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Topics

• Pollution in the USA -- EPA is 50 years old!
Progress for a Stronger Future”

• Development of aquatic based methods for controlling
pollution

• Plans for additional taxonomic groups to the suite of test
species

EPA Mission: “protect human health and the environment”



Historical Perspective

• 1920s
– A few scientists began to look at aquatic acute toxicity test 

endpoints, such as immobilization 

• 1930/40s  
– Advantages of aquatic species for testing are identified (size, short 

life span)
– Standard Methods Handbook included sewage & effluents



Historical Perspective

• 1950s/60s
– Biologists note striking differences between groups of organisms living 

in streams based on the absence or presence of wastewater input.
– 1st state water quality criteria (WQC) established. 
– Federal Water Pollution Control Administration (FWPCA)  WQC 

established with requirement that states adopt standards
– By late ‘60s acute toxicity tests become workhorse for determining 

toxic effects
• Studies on the effects of various organic and inorganic pesticides or other 

contaminants, which may produce abnormal early cancer or benign stage tumors 
were studied. 

• Mainly brown bullhead (Ameirus nebulos us), fathead minnows (Pimephales promelas 
), bluegill sunfish (Lepomis macrochirus), and goldfish (Carassius auratus) were used. 



Keep in Mind. . .

• Environmental pollution was not “illegal”
• Very few environmental laws; mostly about public 

sanitation
• Many of the serious effects of toxic chemicals were 

not understood
• Discharge of municipal and industrial wastes under 

few regulations, intensity of discharge unimaginable 
by today’s standards



Chemical Use Proliferated
• Developed in 1939, DDT was capable of killing hundreds 

of different kinds at once.
• DDT and other chemicals used to control of vector-borne 

diseases such as typhus, malaria
• After 1945, agricultural and commercial use of DDT 

(dichloro-diphenyl-trichloroethane) became widespread 
in the U.S. 

• DDT reasonable cost, effectiveness, persistence, and 
versatility. 
– DDT is good for me-e-e!! Good for steers, good for fruits, 

the home, dairies, row crops, industries
– Spraying fields and streets with insecticides common

DDT is good for me advertisement, 
Time, June 30, 1947. Scan by Flickr 
user Crossett Library. Creative 
Commons license CC BY-NC-SA 2.0.



Maumee River, Toledo, OH



Effluent from Paper Mill



Air Pollution, Gary, Indiana  (60s)



Fish kills occurred frequently
Photo of dead Alewives on Lake Michigan



Filamentous Algae Bloom -- Lake Erie



Acid Mine Drainage



Erosion Control
on Lake Erie



Environmental Awareness for the Masses
• In 1962, “Silent Spring” is published

– called public attention on the negative the effects of 
chemical use and discharge, a large part of US agriculture. 

– focus on losses of bird populations
– book that started the global grassroots environmental 

movement
– general impression that ecological damage a “by-product of 

progress” 

– DDT was finally banned from use in 1972 

"In nature, nothing exists alone"



Environmental Awareness
• Offshore oil spill on  Jan 28, 1969, a 

blowout in the protective casing 
around the drilling hole due to 
inadequate safety precautions taken.

• By Feb 1969, oil spill covered 800 
square miles of ocean and shore in 
Santa Barbara, CA in crude oil. 

• Worst oil spill in the nation’s history, 
until 20 years later, when the Exxon 
Valdez dumped 11 million gallons of 
crude off the coast of Alaska.
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Environmental Awareness 
• Beginning after WWII, fires fueled by industrial wastes 

discharged to the Cuyahoga River were not an unusual 
occurrence

• Cuyahoga River—On Fire June 22, 1969, another huge fire on the 
Cuyahoga – became a galvanizing event for environmental 
protection



Evolution to Earth Day
• April 22,1970: nationwide expression of the 

public support for “clean environment” 
legislation.  

• Turning point in public opinion regarding the 
importance of the environment
– Graduate student activists enlisted by Senator 

Gaylord Nelson
– 20 million americans took to the streets to 

protest.

• Paved the way for the formation of USEPA



Developments . . .

• After industrial pollution was reigned in, regulators turned to 
another major source of water quality problems: sewage 
waste 

• 70’s first use of aquatic organism toxicity tests for monitoring 
purposes

• ‘72 Federal Water Pollution Control Act Amendments of (later 
known as the Clean Water Act) 
– national policy that discharge of toxic pollutants in toxic amounts be 

prohibited



Clean Water Act required EPA 
• Set forth a national pollution program based on a discharge 

permit system to regulate all municipal and industrial 
wastewater discharges 
– under a program called the National Pollutant Discharge 

Elimination System (NPDES)
– Permits had limits for BOD, DO, pH, suspended solids, temperature 

• Assigned acceptable discharge limits based on capabilities of 
common treatment technologies
– Initial permits were “technology-based”  with

• “best practicable technology (BPT) or “best available technology” (BAT).
– Did not consider nor prevent (necessarily) effects on receiving 

stream

• Water Quality Criteria (WQC) had to be set 
– Consent Decree NRDC/USEPA for 126 priority pollutants and 

required

An engineer holds a 
flask of clean water 
made from sewage in 
1970. 
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Continuous flow systems, large volume

Long-term studies
with trout

New techniques for analyzing 
chemicals; Mass 
spectrometer-late 70s)

Early acute static tests 
conducted in pickle jars

Development of Aquatic Exposure Systems to 
Assess Environmental Effects

Transition to smaller 
systems, mini-diluters 

Cellular and molecular
techniques to predict 
whole organism toxicity 
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Chemical-Specific Criteria

• Impractical to generate sufficient data for all chemicals (100,000+)
• Water Quality Criteria may not account for all the factors that affect 

the bioavailability or toxicity of chemicals
– great number of toxic chemicals potentially  present and the 

difficulties in their analysis;
• Criteria do not consider the aggregate effect of all chemicals present 

(with or without criteria) 
– Not able to predict the effects of exposure to  combinations of 

chemicals.
• Formalized EPA’s direction to use whole effluent  toxicity (WET) as part 

of effluent permitting



Whole Effluent Toxicity (WET)
• WET is “the aggregate toxic effect of an effluent measured 

directly by a toxicity test for acute and chronic effects”

• 1st WET tests in 1976 for regulatory purposes  
– Quarterly on-site flow-through acute tests with bluegill sunfish. 
– Violation of monitoring in the permit

• 70 and early 80’s 
– Acute tests (≤96-h) were the workhouse
– Static, or static-renewal
– Flow-through tests was only on-site



Methods to Assess WET 
• Around 1981, ORD started developing methods, 

and applied the ‘new’ chronic short-term sublethal 
toxicity tests 

• 1983 to 1985, research focused on using WET 
testing to evaluate ambient toxicity testing and 
instream community assessment with 8 site
studies.
– Conducted to “validate” concept of using toxicity tests 

as an indicator of instream toxic impact effects.



Compared  the results from effluent toxicity, 
ambient toxicity, and field assessment 



Water Quality Based Toxics Control

• Effluent can “pass” the chemical limits and still be toxic.
• National Policy:  “discharge of toxic pollutants in toxic 

amounts be prohibited” uses an integrated approach:
• chemical specific controls (129 priority pollutants)
• whole effluent toxicity (WET) controls
• biological criteria/bioassessments

• These 3 controls are complementary 
– each with individual advantages and limitations
– when implemented collectively they provide the most complete 

approach for the national policy



Freshwater Marine Acute & Short-term Chronic 
Test Methods for Effluents & Ambient Waters—
Table IA 40 CFR 136.3

Method Manuals are Incorporated by reference, “Methods for Freshwater &/or Marine Acute and Short-term Chronic Tests”, cf., www.epa.gov/cwa-methods/whole-effluent-toxicity-methods

Green algae 
Selenastrum subcapitata 
96h static/one sample
Short-term Chronic Method 1003.0 
(known as Raphidocelis subcapitata)

Cladoceran
Ceriodaphnia dubia 
48 h 
Acute Method 2002.0

Fathead minnow
Pimephales promelas 
7-d, daily renewal or Teratogenicity Test 8-d
Short-term Chronic Methods 1000.0 & 1001.0

Cladocerans, 
Daphnia magna & Daphnia pulex 
48 h
Acute Method 2021.0 

Rainbow trout ~28 d old Photo by George Novak

Rainbow trout and Brown Trout 
Oncorhynchus mykiss & Salvelinus 
fontinalis 
48 or 96 h
Acute Method 2019.0

Toxicity, 
acute, fresh 
water
organisms, 
LC50, percent 
effluent

Toxicity, 
chronic, 
fresh water
organisms, 
NOEC or 
IC25, percent 
effluent

Fathead minnow, Pimephales promelas 
& the Bannerfish Shiner, Cyprinella 
leedsi 
48 or 96 h
Acute Method 2000.0

Cladoceran
Ceriodaphnia dubia 
7-d renewal, daily
Short-term Chronic Method 
1002.0

http://www.epa.gov/cwa-methods/whole-effluent-toxicity-methods


Effluent Toxicity:
Monitoring Versus Diagnosis

• Whole effluent toxicity is a terrific monitoring tool, because it 
detects every toxic chemical, if it is present in toxic amounts

• However, there is little diagnostic information; results look 
the same whether organisms are affected by ammonia, 
copper, or pesticides.

• Controlling effluent toxicity is much more straightforward if 
the cause of toxicity is known



Toxicity Identification Evaluation (TIE)

• Approach incorporates both toxicity testing and 
chemical manipulations in a logical and iterative 
process to identify the cause of toxicity. 

• TIEs are applied to lethality effects, reproduction, 
growth, etc.

• Techniques are similar for freshwater, marine, 
and estuarine.



Toxicity Identification Evaluations (TIE)

• TIE methods designed to ask the question what 
is causing toxicity in effluent or receiving water 
samples?

• Using biology and chemistry, the chemical(s) 
responsible 
– using toxicity testing and chemical manipulations in a 

logical and iterative process to characterize, identify,  
confirm the cause of toxicity.



Identified Toxicants in Effluents and 
Ambient Waters
• Pharmaceuticals
• Naphthenic acids
• Ammonia
• Polymers
• Organic halides
• Ionic imbalance: Ca+2, Mn
• Metals: Zn, Cu, Hg, Se, Ni 
• Hydrocarbons: e.g., PAHs 
• Total Dissolved Solids (i.e., 

salinity)
• Chlorine

• Surfactants
• Diazinon
• Chlorofenvinphos
• Dichlorvos
• Carbofuran
• Malathion
• Chlorpyrifos
• Biocides



Additional Methods for WET

• Initial WET test development and validation will focus on 
refining the development of assays with
– Mussel, fatmucket (Lampsilis siliquoidea)
– Cladoceran, Daphnia magna – 4-d Short Term Chronic

• Second Phase priorities set with OW and the Regions NPDES 
Coordinators
– Mayfly (Neocloeon triangulifer) Acute and Short Term Chronic (this presentation)
– Trout, 7-d growth test 
– Amphipod, Hyalella azteca, 96h acute test (survival) and short-term growth test
– Midge, Chironomus dilutus, 96 h acute test (survival) and short-term growth test



Freshwater Invertebrate, Mussel: Fatmucket,  
Lampsilis siliquoidea

• Mussels are widely distributed in North America 
and are long lived, living from two to several 
decades

• Unusual and complex mode of reproduction.  
– found in six EPA Regions (3, 4, 5, 6, 7, and 8) & Canada
– demonstrated to be among the most sensitive of 

species to 
• ammonia, chloride, sulfate, potassium, copper, nickel, and 

zinc. 

Photos courtesy of C. Barnhart

~2-month-old 
fatmucket
(~2 mm length)

Newly 
metamorphosed 
~2-d-old 
fatmucket 
(0.25-0.30 mm 
length)

ASTM mussel standard includes:
• Acute 24-h with glochidia (endpoint: viability)
• Acute 96-h with juvenile mussels (survival)
• Chronic 28-d with juvenile mussels (survival, growth)



Method Development:  Cladoceran
Daphnia magna 4-d

General Test Conditions
• Static-renewal, 4 d
• 25 ± 1°C
• Survival and growth (mean dry weight)  (required)
• ≥ 90% or greater control survival and growth 10X initial dry weight  (required)



Freshwater Invertebrate, Mayfly
Neocloeon triangulifer 

• Mayfly is found in seven EPA Regions (1, 2, 
3, 4, 5, 6, and 7) 

• Parthenogenic species
• sensitive species for several metals and 

particularly sensitive to major ions, 
including chloride and sulfate

• used in toxicity testing to support water 
quality criteria development 

Mayfly, Neocloeon triangulifer 
clone WCC-2 (Stroud WRC)

[Genus name changed from 
Centroptilum to Neocloeon]



Mayfly, Neocloeon (Centroptilum) triangulifer
(Ephemeroptera: Baetidae)

• EPA Cincinnati developed a culture and generated toxicity 
data
– Studies that measured 7-d growth and survivorship
– Species sensitivity comparisons

• Dave Soucek at Illinois Natural History Survey has been 
refining the method for effluent testing for standard 
water column whole effluent (WET) toxicity test 
procedures. 
• acute (4-d) and 
• short-term chronic (7-d)





Toms River: A Story of Science and 
Salvation

– 2013 non-fiction book by Dan Fagin
– It is about the dumping of industrial 

pollution by chemical companies 
including Ciba-Geigy, in Toms River, New 
Jersey, beginning in 1952 through the 
1980s

– Ocean dumping, well contamination,
effluents 

– Epidemiological investigations of 
a cancer cluster that subsequently 
emerged.

– Great scientific history of scientists and 
the medical and environmental 
developments
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