ 8.0 
and 

no al e

≤ 8.0 ≤ 8.0
(μg , p
per billion)

( ) no value     
> 10.0

Percent of 
substrate ≤ 20 0 ≤ 25 0 ≤ 35 0covered by 

algae

≤ 20.0 ≤ 25.0 ≤ 35.0 -- -- -- --

Patches of  
bacteria and None None None None None -- --bacteria and 

fungi
None None None None None

Tom Danielson, Maine DEP



Decision FrameworkDecision FrameworkDecision FrameworkDecision Framework
Concentration 

of TP is
Concentration 

of TP isof TP is   
BELOW 

advisory value

of TP is   
ABOVE

advisory value
All measured 

environmental 
response

TP did NOT 
cause an 

TP did NOT 
cause an 

impairmentresponse 
criteria are met impairment

One or more 

impairment
downstream effects?

environmental 
response 

criteria are NOT

TP caused or 
contributed to 
an impairment

Indeterminate 
Cause of the 
impairmentcriteria are NOT 

met
an impairmentimpairment

Tom Danielson, Maine DEP



Decision FrameworkDecision FrameworkDecision FrameworkDecision Framework
Concentration 

of TP is
Concentration 

of TP isof TP is   
BELOW 

advisory value

of TP is   
ABOVE

advisory value
All measured 

environmental 
response

TP did NOT 
cause an 

TP did NOT 
cause an 

impairmentresponse 
criteria are met impairment

One or more 

impairment
downstream effects?

environmental 
response 

criteria are NOT

TP caused or 
contributed to 
an impairment

Indeterminate 
Cause of the 
impairmentcriteria are NOT 

met
an impairmentimpairment

Tom Danielson, Maine DEP



Indeterminate Results Require Indeterminate Results Require Indeterminate Results Require Indeterminate Results Require 
Second Level of ReviewSecond Level of ReviewSecond Level of ReviewSecond Level of Review

U i ht f id h t• Uses weight-of-evidence approach to 
make one of three conclusions:

1 TP d t ib t d t th1. TP caused or contributed to the 
impairment.

2 TP did not cause or contribute to the2. TP did not cause or contribute to the 
impairment.  (Another nutrient or 
environmental stressor?)

3. Remains indeterminate and more data 
are needed.

Tom Danielson, Maine DEP



Indeterminate Example 1:Indeterminate Example 1:Indeterminate Example 1:Indeterminate Example 1:
Birch Stream, BangorBirch Stream, BangorBirch Stream, BangorBirch Stream, Bangor

• Bugs are bad
• DO is badDO is bad
• Sewage fungus is bad

TP i t b d• TP is not bad
• Polluted with propolyne glycol
• Conclusion: Impaired, but TP did not 

cause impairmentp

Tom Danielson, Maine DEP



Indeterminate Example 2:Indeterminate Example 2:Indeterminate Example 2:Indeterminate Example 2:
Allagash RiverAllagash RiverAllagash RiverAllagash River

• DO is good• DO is good
• pH is good
• Diatom Total Phosphorus Index is good
• Percent Algal Cover is a little highg g
• TP is good
• Conclusion impaired• Conclusion – impaired 

– list as Category 3 and collect more data

Tom Danielson, Maine DEP



Example: Class Example: Class BB StreamStreamExample: Class Example: Class BB StreamStream

TP ≤ 30 ppb TP > 30 ppb

All measured 
i t l TP did not TP did not 

environmental 
response limits 

are met

cause an 
impairment

cause an 
impairment

downstream effects?

One or more 
environmental 
response limits

Indeterminate 
cause of the 

TP caused or 
contributed to response limits 

are NOT met impairment an impairment

Tom Danielson, Maine DEP



Example: Class Example: Class BB StreamStreamExample: Class Example: Class BB StreamStreamTP = 35 ppb

TP ≤ 30 ppb TP > 30 ppb

All measured 
i t l TP did not TP did not 

environmental 
response limits 

are met

cause an 
impairment

cause an 
impairment

downstream effects?

One or more 
environmental 
response limits

Indeterminate 
cause of the 

TP caused or 
contributed to response limits 

are NOT met impairment an impairment

Tom Danielson, Maine DEP



Example: Class Example: Class BB StreamStreamExample: Class Example: Class BB StreamStreamTP = 35 ppbEnvironmental Responses        
Meet Limits

TP ≤ 30 ppb TP > 30 ppb

All measured 
i t l TP did not TP did not 

environmental 
response limits 

are met

cause an 
impairment

cause an 
impairment

downstream effects?

One or more 
environmental 
response limits

Indeterminate 
cause of the 

TP caused or 
contributed to response limits 

are NOT met impairment an impairment

Tom Danielson, Maine DEP



Site Specific Antidegradation Site Specific Antidegradation Site Specific Antidegradation Site Specific Antidegradation 
ThresholdThresholdThresholdThreshold

Cl B d i l 30 b• Class B advisory value = 30 ppb
• Mean TP is 35 ppb.
• Set site-specific antidegradation 

threshold at 35 ppb.pp
• Conduct study to determine more 

appropriate antidegradation threshold.appropriate antidegradation threshold.

Tom Danielson, Maine DEP



Example: Class Example: Class BB StreamStreamExample: Class Example: Class BB StreamStream

TP ≤ 30 ppb TP > 30 ppb

All measured 
i t l TP did not TP did not 

environmental 
response limits 

are met

cause an 
impairment

cause an 
impairment

downstream effects?

One or more 
environmental 
response limits

Indeterminate 
cause of the 

TP caused or 
contributed to response limits 

are NOT met impairment an impairment

Tom Danielson, Maine DEP



Example: Class Example: Class BB StreamStreamExample: Class Example: Class BB StreamStreamTP = 29 ppb

TP ≤ 30 ppb TP > 30 ppb

All measured 
i t l TP did not TP did not 

environmental 
response limits 

are met

cause an 
impairment

cause an 
impairment

downstream effects?

One or more 
environmental 
response limits

Indeterminate 
cause of the 

TP caused or 
contributed to response limits 

are NOT met impairment an impairment

Tom Danielson, Maine DEP



Example: Class Example: Class BB StreamStreamExample: Class Example: Class BB StreamStreamTP = 29 ppbEnvironmental Responses
D N t M t Li itDo Not Meet Limits

TP ≤ 30 ppb TP > 30 ppb

All measured 
i t l TP did not TP did not 

environmental 
response limits 

are met

cause an 
impairment

cause an 
impairment

downstream effects?

One or more 
environmental 
response limits

Indeterminate 
cause of the 

TP caused or 
contributed to response limits 

are NOT met impairment an impairment

Tom Danielson, Maine DEP



TP Advisory ValuesTP Advisory ValuesTP Advisory ValuesTP Advisory ValuesTP Advisory ValuesTP Advisory ValuesTP Advisory ValuesTP Advisory Values
• TP alone would not trigger anTP alone would not trigger an 

impairment.
– Site-specific antidegradation limits– Site-specific antidegradation limits

• Used to guide discharge permit limits.
U d t id t f• Used to guide management of non-
point source pollution.

• Protection of downstream waters.
• Nutrient rule includes options of setting p g

site-specific limits for C or N.
Tom Danielson, Maine DEP



Summary of Nutrient RuleSummary of Nutrient RuleSummary of Nutrient RuleSummary of Nutrient RuleSummary of Nutrient RuleSummary of Nutrient RuleSummary of Nutrient RuleSummary of Nutrient Rule
• Rule focuses on real environmentalRule focuses on real environmental 

impacts.
• Ecological responses relate back to co og ca espo ses e ate bac to

uses and criteria already in law.
• Rule establishes numeric criteria to u e estab s es u e c c te a to

interpret narrative criteria.
• Some permits will have nutrient limits p

to protect designated uses or restore 
waterbodies. 

Tom Danielson, Maine DEP



InformationInformationInformationInformationInformationInformationInformationInformation
• Draft Chapter 583, report, and SOP forDraft Chapter 583, report, and SOP for 

diatom index are available on DEP’s 
rulemaking web site.rulemaking web site.
– www.maine.gov/dep/blwq/rules/

• thomas.j.danielson@maine.gov


