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ABSTRACT 

The Water Environment Federation recently issued a special publication, Biomonitoring in the Water 
Environment. In this paper, we highlight the contents of the chapter 3, Biomonitoring Test Procedures, 
identify current trends in test procedures and introduce the concept of biological criteria (biocriteria). The book 
chapter (and this paper) focuses on freshwater and marine chronic and acute toxicity tests used in the 
National Pollutant Discharge Elimination System (NPDES) permits program to identify effluents and receiving 
waters containing toxic materials in acutely or chronically toxic concentrations. 

b 

The goal of wholeeffluent toxicity (WET) testing IS to simulate an effluent‘s effect on the receiving water body. 
tt is important to note that an adverse (toxic) effect observed under laboratory conditions indicates only a 
potential for an adverse effect on the receiving water body. Although laboratory simulations (that is, toxicity 
tests) may be the most practical indicators of potential risk, they are not definitive or absolute for predicting 
actual effects. 

The two major categories of toxicity tests include acute tests and chronic tests.The USEPA chronic tests 
required in NPDES permits have been shortened to 7 days by focusing on the most sensitive lifecycle stages: 
these tests are often referred to as short-term chronic tests. The type of test@) required depend on NPDES 
permit requirements, objectives of the test, available resources, requirements of the test organisms, and 
effluent characteristics such as variability in flow or toxicity. The permit writer will determine the requirements 
for toxicity test@) by considering such factors as dilution, effluent variability, and exposure variability. Whether 
the required test is acute or chronic, the objective of the test is to estimate the “safe” or “no effect” 
concentration which is defined as the concentration which will permit normal propagation of fish and other 
aquatic life in the receiving waters. In this paper, we review the types of toxicity tests, the commonly used test 
organisms, and the uses of toxicity test data. In addition, we briefly describe research on new methods and 
the use of biological criteria. 
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INTRODUCTION 

The Water Environment Federation recently issued a special publication, Biornonitoring in the Water 
Environment (WEF 1997). In this paper, we highlight the contents of the chapter 3, Biomonitoring Test 
Procedures (Lipschultz et ai. 1997), identify current trends in test procedures and introduce the concept of 
biological criteria (biocriteria). The book chapter (and this paper) focuses on freshwater and marine chronic 
and acute toxicity tests used in the National Pollutant Discharge Elimination System (NPDES) permits program 
to identify effluents and receiving waters containing toxic materials in acutely or chronically toxic 
concentrations. The U. S. Environmental Protection Agency (USEPA) toxicity testing manuals provide 
complete details on the (1) types of tests, (2) health and safety, (3) quality assurance, (4) facilities and 
equipment, (5) test organisms, (6) dilution water, (7) sampling and sample handling, (8) test procedures, (9) 
data analysis, and (10) report preparation. Here, the types of tests, test organisms, and general test 
procedures will be described with references to the appropriate USEPA manuals. 
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DISCLAIMER 



Many terms have been used over the years to describe toxicity tests performed for NPDES compliance: 
bioassays, toxicity tests, biomonitoring, and most recently whole effluent toxicity (WET) tests. In this paper, 
the term toxicity test or WET test will be used to describe the biomonitoring tests used for NPDES compliance. 
The goal of whole-effluent toxicity (WET) testing is to simulate an effluent‘s effect on the receiving water body. 
It is important to note that an adverse (toxic) effect observed under laboratory conditions indicates only a 
potential for an adverse effect on the receiving water body. Although laboratory simulations (that is, toxicity 
tests) may be the most practical indicators of potential risk, they are not definitive or absolute for predicting 
actual effects. Certain types of pollution. (e.g., phosphorus) can cause stimulatory effects, including increased 
cellular growth rates within algae or other plant life. While the initial stimulatory effects may not appear to 
create a situation that is detrimental to the receiving body, the long-term effects of large algal blooms may lead 
to eutrophication or complete loss of aquatic life. 

There are a number of factors that prohibit laboratory toxicity tests from being more absolute in their predictrve 
power, including the inherent variability ofbiological systems. Two organisms of identical characteristics, such 
as age and species, may respond differently when exposed to the same contaminant at the same 
concentration under identical conditions. Reduction of this variability factor and other causes of variability will 
be addressed. To summarize, toxicity testing is an analytical tool used to predict the level of risk associated 
with a wastewater discharge on a receiving water. As a tool used to estimate risk, it is useful indeed. 

TYPES OF TESTS 

The two major categories of toxicity tests include acute tests and chronic tests. An acute test lasts 96 hours 
or less and mortality is the measured endpoint. A chronic test is a long-term test in which sublethal effects, 
such as growth and reproduction, are usually measured, in addition to mortality. The USEPA chronic tests 
required in NPDES permits have been shortened to 7 days by focusing on the most sensitive lifecycle stages; 
these tests are often referred to as short-term chronic tests. The type of test@) required depend on NPDES 
permit requirements, objectives of the test, available resources, requirements of the test organisms, and 
effluent characteristics such as variability in flow or toxicity. The permit writer will determine the requirements 
for toxicity test@) by considering such factors as (1) dilution, (2) effluent variability, (3) exposure variability, 
(4) species sensitivity, (5) type of industry or Publicly Owned Treatment Works (POTW), (6) existing data on 
toxic pollutants, and (7) type of receiving water and designated uses (USEPA 1991). Whether the required 
test is acute or chronic, the objective of the test is to estimate the “safe” or “no effect” concentration which is 
defined as the concentration which will permit normal propagation of fish and other aquatic life in the receiving 
waters (USEPA 1994a). 

Acute Tests 

The goal of the acute test is to determine if an effluent contains toxic materials in acutely toxic concentrations. 
Acute WET tests are typically designed so that the concentration of effluent that is lethal to 50% of the test 
organisms (LC50) in a prescribed time period can be determined. Results of acute tests which use mortality 
as an endpoint may be used to design future toxicity testing protocols (including using chronic test 
procedures). Historically, acute tests were the criteria for regulatory determinations. Acute tests are being 
replaced by similar tests that provide chronic data using more sensitive life stages or species. Welldesigned 
and -analyzed acute tests are still used to proviae lethal concentration (LC) data for use in particular regulatory 
criteria (Toxic Substance Control Act [TSCA], manufacturer‘s specifications data sheets, new product effects 
data, and NPDES permits) and in scientific research because such tests can be more cost effective, given 
limited budgets. However, some acute tests are also used for screening purposes as they are useful for 
deciding which types of chronic tests could be used and determining which sample locations are potentially 
toxic (USEPA 1993; WEF 1993; and ASTM 1993). 

Chronic Tests 

The goal of the chronic test is to determine if an effluent contains toxic materials in chronically toxic 
concentrations. In addition to mortality. chronic tests can help identify more specific long-term effects on the 



test organisms such as reduced fertilization, reproduction, growth, teratogenicity (ability to cause 
developmental deformities), hatchability, and algal cell growth stimulation. The endpoints of the chronic tests 
can be more sensitive because younger life stages of the test organisms often grow, develop, reproduce and 
five out a significant portion of their lives in the particular test system. 

The objective of most chronic tests is to determine the highest concentration of a series of effluent dilutions 
that will have no effect on the organisms in the receiving water. This information can be used to predict 
whether normal dilution of the effluent by the receiving water will eliminate the toxic effects that are seen in 
the undiluted effluent. Because of the multiple parameters that are monitored during chronic tests, more 
complicated statistical analysis of data is required. 

The types of effects that are monitored during chronic tests vary with the type of test. Endpoints from chronic 
toxicity tests include the no observed effective concentration (NOEC), lowest observed effective concentration 
(LOEC), the chronic value (ChV), the maximum acceptable toxicant concentration (MATC), effective 
concentration (EC), and inhibition concentration (IC). Definitions of these terms and their statistical derivations 
can be found in the chronic test data analysis section in Chapter 4 and glossary of WEF (1 997). 

Reference Toxicity Tests 

In addition to chemical and instrumental quality control, reference toxicant tests are run to determine the 
sensitivity of the batch of organisms being tested and to evaluate the test procedure. Test organisms are 
exposed to various concentrations of USEPA-approved reference toxicants. These reference toxicants 
include sodium chloride, potassium chloride, cadmium chloride, copper sulfate, sodium dodecyl sulfate, and 
potassium dichromate. The degree of the organism’s response to various concentrations of the reference 
toxicant is measured and compared to acceptable ranges. If the organisms respond outside of the acceptable 
ranges, the test organisms are considered either too sensitive or not sensitive enough to be used in the 
toxicity tests. For each type of test there may be other particular criteria that must be met for the test to be 
considered valid. 

TEST ORGANISMS 

The type of test and the specific species to be used are specified in the NPDES permit and are typically those 
listed in Table 1. Many other species have been and can be used for toxicity testing in applications outside 
of NPDES permits. The most common freshwater test organisms are the fathead minnow (Pimephales 
promelas; Fig. l ) ,  cladocerans or water fleas (Ceriodaphnia dubia [Fig. 21 and Daphnia magna), and 
freshwater alga (Selenastrum capricornutum). The most common marine test organisms are the sheepshead 
minnow (Cyprinodon variegatus; Fig. l), inland silverside (Menidia berylha; Fig. I), mysid shrimp (Mysidopsis 
bahia; Fig. 2), and marine alga (Champia pamula). Alternate species may be used for NPDES compliance only 
after petitioning the USEPA and providing supporting data regarding tests performed on the alternate species. 

The USEPA recommends a minimum number of three species representing three different phyla (e.g. a fish, 
an invertebrate, and a plant) (USEPA 1991) be used for WET tests in NPDES permits. However, most 
commonly only two species are required although this will depend on how well the effluent has been 
characterized, the available receiving water dilution, the use classification and existing uses of the receiving 
water, as well as other considerations (USEPA 1991). Approved organisms for toxicity tests should be 
cultured in-house or purchased from a commercial supplier. Collecting organisms from the receiving water 
is generally not recommended (USEPA 1994a, 1994b). 

Almost all wastewaters generated in inland areas are discharged to freshwater streams and lakes. The 
biology of plants and animals living in fresh water, where salt concentrations are low, is often different from 
that of marine life. Therefore, toxicity tests of effluents discharged in these areas must use freshwater life 
forms as the target organisms when determining whether toxic substances are present. Freshwater test 
species are generally used when the receiving body of water contains less than 1 part per thousand (ppt) 
salinity, regardless of the salinity of the effluent. Receiving waters are considered saline if they contain greater 



Table 1. Common acute and chronic toxicity test organisms and test endpoints 
used for National Pollutant Discharge Elimination System permit compliance. 

Species/ Test Duration Test Endpoints 
Common Name 

Fresh water 

Acute 

Ceriodaphnia dubia 24,48, or 96 h Mortality 
Cladoceran 

Daphnia Pulex, D. magna 
Cladoceran 

24, 48, or 96 h Mortality 

Pimephales promelas 24,48, or 96 h Mortality 
Fathead minnow 

Oncorh ynchus mykiss 24,48, or 96 h Mortality 
Rainbow trout 

Salvelinus fontinalis 24,48, or 96 h Mortality 
Brook trout 

Ceriodaphnia dubia 
Cladoceran 

Pimephales promelas 
Fathead minnow 

Pimephales promelas 
Fathead minnow 

Chronic 

Approximately 7 days (until 
60% of control animals have 3 
broods) 

7 days 

7-9 days 

~~~~ 

Selenastrum capricornutum 96 h 
Freshwater alga 

Marine 

Survival, reproduction P 
Growth, suwival 

Embryo-larval survival, 
percent hatch, percent 
abnormality 

Growth 

i 

Acute 

Mysidopsis bahia 24,48, or 96 h Mortality 
Mysid shrimp 

Cyprinodon vanegatus 24,48, or 96 h Mortality 
Sheepshead minnow 



Table 1. Continued 
~~ 

Menidia beryliina, M. menidia, 
M. peninsulae 
Inland, Atlantic, and Tidewater 
Si Ive rs ide 

24, 48, or 96 h Mortality 

Chronic I 
Arbacia punctulata 
Sea urchin 

I 1.5 h Fertilization 

~ - 

Charnpia parvula 7-9 d Fertilization (cystocarp 
Red macroalga production) 

Mysidopsis bahia 7 d  Growth, survival, 
Mysid shrimp reproduction 

Cypnnodon vanegatus 7 d  Growth, survival 
Sheepshead minnow 

Cypnnodon variegatus 7-9 d Embryo-larval survival, 
Sheepshead minnow percent hatch, percent 

abnormality 

Menidia beryllina 7 d  Growth, survival 
Inland silverside 



Piinephdes prriineias 
(Fathead minnow 1;u.v;lt: 

Cvprinocion va rie g u tiis 
(Sheepshead minnow) larvae 

:Men d i u  be I ~ i l i i ~ ~  
(Inland silverside) adult 

Figure 1. Three fish commonly used for toxicity tests: fathead minnows are used for freshwater toxicity tests; 
sheepshead minnow and inland sliverside are used for marine toxicity tests (modified from USEPA 1993). 



I I  
Ceriodaphniu dubiu 

\ 
hlysidopsis bahiu 

Figure 2. Two invertebrates commonly used for toxicity test: Cerrodaphnra dubia are used for freshwater 
toxiciw tests: Mysrdo~sis bahra are used for marine toxicity tests (modified from USEPA 1993). 



than 5 ppt salinity. Where the salinity of the receiving water is greater than or equal to 1 ppt, the choice of 
organism depends on state water quality standards and/or permit requirements. Exceptions to this guidance 
includes Florida, where marine species must be used when effluent salinity is greater than 1 ppt. 

TEST PROCEDURES 

Sample Procurement and Holding 

The sample collection site and type of sample (grab or composite) is specified in the NPDES permit and may 
not be the same type collected for other compliance data (e.g. metals). Any changes in the sample location, 
whether temporary or permanent, must have the approval of the regulating agency. Proper sample collection 
and handling is an essential aspect of all toxicity tests. The goal of the sample collection process is to obtain 
a sample that reflects the water quality as closely as possible. According to the USEPA (1991), "The use of 
a grab sample or a composite sample is based upon the objectives of the test and an understanding of the 
long-term operations and schedules of the discharger." 

Chemicals in the effluent sample may degrade during collection or holding. Both false-positive and false- 
negative results can occur if sample collection is performed incorrectly. Examples of causes of artifactual 
toxicity (false positives) caused by sampling include improperly cleaned sample containers, containers for 
storage methods that permit the unintentional introduction of toxicants, or unclean sample compositors. Both 
chemical and biological cleanliness is important. If bacterial or viral contamination is introduced, it can weaken 
or kill the test organisms. Biological contamination can be difficult to detect. False-negative results (a toxic 
sample losing its toxicity prior to testing) can be caused by improper sample collection temperatures, 
excessive holding times, improper choice of sample container material (glass can absorb metals, and plastics 
can absorb pesticides), or excessive shaking of the sample, causing loss of volatile chemicals. 

Toxicity tests may be conducted at the discharging facility or at a qualified contract laboratory. Many states 
have biomonitoring laboratory certification programs, but there is not a national certification program. Contract 
laboratories are required to provide information to their clients regarding their performance on quality 
assurance samples, such as the Discharge Monitoring Report Quality Assurance program sponsored by the 
USEPA. Advantages to conducting tests in-house include better scheduling of tests, minimizing the 
degradation over time of unstable or volatile toxicants, and the ability to repeat tests or run modified versions 
of test protocols for research purposes. Cost comparison of in-house versus contract laboratory testing is also 
an important consideration. 

Toxicity Tests 

When performing WET tests for NPDES compliance, the appropriate USEPA manual(s) cited in the book 
(WEF 1997) provides complete details of each test procedures. Some of the procedures common to all of 
these toxicity tests are provided below. Toxicity tests conducted for other purposes (e.g., research and 
development) may use alternative, but in many cases, similar, procedures found elsewhere (e.g., Hoffman 
et al. 1995, ASTM 1993, Burton 1992, Clesceri et al. 1989). 

Test set-uD. Aliquots of the samples are removed from refrigerated holding and allowed to slowly warm to 
the test temperature. All samples, controls, and reference toxicant test solutions must be at the correct test 
temperatures before initiating the test and when renewing the solutions. The remainder of the sample must 
be held at 4OC. Sample temperature, dissolved oxygen, pH, and chlorine are recorded before adding the test 
organisms. Throughout the testing procedures, the temperature must be maintained within +l0C of the test 
protocol. 

At the end of each 24-hour period, the dissolved oxygen, pH, and temperature of the test solutions are 
recorded. Each time the solutions are renewed, the same measurements should be recorded. Additional 
monitoring of the conductivity, alkalinity, hardness, and ammonia are also required in the test protocols. Small 
amounts of chlorine can be toxic. Chlorine can be removed from the sample before testing only if specified 



in the NPDES permit. Sodium sulfite or sodium thiosulfate can be used for chlorine removal. 

Dilution Water. The type of water that is to be used for diluting samples is specified in the NPDES permit. 
Sources of dilution water include synthetic, receiving water, or other nontoxic surface water (marine or fresh). 
If the objective of the test is to estimate the acute toxicity of the effluent, synthetic dilution water is used. If 
the objective of the test is to estimate the acute toxicity of the effluent in uncontaminated receiving water, 
synthetic water, receiving water, or nontoxic ground water may be used. For tests with objectives of 
determining the additive effects of the discharge on already contaminated surface water, receiving water 
collected upstream of the outfall is used for dilutions. 

Synthetic water is made from ultra purified water (1 8 megaohm) to which reagent grade chemicals are added 
to the appropriate hardness or salinity. Synthetic freshwater may also be prepared using ultra purified water 
mixed with commercially available mineral water (e.g. Perrier water) and synthetic seawater may be prepared 
by adding commercial sea salts. Dilution waters for freshwater tests are classified by their hardness and 
range in hardness from very soft (10 to 13 mg/L CaCO,) to very hard (280 to 320 mg/L C a w  ). The 
hardness or salinity of synthetic dilution waters should mimic the receiving water. Chemical parameters of 
nonsynthetic dilution waters should also be similar to the effluents being tested. Dilution water should not be 
toxic. If reduced survival occurs in control animals, the water should be discarded, and the test should be 
reinitiated with a fresh supply, or an alternative source should be used. 

Oraanism loading. Care must be taken when adding organisms to the test solutions so that they are not 
injured during the transfer from holding containers or tanks to the test chambers. When adding the test 
organisms, a minimal volume of holding water should be transferred. Excessive addition of holding water that 
contains the organisms will dilute the samples and thereby decrease the concentration of constituents in the 
test solution. Test chamber size and sample volumes are specified for each test (USEPA 1993, 1994a, and 
1994b). Overcrowding of organisms in the test chambers can cause added stress to the test organisms. 
Organisms should be randomly placed in the test chamber to ensure minimal bias caused by differences in 
animal care and stress during holding. Tests are run in duplicate with equal numbers of test organisms in 
each chamber. Replicate test chambers should respond similarly. If animals in the replicate test chambers 
do not respond to the effluent in the same manner, glassware cleanliness or other differential adverse 
treatment should be investigated. 

Feedina durina testing. Test organisms are fed during most of the tests. In acute tests, this is usually 
performed 2 hours before test solution renewal. Research has shown that certain toxic effects can be either 
reduced or enhanced by foods used during biomonitoring tests (e.g., Winner 1989). Specific foods and 
amounts to be added are described in the USEPA manuals (USEPA 1993, 1994a, 19946). 

Monitorina the tests and recordina data. As much data as possible on the animals' responses to the effluent 
should be gathered. Highquality data recording is necessary so that data reviewed at a later date will present 
an accurate picture of the test results. Instruments used for monitoring should be calibrated and documented 
with normal quality control procedures being followed. It is important to monitor closely the health and 
behavior of the organisms during testing, such as surfacing, erratic swimming, or other visible signs of stress. 
This will enable the analyst to help identify effects that may or may not be related to the water quality. Bench 
sheets should be designed so that each test chamber's biological and chemical data can be recorded. 
Temperature, dissolved oxygen, and pH should be measured while the animals are in the test solutions rather 
than removing an aliquot and taking the measurement from them. The date and time of each monitoring as 
well as dates and times of samples that can be run at a later date (conductivity, alkalinity, hardness, and 
ammonia) should also be recorded. Bench sheets should be complete enough to be used in legal matters. 

Research on New Freshwater Toxicity Test Methods 

In addition to the acute and chronic tests outlined above, new methods are continuously being tested to 
provide accurate and reproducible aquatic toxicity information. Many new methods are designed to provide 
more rapid, less expensive toxicity information Although not yet suitable for most regulatory purposes, these 



rapid assessment tests are potentially valuable for screening toxicity in large numbers of samples or to provide 
less costly ways to help identify toxicants. Some these methods will be briefly discussed and include using 
bacteria to screen for metals or determine enzyme inhibition, using fluorescent dye to determine acute toxicity 
to a freshwater invertebrate, and a 2 d  test with rotifers. Sediment toxicity tests (liquid-phase and solid phase) 
will also briefly be discussed. 

Applications of Test Results 

ApDlication in reaulatow Dermits. Many government agencies worldwide have begun incorporating toxicity 
testing or biomonitoring requirements into a regulatory permitting process. The goal of this process is to 
detect and eliminate toxicity from the aquatic environment. Biomonitoring techniques have been applied to 
both point and nonpoint sources of pollution. Although details for the permit process vary among jurisdictions, 
permit requirements generally include the following elements: 

0 Which species should be used as test organisms? 
Should tests be acute or chronic? 
How frequently should tests be performed? 
What type of samples should be tested? 
What constitutes significant toxicity? . 

0 

0 

0 Are there site-unique requirements? 

Application in water aualitv criteria. A wise decision-making process in water pollution control requires a 
knowledge of what levels of a given chemical are likely to cause adverse effects on the aquatic environment. 
Most water quality criteria used in this process have been developed by assembling all available toxicity test 
information, sorting out tests performed under similar conditions with good quality control, and finding a “safe” 
level that will protect most of the species potentially exposed to the chemical. Toxicity test data has played 
an important role in this process. 

Criteria have been developed using well-defined, chemically simple dilution water because more 
reproducible test results are obtained. However, site-specific factors in more complex receiving waters (for 
example, higher organic carbon or complex buffer systems) may alter the actual toxicity of chemicals at these 
sites. Site-specific factors are probably more important in freshwater systems than in marine or estuarine 
waters because freshwater characteristics are more highly variable. Toxicity test data is increasingly 
important in developing site-specific criteria for use in the decision-making process. 

BlOCRlTERlA 

In 1990, the USEPA published the document “Biological Criteria, National Program Guidance for Surface 
Waters” (USEPA 1990). This document provides guidance to States for the development and implementation 
of narrative biological criteria. Such criteria are developed based on the assumption that impacted surface 
waters may contain impaired aquatic communities. Narrative biological criteria are statements of condition or 
attainable goals for a given use designation (e.g., “A natural variety of aquatic life shall be present and all 
functional groups well represented”). Numeric criteria are numerical indices that describe the attainable 
community attributes for different designated uses and may be based on such parameters as species richness 
or the presence or absence of indicator organisms. The implementation of biocriteria requires: 

0 Selection of unimpaired (minimal impact) surface waters to use as the reference condition 

Measurement of the structure and function of aquatic communities in reference surface 

Establishment of a protocol to compare the biocriteria to biota in impacted waters to 

for each designated use; 

waters to establish biocriteria; 

determine whether impairment has occurred. 

0 

. 
Many States have some biological survey programs and it is expected that most States will eventually 
implement narrative biocriteria. 
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