
PRODUCED
WATER SOCIETY
PERMIAN BASIN 2025

ProducedWa terSociety.com

Update on New Mexico Produced Water Research Consortium: Risk & 
Toxicity

August 13th, 2025

Presented by:
Zach Stoll Ph.D. 

New Mexico Produced Water Research Consortium

Presenter Notes
Presentation Notes
Good afternoon every. Thanks for sticking around. Towards the end. Today’s presentation has a slightly modified title relative to what is on the agenda and in Whova, because I wanted to focus on the risk and tox work at NMSU and the NM PW RC due to its importance today.
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The New Mexico Produced Water Research Consortium at New Mexico State University is conducting independent, 
science-based research to evaluate potential environmental and health effects related to the reuse of treated 
produced water for fit-for-purpose applications. This work is designed to generate objective data under controlled 
conditions, without promoting or opposing any specific reuse practices. Our goal is to provide clear, reliable 
information that supports informed decision-making around the safe and responsible use of produced water in 
New Mexico and beyond.

This presentation includes preliminary research data from the New Mexico Produced Water Research Consortium 
at New Mexico State University. The information presented is subject to change and has not yet undergone formal 
quality assurance or quality control (QA/QC) review. Distribution or sharing of this material without prior 
authorization from New Mexico State University is not permitted.

Disclaimer

https://nmpwrc.nmsu.edu/

© 2025 New Mexico State University - Board of Regents 
Preliminary Data Not for Distribution

Presenter Notes
Presentation Notes
Quick disclaimer.

https://nmpwrc.nmsu.edu/
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• Evaluated toxicity of model organisms 
across 4 trophic levels (algae, bacteria, 
invertebrates, fish embryos). 

• System removed >99% salts, 60–100% 
metals, ~93% ammonia and, 43–60% 
organics.

• Distillate still toxic and led to failed WET 
tests.

• Same experimental set up but added post-
treatment as GAC + zeolite.

• Re-evaluated toxicity of the same model 
organisms across 4 trophic levels (algae, 
bacteria, invertebrates, fish embryos). 

• Polished distillate was toxic across the 
board and led to passing WET tests.

• Does polished PW have an impact on the 
genetic level?

• Evaluated same LTD water + MVR
• clean brine, 
• distillate, and 
• polished PW

• 3 human cell lines
• Looked at 6 biomarkers/genes
• Results showed…

Progress in R&T Space

Presenter Notes
Presentation Notes
With that, I want to start out by giving some background on the previous R&T work done at the NM PW RC and highlight major efforts that got us to where we are today. These R&T efforts being led by Dr. Yanyan Zhang. Most people are familiar with her and her work but I think it helps set the stage.

If we go back in time to before the Consortium, there wasn’t a complete understanding of how treated PW impacted human health and the environment. Additionally, I think a lot of focus was on salinity as the main metric for treated water quality: if the salinity or conductivity was low, it must be safe. But what Mauricio and Yanyan did was look at the toxicitiy impacts of the thermally treated PW on 4 aquaitic model organisms across the food chain. In the first paper, found that thermal distillation was insufficient to pass a WET test because of the ammonia and VOC carry over, despite having high removal of salts, metals, ammonia, and organics.

The follow up paper “benchmarking…” then looked at what post-treatment requirements were needed to pass a WET test – landing on GAC for organics removal and zeolite for ammonia + metals removal, as two model post-treatment processes. The paper also began to provide rough technical targets for effluent limits, of ~ 5 mg/L TOC, < 1 mg/L NH3, and ~ BDL for Cd and Cu.

However, even though the treatment train led to passing of WET tests, one of the big questions remaining was, was there any acute or chronic toxicity that organisms were experiencing?

This leads us into the Wijekoon paper that was recently published on July 19th of this year in the journal of Ecotoxicology and Environmental Safety, which provides strong data that addresses this exact question.

2025 Wijekoon et al looked at 3 different human cell lines to see the impact on multiple biomarkers using the same PW from Tarazona et al papers, meaning the untreated PW, distillate from the LTD, and post-treated GAC + zeolite water. Addition here was of a conventional pilot MVR.

Six in vitro toxicity assays were conducted to assess cell viability, necrosis, apoptosis, oxidative stress, estrogenicity, and aryl hydrocarbon receptor (AhR) activation after PW exposure.

Results found no impact of post-treated PW on any of the cell lines for any biomarker vs control.

Caco-2 (Human Intestinal Epithelial Cells)
Rationale: Represents the intestinal lining, which would be a key route of exposure if treated PW were to enter drinking water or food chains (e.g., through irrigation).
Relevance: Useful for assessing cytotoxicity, oxidative stress, and barrier integrity effects from chemical contaminants.
MCF-7 (Human Breast Cancer Cells, Estrogen Receptor-Positive)
Rationale: These cells express estrogen receptors and are widely used to test for endocrine-disrupting activity of environmental chemicals.
Relevance: Critical for evaluating estrogenicity (via the E-Screen assay) and activation of hormone-mediated pathways that may be triggered by organic compounds (e.g., BTEX, PAHs) in PW.
HEK293 (Human Embryonic Kidney Cells)
Rationale: Represents kidney tissue, which is a primary site for detoxification and excretion of xenobiotics in the human body.
Relevance: Effective for detecting general cytotoxicity, apoptosis, and oxidative stress, reflecting potential renal risks from PW exposure.
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Spectraph. Higher # = higher cell viability

(A higher signal means more 
purple dye was created, 
have more active mtDH
and therefore, more viable cells.)

Cell Viability Assays (Mitochondrial Activity)

Presenter Notes
Presentation Notes
Before just jumping into the results, What I want to do first is to walk through the biochemical assays that were used, how those work, and help interpret what these test results mean. 

In the first figure, an assay was conducted that assess cell viability, which is indirectly measured by looking at how metabolicly active the cell is.

The way this test and the others are set up is,
you get a bunch of cells from the same culture
Split them up evenly into 96 individual wells
Establish your control, which has no PW, then add varying concentrations of PW into the different rows.
Let these marinade for a little bit.
Then add this yellow dye called MTT into each of the wells.

When the MTT compound gets itno a healthy mitochondria, it will be catalyzed by an enzyme to the compound formazn, which is a purple dye. This color change can be read by a simple spectrophotometer and the signal intensity can be related to a concentration or activity. IN a nut shell for this assay, a higher number corresponds to higher viability.


Human cell lines (Caco-2, HEK293, MCF-7) were exposed to serial dilutions (6.25%–50% - 80% not shown but same results) of PW samples.

Results showed that:
Untreated PW: Marked cytotoxicity at ≥25% concentration; viability dropped to near 0% at 50–80%.
LTD & MVR distillates: Viability remained at or above 100% across concentrations (no cytotoxicity).
GAC + Zeolite: No cytotoxicity; similar or slightly higher viability than control, suggesting absence of stress.
Key Insight: Distillation removes cytotoxic agents, but residual effects appear in other endpoints.
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https://www.nagwa.com/en/explainers/947125128689/

ATP

more signal = 
higher % viability

Intentionally lyse cell

Cell Viability Assays (ATP-Luciferace Activity)

Presenter Notes
Presentation Notes
Second test was CellTitger-Glo2.0. Works by measuring ATP via luciferase.

The CellTiter-Glo® 2.0 assay is a method for determining cell viability by measuring the amount of ATP in a cell culture. It works by using a single, ready-to-use reagent that, when added to cells, lyses them, releases ATP, inhibits ATPases, and provides the necessary luciferin and luciferase for a luminescent reaction. The intensity of the emitted light is directly proportional to the amount of ATP present, which in turn indicates the number of viable cells

Similar results to MTT assay.
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LDH

more signal = 
higher cytotoxicity

Higher %PW should
= higher toxicity

Cell lysis when dying
(apoptosis/necrosis)

Cytotoxicity Assay (Lactate Dehydrogenase)

Presenter Notes
Presentation Notes
Lactate dehydrogenase (LDH) release was measured to detect membrane damage or necrosis in cells exposed to PW samples. LDH is release during cell death.

Findings:
Untreated PW: Strong LDH release, indicating severe membrane damage.
LTD & MVR distillates: LDH levels comparable to control, confirming no necrotic damage.
GAC + Zeolite: No damage observed.
Key Insight: Membrane integrity corroborates viability results; only untreated PW disrupted membranes.

Figure S2: Used Caspase-Glo® 3/7 assay to detect programmed cell death (apoptosis) after 24h exposure.�
Findings:
Untreated PW: Significant caspase activation, consistent with apoptotic stress.
LTD & MVR distillates: Minimal activation; no significant apoptosis.
GAC + Zeolite: Caspase activity remained at baseline levels.
Key Insight: Distillates and post-treated effluent do not trigger apoptotic pathways.
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Higher nitrite concentration = higher stress

Nitrite Assay (Oxidative Stress)

Presenter Notes
Presentation Notes
Nitrite levels measured as an indicator of oxidative/nitrosative stress in exposed cells.
�
Findings:
Untreated PW: High nitrite accumulation, confirming oxidative stress.
LTD & MVR distillates: Mild nitrite increase but far lower than untreated PW.
GAC + Zeolite: Levels indistinguishable from control.
Key Insight: Thermal distillation significantly reduces oxidative stress triggers, and post-treatment eliminates them relative to the control.
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Cell

AhR

Benzene

Naphthalene

O

O
Dioxin

CPY1A1

CPY1B1

Quantify gene
Expression

More Expression =
More toxins =
More bad

cDNA

qPCR

AhR Gene Expression (Impact of PAH)

Presenter Notes
Presentation Notes
Method & Approach:
Measured expression of CYP1A1 and CYP1B1 genes, biomarkers of aryl hydrocarbon receptor (AhR) activation, using qPCR.
AhR activation indicates presence of aromatic hydrocarbons or dioxin-like compounds.
�
Findings:
Untreated PW: CYP1A1 downregulated (likely due to cell stress and impaired transcription despite presence of xenobiotics).
LTD & MVR distillates: CYP1A1 strongly upregulated; CYP1B1 upregulated only in LTD distillate.
GAC + Zeolite: Both genes returned to baseline (no AhR activation).
Key Insight: Distillates still contain volatile organics capable of activating AhR; polishing removes these residual organics. The LTD distillate contained a more complex mixture of AhR agonists, including those capable of inducing both CYP1A1 and CYP1B1.
The MVR distillate retained fewer or less potent CYP1B1 inducers, resulting in only CYP1A1 upregulation. This difference highlights an important nuance: Even though both distillates were non-cytotoxic, their residual organic profiles differed, influencing specific biological pathways—a key reason why bioassays complement chemical analysis in PW risk assessment. 

A1 was down regulated in both Feeds because of overwhelming toxological response. B1 is upregulated in both because it is sort of independent of AhR and more dependent on oxidative stress. Can see the A1 in distillate because background toxicity (salinity) isn’t so high, so it isn’t masked.

GAC + Zeolite shows responses very close to control.
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Negative Ctrl
No 17B Estradiol

Positive Ctrl
Spiked 17B Estradiol
• 10-9 mol/L
• 10-10 mol/L
• 10-11 mol/L
• 10-12 mol/L

LTD
• 80% Feed PW
• 80% Distillate
• 80% GAC + Zeolite

MVR 
• 80% Feed PW
• 80% Distillate
• 80% GAC + Zeolite

17B-estradiol

Stimulates
cellular 
growth

If cells are exposed to higher 
concentrations of 17B (or other 
EDCs) then

Should see more cellular growth.

Presenter Notes
Presentation Notes
Used MCF-7 cell proliferation (E-Screen assay) to detect estrogen receptor (ER)-mediated activity of PW samples. Looking for EDCs

Method
Cell Preparation
MCF-7 (ER-positive) breast cancer cells were seeded into 96-well plates at 10,000 cells/well.
They were cultured in phenol red-free DMEM (phenol red can weakly mimic estrogen) supplemented with:
10% estrogen-free charcoal-stripped bovine serum (removes endogenous steroids)
1% penicillin–streptomycin
2 mM L-glutamine.
Exposure Conditions
Negative control → medium with no hormones.
Positive control → medium with 17β-estradiol (E2) at five concentrations (10⁻¹² M to 10⁻⁹ M).
Test conditions → 80% PW dilutions (feed, distillate, post-treated), prepared in the same estrogen-free medium.
Incubation
Cells were exposed for 6 days to allow time for proliferation changes to become apparent.
Measurement (Sulforhodamine B assay)
At the end of exposure, cell mass was quantified using the SRB (Sulforhodamine B) Cell Cytotoxicity Assay:
SRB binds to basic amino acids in cellular proteins.
The amount of bound dye is proportional to cell mass (and thus proliferation).
Absorbance was read at 565 nm.
Interpretation
Proliferative Effect (PE) was calculated as the percentage increase in cell mass relative to the negative control.
Positive control (E2) establishes the dose–response curve for a known estrogenic ligand.
If PW sample PE ≈ or > E2, it suggests strong estrogenic activity (possible EDCs present).
If PW sample PE ≈ negative control, it suggests little or no estrogenic effect.
Study Findings
80% Feed PW → PE higher than positive control (E2) → strong estrogenic activity.
80% Distillate → Significant PE (p < 0.05) → residual estrogenic compounds remained after distillation.
Post-treated PW → PE comparable to control → effective removal of estrogenic activity.
If you want, I can also diagram how this assay links estrogen receptor activation to cell proliferation so it’s clear why an increase in cell mass is considered evidence of estrogenicity. That would help for explaining the mechanism in talks or reports.

�
Findings:
Untreated PW: Strong estrogenic activity, promoting abnormal cell proliferation.
LTD & MVR distillates: Moderate estrogenic activity persisted despite low cytotoxicity.
GAC + Zeolite: No estrogenic activity detected; proliferation levels similar to control.
Key Insight: Thermal distillation alone does not fully remove estrogenic compounds; post-treatment is essential.
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PW
Test

Feed LTD LTD Distillate LTD GAC + 
Zeolite

Feed MVR MVR Distillate MVR GAC + 
Zeolite

WET Test Fail Fail but not as bad Pass Fail* Fail but not as bad* Pass*

MCF-7, HEK93, 
Caco-2

(% Cell Viability, MTT)

Low viability above 
6.25% PW

High viability at or near 
control levels. MCF-7 

some variation

Did not test Low viability above 
6.25% PW

High viability at or near 
control levels for all

Did not test

MCF-7, HEK93, 
Caco-2

(% Cell Viability, 
Luciferase)

Low viability above 
6.25% PW

High viability at or near 
control levels. MCF-7 

and HEK293 some 
variation

Did not test Low viability above 
6.25% PW

High viability at or near 
control levels

Did not test

MCF-7, HEK93, 
Caco-2
(LDH)

Increasing/dose-
dependent cytotoxicity 

for all

No difference vs control Did not test Elevated cytotoxicity for 
all, relationship not as 

clear

No difference vs control Did not test

MCF-7, HEK93,
Caco-2

(Nitrite)

Elevated nitrite and 
increased oxidative 
stress except Caco-2

No difference vs control No difference vs 
control

Elevated nitrite and 
increased oxidative 

stress

No difference vs control No difference vs control

MCF-7 (AhR)
Suppressed 1A, highly 

upregulated 1B
Highly upregulated 1A 

and 1B
No difference vs 

control
Suppressed 1A, 

moderately upregulated 
1B

Highly upregulated 1A, 
no difference vs control 

for 1B

No difference vs control

MCF-7 
(17B-estradiol)

~ 2x higher proliferation 
effect

~ 1.5x higher 
proliferation effect

No difference vs 
control

Higher proliferation 
effect

~ 1.5x higher 
proliferation effect

No difference vs control

Summary *unpublished data

Presenter Notes
Presentation Notes
Takeaway is that the distillate can still exhibit effects on WET testing and some of the biomarkers, but the polished distillate not only passes the WET test but also does not elicit biochemical responses vs the controls for the biomarkers tested. It would have been great to test the GAC+zeolite on the cell viability and LDH tests, but the distillate alone didn’t show any impacts so would guess that no impact vs controls for these either.
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Next Steps for R&T Work
• Continue NTA (non-targeted analysis) because…

most of the organics in the LTD were not identifiable. 
• Longer-term testing.
• Generational studies.

Presenter Notes
Presentation Notes
When you combine these findings it suggests that not only does desalinated and polished PW pass a WET test, but it shows that at least in the cell lines evaluated, desalinated and polished PW does not lead to any significant modulation of the 6 biomarkers evaluated vs the control.

The paper really helped to address some big questions on acute and chrornic toxicitiy that would not have shown up in the WET testing but it is not the end-all, be-all paper. One area that needs additional research is the characterization of the organics fraction.

In the distillate that all 3 papers used, there was a significant fraction of closer to 97% of organics were not identified and they were not methanol. While most of these were removed via post treatment it does highlight the importance of NTA work and our next steps, which is the longer-term exposure testing of cell lines and animals to the treated and polished PW, with generational mouse studies currently in progress.

2024 Tarazona et al papers showed:
Distillate only without post treatment can still be toxic due to heavy metals, ammonia, and VOCs
Post-treatment with model treatment systems like GAC + Zeolite can remove consstituents that led to toxicity. Passes WET tests (aquatic organisms)
2025 Wijekoon et al paper showed, using same LTD effluent (and with MVR effluent):
Untreated PW led to adverse effects
Distillate did not show adverse impacts via MTT, ATP, LDH, or oxidative stress tests (nitrite, apoptosis) relative to control.
Distillate did show adverse impacts of CYP1A1 and CYP1B1 genes via AhR induction and advsere impacts on estrogen receptors, but post-treated water with GAC+zeolite showed no impact relative to control.
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Mike Hightower, NM PW RC Senior Advisor
Dr. Pei Xu, NM PW RC Research Director

Dr. Yanyan Zhang, NMSU Associate Professor – Civil Eng.
Dr. Runwei Li, NMSU Assistant Professor - Civil Eng.
Dr. Ryan Ashley – NMSU Professor – Animal Science

Dr. John Xu – NMSU Professor - Biology
Dr. Huiyao Wang - NMSU Associate Professor – Civil Eng.

Dr. Mauricio Tarazona, NMED
Senuri Wijekoon, NMSU Graduate Student

Presenter Notes
Presentation Notes
We need a group photo!
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Presentation Outline

• NM PW RC FY26 R&D Priorities and Updates

• NM Risk & Toxicity – Retrospective Primer + Updates

• Summary and Next Steps

Presenter Notes
Presentation Notes
Wanted to give an update on the FY 26 R&D priorities, which is a newer framing for us on how we’re thinking about research needed to continue to advance the field.

Will do a bit of a deepr dive into the R&T efforts into our more recent publication that I think will help start to answer this question of, where is the finish line?
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NM PW RC FY26 R&D Priorities and Updates

PW Quality and Treatment Efficacy Toxicological Assessments Fate & Transport

Impact of tPW on Ag Human/Envir. Risk Assessment Characterize Chemical Additives

Presenter Notes
Presentation Notes
We have sharpened our focus and have developed 6 main R&D priority areas for this year which for us spans July to June, so we’re still in our Q1 of the fiscal year. 

Evaluate Produced Water (PW) Quality and Treatment Efficiency using Targeted and Non-target Analysis:
Assess the performance of pretreatment, primary desalination (thermal- and membrane-based), and post-treatment processes.
In FY26, we will continue sampling the various pilots across the Permian and San Juan and analyzing the data but will be increasingly focusing the longer-term pilots to obtain data that is more representative of operation at full-scal�
#2 priority is to Conduct Toxicological Assessments of Treated PW – This effort looks at the effects of treated PW on aquatic organisms, human cells, and mammals. This is the meat of my talk today so will skip on giving updates.

#3 Study Fate and Transport of Residual Contaminants, which is an effort that assumes a worst-case scenario of PW spills or partial treatment to investigate where compounds that carry over would go.
The experimental data will be used to develop and validate a Hydrus model that can simulate different application scenarios and risk assessment for land application and potential groundwater contamination.
This effort is led by Dr. Runwei Li, Huidae Cho and KC at NMSU.
In terms of updates, Dr. Runwei Li has started to investigate baseline scenarios for BTEX transport into the soils and clays.

#4 Evaluate Impacts of Treated PW on Agricultural Irrigation –
NMSU collaborate with the TPWR to investigate the treated produced water with different salinities on plants growth (alfalfa and other three native species), soil health, and microbial communities over a nine month greenhouse study. We did not find negative impact if the water has TDS less than 1000 mg/l. Non targeted analysis of the plants and soil samples are in progress. 
Team includes Punhasa, Thiloka, Yanyan, Huiyao, Pei, Adrianne, Danielle, and Thusitha 

#5 Conduct Human Health and Environmental Risk Assessments 
Similar to #2, but goes a step further and will apply EPA tools to evaluate risks associated with PW reuse via water pathways. Tools include Exposure and Fate Assessment Screening Tool (E-FAST), Toxicity Estimation Software Tool (TEST), EPA Cheminformatics Modules
Same team as task 2 including Yanyan, John Xu, Ryan Ashley on human cell lines, mice toxicity and reproduction studies

Characterize Chemical Additive Transformation 
This effort just started so not much in terms of progress updates here but the purpose is to investigate the transformation of chemical additives for hydraulic fracturing and well treatment - including original injected chemicals, precursors, transformation products (e.g., PFAS), and structurally related compounds - using both targeted and non-targeted analyses.�
With that, pivot to R&T
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