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58-foot all-steel retired tug boat
Research equipment
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General lab procedures/techniques

Standard Operating Procedures (SOPs)

Culturing standard model organism

Reference toxicity tests (KCl)- healthy organisms?

Lake Superior Research Institute (LSRI)



Lake Superior Research Institute- model organisms

Zooplankton- Brachionus calyciflorus

https://www.youtube.com/watch?v=FRZ64_lZf_8

Green Algae- Selenastrum capricornutum

https://www.youtube.com/watch?v=FRZ64_lZf_8


Lake Superior Research Institute- model organisms

Waterflea- Daphnia magna Waterflea- Ceriodaphnia dubia Zooplankton- Eucyckops sp

Bloodworm- Chironomus dilutusFreshwater shrimp- Hyalella Azteca Aquatic worm- Lumbriculus vatirgatus



Husbandry
SOPs
Toxicity studies

Standard/general lab procedures 
going forward established!
-especially due to Reference 
toxicity tests

Lake Superior Research Institute- Toxicity Testing



Effects of Pollutants to 
aquatic organisms

Survey of native and invasive 
plants

Freshwater Ballast Testing Facility and Other Projects

Ballast Water Treatment
• Four 50,000 gl tanks

• Follow ships and sample ballast water at ports

Chemical monitoring in fish tissue, wild rice, and 
mussels





U.S. Environmental Protection Agency (EPA) Mission: 
to protect human health and the environment

Mid-Continent Ecology Division 
(MED)- National Health and 
Environmental Effects Research 
Laboratory (Duluth, MN)

• Forecast the effects of 
pollutants on the integrity of 
watersheds and freshwater 
ecosystems

• Characterize adverse outcome 
pathways of toxic exposure at 
multiple scales and levels of 
biological organization

• Link environmental condition to 
human health and well being



1990’s - scientists proposed that certain chemicals might be disrupting the endocrine systems of humans and 

wildlife

Congress passed Food Quality Protection Act with amended the Federal Food, Drug, and Cosmetic Act and the Safe 
Drinking Water Act (1996)

What should we do? Screen pesticide chemicals for potential produced effects similar to those by the female 
hormones (estrogen) in humans and screen other chemicals for all types of endocrine effects



ToxCast™- 2007- High Throughput Assays (HTA) and Computational Tools

Expose cells and proteins to chemicals…changes in biological activity?

~1800 chemicals and ~700 HTAs

Toxicology Testing in 

the 21st Century 

(Tox21)
Collaboration between EPA, NIH, and FDA

10,000 chemicals; 50 quantitative HTAs

Effects of chemicals on cellular, molecular, 

and biochemical processes



Biologist- Student Contractor for the U.S. EPA



Graduate School- Baylor University



By 2050:

- World population reaches 9.6 bil (UN)

- 70% of all people will live in urban

areas (UN)

- Consumer product and other chemical 

use is concentrated in cities…

More People Now Live in Cities than Ever Before...

Graduate School- Baylor University



Photo Credit: https://www.statista.com

~ 20% ~ 40%



The Urban Water Cycle is the New Normal

Dallas

John Bunker Sands 
Wetland



The Urban Water Cycle is the New Normal

River base flows are increasingly dominated/dependent 

upon wastewater treatment plant discharges

Bryan W. Brooks



The Urban Water Cycle is the New Normal

River base flows are increasingly dominated/dependent 

upon wastewater treatment plant discharges

Bryan W. Brooks





Rice and Westerhoff, 2017

High Levels of endocrine pollutants in US streams during low flow due to 

insufficient wastewater dilution



Are they present in the environment?



Physiochemical characteristics- pharmaceuticals

Kow - Octanol-water partition coefficient

Water solubility

t½ - Clearance and elimination

pKa – dissociation constant, 50:50% 

neutral and ionized)

Nichols et al. 2015

Bioconcentration Factor (BCF) = [tissue] / [water]

• Exposure via water across gills

Bioaccumulation Factor (BAF) = [tissue] / [diet]

• Exposure via water and diet or all routes



Physiochemical characteristics- pharmaceuticals

Kow - Octanol-water partition coefficient

Water solubility

t½ - Clearance and elimination

pKa – dissociation constant, 50:50% 
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Bioconcentration Factor (BCF) = [tissue] / [water]

• Exposure via water across gills

Bioaccumulation Factor (BAF) = [tissue] / [diet]

• Exposure via water and diet or all routes

Diphenhydramine



Effects in organisms?



Effects in organisms?

Valenti et al. 2009



ECOdrug

2003



ECOdrug

2003



ECOdrug

2003



Bryan W. Brooks

Fitszimmons et al, 2001; Huggett et al 2003; Fick et al, 2010; Berninger et al, 2011; Brooks 2014

Cmin –minimum human therapeutic plasma dose 

PBW = Blood:Water partition coefficient

THV = Cmax / PBW

Diltiazem THV = 150 ng/l (pH: 8.3)

Based on adult rainbow trout experiments and uptake 

modeling.

Therapeutic Hazard Value (THV)

• Predicted water concentration expected to cause a 

human therapeutic level of a pharmaceutical in fish 

plasma

Physiochemical Properties:

M.W. = 414.518

log Kow = 2.73 - 4.73

pKa = 8.18-8.94

VD = ~305 L (humans)

T1/2 = 3.0-4.5 hrs (humans)

Cmin-max = 0.03 and 0.13 ng/ml

Fish plasma modeling



Antidepressant uptake, CNS binding, anxiety behavior

Sertraline (g/L)
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high blood pressure medication

Heart medication global occurrence?



Read across- mammals to fish?



 

Pump 

Diverter 

Pump 

Diverter 

Pump 

Diverter 

Pump 

Diverter 

Waste Drain  

Manual flow control valve 

Exposure water return 

Diverter 

Switchable flow diverter to direct water 

flow either up to exposure tanks or out 

to waste during renewals 

Fish Exposure Tank 

Reservior Tank 

Nichols et al, 2015; Incardona et al, 2004; 2011

Exposure across multiple life stages



Bryan W. Brooks

ViewPoint
Behavior

U.S. EPA standard toxicity studies





Videomicroscopy

Bryan W. Brooks

Incardona et al, 2004; 2011

Contractility/Fractional Shortening
• (end-diastolic diameter) − (end-systolic diameter) / (end 

diastolic diameter)*100

Chamber volume (prolate spheroid)
• 4/3π x a x b2

Stroke volume
• end-diastolic volume − end-systolic volume

Ejection fraction
• stroke volume/end-diastolic volume



Control



Effects on swimming performance at human 

therapeutic levels?



Many people to thank…Questions?

Society of Environmental Toxicology and Chemistry Annual Meeting


