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Objectives:Objectives:

�� What are Suspended and Bedded Sediments?What are Suspended and Bedded Sediments?

�� What are the Causes?What are the Causes?

�� Economic and Social Impacts Economic and Social Impacts 

�� Impacts on Aquatic Habitats in ColoradoImpacts on Aquatic Habitats in Colorado

�� Existing Criteria and State StandardsExisting Criteria and State Standards

�� Framework for SABS Criteria DevelopmentFramework for SABS Criteria Development

�� EPA’s Recommended Potential ApproachesEPA’s Recommended Potential Approaches

�� Key Discussion Points by EPA and SABKey Discussion Points by EPA and SAB



What they are:What they are:

�� Sediments also known as: Sediments also known as: 

suspended sediment, total suspended solids, suspended sediment, total suspended solids, 

bedload, turbidity, clean sediment, bedload, turbidity, clean sediment, 

common terms: dirt, soils or eroded materialscommon terms: dirt, soils or eroded materials

�� Suspended and bedded sediments (SABS) Suspended and bedded sediments (SABS) 
are defined by EPAare defined by EPA--



Particulate organic and inorganic matter that suspend in Particulate organic and inorganic matter that suspend in 
or are carried by the wateror are carried by the water



Accumulate in a loose, unconsolidated form on Accumulate in a loose, unconsolidated form on 
the bottom of natural water bodiesthe bottom of natural water bodies.  .  



What Amount:What Amount:

� SABS occur naturally in all types of water bodies. 
� In appropriate amounts, they are essential 
� Excessive SABS can impair water body  

� Insufficient SABS
� Imbalanced SABS- major cause of impairment

� SABS affect the physical, chemical, and biological 
integrity



What are the causes?What are the causes?
�� National and world wide problemNational and world wide problem

�� 230 million cubic meter sediment dredged230 million cubic meter sediment dredged

�� 22--9 million cubic meters are contaminated9 million cubic meters are contaminated

�� Natural causes Natural causes 

�� Artificial causes:Artificial causes:



Natural Causes: Wind ErosionNatural Causes: Wind Erosion



TornadoesTornadoes



The Problem of Wind Erosion in USAThe Problem of Wind Erosion in USA
1,600 lb/acre soil eroded per year1,600 lb/acre soil eroded per year





WaterWater--rainrain



Snow and ice meltingSnow and ice melting



Natural calamities: floodsNatural calamities: floods



The hill slopeThe hill slope



Lake and reservoir bank erosionLake and reservoir bank erosion



Ecological process: animal grazingEcological process: animal grazing



Habitat destructions:Habitat destructions:



Artificial causes: Artificial causes: by constructionby construction



Agriculture activitiesAgriculture activities



Mining activities Mining activities 



A mine tunnel waste pile that is distributing A mine tunnel waste pile that is distributing 
sediment and heavy metals into and nearby streamsediment and heavy metals into and nearby stream



Forest IndustriesForest Industries
��



Road constructionRoad construction



Urban developmentUrban development



Economic and social impactsEconomic and social impacts::

�� Number 1 pollutant for river and Number 1 pollutant for river and 
stream and stream and 

�� Number 2 pollutant for lakes and Number 2 pollutant for lakes and 
reservoirsreservoirs

�� Onsite lossOnsite loss-- several billions/yearseveral billions/year
�� Offsite lossOffsite loss-- six billion per year in six billion per year in 

USAUSA



On site lossOn site loss: Reduction in water storage and : Reduction in water storage and 
aquatic species holding capacity, stream bed aquatic species holding capacity, stream bed 

composition, channel geometry, quality,  quantity. composition, channel geometry, quality,  quantity. 



Loss of stream bankLoss of stream bank



Loss of soil fertilityLoss of soil fertility



Property damage, maintenance, repairProperty damage, maintenance, repair



Vegetation loss and health problemsVegetation loss and health problems



Impacts of SABS on Aquatic Habitat:Impacts of SABS on Aquatic Habitat:

�� Many aquatic species  classified Many aquatic species  classified 
vulnerable, imperiled, or endangered in vulnerable, imperiled, or endangered in 
North AmericaNorth America



50% water bodies are impaired by habitat 50% water bodies are impaired by habitat 
degradation including sedimentationdegradation including sedimentation



37% Fishes, 73% Mussels, 65% Crayfish and 37% Fishes, 73% Mussels, 65% Crayfish and 
35% Amphibians are vulnerable35% Amphibians are vulnerable



30% Fish species are threatened or endangered30% Fish species are threatened or endangered



Impacts of SABS on Fish Impacts of SABS on Fish 
Population:Population:

�� PhysiologicalPhysiological

�� BehavioralBehavioral

�� ReproductiveReproductive
--



PhysiologicalPhysiological: : Impaired fish growth, histological changes Impaired fish growth, histological changes 
alteration in blood chemistry, parasitism and resistance, alteration in blood chemistry, parasitism and resistance, 

respiratory functions respiratory functions 



Behavioral: Behavioral: variation and alteration in Habitat.variation and alteration in Habitat.



BehavioralBehavioral:: Stress, disruption of territoriality, Stress, disruption of territoriality, 
reduction in feeding and energy reservereduction in feeding and energy reserve



Reproductive: Fish egg survival rate, death, Reproductive: Fish egg survival rate, death, 
embryo development, and larval survivalembryo development, and larval survival



Impacts on InvertebratesImpacts on Invertebrates::

�� Alteration in community Alteration in community 
structurestructure

�� Reproduction and growth rateReproduction and growth rate

�� Feeding EfficiencyFeeding Efficiency

�� BehaviorBehavior



Invertebrates: Invertebrates: alteration in community alteration in community 
structure biomass, and diversitystructure biomass, and diversity



Invertebrates: reproduction, growthInvertebrates: reproduction, growth



Invertebrates: Invertebrates: Behavioral and changes in substrate Behavioral and changes in substrate 
composition, feeding efficiency, clogging and filtrationcomposition, feeding efficiency, clogging and filtration



Impacts on aquatic plant species:Impacts on aquatic plant species:

�� Reduction in aquatic plant species Reduction in aquatic plant species 

�� Quality of aquatic plantsQuality of aquatic plants

�� Reduce the reproductive capacityReduce the reproductive capacity

�� Seed germination, emergence, and Seed germination, emergence, and 
establishmentestablishment



Aquatic plants: Reduction in species Aquatic plants: Reduction in species 

density, biomass, and diversitydensity, biomass, and diversity



Aquatic plantsAquatic plants: : decline quality, growth, vegetation, decline quality, growth, vegetation, 
plant community colonization, reproductive capacityplant community colonization, reproductive capacity



Seed germination, emergence, and Seed germination, emergence, and 
establishmentestablishment



Impact on primary productivity:Impact on primary productivity:

�� Reduce the penetration of light for aquatic Reduce the penetration of light for aquatic 
species to photosynthesize and growspecies to photosynthesize and grow

�� Reduce the primary productivity of systemReduce the primary productivity of system

--cause decrease in zooplankton, macro cause decrease in zooplankton, macro 
invertebrateinvertebrate

�� Reduction in energy inputs to next tropic Reduction in energy inputs to next tropic 
level in aquatic ecosystemlevel in aquatic ecosystem



Impact on primary productivity: Impact on primary productivity: Reduced Reduced 
energy inputs in next tropic levelenergy inputs in next tropic level



Sediment Criteria in 1970s :Sediment Criteria in 1970s :

�� In 1976 EPA Suspended and In 1976 EPA Suspended and SettleableSettleable
Criteria for Solids and TurbidityCriteria for Solids and Turbidity

-- Fish and Other Aquatic lifeFish and Other Aquatic life

�� SettleableSettleableand Suspended solids should not and Suspended solids should not 
reduce the depth of the compensation point reduce the depth of the compensation point 
for photosynthetic activity by more then for photosynthetic activity by more then 
10% from the seasonally established norm 10% from the seasonally established norm 
for aquatic lifefor aquatic life



Existing State Criteria:Existing State Criteria:

�� Numeric, narrative, some withoutNumeric, narrative, some without
�� Most states use turbidityMost states use turbidity

–– X X NTUsNTUs above backgroundabove background

�� Some state use Total Suspended SolidsSome state use Total Suspended Solids

�� Two states with bedded criteriaTwo states with bedded criteria



Purpose of the SABS Criteria Purpose of the SABS Criteria 

�� Many different forms of Criteria Many different forms of Criteria 

�� Questionable Value, InconsistencyQuestionable Value, Inconsistency

�� Environmental problemEnvironmental problem

�� Suspended and bedded sediment Suspended and bedded sediment 
imbalancesimbalances--
--too much and too littletoo much and too little



Strategy:Strategy:

�� States need improved SABS CriteriaStates need improved SABS Criteria

�� Strategy for water quality criteria:Strategy for water quality criteria:

--EPA Setting priority to strengthen the EPA Setting priority to strengthen the 
foundation for protecting and restoring foundation for protecting and restoring 
Nation’s WaterNation’s Water



The The Framework Framework for SABS criteriafor SABS criteria

The The Framework Framework for SABS criteria for SABS criteria 
development can be expressed as a sevendevelopment can be expressed as a seven--
step process, described as follows:step process, described as follows:

�� Review current designated uses and criteria Review current designated uses and criteria 
for a set of water bodies.for a set of water bodies.



The The Framework Framework for SABS criteria for SABS criteria 
continued….continued….

�� Describe SABS effects on the waterDescribe SABS effects on the water--bodies’ bodies’ 
designated usesdesignated uses

�� Select specific SABS criteria and biological Select specific SABS criteria and biological 
response indicators.response indicators.

�� Define potential ranges in values of the Define potential ranges in values of the 
SABS and biological response indicatorsSABS and biological response indicators



The The Framework Framework for SABS criteria for SABS criteria 
continued….continued….

�� Identify a response indicator value that Identify a response indicator value that 
protects the designated use.protects the designated use.

�� Analyze and characterize SABS/response Analyze and characterize SABS/response 
associations.associations.

�� Explain decisions that justify criteria Explain decisions that justify criteria 
selection.selection.



Potential Approaches Potential Approaches 

�� EPA recommended following potential EPA recommended following potential 
approaches for improved SABS approaches for improved SABS 
Criteria:Criteria:

1.  Toxicological Dose1.  Toxicological Dose--Response Approach Response Approach 

2.  Relative Bed Stability and Sedimentation2.  Relative Bed Stability and Sedimentation

3.  Conditional Probability Approach to 3.  Conditional Probability Approach to 
Establishing Thresholds Establishing Thresholds 



Potential ApproachesPotential Approaches

4. State4. State--byby--State Reference Condition State Reference Condition 
Criteria Derivation ApproachCriteria Derivation Approach

5. Fluvial Geomorphic Approach 5. Fluvial Geomorphic Approach 

6.  Water Body Use Functional Approach 6.  Water Body Use Functional Approach 

7.  Use of New State/International 7.  Use of New State/International 
Approaches Approaches 

8.  Combinations/Synthesis of Above 8.  Combinations/Synthesis of Above 
ApproachesApproaches



Toxicological ApproachToxicological Approach

�� Identify threshold for specific speciesIdentify threshold for specific species

�� Standardized methodologyStandardized methodology--

�� DoseDose--response curve can be definedresponse curve can be defined

�� More cost effective, less burdensomeMore cost effective, less burdensome

�� Need Laboratory workNeed Laboratory work

�� Could complement other approachCould complement other approach



Conceptual Model of Biological Effects of SABSConceptual Model of Biological Effects of SABS
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Relative Bed Stability ApproachRelative Bed Stability Approach

�� Degree of Sedimentation estimated on sitesDegree of Sedimentation estimated on sites

�� Association between biotic assemblageAssociation between biotic assemblage

�� A plot of sediment concentration vs. A plot of sediment concentration vs. 
biological assemblage characteristics biological assemblage characteristics 

�� Best to use in running water habitatsBest to use in running water habitats

�� Difficult to use fine bedded sedimentDifficult to use fine bedded sediment--riverriver
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Conditional Probability Conditional Probability 
ApproachApproach--Establishing ThresholdEstablishing Threshold
�� Probability of something occurring when it Probability of something occurring when it 

is known that something occurred is known that something occurred 

�� P (y) unconditionalP (y) unconditional

�� P (y/x) conditionalP (y/x) conditional

y = impacted biological condition, x= pollution metricy = impacted biological condition, x= pollution metric

�� Multiple conditions could be used Multiple conditions could be used 

�� Data intensiveData intensive
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State by State Reference State by State Reference 
Conditional ApproachConditional Approach

�� The reference sediment concentration is The reference sediment concentration is 
classified by the sediment characteristics classified by the sediment characteristics 

�� Compare test streams to reference streamCompare test streams to reference stream

�� Stream Classes Stream Classes --soil type, topography, soil type, topography, 
climate and then Assessment is madeclimate and then Assessment is made

�� Good framework biological assessmentsGood framework biological assessments--
statesstates



Fluvial GeoFluvial Geo--morphological Approachmorphological Approach

�� Analyze sediment sources and transport Analyze sediment sources and transport 
processes processes 

�� Offers classification systemsOffers classification systems

�� Field measurement tools Field measurement tools 

�� Indicative of river or stream stability  Indicative of river or stream stability  

�� No biological assemblageNo biological assemblage



Questions To Science Advisory Questions To Science Advisory 
Board (SAB)Board (SAB)

�� EPA asked advice on the best Potential EPA asked advice on the best Potential 
approaches to developing Water Quality approaches to developing Water Quality 
Criteria for SABSCriteria for SABS

�� Recommendations on Additional Criteria Recommendations on Additional Criteria 
development approaches for different types development approaches for different types 
of water body of water body 

�� Any other Scientifically defensible criteria Any other Scientifically defensible criteria 
derivation methodologyderivation methodology



Key Responses of Science Key Responses of Science 
Advisory Board on ApproachesAdvisory Board on Approaches

�� Synthesis of approaches for  SABS CriteriaSynthesis of approaches for  SABS Criteria

�� Reference Condition Approach has merit and Reference Condition Approach has merit and 
could be used core or backbone of synthesized could be used core or backbone of synthesized 
approachapproach

�� Toxicological approach would be used to support Toxicological approach would be used to support 
other approaches, not as primary approachother approaches, not as primary approach

�� Conditional Probability approach has merit Conditional Probability approach has merit 
because inherently included measure of because inherently included measure of 
uncertainty uncertainty 



Key Responses of Science Key Responses of Science 
Advisory Board on ApproachesAdvisory Board on Approaches

�� Relative Bed Stability Approaches has merit Relative Bed Stability Approaches has merit 
in running water systemin running water system

�� Fluvial GeoFluvial Geo--morphological Approaches can morphological Approaches can 
be used for classification or diagnosis, but be used for classification or diagnosis, but 
not for assessment to biological integritynot for assessment to biological integrity

�� The SAB was divided on the definition and The SAB was divided on the definition and 
use of reference conditionuse of reference condition--Classification by Classification by 
natural type vs. water body functions and natural type vs. water body functions and 
designated usesdesignated uses



The EPA Team On SABS Criteria:The EPA Team On SABS Criteria:
»» William William SwietlikSwietlik, PhD, HECD, PhD, HECD--OSTOST--OW, HQOW, HQ
»» Joseph Bachman, PhD, SAB StaffJoseph Bachman, PhD, SAB Staff
»» Walter Berry, PhD, ORDWalter Berry, PhD, ORD--NHEERL, NarragansettNHEERL, Narragansett
»» Thomas Gardner, PhD, SHPDThomas Gardner, PhD, SHPD--OSTOST--OW, HQOW, HQ
»» Brian Hill, PhD, ORDBrian Hill, PhD, ORD --NHEERL, DuluthNHEERL, Duluth
»» Mitra Jha, PhD, EPA Region 8, DenverMitra Jha, PhD, EPA Region 8, Denver
»» Phil Kaufmann, PhD, ORDPhil Kaufmann, PhD, ORD--NHEERL, CorvallisNHEERL, Corvallis
»» Brian Brian MelzianMelzian, PhD, ORD, PhD, ORD--NHEERL, NarragansettNHEERL, Narragansett
»» Douglas Norton, AWPDDouglas Norton, AWPD--OWOWOWOW --OW, HQOW, HQ
»» John Paul, PhD, ORDJohn Paul, PhD, ORD--NHEERL, RTPNHEERL, RTP
»» Norman Rubinstein, PhD, ORDNorman Rubinstein, PhD, ORD--NHEERL, NarragansettNHEERL, Narragansett
»» Robert Robert ShippenShippen, SHPD, SHPD--OSTOST--OW, HQOW, HQ
»» Robert Robert SpeharSpehar, PhD, ORD, PhD, ORD--NHEERL, DuluthNHEERL, Duluth



Questions?Questions?

�� Jha.mitra@epa.govJha.mitra@epa.gov

�� (303) 312(303) 312--6895 6895 


