Summary of the lines of evidence used to evaluate natural attenuation.

	Line of Evidence
	Data Requirements
	Comments

	Plume Stabilization and/or Loss of Contaminant Mass over Time
	Historical Contaminant Data
	Can be evaluated using visual techniques or statistical techniques such as those presented by the EPA or the Mann-Whitney U Test or the Mann-Kendall Test.  Historical database must be “statistically significant.”

	Analytical Data Confirming Intrinsic Bioremediation
	Data Presented in Tables 7.1 and 7.3 (EPA, 1998)
	One, two, and three dimensional plots of contaminants, electron acceptors and metabolic byproducts in time and space.  Things to look for include:

-depletion of electron acceptors and donors

- increasing metabolic byproduct concentrations

- decreasing parent compound concentrations

- increasing daughter compound concentrations

	Microbiological Laboratory Data
	Microcosm Studies, microbial cell counts, etc.
	Should be used only to evaluate the conditions under which biodegradation processes occur or do not occur or when biodegradation rates constants cannot be obtained using other lines of evidence.

	Modeling*
	Model-specific
	Useful for examining the relative importance of the processes influencing the transport of organic compounds.


*Not a line of evidence but helpful in documenting natural attenuation

Soil/Sediment Analytical Parameters

	Analysis
	Data Use
	Field or Fixed‑Base Laboratory

	Aromatic and chlorinated hydrocarbons (benzene, toluene, ethylbenzene, and xylene [BTEX]; chlorinated compounds)
	Data are used to determine the extent of soil contamination, the contaminant mass present, and the potential need for source removal
	Fixed-base

	Total organic carbon (TOC)
	The rate of migration of petroleum contaminants in groundwater is dependent upon the amount of TOC in the aquifer matrix.  High concentrations of organic carbon in the aquifer can support reductive dechlorination 
	Fixed-base

	Biologically Available Iron (III)
	Optional method that should be used when petroleum hydrocarbons or vinyl chloride are present in the groundwater to predict the possible extent of removal of petroleum hydrocarbons and vinyl chloride via iron reduction. HCl extraction followed by quantification of released iron (III).  Under development by the USEPA Robert S. Kerr Environmental Research Laboratory, Ada Oklahoma
	Fixed-base

	Aromatic and chlorinated hydrocarbons in NAPL
	Useful for determining the composition and strength of the contaminant source
	Fixed-base


Soil/Sediment Analytical Data Quality Objectives

	Analysis
	Minimum Limit of Quantification
	Accuracy/Precision
	Availability
	Data Completeness Objective

	Aromatic and chlorinated hydrocarbons (benzene, toluene, ethylbenzene, and xylene [BTEX]; chlorinated compounds)
	1 mg/Kg
	Definitive Data Quality
	Common Laboratory Analysis
	95%



	Total organic carbon (TOC)
	0.1 percent
	Definitive Data Quality
	Common laboratory analysis
	95%



	Biologically Available Iron (III)
	50 mg/Kg
	Definitive Data Quality
	Specialized laboratory analysis
	95%



	Aromatic and chlorinated hydrocarbons in NAPL
	----
	Definitive Data Quality
	Common laboratory analysis
	95%




Groundwater Analytical Parameters Useful for Evaluating Natural Attenuation

	Analysis
	Data Use
	Field or Fixed‑Base Laboratory

	Aromatic and chlorinated hydrocarbons (BTEX, trimethylbenzene isomers, chlorinated compounds)
	Method of analysis for BTEX and chlorinated solvents/daughter products, which are the primary target analytes for monitoring natural attenuation; method can be extended to higher molecular weight alkyl-benzenes; trimethylben-zenes are used to monitor plume dilution if degradation is primarily anaerobic.
	Fixed-base

	Dissolved Oxygen
	Concentrations less than about 0.5 mg/L generally indicate an anaerobic pathway. Measurements made with electrodes; results are displayed on a meter; protect samples from exposure to oxygen during sampling and analysis.
	Field

	Nitrate
	Substrate for microbial respiration in the absence of oxygen
	Fixed-base

	Mn(II)
	Indication of Mn(IV) reduction during microbial degradation of organic compounds in the absence of dissolved oxygen and nitrate.
	Field

	Fe(II)
	Indication of Fe(III) reduction during microbial degradation of organic compounds in the absence of dissolved oxygen, nitrate, and Mn(IV).
	Field

	Sulfate (SO42-)
	Substrate for anaerobic microbial respiration 
	Field

	Hydrogen Sulfide
	Metabolic byproduct of sulfate reduction.  The presence of H2S suggests organic carbon oxidation via sulfate reduction.
	Field

	Methane, ethane, and ethene
	The presence of methane suggests organic carbon degradation via methanogenesis.  Ethane and ethene data are used where chlorinated solvents are suspected of undergoing biological transformation. Kampbell et al., 1989 or SW3810 Modified
	Fixed-base

	Carbon Dioxide
	Carbon dioxide is produced during the biodegradation of many types of organic carbon
	Field

	Alkalinity
	General water quality parameter used (1) to measure the buffering capacity of groundwater, and (2) as a marker to verify that all site samples are obtained from the same groundwater system;
	Field

	Oxidation-reduction potential (ORP)
	The ORP of groundwater reflects the relative oxidizing or reducing nature of the groundwater system.  ORP is influenced by the nature of the biologically mediated degradation of organic carbon;  the ORP of groundwater may range from more than 800 mV to less than ‑400 mV. Measurements made with electrodes; results are displayed on a meter; protect samples from exposure to oxygen.  Report results against the hydrogen electrode (Eh) by adding a correction factor specific to the electrode used
	Field

	pH
	Aerobic and anaerobic processes are pH‑sensitive
	Field

	Temperature
	Well development
	Field

	Conductivity
	General water quality parameter used as a marker to verify that site samples are obtained from the same groundwater system
	Field

	Major Cations
	Can be used to evaluate other remedial actions.
	Field

	Chloride
	General water quality parameter used as a marker to verify that site samples are obtained from the same groundwater system. Final product of chlorinated solvent reduction.
	Fixed-base

	Total Organic Carbon 
	Used to classify plume and to determine if cometabolism is possible in the absence of anthropogenic carbon
	Laboratory

	Hydrogen (H2)
	Sampled at well head requires the production of 100mL per minute of water for 30 minutes. Equilibration with gas in the field.  Determined with a reducing gas detector.
	Field


Groundwater Analytical Data Quality Objectives

	Analysis
	Minimum Limit of Quantification
	Accuracy/Precision
	Availability
	Data Completeness Objective

	Aromatic and chlorinated hydrocarbons (BTEX, trimethylbenzene isomers, chlorinated compounds)
	MCLs
	Definitive Data Quality
	Common laboratory analysis
	95%

	Oxygen
	0.2 mg/L 
	Standard deviation of 0.2 mg/L
	Common field instrument 
	100%

	Nitrate
	0.1 mg/L
	Definitive Data Quality
	Common laboratory analysis
	100%

	Mn(II)
	0.5 mg/L
	Definitive Data Quality
	Common field analysis
	100%

	Fe(II) 
	0.5 mg/L
	Definitive Data Quality
	Common field analysis
	100%

	Sulfate (SO42-)
	5 mg/L
	Definitive Data Quality
	Common laboratory or field analysis
	100%

	Hydrogen Sulfide (H2S)
	5 mg/L
	Definitive Data Quality
	Common field analysis
	100%

	Methane, ethane, and ethene
	1 g/L.
	Definitive Data Quality
	Specialized laboratory analysis.
	95%




Groundwater Analytical Data Quality Objectives (Continued)

	Analysis
	Minimum Limit of Quantification
	Accuracy/Precision
	Availability
	Data Quality Objective

	Alkalinity
	50 mg/L
	Screening Data Quality
	Common field analysis
	100%

	Oxidation-reduction potential (ORP)
	plus or minus 300 mV
	plus or minus 50 mV
	Common field probe
	100%

	pH
	0.1 standard units
	0.1 standard units
	Common field meter
	100%

	Temperature
	0 degrees Celsius
	Standard deviation of 1 degrees Celsius
	Common field probe
	100%

	Conductivity
	50 S/cm2
	Screening Data Quality
	Common field probe
	100%

	Major Cations
	1 mg/L
	Definitive Data Quality
	Common laboratory analysis
	95%

	Chloride
	1 mg/L
	Definitive Data Quality
	Common laboratory analysis
	95%

	Chloride (optional, see data use)
	1 mg/L
	Definitive Data Quality
	Common field analysis 
	95%

	Total Organic Carbon 
	0.1 mg/L
	Definitive Data Quality
	Common laboratory analysis
	95%



	Hydrogen (H2)a/
	0.1 nM
	Definitive Data Quality
	Specialized field analysis
	95%


Trends in Contaminant, Electron Acceptor, and 

Metabolic Byproduct Concentrations During Biodegradation

	Analyte
	Trend in Analyte Concentration During Biodegradation
	Terminal Electron Accepting Processes Causing Trend

	Petroleum hydrocarbons
	Decreases
	Aerobic Respiration, Denitrification, Manganese (IV) reduction, Fe(III) Reduction, Sulfate Reduction, Methanogenesis

	Highly Chlorinated Solvents and Daughter Products
	Parent Compound Concentration Decreases, Daughter Products Increase Initially and Then May Decrease
	Reductive Dechlorination and Cometabolic Oxidation

	Lightly Chlorinated Solvents
	Compound Concentration Decreases
	Aerobic Respiration and Fe(III) Reduction (Direct Oxidation) and cometabolism (Indirect Oxidation)

	Dissolved Oxygen
	Decreases
	Aerobic Respiration

	Nitrate
	Decreases
	Denitrification

	Manganese (II)
	Increases
	Manganese (IV) Reduction

	Fe(II)
	Increases
	Fe(III) Reduction

	Sulfate
	Decreases
	Sulfate Reduction

	Methane
	Increases
	Methanogenesis

	Chloride
	Increases
	Reductive Dechlorination or Direct Oxidation of Chlorinated Compound

	Oxidation-Reduction Potential
	Decreases
	Aerobic Respiration, Denitrification, Reduction, Fe(III) Reduction, Sulfate Reduction, Methanogenesis, and Halorespiration

	Alkalinity
	Increases
	Aerobic Respiration, Denitrification, Fe(III) Reduction, and Sulfate Reduction


