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Research;  
testing/pilots; 
risk assessment

Risk management; 
standard 
development; 
regulation



Phase II: Identify stressors of interest 
(constituents of concern) for risk 
assessment



• Complex matrix  many methods originally designed for surface and groundwater 
may not be suitable; proposes alternative potential solutions

• Unidentified organics  need targeted and non-targeted

• Large table of analytical tech and trends (also in GWPC, Appx 3-C)

• EPA-approved analytical methods available for about 25%

DOI: http://dx.doi.org/10.1016/j.teac.2017.07.002



• Measuring trace elements in high-salinity produced water is challenging, 
due to large dilution needed for standard methods (ICP-MS)

• Alternative methods (ICP-OES), though less sensitive (i.e. higher 
detection limit), can analyze brines with less dilution.

• This paper demonstrates that ICP-OES is often more successful at 
detecting (and quantifying) trace elements in produced water (TDS 
ranging from 17,000 to 370,000 mg/L)

• ICP-MS (used in standard methods) had non-detects for many elements 
identified in the same waters with ICP-OES



doi: https://doi.org/10.1016/j.envint.2019.105280 



Oil OR Gas AND Conventional OR 
Unconventional AND Wastewater AND Chemical 

Characterization

Records identified through database 
searching

Web of Science (n = 11996)
PubMed (n = 3665)

Records screened
(n = 15661)

Records excluded
(n = 15333)

Full-text articles assessed 
for eligibility

(n =302)

Studies identified from 
hand searching reviews

(n = 33)

Studies included 
(n = 129)

15694

129



X-walk to other databases
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In FracFocus

Lis ted by Reg.  Auth.

Standard Method

QSAR-ready SMILES

ToxCast  Data

Ecotox Data

ToxVal  DB

Concent rat ion Data

Detected >1

1198 Compounds in Produced Water

Listed by a regulatory authority (EPA DWS HA, RCRA, 
Priority Pollutant, TRI)

Standard Method: Hazardous Waste Test Methods/
SW-846, Title 40 of the Code of Federal Regulations
Part 136 (40 CFR §136), National Environmental Methods 
Index (NEMI) 



All produced 
water 

compounds 
(1198)

Expanded list 
of potential 
hazard data 
(527, 44%)

Toxicity values 
available for 

risk 
assessment 
(167, 14%)

Quantitative toxicity values for risk assessment (per the OSWER 
Directive 9285.7–53 (U.S. EPA, 2003) and described by Wignall
et al. 2018, doi: 0.1289/EHP2998):
• IRIS 
• Office of Pesticide Programs
• Superfund Regional Screening Levels (CDC/ATSDR, 

PPRTV, HEAST)
• California EPA Office of Environmental Health Hazard 

Assessment

Expanded list (ToxVal DB): Number of Chemicals: 56314

As of August 2018 the ToxVal Database contains the following 
data: 772,721 toxicity values from 29 sources of data, 21,507 
sub-sources, 4585 journals cited and 69,833 literature citations.

https://comptox.epa.gov/dashboard/chemical_lists/TOXVAL_V5

Toxicity data availability

https://comptox.epa.gov/dashboard/chemical_lists/TOXVAL_V5


Next Phase

• Updating database (~50 new citations)

• Looking at exposure side of data
– Physical/chemical data to understand how chemicals 

might be transported or move in the environment 
(water, soil, air, humans)

– Different databases or models like EPA’s CompTOX
and EPI Suite

– *only human

• Partners: CU Boulder, CO School of Mines



Toxicity Research Needs



Danforth et al, 2019 Conclusions

-Significant data gaps on produced water 
toxicity – research needed specifically on 
hazard and exposure

-Terrestrial tools are lacking (as compared to 
WET testing in the aquatic environment)

-Presents research frameworks to address 
gaps

-DOI: 10.1001/ieam.4160



Many more examples…

Check 
out 
literature 
review in 
Module 3!
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