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Purpose 
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“Study of Oil and Gas Extraction Wastewater Management Under the Clean Water Act (EPA‐ 

821‐R19‐001), May 2019”.  
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Background  

Throughout 2018, the United States Environmental Protection Agency (EPA) contacted 

individuals from state regulatory agencies, the oil and gas industry, academia, and non-

governmental organizations (NGOs) (collectively referred to as stakeholders) to better 

understand “barriers and concerns” associated with increasing onshore produced water discharge 

opportunities under the Clean Water Act (CWA) (EPA 2019). During this time, the EPA also 

created a public docket (Regulations.gov 2018) for submittal of written comments and conducted 

a public meeting in Washington D.C. on October 9, 2018 (EPA 2018a) to gather additional 

feedback from stakeholders. The results of this survey were released in a draft report in May 

2019 entitled “Study of Oil and Gas Extraction Wastewater Management Under the Clean Water 

Act” (EPA 2019). The EPA is now requesting public comment on this report.  

Most produced water in the United States is disposed of using Class II Underground Injection 

Control (UIC) disposal wells. The EPA states that limitations of this practice are “evident in 

some areas” (referring to over-pressurization of UIC disposal wells and induced seismic activity 

from disposal of produced water) and that “new approaches” are necessary (EPA 2019).  

Under 40 CFR 435 Subpart C, the direct onshore discharge of produced water to surface water 

must meet an Effluent Limitation Guideline (ELG) of “zero discharge” of pollutants (EPA 2019). 

This zero discharge ELG has essentially resulted in a prohibition of direct discharge of produced 

water to surface water under 40 CFR 435 Subpart C. However, 40 CFR 435 Subpart C allows the 

indirect discharge of produced water to surface water through publicly owned treatment works 

(POTWs) (EPA 2019). In 2016, the EPA prohibited the indirect discharge of produced water 

from unconventional wells to POTWs (88126 Federal Register). Indirect discharge of produced 

water from conventional wells to surface water through POTWs occurs primarily in 

Pennsylvania (EPA 2019). There are no pretreatment standards for indirect discharge to POTWs 

(EPA 2019). 

Produced water can be directly or indirectly discharged to surface water under 40 CFR 435 in 

Subparts E, F, and H. Under 40 CFR 435 Subpart E, produced water can be discharged directly 

to surface water if production wells are located west of the 98th meridian and produced water “is 

of good enough quality to be used for wildlife or livestock watering or other agricultural uses and 

that the produced water is actually put to such use during periods of discharge.” The 98th 

meridian extends from near the eastern edge of the Dakotas through central Nebraska, Kansas, 

Oklahoma, and Texas.   

Discharge of produced water into surface water under 40 CFR 435 Subpart E occurs primarily in 

Wyoming (EPA 2019). Approximately 30% of oil field produced waters under 40 CFR 435 

Subpart E in Wyoming are discharged into surface waters (Ramirez 2002). In 1997, about 55,000 

acre-feet (AF) or 18 billion gallons (325,851 gallons = 1 AF) of oil field produced water was 

discharged into surface water (Ramirez 2002). The ELG for discharge under 40 CFR 435 

Subpart E is limited to an oil and grease concentration ≤ 35 mg/L, however, in Wyoming, the 
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effluent limit for oil and grease is typically 10 mg/L (Ramirez 2002). In general, treatment of 

produced water prior to discharge in Wyoming is limited to settling of suspended solids and 

skimming of oil (EPA 2019). Heat is generally used by the operator to separate oil from water 

(Ramirez 2002). Produced water is then discharged into unlined earthen-diked skim ponds or pits 

for further oil-water separation prior to discharge into wetlands or riparian areas (Ramirez 2002). 

In oil fields having high produced water to oil ratios, production would likely not be viable if 

treatment of produced water beyond oil-water separation and settling was required prior to 

discharge to surface water (McDevitt et al. 2018). 

The Wyoming Department of Environmental Quality (WDEQ) partitions surface water into four 

classes. Class 1 surface water supports all uses. No water quality degradation nor discharge is 

permissible. Class 2 surface water supports or can support game fish or nurseries. Class 3 surface 

water supports or can support nongame fish. Class 4 surface water includes all intermittent and 

ephemeral stream and does not support fish. Over one-half of discharges under 40 CFR 435 

Subpart E occurs in Class 4 surface water (Ramirez 2002). There is limited information available 

from on-line data systems to indicate characteristics of 40 CFR 435 Subpart E facilities, such as 

the types of waste accepted (EPA 2018b). In some drainages, oil field produced water accounts 

for up to 89% of stream flow (Boelter et al. 1992). 

Under 40 CFR 435 Subpart F, produced water can be discharged directly to surface water if 

production wells produce ≤ 10 barrels of crude oil per day (i.e. stripper wells). Discharge under 

40 CFR 435 Subpart F was not considered in this report. 

Under 40 CFR 435 Subpart H, produced water from coal bed methane (CBM) recovery wells can 

be discharged directly to surface water. Approximately 45% of produced water from CBM 

recovery is discharged to surface water (EPA 2010). Most of the remaining produced water from 

CBM recovery is discharged to percolation ponds or applied to land (EPA 2010). In 2008, 

66,115 AF or ~21.5 billion gallons of produced water from CBM wells was discharged to 

surface water with most discharge occurring in the Powder River Basin in Wyoming (67.9%), 

the Raton Basin in Colorado (11.7%), the Black Warrior Basin in Alabama (11.4%), the Powder 

River Basin in Montana (5.9%), and with remaining discharge in the Green River Basin in 

Wyoming (1.4%), the Cahaba Basin in Alabama (1.1%), the Illinois Basin in Illinois and Indiana 

(0.5%), and the Appalachian states (0.1%) (EPA 2010). Hence, in 2008, most discharge of CBM 

water occurred in the Powder River Basin (73.8%) (48,762 AF or ~15.9 billion gallons) and in 

the State of Wyoming (69.3%) (45,878 AF or ~14.9 billion gallons).  

We could not find an estimate of the total volume of produced water discharged into surface 

water under 40 CFR 435 Subparts E and H in Wyoming. However, estimates under 40 CFR 435 

Subpart E by Ramirez (2002) and under 40 CFR 435 Subpart H by EPA (2010) indicate that total 

discharge of produced water into surface water could exceed ~100,900 AF or ~33 billion gallons 

per year in Wyoming. 
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There are no ELGs for 40 CFR 435 Subparts F and H. Technology-based limitations are 

developed on a case-by-case basis or through a state-wide general permit for non-stripper and 

CBM production wells. However, direct discharge to surface water under 40 CFR 435 Subparts 

E, F, and H require issuance of permits under the National Discharge Elimination System 

(NPDES) by EPA or a state regulatory agency (EPA 2019). The most frequently monitored 

parameters under 40 CFR 435 Subpart H are pH, chloride, total suspended solids, total dissolved 

solids (TDS), sodium adsorption ratio (SAR), oil and grease, and metals (EPA 2010). Alabama, 

Colorado, and Wyoming also include acute whole effluent toxicity (WET) testing of effluent 

under Subpart H (EPA 2010). 

Under 40 CFR Part 437, produced water from both conventional and unconventional oil and gas 

development can be indirectly discharged to surface water via centralized waste treatment 

(CWT) facilities. CWT facilities are primarily located in the Marcellus and Utica shale areas of 

Pennsylvania, Ohio and West Virginia (EPA 2019). Treatment of produced water at CWT 

facilities varies from simple physical/chemical treatment to advanced treatment utilizing 

membrane technology or distillation (EPA 2019).  

NPDES permits for discharge from POTWs, CWT facilities under 40 CFR Part 437, and under 

40 CFR Part 435 Subparts E, F, and H contain requirements for discharge monitoring reports 

which include the frequency for collecting wastewater samples, the location for sample 

collection, the pollutants to be analyzed, and the laboratory procedures to be used in conducting 

the analyses. When ELGs are not sufficiently protective, additional, more stringent water 

quality-based effluent limits (WQBELs) can be included in NPDES permits. In addition to 

containing WQBELs, NPDES permits can also contain provisions for additional monitoring of 

sediment and fish tissue. Hence, a permitting agency has considerable flexibility and authority in 

protecting human and ecological receptors if desired. 

The EPA has delegated issuance of NPDES permits to most states. EPA still issues NPDES 

permits in six states (Idaho, Massachusetts, New Hampshire, New Mexico, Oklahoma and 

Texas) as well as certain territories and tribal lands. In anticipation of increased surface water 

disposal opportunities for produced water, Texas, Oklahoma, and New Mexico are seeking 

permission from EPA to issue NPDES permits (Lee 2018). The Texas legislature is in the 

process of transferring responsibilities of produced water reporting from the Railroad 

Commission of Texas (RRC) to the Texas Commission on Environmental Quality under Texas 

House Bill 2771 to enable the TCEQ to seek NPDES delegation from EPA (Gromatzky 2019). 

The RRC has asked EPA’s Administrator, Andrew Wheeler, for assistance obtaining permitting 

authority for oil and gas wastewater (Lee 2018). 

Individuals from some state agencies and the oil and gas industry (e.g., Domestic Energy 

Producers Alliance 2018) want produced water re-branded as a “resource” rather than a “waste” 

product. Individuals from some state agencies questioned whether it made sense to “waste” this 

water “resource” especially in arid regions of the country (EPA 2019). 



7 
 

EPA stated in its draft report that industry was generally supportive of increasing discharge 

options under the CWA. Individuals from industry stated that expanded discharge opportunities 

would increase the ability to “economically manage’ the cost of produced water disposal and 

“positively affect the economics of oil and gas extraction” in some areas. Individuals from 

industry also stated that with expanded opportunities to discharge produced water to surface 

water, they wanted NPDES permits to be issued in a more expedited manner and with greater 

flexibility. However, a major unidentified producer did not support increased discharge options 

because of “lack of science around treatment efficiency and associated liability risks” (EPA 

2019).  

Individuals from some states did not support expanding discharge opportunities for produced 

water citing uncertainty in identification of chemical constituents and associated transformation 

products and toxicity (EPA 2019). These individuals also expressed concern regarding the 

disposal of residuals following treatment of produced water especially technologically enhanced 

naturally occurring radioactive materials (TENORM). Personnel from some state agencies said 

that they lacked the technical expertise to issue NPDES permits for complicated waste streams 

such as produced water and that water quality standards did not exist for many compounds in 

produced water making issuing NPDES permits problematic (EPA 2019). 

In the draft EPA report, EPA stated that scientists from NGOs and academia had a number of 

concerns regarding the expanding discharge opportunities under the CWA including the 

following. (1) There is a need to better identify chemical constituents in produced water. Many 

compounds used during well development are proprietary. Chemical formulations used for well 

development are constantly changing as new chemicals enter the market. Transformation of 

chemical constituents occur downhole. Analytical methods do not exist for many compounds. (2) 

A large number of chemical compounds used in exploration and production have little data on 

toxicity. Water quality criteria do not exist for many constituents. (3) There is limited treatment 

technology performance data for many compounds known to be present in produced water. (4) 

For discharges to intermittent and ephemeral streams, there is no safety factor provided by 

dilution.  

Upon finalizing this draft EPA report, the EPA stated that it will determine “next steps for 

produced water management” and better use of this “resource” under the CWA. The EPA has 

stated that these “next steps” will include the development of “additional discharge options under 

the CWA for onshore oil and gas wastewater.” The EPA’s public declaration of its intent to 

pursue changes in the CWA to facilitate discharge of produced water to surface water has led to 

speculation as to what these “next steps” could be. 

Saunders (2019) states that the EPA may attempt the following changes to the CWA to allow 

additional discharge opportunities: (1) eliminate the zero discharge prohibition under 40 CFR 

435 Subpart C, (2) revisit the ban on discharge of unconventional produced water to POTWs, (3) 
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extend the vague “good enough quality” standard of 40 CFR 435 Subpart E nationwide, and/or 

(4) weaken standards for CWT facilities.  

Based upon a review of EPA’s draft report, arguments for the increased discharge of produced 

water to surface water made by industry and some states are flawed. Also, there are considerable 

existing concerns regarding the safety produced water disposal into surface water that expanded 

discharge would significantly worsen. An explanation of these concerns follows.   

The Chemical Composition of Produced Water Needs to be Better Characterized  

 

The identification of chemical constituents in produced water begins with requirements for 

disclosure of chemical additives used downhole during oil and gas development. EPA identified 

692 unique ingredients reported for additives, base fluids and proppants contained in more than 

39,000 FracFocus disclosures (EPA 2015). Regulations in 21 of 27 oil and gas producing states 

now require disclosure of non-proprietary chemicals used for hydraulic fracturing – many 

through the voluntary FracFocus Chemical Disclosure Registry developed by the Ground Water 

Protection Council (GWPC 2014). It is unclear why disclosure for chemicals used during 

hydraulic fracturing is not required in all oil and gas producing states.  

Disclosure when required is limited to chemicals that are not considered proprietary which 

introduces significant uncertainty to risk assessment. Stringfellow et al. (2017a) reviewed 1,623 

hydraulic fracturing treatments entered into FracFocus for an estimated 5,000 to 7,000 hydraulic 

fracturing treatments (a reporting rate of only ~23% to ~32%) known to have occurred in 

California between 2011 and 2014 and found that 3,071 of 45,058 (~7%) of entries for additives 

were considered propriety. Similarly, Shonkoff et al. (2016) assessed chemicals used in steam 

injection oil fields in California that provide produced water to food crop irrigation and livestock 

watering and found that 46% of the compounds were reported as proprietary. 

There is considerable overlap between compounds used for hydraulic fracturing and acid 

stimulation (Abdullah et al 2017, Shonkoff et al. 2015). However, California is the only state that 

requires disclosure of chemicals used for acid well stimulation treatments (matrix acid 

stimulation and acid fracturing). There is also considerable overlap between compounds used for 

hydraulic fracturing and routine production well activities (Stringfellow et al. 2017b). However, 

the South Coast Air Quality Management District in Southern California is the only regulatory 

agency in the United States that requires disclosure of chemicals used for routine oil and gas well 

activities (e.g., drilling, cementing, wellbore clean-outs, maintenance, scale and corrosion 

control).  

Complete disclosure of chemicals used for well stimulation, acidizing, and routine well activities 

is necessary if the endpoint of produced water is discharge to surface water, use for irrigation, 

road spreading, or any other pathway that could involve human or ecological receptors. 

Disclosure of chemicals used for all phases of well development would better inform the 

scientific community, regulatory agencies, and the public about potential risks posed by chemical 
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additives. In the draft EPA report, EPA mentioned that individuals from industry stated 

proprietary compounds are non-toxic. In the absence of actual disclosure, this statement cannot 

be verified. 

While disclosure of chemicals used in routine oil and gas development operations, hydraulic 

fracturing, and acidizing treatments is of considerable value in identifying compounds that could 

be present in produced water, comprehensive analysis of treated wastewater prior to discharge to 

surface water is necessary to characterize potential risk posed to human health and ecological 

receptors posed by these discharge activities. Produced water has been analyzed for inorganic 

composition (major ions, heavy metals, and radioactive elements) and to some extent for known 

organic additives at commercial laboratories. These analyses have revealed that the chemical 

composition of produced water is extremely variable throughout the United States. Chemical 

analysis from commercial laboratories indicates that produced water can be saline (>10,000 

mg/L TDS) to hypersaline (>100,000 mg/L TDS), have high concentrations of metals, contains 

volatile organic compounds including benzene, a known human carcinogen and polyaromatic 

hydrocarbons, and elevated levels of radionuclides such as radium which is also a known human 

carcinogen.  

Produced water can contain total organic carbon (TOC) levels greater than 1500 mg/L with only 

a minor portion of TOC characterized by standard EPA methods (Rosenblum et al. 2017). In its 

2016 national report on hydraulic fracturing, the EPA listed 1,606 chemicals that were reported 

to be used in hydraulic fracturing or detected in produced water of hydraulically fractured wells 

(Appendix H, EPA 2016). Additionally, the EPA identified 131 chemicals that had been detected 

in produced water but did not have an associated Chemical Abstract Service Registry Number 

(CASRN), a unique identifier to identify and differentiate between chemicals and synonymous 

chemical names. The EPA stated that, “standard analytical methods were not adequate for 

detecting and quantifying the numerous organic chemicals, both naturally occurring and 

anthropogenic, that are known to occur in produced water” (Ch 7, EPA 2016). In addition, the 

identification and quantification of organic compounds in produced water can be challenging 

because of matrix effects (Nell and Helbling 2018). The complex nature of produced water also 

interferes with detection of naturally occurring radioactive material (NORM), Nelson et al. 

(2014) found that matrix effects (high ionic strength) in produced water could decrease recovery 

of radium-226 (226Ra) to just 1% of that present. 

Comprehensive analyses and characterization of organic compounds present in flowback and 

produced water is only in nascent stages. The use of innovative analytical methods has resulted 

in the detection of organic compounds not routinely analyzed for or detected using standard EPA 

methods at commercial laboratories. Advanced methods for detection of organic compounds 

includes high performance liquid chromatography with tandem mass spectrometry (HPLC–

MS/MS) (DeArmond and DiGoregorio 2013a, b), liquid chromatography quadrupole time-of-

flight mass spectrometry (LC/Q-TOF-MS) (Ferrer and Thurman 2015, Lester et al. 2015, 

Thurman et al. 2014, 2017), two-dimensional gas chromatography mass spectrometry (GCxGC-
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MS) (Hoelzer et al. 2016), GCxGC-MS coupled with time of flight analysis (GCxGC-TOF-MS), 

and ultrahigh resolution Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR-

MS) (Luek et al. 2017).  

Given the uncertainty of produced water quality characterization, full identification of 

compounds in produced water and associated toxicity is necessary to evaluate the effectiveness 

of wastewater treatment approaches prior to discharge to surface water. For instance, Ferrer and 

Thurman (2015) detected the quaternary amine biocide alkyl dimethyl benzyl ammonium 

chloride (ADBAC) in 54% of samples collected from flowback water in Weld County, CO. 

ADBAC is not routinely analyzed for at commercial laboratories and is not effectively removed 

by conventional wastewater treatment. ADBAC has been detected in surface water and sediment 

downstream wastewater sources (Ferrer and Furlong 2001, 2002).  

Continued development of analytical methods is necessary to not only identify exotic organic 

compounds in produced water but to also identify abiotic and biotic transformation products of 

these compounds. Strong oxidizers used during hydraulic fracturing may mediate abotic 

reactions forming a variety of compounds in flowback and produced water, especially in saline 

water, such as halogenated benzenes, pyrans, alkanes and acetones (Hoelzer et al. 2016). 

Examples of biologically mediated transformation include the biocide 2,2-dibromo, 3-nitrilo 

propionamide used in ~22% of hydraulic fracturing treatments which biodegrades to 

dibromoacetonitrile, a more toxic and persistent biocide (Elsner and Hoelzer 2016). Alkoxylated 

nonylphenols, disclosed in ~50% of hydraulic fracturing treatments, biodegrade to the relatively 

persistent endocrine disrupting compounds octylphenol and nonylphenol (Elsner and Hoelzer 

2016). Leuk et al. (2017) detected numerous iodinated organic compounds in flowback samples 

(> 800 formulas in one sample alone). The large numbers of iodinated compounds detected are 

of particular concern given the greater toxicity of iodinated compounds compared to their 

chlorinated and brominated counterparts (Richardson et al. 2008).  

EPA has stated that approved analytical methods do not exist for many constituents found in oil 

and gas extraction wastes (EPA 2018b). EPA has stated further that some constituents (such as 

total dissolved solids) found in oil and gas extraction wastes can interfere with EPA approved 

analytical methods and significantly affect the ability to detect and quantify the level of some 

analytes (EPA 2018b). In its May 2018 report on CWT facilities, EPA also stated that there is a 

“primary data gap” in understanding the composition of produced water accepted at CWT 

facilities and the basis of NPDES permits. The EPA acknowledged that it had little 

understanding of how NPDES permits were being issued at CWT facilities and whether permits 

were sufficient for effectively treating produced water (EPA 2018b).  

Statements by the EPA reflect the fact that a large number of compounds in produced water are 

unidentified. This is because while evolving research methods exist to identify a number of 

compounds present in produced water, these methods are not standard EPA methods utilized at 

commercial laboratories. Also, even with advancements in analytical methodology, the ability to 
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detect the complete suite of compounds in produced water is limited. Given the fact that new 

compounds are being continuously introduced into the market for oil and gas development 

makes the full identification of compounds present in produced water a nearly impossible 

objective.  

The potential impact of discharge of produced water to human and ecological receptors cannot 

be evaluated if the full suite of compounds in produced water cannot be identified and 

quantitated. Expanding discharge options under the CWA magnifies this concern.  

Lack of Information on Physiochemical and Biological Properties of Compounds 

Associated with Produced Water Limits Fate and Transport Studies 

There are data gaps on physicochemical properties (e.g., Henry’s Law Constants for volatility, 

soil-water or octanol-water partition coefficient to evaluate sorption to solids) and biological 

properties (e.g., aerobic and anaerobic biodegradability) of a large number of compounds used in 

and associated with routine operations and hydraulic fracturing and acid stimulation 

(Stringfellow et al. 2014, 2017a, b, Elsner and Hoelzer 2016, Rogers et al. 2015). In an attempt 

to assess the mobility, persistence, and toxicity of 659 organic compounds known to be used in 

hydraulic fracturing, Rogers et al. (2015) noted that experimental data on biodegradation existed 

for only 312 compounds (47%) of which only 22% of these 659 compounds were relevant for 

anaerobic conditions.  

In the EPA draft report, the EPA stated that some scientists from academia expressed concern 

that there is little data on the fate of compounds in produced water. Hence, this issue is broadly 

recognized. In the absence of adequate information on the physiochemical and biological 

properties of compounds associated with produced water, it is not possible to discern the fate and 

associated risk of many compounds discharged to surface water. 

Lack of Information on Toxicological Impacts Limits Risk Assessments 

The toxicological properties of a compound in produced water can only be evaluated if the 

compound has been disclosed with an associated CASRN. In an assessment of chemical 

additives used in hydraulic fracturing and matrix acid stimulations in California, Shonkoff et al. 

(2015) identified 320 chemical additives, 127 (40%) of which lacked CASRNs and/or lacked 

available toxicity information. In an assessment of chemical additives used in routine oil and gas 

development in the South Coast Air Quality Management District (SCAQMD, CA), Stringfellow 

et al. (2017) identified 525 chemical additives, 233 (44%) of which lacked CASRN and an 

additional 140 (27%) that lacked available toxicity data.  

Shonkoff et al. (2016) evaluated toxicological properties of chemical additives disclosed between 

January 2014 and June 2016 used in oilfields that reuse produced water for agricultural irrigation 

and groundwater recharge in the San Joaquin Valley, CA.  Shonkoff et al. (2016) found that of 

173 chemical additives disclosed, 66 (38%) were classified as a “trade secret” or did not have a 
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valid CASRN. Of the remaining identifiable chemicals, 13% (14 compounds) lacked any acute 

ecotoxicity or mammalian toxicity data and could not be evaluated.  

In a more recent draft toxicological assessment by GSI Environmental (2019), 385 chemical 

additives were disclosed as used in oilfields in which produced water was reused for agricultural 

irrigation in the San Joaquin Valley. Of these compounds, 73 (19%) could not be definitively 

identified or lacked toxicity information and 173 (45%) were assigned toxicity values derived by 

the consultants or toxicity values extrapolated from the published literature. The remaining 139 

compounds (36%) were evaluated for toxicity using authoritative lists and databases.   

In a national assessment of chemical usage in hydraulic fracturing activities, Yost et al. (2016) 

noted that chronic oral reference doses existed for only 83 of 1076 (~8%) of compounds 

identified by EPA as used for hydraulic fracturing. Cancer oral slope factors existed for only 23 

of these compounds. Yost et al. (2016) also noted that chronic oral reference doses existed for 

only 72 of 134 (~54%) of compounds detected in produced water from hydraulically fractured 

wells. Cancer oral slope factors existed for only 32 of these compounds. These findings along 

with other studies (Rogers et al. 2015, Stringfellow et al. 2014) have identified gaps in toxicity 

information necessary to assess potential impact on public health.  

As previously discussed, chemical disclosure while a helpful step in toxicological evaluation of 

produced water constituents, does not account for chemical transformations that may occur as 

produced water and its associated constituents undergo changes in temperature, pressure, and 

pH. In certain cases, chemical transformations may result in more toxic or more environmentally 

persistent byproducts (Kahrilas et al. 2015). Also, chemical usage in oil and gas operations is 

evolving over time and can vary between operators, activity, geologic formation, and field area.   

Many chemical additives used and observed in produced water not only lack toxicological 

information, but as previously discussed also lack standardized methods necessary for detection 

using targeted analytical approaches. However, various non-targeted and bioanalytical methods 

may be appropriate to evaluate toxic potential of produced water, particularly in cases where 

exposure pathways are more likely (e.g., produced water discharged to the surface or reused 

outside the oilfield).  

Whole Effluent Toxicity (WET) testing can be incorporated into NPDES permits to evaluate the 

aggregate toxic effect to aquatic organisms from all pollutants contained in wastewater effluent 

(EPA 2019b). WET tests measure wastewater's effects on specific test organisms' ability to 

survive, grow and reproduce (EPA 2019b). EPA provides approved methods for both acute and 

chronic freshwater testing (EPA 2019b). Both acute and chronic WET testing should be routinely 

incorporated into NPDES permits for produced water effluent. 

Bioanalytical approaches (e.g., cell line assays) can also be employed to supplement water 

quality testing to assess the toxicity of flowback and produced water (He et al. 2017, Liberatore 

et al. 2017, Tasker et al. 2018, Yao et al. 2015) and synthetic mixtures of constituents detected in 
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flowback and produced water (Kassotis et al. 2018a, 2016, 2015, Robert et al. 2018). 

Experimental findings in the peer-reviewed literature demonstrate adverse effects to the 

endocrine, metabolic, and reproductive systems associated with the known and unknown 

substances that comprise produced water (He et al. 2017, Kassotis et al. 2018b, 2016a, 2016b, 

Tasker et al. 2018).  

The Discharge of Produced Water to Surface Water Presents a Risk to Human and 

Ecological Receptors 

Field studies on wastewater treatment of produced water in Pennsylvania indicate exceedance of 

maximum contaminant levels and incomplete removal of organic compounds (Ferrar et al. 2013, 

Getzinger et al. 2015) prior to discharge to surface water. A large proportion of compounds used 

in routine oil and gas development operations and in hydraulic fracturing and acid treatments are 

acutely toxic to aquatic life (Shonkoff et al. 2015, Stringfellow et al. 2017b, Butkovskyi et al. 

2017).  

The EPA has stated that depending on the level of treatment, effluent from CWT facilities may 

contain elevated levels of TDS, halides, metals, and TENORM relative to the receiving streams 

into which they are discharged and that elevated concentrations of these constituents have been 

detected in aqueous samples collected downstream of CWT facility discharge points (EPA 

2018). The EPA has also stated further that levels of pollutants downstream from CWT facility 

discharges have been reported to exceed applicable thresholds, such as primary and secondary 

drinking water standards and acute and chronic water quality criteria for protection of aquatic 

life. In a number of cases, CWT effluents have been shown to adversely affect downstream 

aquatic life and, in one case, have been shown to affect survival of a federally-listed endangered 

species (EPA 2018b).  

In arid regions of the country, discharges will occur primarily to intermittent and ephemeral 

streams. Creation of a perennial stream from a historically ephemeral stream using produced 

water flows may create an unsustainable ecosystem, because as wells are abandoned, water 

sources will no longer be available (Guerra et al. 2011). In addition, dissolved organic material in 

produced water may deplete dissolved oxygen concentrations in surface water due to increased 

biological oxygen demand (Guerra et al. 2011). 

Poor maintenance of skim ponds or pits in Wyoming under 40 CFR 435 Subpart E discharge has 

caused oil to remain on the water surface resulting in mortality of migratory birds and other 

wildlife (Esmoil and Anderson 1995). Ramirez (2002) surveyed skim ponds at 65 locations and 

collected effluent samples from skim ponds at 12 locations in Wyoming. Ramirez (2002) noted 

visible sheens at 15% of discharge locations and exceedance of the WDEQ standard of 10 mg/L 

oil and grease at 12 locations (83%) with a maximum concentration of 54.2 mg/L. WDEQ 

regulations prohibit the presence of a visible sheen in wastewater discharges (Ramirez 2002). 

Ramirez (2002) states that previous monitoring by the WDEQ indicated oil and grease 

concentration effluent at up to 130 mg/L. Ramirez (2002) also noted that approximately 15% of 
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surveyed locations had oil-stained vegetation and that oil stained sediment was visible 

immediately below the skim pond effluent at 44% of locations surveyed. Ramirez (2002) also 

noted that over 62% of locations survey had inadequate measures (flagging, fences only, or 

nothing) to exclude birds and wildlife from skim pits. Ramirez (2002) states that the U.S. Fish 

and Wildlife Service has observed large bird mortality events at skim ponds due to lack of use of 

adequate measures such as netting or closed containment systems.  

The primary issues associated with the discharge of produced water from CBM development 

under 40 CFR 435 Subpart H are flow volume, salinity and toxicity. A high flow volume into a 

receiving stream can increase suspended sediment and streambed erosion (ALL 2003). Erosion 

can destroy vegetation within streams impacting aquatic biota that have particular flow 

requirements for food, habitat, and reproduction (ALL 2003). Saline discharges from CBM 

produced water can alter plant communities as native species are replaced with salt-tolerant 

species (ALL 2003). Other components in CBM produced water that are toxic to native plants 

and organisms are elevated concentrations of ammonia, hydrogen sulfide, bicarbonate, selenium, 

chloride, and boron (ALL 2003).  

In the draft EPA report, scientists from NGOs expressed concern that the discharge of produced 

water to intermittent and ephemeral streams may enhance erosion and alter the vegetation or 

biota present in and adjacent to these streams. They stated further that these discharges provide 

little or no safety factor by dilution thereby increasing the risk of adverse effects from 

discharges. Given that the discharge of produced water to surface water is already impacting 

aquatic receptors, the expansion of discharge opportunities can only worsen this ongoing impact.  

Of considerable concern is the buildup of radium deposited in sediment downstream of produced 

water effluent outfalls. Radium is a known human carcinogen associated with cancers of the 

breast, blood, bone, and liver (ASTDR 1999) with bioaccumulation factors in freshwater fish, 

invertebrates, mollusks, and shells ranging from 100-1000 (Warner et al. 2013). Ramirez (1993) 

found that bone tissue from birds inhabiting a wetland receiving produced water near Cody, 

Wyoming contained 226Ra in addition metabolites of polyaromatic hydrocarbons in bile. The 

drinking water standard for 226Ra + 228Ra is 0.185 Bq/L (5 pCi/L). Most states allow a produced 

water discharge limit of 2.22 Bq/L (60 pCi/L) for 226Ra (NRC 2017).  

Once discharged to surface water, the concentration of dissolved radium decreases due to 

association with settling particles and precipitating ions with subsequent accumulation in 

streambed sediments. Radium in sediment can be adsorbed to clay minerals, organic matter, or 

ferric and manganese oxides or coprecipitated with barium sulfate, strontium sulfate, or calcium 

carbonate minerals (IAEA 2014). However, radium can be released to a degree under sulfate 

reducing conditions (Ouyang et al. 2017, Renock et al. 2016, Phillips et al. 2001). Carbonates 

containing radium can dissolve in response to acidification (McDevitt et al. 2018). 

McDevitt et al. (2018) detected 226Ra and 228Ra activity at levels up to 2,690 and 764 Bq/kg, 

respectively (226Ra + 228Ra = 3,454 Bq/kg) in sediment from unidentified ephemeral streams in 
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Wyoming where treatment of produced water from hydraulically fractured wells was limited to 

oil-water separation. Aqueous activities of 226Ra were below the 60 pCi/L regulated value (most 

below 10 pCi/L) with the highest detected level of 226Ra + 228Ra activity at 57.2 pCi/L which was 

> 170X the upstream background level of 226Ra + 228Ra activity at 0.33 pCi/L. While radium 

activities in sediment decreased rapidly with distance from effluent locations, radium activity in 

sediment remained above background levels of 40 Bq/kg greater than 20 km downstream of 

discharge points. Sediment cores at locations of elevated radium activity, indicated radioactive 

activity levels above background to the depth of coring (35 cm). Sequential extraction, 

mineralogical analysis, and geochemical modeling indicated that radium was primarily co-

precipitated with calcium carbonates with smaller fractions associated with iron and manganese 

oxides indicating pH sensitivity of release (pH reduction induces release).  

In the Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings 

(40 CFR Part 192) (EPA 1995), 226Ra in the top 15 cm of surface soils in inactive uranium and 

thorium processing sites should not exceed 185 Bq/kg (5 pCi/g) above background 

concentrations and not exceed 555 Bq/kg (15 pCi/g) above background below 15 cm of the 

surface in any 100 m2 area. These regulatory limits were exceeded at several locations in 

ephemeral streams in Wyoming studied by McDevitt et al. (2018). Using first-order kinetics, a 

reduction of 226Ra from 2,690 to 225 Bq/kg (185+40 Bq/kg) will take almost 6,000 years. 

Warner et al. (2013) detected 226Ra and 228Ra at even higher activities of 8,759 and 2,187 Bq/kg 

(both >2 orders of magnitude above background), respectively in sediment near the effluent of a 

wastewater treatment plant in western Pennsylvania.  

Akob et al. (2016) detected elevated 226Ra in sediment near a Class II disposal well receiving 

hydraulic fracturing wastewater in West Virginia in which produced water was previously stored 

in impoundments. Kassotis et al. (2016a) and Orem et al. (2017) also investigated impact to this 

watershed with the former finding high levels of endocrine disrupting chemical activity in 

surface water extracts and the later finding numerous chemicals associated with hydraulic 

fracturing in surface water and sediment. 

These investigations have revealed that radium accumulates in sediment downstream of 

produced water effluent that exceed federal standards. The half-life of 226Ra is 1600 years 

indicating that past disposal of radium containing produced water can potentially impact human 

and ecological receptors for thousands of years. Any expansion of surface water disposal options 

for produced water would result in greater releases of radium to surface water and greater 

accumulation in sediment.    

Another concern is the generation of disinfection byproducts at drinking water intakes 

downstream of produced water discharges. In the absence of desalination or use of membrane 

technology, halides pass through a treatment system. Disinfection of water containing elevated 

levels of halides from upstream disposal of produced water can lead to the formation of 

trihalomethanes (THMs), haloacetonitiles (HANs), and halonitromethanes (HNMs). 
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Hypochlorous acid/hypochlorite can oxidize bromide to hypobromous acid/hypobromite and 

react with dissolved organic matter to form bromated THMs, HANs, and HNMs which are more 

genotoxic and cytotoxic than their chlorinated counterparts (Richardson et al. 2007). 

Chloroamination can lead to the formation of iodinated THMs, HANs, and HNMs which are 

even more genotoxic and cytotoxic than brominated disinfection byproducts (Richardson et al. 

2008, Plewa et al. 2004) and are potentially tumorigenic (Wei et al. 2013). Elevated bromide 

concentration during chloroamination promotes the formation of the potent carcinogen N-

nitrodimethylamine (NDMA) (Luh et al. 2012, Shah et al. 2012a, b). 

Hladik et al. (2014) detected THMs, HANs, and HNMs, including dibromochloronitromethane 

(DBCNB), in surface water downstream of produced water discharge. HNMs as a class are 

mutagenic in Salmonella assays and potent genotoxicants in mammalian cells (Plewa et al. 

2004). In laboratory studies, Parker et al. (2014) demonstrated that elevated (>0.35 mg/L as N) 

ammonium concentrations present in produced water can cause de facto chloramination during 

chlorination resulting in NDMA. Ammonium salts are widely used during hydraulic fracturing. 

Parker et al. (2014) also demonstrated that elevated levels of bromide and iodide during drinking 

water disinfections causes a shift in THM, HAN, and HNM formation toward brominated and 

iodinated analogues at wastewater volume fractions as low as 0.01%. 

Drinking water treatment plants downstream of CWT facilities treating oil and gas extraction 

wastewater have noted a shift in the composition of DBPs from mostly chlorinated DBPs to 

brominated DBPs (EPA 2018b). Multiple drinking water intakes are situated downstream of 

CWTs accepting oil and gas extraction wastewater within distances at which impacts to drinking 

water from CWTs have been identified (EPA 2018b). Increasing discharge opportunities will 

increase the potential for ingestion and inhalation (through showering, laundry use, etc.) of 

toxicants and carcinogens from disinfected drinking water. 

Treatment of Produced Water Prior to Discharge is Insufficient and Poorly Regulated 

The range of pollutants present in produced water requires a multi-step treatment train process to 

meet discharge standards (EPA 2018b). However, treatment at CWT facilities is often limited to 

chemical precipitation which provides little or no removal of the many pollutants commonly 

found in produced water (EPA 2018b). Some CWT facilities discharge much greater quantities 

of pollutants, such as total dissolved solids and chlorides, than others (EPA 2018b).  

Current ELGs in 40 CFR Part 437 promulgated in 2000 and amended in 2003 were developed 

prior to the dramatic increase in hydraulic fracturing after 2010 (EPA 2018b). As a result, ELGs 

in 40 CFR Part 437 do not contain limitations and associated treatment requirements for many of 

the pollutants commonly found in oil and gas wastewater (EPA 2018b). Many of these pollutants 

are not included on the current list of priority pollutants (EPA 2018b).  

ELGs and treatment standards do not fully reflect constituents known to be in produced water. 

Given these limitations, the effectiveness of treatment cannot be evaluated. In the draft EPA 
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report, scientists from NGOs and academia were concerned that limited treatment technology 

performance data exists for compounds associated with produced water (EPA 2019). Individuals 

operating POTWs stated that they did not want to accept additional produced water from oil and 

gas production because the treatment technology utilized at POTWs is unsuitable for produced 

water. There are no pretreatment requirements for produced water currently being sent to 

POTWs from conventional oil and gas development. As previously discussed, many compounds 

in produced water from unconventional oil and gas development are also present in conventional 

oil and gas development. 

There is a lack of clarity among oil and gas operators regarding applicability of the current CWT 

effluent guidelines to facilities that treat oil and gas extraction wastes (EPA 2018b). Some of this 

is centered on the interpretation of what constitutes an “off-site” facility. A facility must receive 

produced water from an offsite location to be regulated under 40 CFR Part 437. Because there is 

some room for interpretation of what constitutes “off-site” and “on-site” treatment, CWT 

facilities could be regulated under 40 CFR Part 437 or 40 CFR Part 435 in which regulation 

under the latter is governed by “best professional judgement” (EPA 2018b). Hence, some 

facilities that are currently regulated by 40 CFR 435 Subparts E, F, or H where “best professional 

judgement” is used to determine effluent limitations should be regulated under 40 CFR 437 

where effluent limitations would be stricter although still not sufficiently protective. Also, some 

CWT facilities operate under expired permits or no permits at all (EPA 2018b). It is difficult to 

justify expansion of discharge opportunities under the CWA when current discharge is not 

properly managed. 

Treatment of Produced Water for Discharge to Surface Water Leads to Generation of 

Toxic and Radioactive Residuals. 

Brines produced from technologies such as reverse osmosis, evaporators, and crystallizers create 

residual containing high levels of salts (EPA 2018b). Disposal of these residuals in landfills has 

the potential to increase salinity of landfill leachate (EPA 2018b). The EPA has stated that the 

removal of barium and co-precipitation of radium from produced water may result in the 

generation of solid waste that exhibits “high levels of radioactivity that preclude disposal in most 

landfills” (EPA 2018b). Radium in sludge from the treatment of produced water can be as high 

as 244,200 Bq/kg (Smith 1992). Using first-order kinetics, a reduction of 226Ra in sludge from 

10,000 to 100 Bq/kg requires almost 11,000 years. Radioisotopes in wastewater treatment 

residuals disposed in landfills may be released to the environment through leachate (EPA 

2018b).  

Robust interstate tracking of the transport and disposal of radioactive waste material, especially 

that associated with wastewater and pond sludges and filter socks, should be an urgent priority 

for the EPA. As calculations using first-order kinetics for radioactive decay demonstrates, waste 

material associated with the storage and treatment of produced water will present a potential risk 

to human and ecological receptors for thousands of years into the future. It is difficult to justify 
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expanded discharge opportunities for produced water when radioactive waste materials may not 

be properly tracked and may not be adequately contained for thousands of years. 

EPA or State Agencies Should Implement Robust Comprehensive Online Publicly 

Available State-by-State Produced Water Tracking Systems   

Flowback and produced water may undergo various waste handling processes before the 

wastewater reaches its final destination for reuse or disposal. Produced water may be temporarily 

stored in surface impoundments, sent to processing or transfer facilities, or sent to treatment 

facilities prior to surface discharge. Produced water also may be re-injected directly on site to 

enhance hydrocarbon production or it may be sent for reuse at other neighboring or distant well 

pads. The variety of waste handling methods and potential combinations of these methods 

present different pathways for produced water to enter the environment and potentially come in 

contact with human populations and ecological receptors. Therefore, it is necessary to understand 

how waste is handled and how it travels from where it is generated to its final destination so that 

researchers and regulatory agencies can adequately evaluate spatially-explicit impacts to water 

and environmental quality and potential hazards, risks and impacts to human health. 

Among oil and gas states, Pennsylvania provides the most comprehensive, publicly available 

dataset of oil and gas waste generation and waste handling. However, a recent investigation of 

available oil and gas waste data reported to the Pennsylvania Department of Environmental 

Protection from 1991 through 2017 revealed that existing reporting lacks sufficient detail to 

adequately track the final destination of liquid waste. Hill et al. (2019) found that 43% of the 

liquid waste volume across all years of data lacked a distinct spatially listed intermediary or final 

waste endpoint. Pennsylvania Chapter 78a regulations passed in 2016 required operators to 

report specific facility or well site information where the waste was managed for unconventional 

waste, but this regulation does not apply to conventional waste. In 2017, the new regulation 

resulted in 99% and 45% of unconventional and conventional liquid waste, respectively reported 

with an intermediary location or final spatial endpoint (Hill et al., 2019).  

While spatial information on oil and gas waste storage and disposal has largely improved over 

time, waste is often reported at an intermediary stage as waste is stored or transferred rather than 

reporting the final destination of waste. Across all years of data, approximately one-third of all 

liquid waste did not have a reported final destination, either because the destination was not 

provided, or more commonly because the destination provided was an intermediary site such as a 

surface impoundment, treatment plant, or processing facility. In 2017, 40.8% of the liquid waste 

volume generated in that year reported was associated with an intermediary location (Hill et al., 

2019). 

Furthermore, liquid and solid waste co-produced from oil and gas development in one state may 

not stay within the state. For example, between 1995 and 2017 a significant proportion of liquid 

waste generated in Pennsylvania had been disposed in the neighboring states of Ohio (13.8%), 
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West Virginia (0.7%), and New York (0.1%). In some cases, waste produced in Pennsylvania 

had been reported as disposed at facilities as far as Idaho and Utah (Hill et al., 2019).  

California recently adopted more detailed reporting and produced water from oil and gas 

operations via Senate Bill 1281 (SB 1281) which included additional information about water 

disposition, as well as the inclusion of treatment categories. However, data collected from SB 

1281 reporting still lacks spatial resolution to determine precisely where waste ends up.  

To evaluate the ongoing impact or potential impact of the discharge of produced water to surface 

water, a geographic information system (GIS) is necessary to determine locations of direct and 

indirect discharge locations, flow rates of effluent and the receiving water body, level of 

treatment prior to discharge, and the chemical composition of produced water and receiving 

water body. This would enable investigators and regulators to prioritize the evaluation of 

locations of ongoing impact or potential impact to surface water and sediment. If surface water 

and sediment sampling indicate impact or risk of impact to ecological or human receptors, 

information provided by a GIS would facilitate assignment of liability to oil and gas producers.  

Due to exemption of produced water from Subtitle C of the Resource Conservation and 

Recovery Act (RCRA), there is no “cradle to grave” tracking of produced water in any state. 

Without a cradle-to-grave system in place to fully track waste from the time it is generated to the 

time it reaches its final disposal location, researchers and regulatory agencies cannot adequately 

evaluate spatially-explicit impacts or risk of impact to surface water and potential hazards to 

human and ecological receptors. Comprehensive robust tracking of produced water from 

generation to final endpoints is necessary to evaluate risks posed to human and ecological 

receptors from the discharge of produced water to surface water.  

EPA does not have a comprehensive understanding of how many CWT facilities exist in the 

United States, where they are located, and how they are regulated (EPA 2018b). Hence, it is not 

currently possible to assess potential ongoing impact to surface water throughout the United 

States as a result of discharging produced water let alone the potential impact of increasing 

discharge of produced water to surface water. A prerequisite for any revisions on regulations for 

discharge of produced water to surface water should be a requirement for the development of a 

comprehensive robust online publicly accessible waste tracking system. 

The Expanded “Beneficial” Use of Produced Water for Agriculture is not the Solution to 

Water Scarcity Issues  

Finally, in the draft EPA report, EPA stated that individuals surveyed from state agencies and 

tribes generally supported increasing opportunities for management of produced water to provide 

additional water for agriculture (EPA 2019). However, the use of produced water for irrigation 

does not require a NPDES permit and is not regulated under the CWA (EPA 2019). Hence, 

discussion of the “beneficial” use of produced water for irrigation to support an argument for 

increased discharge of produced water to surface water in the draft EPA report is irrelevant.   
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As stated in the draft EPA report, the permitted use of produced water for irrigation of crops is 

limited and occurs primarily in California. In California, relatively low salinity produced water 

from only five oil fields (Deer Creek, Jasmin, Kern River, Kern Front, and Mount Poso) in Kern 

County is currently used for irrigation (CCST and LBNL 2015b). Currently, recycled produced 

water accounts for about 1% of irrigation water use in Kern County (Heberger and Donnelly 

2015). 

Based on data between 2000 and 2005 obtained from the U.S. Geological Survey, approximately 

3.42 million acre-feet per year (AFY) of water was used for irrigation while only 168 thousand 

AFY was produced from oil and gas wells (Guerra et al. 2011) in California (1 acre-foot = 

325,851 gallons). Even if all produced water was desalinated for use in agriculture, this would 

only account for 0.5% of state-wide demand. Using datasets for produced water generation and 

agricultural use for all western states (Guerra et al. 2011), if all produced water was desalinated, 

produced water would account for only 1.1% of water used for agriculture.  

In the draft EPA report, individuals from industry acknowledged that unless produced water has 

total dissolved solids concentrations generally of less than a few thousand mg/L, treatment using 

membrane technology (e.g., reverse osmosis) or distillation would be necessary to make 

produced water fit for agricultural use (EPA 2019). These individuals stated further that the cost 

of such treatment is not currently competitive where other wastewater management options are 

available (EPA 2019). Hence, the use of produced water for agriculture is not the solution to 

water scarcity issues in the western United States. 

Conclusion  

The EPA has stated in its draft report released for public comment that it is considering 

increasing discharge options of produced water to surface water under the CWA. Based upon 

previous statements made by the Agency regarding concerns about the safety of discharging 

produced water to surface water and a growing body of information available in the peer-

reviewed literature on this topic, increasing options for the increased discharge of produced 

water to surface water is unwarranted.  

The disclosure of additives used for oil and gas production in all states except California is 

limited to hydraulic fracturing. There is considerable overlap between additives used for 

hydraulic fracturing and additives used for acid stimulation and conventional oil and gas 

development. Even when chemical disclosure occurs, self-reporting is voluntary in most states 

and is limited to non-proprietary compounds and additives. Additives without CASRNs are often 

provided making chemical identification indeterminate. Complete disclosure of all chemicals 

used for all oil and gas development is necessary if the endpoint of produced water disposal can 

impact human or ecological receptors. 

Chemical analysis performed at commercial laboratories using standard EPA methods indicates 

elevated concentrations of compounds of concern such as benzene and radionuclides such as 
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radium, both known human carcinogens, are present in produced water. High levels of total 

dissolved solids and organic matter can cause matrix interference using standard EPA methods 

resulting in a negative bias in detection and quantification. 

Equally concerning is the current inability to identify and quantitate numerous other compounds 

in produced water making risk assessment problematic. While significant advancements have 

been made in identifying compounds in produced water using research-based analytical methods, 

compound identification is still in a nascent phase and these methods are not available at 

commercial laboratories for widespread utilization. 

To evaluate the effectiveness of treatment and the risk posed by the discharge of produced water 

to surface water, comprehensive analysis of produced water is necessary. Even in the presence of 

complete disclosure of additives, biotic (e.g., biodegradation) and abiotic (e.g. oxidation) 

transformation of organic compounds will occur both downhole and above ground during 

storage. These compounds will not be detected using standard EPA methods. Given that new 

additives are being continuously introduced to support oil and gas extraction, full identification 

and quantification of organic compounds in produced water is a formidable objective. Expanding 

discharge options under the CWA magnifies this concern. 

Compounding issues associated with the identification and quantification of compounds in 

produced water is the fact that little is known about the physiochemical, biological, and 

toxicological properties of many compounds known to be used for oil and gas production and 

present in produced water. Many organic compounds released to surface water will undergo 

biotransformation. Other compounds may accumulate in sediment. Fate and transport properties 

of compounds and associated transformation products present in produced water must be known 

to evaluate the risk of impact to human and ecological receptors. Chronic oral reference doses 

and cancer oral slope factors are lacking for many compounds known to be used for oil and gas 

development and present in produced water precluding defensible risk assessment. Further 

development and routine use of bioanalytical methods (e.g., endocrine disruption) are necessary 

to ensure the safety of discharging produced water to surface water.  

Field studies have indicated exceedance of regulated contaminant levels and impact to aquatic 

receptors and vegetation in riparian areas. Given that the discharge of produced water to surface 

water is already impacting aquatic receptors, the expansion of discharge opportunities can only 

worsen ongoing impact. Of considerable concern is that the commonly used effluent standard of 

2.22 Bq/L or 60 pCi/L radium is causing accumulation of 226Ra in sediment well beyond 

acceptable regulatory levels. Reduction of 226Ra to background levels will require thousands of 

years. 

Another concern is the generation of carcinogenic DBPs at drinking water intakes downstream of 

produced water discharge points due to elevated levels of bromide and ammonium. Drinking 

water plants downstream of produced water effluent have already noted a shift in bromated 
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DBPs. Increasing surface water discharge opportunities will increase human exposure to 

carcinogenic DBPs. 

At present, treatment of produced water is often limited to oil-water separation, or in more saline 

produced water, chemical precipitation. ELGs do not contain limitations and associated 

treatment requirements for many compounds known to be present in produced water. Also, some 

discharge facilities operate with expired permits or no permits at all. It is difficult to justify 

expansion of discharge to surface water when current discharge is poor regulated. 

The treatment of produced water generates significant residual waste, some of which is highly 

radioactive and will remain so for thousands of years. Robust interstate tracking of this waste 

should be an urgent priority for EPA and should precede any efforts to increase this waste 

volume by facilitating greater discharge to surface water. 

Finally, to evaluate the ongoing impact of the discharge of produced water to surface water, 

individual states must create geographical information systems to track endpoints of produced 

water disposal. These systems would also facilitate assignment of liability to oil and gas 

operators for impact to surface water and sediment. At present, due to exemption of produced 

water from Subtitle C of RCRA, there is no “cradle to grave” tracking of produced water in any 

state.  
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