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1   Introduction 

Background 

Smokes and obscurants and riot-control agents constitute a diverse group of 
chemical compounds that are released into the environment during military 
training exercises. There is concern that the use of these compounds may have 
adverse effects on threatened and endangered (T&E) species that reside on military 
reservations. To evaluate if smokes and obscurants or riot-control agents present 
a hazard to T&E species, the appropriate data must be collected. These data must 
be adequate to evaluate both direct ecological effects (effects to T&E species that 
result from direct exposure to smokes or smoke residues) and indirect ecological 
effects (effects on T&E species that result from effects of smokes and obscurants on 
habitats of T&E species or on species on which T&E species depend). 

Objectives 

The objectives of this report are to: 

1. identify the types of data that are needed to evaluate risks that smokes and 
obscurants present to T&E species 

2. present an approach for the selection of appropriate sampling methods 
3. summarize available and appropriate methods 
4. outline how data generated by these methods should be used to evaluate if 

smokes and obscurants actually present a risk to T&E species. 

Approach 

T&E species that may occur on military reservations include birds, mammals, 
reptiles, amphibians, aquatic and terrestrial invertebrates, fish, and plants. Data 
collection methods discussed in this report were derived from the literature and 
represent a range of those methods that may be used for specific groups of species 
or habitats. When preparing to collect data to perform a risk assessment for a 
particular T&E species, the actual methods used will depend on the life history 
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characteristics ofthat species and the characteristics of the area and habitats in 
which risks are being assessed. To ensure the appropriate data for risk assessment 
are collected and the most appropriate methods for the T&E species of interest are 
used, both persons knowledgeable about the T&E species of interest and those with 
experience in ecological risk assessment should be involved with or consulted during 
the development and implementation of any ecological risk assessment sampling 

plan for T&E species. 

Mode of Technology Transfer 

Information derived from this study will be reported to the Strategic Environmental 
Research and Development Program (SERDP) advisory group. This information 
will be incorporated into development of a risk assessment framework for natural 
resources on military lands. This report will be distributed to major military 
commands and to installations where smokes and obscurants (or riot-control agents) 
are used and endangered, threatened, or candidate species are known to occur or 
may be present. This information will assist assessment of potential impacts of 
smokes, obscurants, and riot-control agents on T&E species at military installa- 

tions. 
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2   Ecological Risk Assessment 

Ecological risk assessment (ERA) is a process that evaluates the likelihood and 
magnitude of adverse ecological effects that may occur or are occurring as a result 
of exposure to one or more Stressors (EPA 1992a). For there to be an ecological risk, 
four elements must be present: a source of contamination (e.g., smokes and 
obscurants), a migration pathway for the contaminant to get from the source to the 
receptor (e.g., air, water, soil, and food), a receptor (e.g., T&E plants and animals), 
and an exposure route (e.g., ingestion, inhalation, and dermal contact). If any one 
of these components is not present, there is no ecological risk. Both chemical 
contaminants and nonchemical Stressors such as habitat modification are evaluated 
in an ERA. 

All ecological risk assessments should follow the standard paradigm outlined in the 
Framework for Ecological Risk Assessment (EPA 1992a). Under this paradigm, an 
ERA consists of four components: problem formulation, exposure assessment, effects 
assessment, and risk characterization. 

In the problem formulation phase of an ERA, the goals, breadth, and focus of the 
assessment are established. To do this, the abiotic and biotic segments of the 
contaminated environment are described, the spatial extent of the problem is 
defined, chemicals responsible for the contamination are identified, endpoints 
appropriate to evaluate ecological effects of contamination are selected, and 
conceptual models are developed that describe pathways by which the contaminants 
move through the abiotic and biotic environment, expose plants and animals, and 
induce effects. 

In the exposure assessment, the transport and transformation of contaminants and 
their contact with endpoint species are evaluated. Pathways by which plants and 
animals are exposed to contaminants are identified and quantified. 

The purpose of the effects assessment is to qualitatively and quantitatively assess 
the relationship between contaminant exposure and effects on plants, animals, and 
ecosystems. Potential effects may be either direct or indirect. Effects of contami- 
nants on plants and animals are evaluated using a combination of biological survey 
data, conventional toxicity data, and ambient media toxicity test data. 
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The final step in performing an ERA is risk characterization. In this phase, data 
from the exposure and effects assessments are combined to characterize the risks 
to assessment endpoints. In addition, assumptions, results, strengths, and 
weaknesses of analyses and associated uncertainties are summarized and 
explained. Risk characterization combines information concerning exposure to 
contaminants with information concerning effects of contaminants to estimate risks. 
Risk characterization for ERAs is performed by weight of evidence (EPA 1992a). 
That is, rather than simply modeling risks, ecological risk assessors examine all 
available data from chemical analyses, toxicity tests, biological surveys, and 
bioindicators to estimate the likelihood that significant effects are occurring or will 
occur and to describe the nature, magnitude, and extent of effects on the designated 
assessment endpoints. Chapter 9 describes an approach for estimating risks based 
on individual lines of evidence combined through a process of weighing. 

A tiered or phased approach for ERA is recommended as suggested by other authors 
(Suter 1993; Wentsel et al. 1994). Wentsel et al. discuss a three-tiered approach 
that provides procedural guidelines for ERAs at contaminated Army sites targeted 
for cleanup. These phases would be relevant for other ERAs as well. 

The purpose of a tiered approach is so the necessary work may be done to 
characterize the risk to an ecological system with an acceptable degree of 
uncertainty. Each tier includes phases for problem formulation, analysis, and risk 
characterization. Data collected in the analysis phase of each tier are evaluated, 
and a decision is made concerning the potential for risk to occur; then a decision is 
made whether to test at a higher tier. Each tier is more extensive and complex than 
the preceding one, requires more manpower, and is more costly. The assessment 
should not proceed if no risk is apparent or if the risk is sufficiently great that 

action is warranted immediately. 

Tier 1 involves a literature study primarily, but also includes historical site 
information, existing field data, literature and output from fate and effects models, 
and previous field surveys of T&E or other relevant species. Measurement 
endpoints rely on available data with conservative assumptions that infer protection 
for assessment endpoints. These data may be used to develop preliminary hazard 

indices or risk quotients. 

Tier 2 addresses site-specific issues, limiting reliance on values from literature. 
This may include more models, laboratory tests, or limited field studies to address 
data gaps in exposure or ecological effects, and use more sophisticated analyses to 
develop more rigorous hazard indices.  Measurement endpoints should be more 
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complex, based on specific laboratory or filed studies that address data gaps 
identified in Tier 1. 

Tier 3 involves increased complexity, combining site-specific field observations with 
laboratory and field data to refine exposure and ecological effects characterization. 
Studies may include population- and ecosystem-level complexity and continue over 
a longer term. Uncertainty associated with measurement endpoints is reduced. 

Each tier incorporates the same steps of evaluation but with increasing specificity. 
Measurement endpoints will change with each tier, but the assessment endpoints 
apply to each tier. 

It should be noted that, while ERA for T&E and non-T&E species are essentially 
identical, the level of biological organization that is sought to be protected differs 
dramatically between the two assessments. Risk assessments for T&E species are 
a more conservative subset of those performed for non-T&E species. For non-T&E 
species, the purpose of the risk assessment is to protect populations. A level of 
effect is identified at the outset of the assessment (e.g., a 5, 10, or 20 percent 
reduction in abundance or reproduction of the endpoint species) that is taken to be 
representative of an adverse effect on the population of the endpoint species. The 
focus of all subsequent data collection is to determine if the population is affected 
by the contaminant or other Stressor. 

T&E species, by definition, have limited populations. Because of their limited 
population size, the loss of any individual could have a serious adverse impact on 
the continued survival of the population and possibly of the entire species. 
Therefore, an ERA for T&E species focuses on adverse effects on the individual. 
Any adverse effect that could affect survival or reproduction that is identified for an 
individual may be a serious concern. 
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3   Data Needs for Ecological Risk 
Assessment 

Ecological risk assessment uses both field and laboratory studies to quantify the 
nature and magnitude of effects. As in human health risk assessment, ERA for 
T&E species is limited by legal and ethical considerations that preclude investiga- 
tions that could result in mortality or other adverse impacts to T&E species. 
However, surrogate species ecologically or taxonomically similar to the T&E species 
of interest may be used to approximate effects expected on the T&E species. 

Effects of smokes and obscurants on T&E plants and animals may be evaluated 
using a combination of literature-based toxicity data, biological survey data, and 
ambient media toxicity test data. These data serve to qualitatively and quantita- 
tively assess the relationship between contaminant exposure and direct or indirect 
effects. Direct effects are lethal and sublethal effects to an individual organism 
resulting from exposure to a contaminant. Examples of direct effects include mor- 
tality, reproductive failure, and reduced growth. Indirect effects are contaminant- 
induced changes in a species' environment, including altered food availability, 
interspecies interaction (e.g., competition and predation), and habitat quality and 
quantity. The primary use of literature-based toxicity data and ambient media 
toxicity tests is to evaluate direct effects to the endpoint species. These data may 
also be used to evaluate effects to prey species that may result in an indirect effect 
on the endpoint species. In contrast, biological survey data may be used to evaluate 
both direct and indirect effects. 

Literature-based Toxicity Data 

Literature-based toxicity data are results of toxicity tests conducted in the 
laboratory on individual chemicals. These data are published as values in the 
literature or databases and include measures of acutely lethal toxicity and chronic 
lethal and nonlethal toxic effects on individual organisms. These data may then be 
used to derive toxicological benchmarks that represent levels of contaminants 
believed to have no adverse effects on endpoint species. Methods for the develop- 
ment of benchmarks and benchmark values for selected contaminants are available 
for aquatic biota (Suter and Mabrey 1994), sediment-associated biota (Hull and 
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Suter 1994), wildlife (Opresko et al. 1994), plants (Will and Suter 1994a), and soil 
invertebrates and soil processes (Will and Suter 1994b). 

In practice, literature-based toxicity data are compared with estimates of 
contaminant exposure for endpoint species. If exposure exceeds the toxicity value, 
a hazard may exist. To evaluate exposure of T&E species to smokes and obscu- 
rants, data must be obtained on the spatial distribution and magnitude of residues 
in media to which T&E species may be exposed. Because aquatic, sediment, and 
soil associated biota are exposed primarily through one medium, the residue 
concentrations in water, sediment, and soil may be used as simple exposure 
estimates for these species. 

Exposure estimation for birds, mammals, reptiles, and amphibians is more 
complicated because these taxa may be exposed through multiple routes: orally (i.e., 
food, water, and soil ingestion), dermally (absorption through skin), and through 
inhalation (an obvious concern for smokes and obscurants). Generalized models to 
estimate oral contaminant exposure for wildlife are presented by Sample and Suter 
(1994). Methods for estimating dermal and inhalation exposure by wildlife are 
poorly defined; however, a general discussion may be found in EPA (1993a). 

A significant limitation to the use of literature-based toxicity data to evaluate risks 
from smokes and obscurants is the limited availability of published toxicity data. 
Although exposure estimates may be generated for any T&E species, the estimates 
are of little value if no toxicity values exist with which to compare. 

Biological Survey Data 

Biological survey data consist of counts of the abundance, diversity, distribution, 
and condition of plants, animals, or their habitats. These data provide a measure 
of the health, abundance, and distribution of T&E species, surrogate species, and 
prey species. Survey data may also be used to evaluate the availability, quality, and 
distribution of habitat for T&E species. Biological survey data provide a reality 
check on the other lines of evidence. For example, if media toxicity tests or 
literature-based toxicity values suggest that toxic effects should be occurring, but 
biological survey data show healthy organisms and abundant populations in smoke- 
exposed areas, validity of the other two lines of evidence should be reevaluated. 

Biological survey data are critical in the evaluation of risks to T&E species. 
Surveys may be used to determine if exposure will occur. For example, areas 
containing populations of T&E species or their critical habitat can be identified and 
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compared with areas where smokes and obscurants are used. If these areas do not 
overlap and are mutually exclusive, exposure of T&E species to smoke residues is 
unlikely; therefore, risks to T&E species are unlikely. In areas where exposure does 
occur, biological surveys may be used to estimate effects. In addition, biological 
surveys may be used to measure the magnitude of exposure by comparing how 
frequently smokes are used in a given area to the amount of use the area receives 

from T&E species. 

The high degree of natural variation inherent to all biological field data makes it 
extremely important to concurrently collect data from one to several uncontami- 
nated reference locations when collecting biological survey data for risk assessment 
purposes. By comparing the data from the reference location(s) with that from the 
impacted site, effects attributable to smoke and obscurant exposure may be dif- 
ferentiated from population fluctuations or habitat alterations that result from 
other causes. Selection of multiple reference sites as comparable to the impacted 
site as possible is highly recommended. If only a single reference site is used, 
observed differences may indicate site differences and be wholly unrelated to smoke 
exposure. Use of multiple reference sites greatly reduces the effect of site 

differences in the risk assessment. 

Although differences observed between the contaminated site and uncontaminated 
reference sites may show the presence and nature of an effect, they do not indicate 
the cause and source of the effect. Additional data on the toxicity and biological 
effects of contaminants found at the site are needed. These data are obtained 
through the use of media toxicity tests and literature-based toxicity data. 

Media Toxicity Data 

Media toxicity tests are performed by placing test plants or animals in media (soil, 
sediment, or water) collected from the contaminated site and observing their 
survival or other responses. The primary strength of these tests is that they are site 
specific, providing an indication of the toxicity and bioavailability of the combina- 
tion of contaminants found at a particular site. These tests also provide the real- 
world link between biological surveys and literature-based toxicity data. For 
example, if the biological survey data suggests a contaminant effect but comparison 
of contaminant concentrations at the site with literature-based toxicity data 
indicates that effects are unlikely, media toxicity tests may serve to confirm or 
refute whether contamination is a likely cause of the observed biological differences. 
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Media toxicity tests may be performed either in the laboratory or in situ. Because 
environmental conditions can be controlled and standardized, laboratory toxicity 
tests allow toxicity to be determined without potentially confounding influences of 
environmental conditions. Because environmental conditions are standardized, 
results from laboratory toxicity tests may be compared with tests conducted at 
different times with media from different locations. However, because they use 
standard environmental conditions, results obtained may not reflect toxicity that 
may be observed in the variable conditions at the site. In situ toxicity tests, because 
they are conducted at the site, incorporate and reflect the interaction between 
toxicity and environmental conditions. However, because of the variability of 
conditions from site to site and over time, comparisons between tests are more 
difficult. Ideally, if appropriate methods are available, a combination of laboratory 
and in situ toxicity tests should be used. 
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4  Approach for Selection of Methods 

Before collection of data to assess smoke and obscurant risk to T&E species can 
begin, appropriate methods for data collection must be identified. A four-step 
approach for the selection of appropriate sampling methods is outlined in this 
chapter. This approach consists of identifying the T&E species of concern, identify- 
ing the contaminants of potential concern, developing a conceptual model, and 
selecting appropriate sampling methods based on the results of the first three steps. 

Identify T&E Species of Concern 

Because of the large number of T&E species that may occur on military reservations 
and their taxonomic and ecological diversity, identification of these species is by far 
the most crucial step in selecting appropriate methods of data collection. The choice 
of appropriate methods, biological survey and toxicity test methods in particular, 
is highly dependant on the species to be evaluated. For example, methods appro- 
priate to assess risk to plants are likely to be inappropriate for testing endangered 
mussels. 

Once a species has been identified, a literature search should be performed to iden- 
tify all available information concerning life history requirements (i.e., food habits, 
habitat requirements, critical habitat, etc.), methods used by researchers investi- 
gating the ecology of the species, and persons with experience studying the species. 
If available, recovery plans for the particular species should be obtained from the 
U.S. Fish and Wildlife Service (USFWS). These plans will contain information on 
life history, factors that place populations of the species at risk, and persons to 
contact for more information. Additional information on endangered species in 
North America can be found in Lowe, Matthews, and Moseley (1994). Information 
obtained in this search will aid in the selection of the most appropriate methods. 

Identify Contaminant(s) of Potential Concern 

Smokes and obscurants can consist of metals, chlorinated hydrocarbons, or oils, in 
various combinations and may be used as munitions (i.e., grenades or projectiles) 
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or produced from stationary generators. Impacts may result not only from the 
smoke material but also from its breakdown products. Exposure and effects of these 
smokes and obscurants are highly dependant not only on their chemical composition 
but on their use patterns. Areas where smokes are frequently used are likely to be 
more impacted than areas where their use is only occasional. 

Toxicological effects and environmental fate and transport are functions of chemical 
characteristics. To select methods appropriate to evaluate environmental residues 
and estimate exposure, to identify areas or habitats potentially affected, and to 
select the most appropriate toxicity tests, the following information is needed: 

the chemical composition of the smoke or obscurant 
breakdown products 
bioaccumulation potential 
environmental fate and transport 
toxicity information 

general use practices (i.e., delivery system used, frequency of use, etc.). 

Develop Conceptual Model 

The primary purpose of a conceptual model in ERA is to develop working 
hypotheses describing the interaction between a Stressor and ecological endpoints 
(EPA 1992a). A conceptual model graphically represents processes that may 
adversely affect T&E species. These processes include transport of contaminants 
on the site, movement of contaminants off the site, uptake by biota (either directly 
or through food webs), and propagation of secondary effects through ecological 
interactions. Ecological characteristics of the T&E species of interest are integrated 
with application and environmental fate characteristics of the smoke compound to 
develop a conceptual model describing the expected interaction between T&E 
species and the smoke or obscurant. The primary purposes of conceptual models 
are to focus the risk assessment on the most important questions as they relate to 
a particular endpoint-stressor combination and to guide the selection of sampling 
methods so that data most useful to assess risk are collected. 

Figures 1 through 4 are examples of conceptual models for representative T&E 
species, the red-cockaded woodpecker (Picoides borealis), the bald eagle (Haliaeetus 
leucocephalus), the gopher tortoise (Gopherus polyphemus), and an endangered 
plant. The models flow from the source (rounded box at top) to the endpoint (oval 
box at bottom). Square boxes represent abiotic media critical to contaminant 
transfer.   Air is not specifically identified but is implicitly assumed to be the 
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primary transport medium for smokes. Diamond-shaped boxes represent the 
primary biological media with which the endpoint species interacts. Arrows linking 
the boxes display the relationship between components in the model. Notations 
adjacent to arrows describe direct toxicity, fate and transport of smokes or their 

residues, or indirect or ecological effects. 

Select Sampling Methods 

Guided by the life history characteristics of the T&E species of interest, environ- 
mental fate, transport, and use data for the smoke or obscurant, and the contami- 
nant transfer and effects pathways outlined in the conceptual model, appropriate 
methods may now be selected. To perform a robust risk assessment and to reduce 
the magnitude of uncertainty, data for all three lines of evidence (literature-based 
toxicity data, biological survey data, and toxicity test data) should be collected if 
possible. Media sampling methods for exposure estimation, biological survey meth- 
ods, and toxicity test methods are presented in Chapters 6, 7, and 8, respectively. 

Smoke or 
Obscurant 

Deposition 

Surface 
Water 

Behavioral 
Effects 

Direct Toxicity 

Direct Toxicity 

Interspeeies 
Interactions 

Deposition 

Surface 
Soil 

Uptake 

Soil 
Processes 

Toxicity 

Vegetation 

Inhalation 
Toxicity 

Insects 
Uptake 

Ingestion 
Toxicity 

Ingestion 

Taxicity 
s. adedT ed-cockadec 

Woodpecker 

Prey 
Availability 

Habitat Availability and 
Quality 

Figure 1. Conceptual model for the red-cockaded woodpecker. 
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Figure 4. Conceptual model for an endangered plant. 
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5  Sampling and Analysis Plan 

A sampling plan must be developed before initiating any field data collection. 
Based on pathways and endpoints summarized in the conceptual model (see 
Chapter 4), the plan outlines the purposes and goals of the sampling program and 
identifies the equipment, methodologies, and logistics to be used. The plan should 
be clear, concise, and include the following components (EPA 1983a): 

background information on the problem 
objectives and goals of the field sampling program 
sampling methods to be used, including equipment needs, procedures, etc. 
sample locations (if possible) 
sampling design 
analytical methods 
special permits required (critical in any work concerning T&E species). 

These components are intended to guide sampling plan development and are not all 
inclusive. Additional elements may be added or deleted depending on the specific 
requirements of the field study. 

To ensure that the most appropriate methods are used and that sufficient data to 
accurately estimate risk are collected, a Data Quality Objectives (DQO) process, 
comparable to that described in EPA (1993b), should be followed. In a CERCLA 
(Comprehensive Environmental Response, Compensation, and Liability Act) 
context, the DQO process is a planning tool to help site managers decide what type, 
quality, and quantity of data will be sufficient for environmental decisionmaking. 
The outputs of the DQO process can be used to develop a statistical sampling design 
and to effectively plan field studies that can stand up to rigorous review. Although 
the DQO process is primarily intended to guide the collection of abiotic data for 
exposure modeling, the general approach can also be applied to the collection of 
biological data. It is important that all interested parties (i.e., regulators, 
conservation agencies, etc.) be involved in the DQO process. This involvement will 
both enhance the quality of data collected and ensure that issues of interest to these 
groups are addressed. 
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Sampling Design 

Before abiotic and biotic data can be collected, spatial and temporal arrangement 
of samples (e.g., a sampling design) must be identified. The sampling design should 
be chosen so that the distribution of data that are produced best represent the 
actual population distribution. Three common sampling designs are random, 
stratified, and systematic. Excellent, detailed discussions of sampling designs and 
methods for data analysis are presented in Green (1979) and Krebs (1989). 

Random Sampling 

Random sampling uses the concept of random probabilities to choose representative 
sample locations. Random sampling generally is used when little information exists 
concerning the contamination or site. It is most effective when the number of 
available sampling locations is large enough to lend statistical validity to the 
random-selection process. 

Stratified Sampling 

Stratified sampling involves the division of the sample population into groups based 
on knowledge of sample characteristics within these divisions. This approach is 
used to increase the precision of the estimates made by sampling and is most 
applicable when the contaminant distribution is heterogeneous and clumped or 
associated with distinct habitats. Stratified sampling is advantageous when 
contaminant concentration distributions within divisions are more homogeneous 
than they are between divisions. 

Systematic Sampling 

Systematic sampling is the collection of samples at predetermined, regular spatial 
or temporal intervals. It is the most used sampling scheme; but care must be taken 
to avoid bias. If, for example, periodic variations occur in the material to be 
sampled, the systematic plan may become phased with these variations. 

A systematic plan often results from approaches that are intended to be random. 
This result occurs because investigators tend to subdivide a large sample area into 
increments before randomization. 
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Animal Care and Use Procedures 

Any handling of live animals (including any sample collection) must be in 
accordance with the Animal Welfare Act (7 USC 2131 et seq.) and other applicable 
Federal laws, guidelines, and policies. In general, these regulations require that all 
activities involving live vertebrates be reviewed by a properly constituted animal 
care and use committee. The appropriate staff within individual MACOMs should 
be contacted for specific guidance on compliance with these regulations. 
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6  Media Sampling Methods for Exposure 
Evaluation 

To estimate the extent and magnitude of exposure to smokes and obscurants, both 
abiotic (water, sediment, soil, and air) and biotic media should be sampled and 
analyzed for residues of smokes or their breakdown products. Analyses of residue 
body burdens in biota indicate whether residues are taken up and, therefore, 
transferred through the food web. Exposure by food web transfer may be estimated 
by relating the residues found in biota to the food habits and diets of T&E species. 
Exposure estimates may then be compared with toxicological benchmarks to 
determine if adverse effects are likely. 

Residue analyses also delineate the spatial extent of smoke-affected areas. If the 
areas affected do not include T&E species or their habitat, exposure of T&E species 
is unlikely; therefore, risk may be presumed to be negligible. The temporal 
distribution of contamination may be determined by sampling at various time 
intervals during and following the use of smokes. These data may be used to 
identify periods when acute effects may occur (i.e., while smokes are still airborne) 
and to determine the residence time of residues in various media. Repeated 
sampling in areas where smokes are used may be used to determine the rates at 
which residues accumulate or degrade. This information may be helpful in 
delineating the frequency of use in a given area, so that residues do not exceed 
hazardous levels. 

Abiotic Media 

Abiotic media to which T&E species may be exposed include surface water, 
sediment, soil, and air. Sampling methods for these media are defined in the 
following sections. 

Surface Water 

Surface water may become contaminated by residues of smokes and obscurants 
when these compounds are used in areas containing aquatic habitat. Water 
contamination may consist of residues and unexpended materials deposited on the 
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water surface or, if the compounds (or their residues) are water soluble, residues 
dissolved in water. Water contamination may present a hazard to all aquatic biota 
and to those terrestrial biota that drink from contaminated surface water sources 
or feed on aquatic biota. 

The four primary methods used for collecting surface water samples are sample con- 
tainer immersion, dipper, peristaltic pump, and Kemmerer bottle. Sample 
container immersion and dippers may be used in any type or size of water body but 
are best when shallow or surface-water samples are required. Peristaltic pumps 
also may be used in any size water body and are best for subsurface samples from 
depths of 0 to 8 m. In contrast, Kemmerer bottles, while being effective for 
sampling at depth, are applicable only for larger bodies of water. Each method is 
briefly described in the following sections. Detailed descriptions of the application 
of these methods and procedures for their use are in EPA (1983a). 

Sample container immersion. This is the simplest surface water sampling method. 
It is applicable for sampling water from shallow streams or the near shore of ponds, 
lakes, rivers, etc. The sampling vessel is a bottle simply submerged and allowed to 
fill. This method is advantageous if the sample could be altered by transferring the 
sample from the collection vessel to another container such as when material may 
adhere to the inside of the sample collection vessel, resulting in inaccurately low 
analytical results. A drawback to this method is that the external surface of the 
sampling vessel is likely to require decontamination. Because the method requires 
immersion of hands, personnel should wear gloves to prevent exposure to 
contaminants. 

Dipper. A dipper or other container constructed of inert material (teflon or stainless 
steel) may be used to collect and transfer surface water from the source to the 
sample container. This method prevents unnecessary contamination of the sample 
container and sampling personnel. Dippers may consist of ladles or ice scoops 
available from commercial kitchen or laboratory supply houses. 

A modification of this method is the pond sampler, which consists of an adjustable 
clamp attached to the end of a two- to three-piece telescoping tube that serves as a 
handle. The clamp is used to secure a sampling beaker. The telescoping handle 
serves to extend the reach of the sampling technician, allowing samples to be 
collected at a distance from the shore, bank, or boat. Pond samplers, although not 
commercially available, may be easily fabricated. Telescoping tubing may be 
obtained from hardware stores; adjustable clamps may be obtained from laboratory 
supply houses. 
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Peristaltic pump. This method is practical for a wide range of applications, 
including the sampling of streams, rivers, ponds, and lakes. The system consists 
of a peristaltic pump capable of pumping 1 to 3 L per minute and an assortment of 
teflon or surgical-grade silicon tubing to extend the suction intake. Battery 
operated pumps are preferable because they do not require direct current (DC) 

generators or alternating current (AC) converters. 

In practice, the suction intake is immersed in the water at the desired depth with 
the end of the discharge hose that exits the pump placed in a sample bottle. The 

pump is turned on, filling the sample bottle. 

Peristaltic pumps are portable; samples are collected through essentially chemically 
inert materials. This procedure can extend the lateral reach of the sample collector, 
which allows for sampling at depth and across the width of narrow streams. To 
avoid cross-contamination, tubing should be replaced between sample locations. 
Sufficient tubing should be allocated to prevent the necessity of cleaning tubing in 
the field. The primary drawback of peristaltic pumps is that their lift capacity (and 
therefore sampling depth) is limited to approximately 8 m. 

Kemmerer bottle. The Kemmerer bottle is a messenger-activated water sampling 
device used when discrete samples are required from within the water column at 
depths greater than can be sampled by peristaltic pumps. In the open position, 
water flows easily through the device. Once lowered to the desired depth, the 
release mechanism is tripped, closing the bottle. When closed, the bottle is sealed 
from additional contact with the water column and can be retrieved. After the bottle 
has been retrieved, its contents are drained into an appropriate sample bottle. This 
sample method is applicable only in large bodies of water where samples at depth 
are required. Cross-contamination between water strata is also a concern with this 

method. 

Sediment 

After smokes and obscurants have been used in areas containing aquatic habitats, 
residues deposited on the water are likely to settle through the water column and 
deposit in sediment. Residues in sediment may present a risk to T&E fish, 

mollusks, and aquatic reptiles and amphibians. 

The three general types of sediment sampling devices are dredges, grabs, and 
corers. A dredge is a vessel that can be dragged across the sediment surface, either 
by a boat or by a handle (Baudo 1990). As it passes over the surface, the dredge 
digs into the sediment, collecting the surface layer. Dredges are used primarily to 
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collect benthic fauna and have the advantage of covering a large area, thus produc- 
ing an "average" sample (Baudo 1990). The actual area and sediment depth sam- 
pled are difficult to quantify, however. Because dredges disturb and mix the sedi- 
ment, they are inappropriate for collecting sediment samples for toxicity tests. In 
addition, because dredges are made of fabric or have net in the bottom, they act as 
sieves and do not retain all fine-textured sediment materials or small benthic fauna. 

The second sampling device, the grab, generally consists of two metal jaws that can 
be closed after the device reaches the bottom. The jaws are closed either automati- 
cally or following a mechanical or electrical signal from the surface. Grabs are 
favored by biologists because the size of the area sampled is known, and they can 
produce large samples of the top layers of sediment, where benthic biota are likely 
to be found (Baudo 1990). The depth of samples taken with grabs is variable and 
depends on the density and composition of the sediment and the weight and speed 
of the grab when it hits the bottom. Sample quality may also be affected by 
perturbations of the sediment surface during both impact and opening of the grab 
for sample removal. 

Corers, the third type of sediment sampling device, consist of a cylindrical or square 
tube inserted into the sediment to extract a sample. Corers are designed to provide 
the maximum amount of sample with the least disturbance of the sediment. Many 
types of corers exist (Baudo 1990). Small push corers and small gravity corers can 
be retrieved by hand and used from a small boat. Larger more complicated corers, 
such as piston or vibrocorers, may require a lifting boom, winch, larger sampling 
vessels, and larger field crews. 

Detailed discussions of sediment samplers and their use are in ASTM (1990), 
Baudo, Giesy, and Muntau (1990), EPA (1983a), EPA (1994a), Burton (1992), and 
Mudroch and MacKnight (1991). Table 1 summarizes the advantages and 
disadvantages of various sediment samplers. 

So/7 

Most smoke residues are ultimately deposited in the surface soil. Contaminants in 
soil may present a hazard to all terrestrial plants and most terrestrial wildlife. In 
addition, erosion of contaminated soils may present a hazard to aquatic biota. 

A brief summary of soil sampling methods is provided in EPA (1983a). For an in- 
depth discussion of soil and soil sampling, consult EPA (1983b), which discusses the 
factors that influence the selection of sampling schemes and field sampling 
methods, emphasizing statistical design and data analysis. 
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Table 1. Advantages and disadvantages of various sediment samplers- 

Sampler Advantages Disadvantages 

Hand and gravity      Maintain sediment layering of the inner core.    Small sample volume. Gravity corer may 
corers 

Box corer 

Vibracorer 

Ekman or box 
dredge 

Ponar grab 

van Veen or 
Young grab 

Petersen grab 

Fine surficial sediments retained by hand 
corer. Replicate samples efficiently 
obtained. Removable liners. Inert liners 
may be used. Quantitative sampling 
allowed. 

Maintains sediment layering of large volume 
of sediment. Surficial fine sediments 
retained relatively welj. Quantitative 
sampling allowed. Excellent control of 
depth of penetration. 

Samples deep sediment for historical 
analyses. Samples consolidated sediments. 

Relatively large volume of sediment may be 
obtained. May be subsampled through lid. 
Lid design reduces loss of surficial 
sediments as compared to many dredges. 
Usable in moderately compacted sediments 
of varying grain sizes. 

Commonly used. Large volume of sediment 
obtained. Adequate in most substrates. 
Weight allows use in deep waters. Good 
sediment penetration. 

Useful in deep water and on most 
substrates. Young grab coated with inert 
polymer. Large sediment volume obtained. 

Large sediment volume obtained from most 
substrates in deep water. 

Orange-peel grab     Large sediment volumes obtained from 
most substrates. Efficient closure. 

Shipek grab Adequate on most surfaces. 

result in loss of fine surficial sediments. 
Liner removal required for repetitive 
sampling. Not suitable for coarse-grain or 
consolidated sediments. 

Size and weight require powerwinch; 
difficult to handle and transport. Not 
suitable for consolidated sediment. 

Expensive and requires winch. Outer 
core integrity slightly disrupted. 

Loss of fine sediments may occur during 
sampling. Incomplete jaw closure occurs 
in coarse-grain sediments or with large 
debris. Sediment integrity disrupted. Not 
an inert surface. 

Loss of fine sediments and sediment 
integrity occurs. Incomplete jaw closure 
occurs occasionally. Not an inert surface. 
Heavy and requires a winch. 

Loss of fine sediments and sediment 
integrity occurs. Incomplete jaw closure 
possible, van Veen grab has metal 
surface. Both may require a winch. 

Loss of fine sediments and sediment 
integrity. Not an inert surface. Incomplete 
jaw closure may occur. May require a 
winch. 

Loss of fine sediments and sediment 
integrity. Not an inert surface. Requires 
a winch. 

Small volume. Loss of fine sediments and 
sediment integrity. Not an inert surface. 

'Sources: Adapted from Burton (1992) and EPA (1994a). 

Shallow soil samples. In areas where smokes and obscurants are used only 
occasionally and intermittently, residues are likely to be restricted to the surface 
soil and litter layers. The surface soil layers are also the most critical in estimating 
exposure to terrestrial wildlife. Methods for sampling the surface soil layers 
(approximately the top 15 cm) will therefore be most applicable. Devices for 
sampling surface soil include the soil punch, ring samplers, or a simple scoop or 
shovel, depending on the properties of the soil (EPA 1983b). 
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A soil punch is a thin-walled steel tube 15- to 20-cm long, 2.5-cm in diameter. 
Driven into the ground with a mallet, the tube is then extracted and the soil within 
the tube removed. Soil punches are fast, easy to use, and are readily adapted to 
various analytical schemes. 

A ring sampler is a steel ring approximately 15 to 30 cm in diameter that is driven 
into the soil to a depth of 15 to 20 cm. Cores produced by ring samplers permit 
results to be expressed on a per unit area basis and allow a constant area of soil to 
be collected each time. Removal of cores may be difficult in loose, sandy soils or 
tight clayey soils. 

Sample collection using a scoop or shovel is the least desirable method; this method 
is applicable only if area or volume of the sample are not critical. It is difficult to 
repeatedly sample to the same depth using this method. Because of the high 
variability and poor consistency of results, using a scoop or shovel is not recom- 
mended. 

Deep soil samples. Where smokes have been heavily used for a long time, residues 
may have migrated to deeper soil horizons than can be sampled using the 
techniques already described. Contaminants in these deeper layers may present a 
hazard to burrowing animals and to deep-rooted plants. To evaluate deep soil 
contamination that may occur in areas where smokes are heavily used, soil augers, 
power driven corers, or trenching may be used. Descriptions and applications of 
these methods are in EPA (1983b). 

Compositing of samples. Compositing of samples is a common practice in soil 
analyses. Compositing consists of combining and mixing samples from multiple 
locations or from various depths to produce one sample. This composite sample 
reduces the number of analyses required. Although composite samples may 
accurately represent the mean of the combined samples, information on sample 
variance is lost. For risk assessment purposes, compositing of samples should be 
limited to data collected for screening purposes. To assess risk from smokes, 
samples from various depths should be analyzed separately and should not be 
composited because surface layers are likely to have greater residues than deeper 
layers. In addition, soil samples from different locations should not be composited 
if a study objective is to define the areal distribution of residues in the soil. 

Removal of litter. Most locations where soil is to be collected are either vegetated 
or covered with litter. To differentiate between surface soil and litter contamina- 
tion, all litter or vegetation should be removed down to the upper humus layer, prior 
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to the collection of the soil sample. Litter or ground vegetation that is removed 
should be retained and analyzed for smoke residues. 

Air 

Because smokes and obscurants are transported and distributed by air, sampling 
of the air and determination of aerial deposition are critical to the estimation of 
exposure of biota to these materials (Policastro et al. 1990). Appropriate sampling 
methods for these smokes and obscurants are in a draft technical report by Cassels 
and Reinbold (June 1996). Cassels and Reinbold's report will be Volume 3 of this 

technical report series. 

Biotic Media 

To evaluate the risk presented by food-web transfer of smoke residues, biota that 
may be consumed by T&E species should be sampled and analyzed. Methods for 
collecting biotic samples are summarized in the following sections. It should be 
noted that residue analyses frequently require the destruction of the sample. For 
this reason, T&E species should not be sampled for residue analyses. 

Plants 

In areas where smokes are used, plants may accumulate residues either through 
root uptake from the soil or uptake of residues deposited on foliage. Smoke residues 
taken up by the plant or deposited on foliage may then put herbivorous T&E species 
at risk. In addition, uptake by and exposure of T&E plant species may be 
approximated by sampling and analyzing plants that are taxonomically similar to 

the T&E plant species. 

With the exception of some trace metals, such as arsenic and selenium, uptake of 
contaminants by plants from soil is unlikely to be a major contaminant pathway. 
However, particulate fractions of smokes and obscurants can be deposited on plant 
parts (e.g., leaves, stems, and fruit) either directly or through precipitation or 
resuspension of contaminated soil. In addition to direct damage caused by thermal, 
pyrophoric, or caustic properties of these contaminants, deposition may impact the 
plant by interfering physically or chemically with physiological processes such as 

photosynthesis or respiration. 

Contaminants incorporated into plant tissues through uptake or deposited on 
exposed plant parts are potentially available to plant consumers and the rest of the 
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terrestrial food chain. Thus, T&E wildlife of all trophic levels may be at risk. 
Models to predict uptake of contaminants by plants are not well developed for many 
contaminants and are virtually nonexistent for smokes and obscurants. Moreover, 
no models are available for reliably predicting the exposure of plants or wildlife to 
deposited contaminants from smokes and obscurants. For these reasons, it will be 
essential to measure contaminant concentrations in surrogate or representative 
plant species for most ERAs involving either T&E plants or T&E herbivores. 

Collection of plant material for residue analyses is essentially simple. After plants 
of the appropriate species are identified, they may be sampled either as whole 
organisms (roots plus aboveground parts) or as discrete parts (roots, foliage, seeds, 
fruit, etc.). Samples may be collected by stripping or breaking parts from the plant, 
by cutting plant parts with shears, or by digging up plants with a spade. If cutting 
or digging tools are required, tools should be washed between samples to prevent 
cross-contamination of samples. Sufficient mass should be collected for each field 
sample to provide the analytical laboratory with recommended sample weights. 
Samples should be collected with as little disturbance as possible to avoid 
inadvertent loss of deposited contaminants. Samples should also be handled as 
little as possible; field crews handling the actual tissues should wear plastic gloves 
to prevent exposure to contaminants. 

Once samples have been collected, they should be prepared, stored, and preserved 
for analysis. In most instances, no preparation is necessary; samples may simply 
be placed in the sample container. If plants are sampled whole or if root samples 
are taken, all soil should be washed from the roots using deionized water to prevent 
cross-contamination. Foliage samples should not be washed if the intended use of 
the sample is to estimate exposure to herbivores, because washing will remove 
airborne smoke residue deposits, which may contribute significantly to herbivore 
exposure. However, if analysis is intended to identify residue uptake by the plant, 
residues should be washed off. 

The method of storage and preservation depends on the type of analysis to be 
performed. The analytical laboratory should be consulted before sample collection 
to ensure that the appropriate sample containers and preservatives are used. 

The primary concern in vegetation sampling is identifying the appropriate species 
and plant parts for collection. Because herbivores generally do not consume the 
entire plant and different plant parts accumulate contaminants to different degrees, 
to evaluate exposure to a T&E herbivore, only those parts that are consumed should 
be sampled and analyzed. Plant parts sampled should reflect the food habits of the 
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T&E species of interest. Additional information on vegetation sampling for residue 
analysis may be found in DOE (1987) and Temple and Wills (1979). 

Birds 

To evaluate the accumulation of smoke residues by birds and to estimate exposure 
for T&E species that consume birds (e.g., peregrine falcon), birds may be sampled 
and analyzed. Capture methods outlined in the following may also be used to catch 
T&E birds to collect feathers for analysis (Burger 1993) or to facilitate the 
attachment of radiotransmitters. (Radiotelemetry data for T&E species may be 
used to estimate the use of areas where smokes are released.) Methods to collect 
birds include firearms, baited traps, cannon nets, mist nets, drive and drift traps, 
decoy and enticement lures, and nest traps (Schemnitz 1994). Methods used depend 
on the species to be sampled. 

Permits. Before initiating any sampling program for birds, all appropriate permits 
must be obtained. Taking of migratory waterfowl requires a USFWS permit or a 
state hunting license (in season) and a Federal waterfowl stamp. Any activity 
involving T&E species requires a permit from the USFWS and/or the responsible 
state conservation agency. Permits for the collection of neotropical migratory birds 
must also be obtained from the USFWS. 

Methods. One of the most obvious collection methods is the use of firearms. 
Firearms used may include rifles, shotguns, or pellet guns. This method, while 
highly dependant on the skill of field personnel, may be used for all groups of birds. 
However, because samples may be extensively damaged during collection, 
projectiles or shot may interfere with residue analyses, and because of safety 
considerations, the use of firearms is not a recommended sampling method. 

Baited traps are most useful for gregarious, seed-eating birds. In their simplest 
form, a wire-mesh box is supported at one side by a stick, over bait (generally seeds 
or grain). Once birds enter the box to feed on the seeds, the operator pulls a string 
attached to the support stick, the box falls, and the birds are entrapped. Other 
types of baited traps include funnel or ladder traps, which are designed with 
entrances through which birds can enter easily but not easily exit. 

Cannon nets may be used for birds that are too wary to enter traps. This type of 
trap is frequently used for wild turkey and waterfowl and has been used success- 
fully for sandhill cranes and bald eagles (Schemnitz 1994). Cannon nets consist of 
a large, light net that is carried over baited birds by mortars or rockets. Nets are 
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laid out and baited for 1 to 2 weeks to allow the birds to become acclimated to the 
net and bait. Once birds make regular use of the bait, the trap may be deployed. 

Mist netting is a method useful for some species that are not attracted to baits. A 
detailed review of the use and application of mist nets is provided by Keyes and 
Grue (1982). This method may be used for birds as large as ducks, hawks, or 
pheasants but is most applicable to passerines and other birds under -200 g. Mist 
nets are constructed from fine, black silk or nylon fibers, usually 0.9 to 2.1 m wide 
by 9.0 to 11.6 m long, and attached to a cord frame with horizontal crossbraces 
called "shelfstrings" (Schemnitz 1994). The net is attached to poles at either end so 
that the shelfstrings are tight, but the net is loose. The loose net hangs below the 
shelfstrings, forming pockets. When properly deployed, birds (or bats) strike the net 
and become entangled in the net pocket. 

Mist nets may be used passively or actively. In a passive deployment, nets are set 
across flight corridors and birds are caught as they fly by. For an active deploy- 
ment, a group of nets is set and birds are driven toward the nets. Another effective 
approach is to use recorded calls or distress calls of conspecifics to attract birds to 
the net. 

The following must be considered when using mist nets: 

• Avoid windy conditions; wind increases the visibility of the net. 
• Check nets frequently. Unintended mortality may result from stress if birds 

are left in the net for more than 1 hour. 
• Do not operate nets during rain. Birds may become soaked and may die from 

hypothermia. 

• Special permits are required to use mist nets for migratory birds.   These 
permits must be obtained from the USFWS. 

Drive and drift traps are nets or low wire mesh fencing erected at ground level. 
Birds are driven or herded into the fence, which then guides them into an enclosure. 
This method is most frequently used to capture waterfowl while they are molting 
and flightless. Drift traps have also been used successfully with upland gamebirds, 
rails, and shorebirds (Schemnitz 1994). Because many birds are reluctant to flush 
and fly when birds of prey are present, trapping success may be enhanced by 
playing recorded hawk calls. 

Decoy and enticement lures are used most frequently for birds of prey. The most 
common trap of this type is the bal-chatri trap, which consists of a wire mesh cage 
with numerous monofilament nooses attached to the top. A small bird or rodent is 
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placed in the trap as bait. When a hawk or owl attempts to attack the bait, the bird 
of prey becomes entangled in the nooses. 

Nest traps are useful to capture birds at the nest for reproductive studies. For 
ground-nesting birds, drop nets erected over the nest are sometimes effective. For 
cavity nesting birds, trip doors may be devised that can be closed once the adult 
enters the nest. Other types of nest traps are summarized by Schemnitz (1994). 

Additional information concerning methods for capturing birds may be found in 
Schemnitz (1994), USFWS and Canadian Wildlife Service (1977), Addy (1956), and 

Bub (1990). 

Euthanasia. Although most capture techniques described for terrestrial vertebrates 
are designed to capture animals alive, animals generally must be sacrificed before 
preparation for contaminant residue analysis. (An exception is fur or feather 
residue analysis, which may be performed on live animals.) It is essential that 
humane euthanasia methods be used to sacrifice animals for analysis. A detailed 
discussion of euthanasia methods for birds is presented in Gullet (1987); these 
methods are adaptable for mammals also. 

Euthanasia may be achieved using either physical or chemical methods (Gullet 
1987). Physical methods include cervical dislocation, decapitation, stunning and 
exsanguination, and shooting. Chemical methods include lethal injection or 
inhalation of anesthetic or toxic gas. Questions to consider when choosing a 

technique include: 

•       Will it interfere with residue analyses? (Chemical euthanasia may confound 
results and may not be recommended.) 
Is it appropriate for the size and type of animal? 
Does it present a risk to human health and safety? 
Is specialized equipment or training required? 
Is it time and cost effective? 
Will the technique offend the casual observer? 

Mammals 

Many mammalian herbivores and omnivores are prey for T&E wildlife species. In 
such instances, it may be important to measure the concentration of smoke and 
obscurant residues that are present in these prey species. For the purposes of this 
report, this section will focus on sampling methods for three general types of 
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mammalian prey species: small mammals (i.e., mice, voles, and rats), lagomorphs 
(i.e., rabbits and hares), and omnivores (i.e., muskrats, opossums, and raccoons). 

Permits. In many states, collection of large numbers of small mammals and 
lagomorphs requires special collection permits available from the state wildlife 
agency. Check with that agency to learn what permits are required. All states 
regulate the collection of furbearing species, such as muskrats, and game mammals, 
such as deer. Again, check with the state wildlife agency to determine what permits 
are required. These contacts can serve another important purpose. Most state 
agencies have individual biologists who are responsible for various categories of 
wildlife. These individuals can be very helpful in designing a sampling program. 
The furbearer specialist, for example, may be able to provide helpful tips on 
collection of muskrats. 

Small mammals. Collection of small mammals for residue analysis is appropriate 
if the conceptual model indicates that these animals are important as a source of 
food for the T&E species of concern. Virtually all predators of small mammals 
consume the animals whole, so sampling of individual organs is not needed. Small 
mammals must be analyzed whole, which requires sacrifice of the animal. 

Currently, one concern among field researchers and analytical laboratories is that 
of hanta virus, which occurs in populations of certain small mammals species. 
Because our knowledge about this virus is growing rapidly, it is impractical to 
provide guidance on proper protective measures here. Contact the Centers for 
Disease Control (CDC) in Atlanta (Jim Mills, Pathogens Branch, CDC; telephone: 
404-639-1115) to receive their latest information on reasonable measures. Also, 
contact your analytical laboratory before doing any field work to find out if they 
require samples to be packaged or shipped in a specific way to protect their workers. 
Some laboratories insist that any small mammal samples be certified by CDC as 
being free of hanta virus. 

It is important that the conceptual model of the food chain include as much infor- 
mation as possible on what small mammal species are actually used as prey by the 
T&E species of concern. In most cases, all small rodents may be grouped together 
and treated as one sample. In other instances, shrews and other insectivores may 
need to be treated separately. This information is important in selecting the col- 
lection method. 

Three different types of traps are typically used for small mammals. Box live traps 
(e.g., Sherman traps), snap traps, and pitfall traps are all effective for small 
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mammals and shrews (Schemnitz 1994). None of these traps allow for discrimina- 
tion among species trapped, though shrews are caught less frequently in live traps. 

Box live traps allow the field team to decide if a captured animal should be set free 
or collected, which may be important if there is a high probability that nontarget 
species may be collected. Of course, live traps then require euthanasia of target 
animals (see Chapter 6, Birds, Euthanasia). Killing traps eliminate the need for 
euthanasia, but increase the likelihood of killing nontarget animals if they are 
present. 

Pitfall traps may be either live traps or killing traps (Schemnitz 1994). Adding 
water or a preservative such as ethylene glycol to a pitfall trap makes it a killing 
trap. Snap traps are always killing traps. For a review of advantages of pitfall and 
snap traps see Schemnitz (1994). 

Lagomorphs. Although rabbits and hares are not usually consumed entirely by 
their predators, most tissues are eaten. Thus, it is necessary to sacrifice the animal 
to sample all relevant tissues (e.g., internal organs, muscle, and fur) to estimate the 
total exposure to T&E predators. 

Rabbits can be collected in at least three ways. Firearms are probably the least 
desirable method. The possibility of destroying or contaminating important tissues 
with the projectiles or shot is high with an animal as small as a rabbit. Safety is 
also a concern with the use of firearms, and the success of the sampling program 
depends on the skill of the hunter. 

Snares are effective means of capturing rabbits. Placed across rabbit pathways, 
wire snares contract around the animal when it steps through the noose. 
Struggling by the animal further constricts the noose. Trap mortality with snares 
is generally high, unless they are visited frequently. Also, snares can capture 
nontarget small mammals such as mink, weasels, and feral cats. 

Cage live traps are also effective for rabbits. These traps are similar in concept to 
box live traps for small mammals and give the field team the option to release 
nontarget animals. 

Lethal traps, such as conibear traps, are not recommended for lagomorphs because 
of the high likelihood that nontarget animals will be killed. 

Omnivores. Certain large T&E predators (e.g., Florida panthers and red wolves) 
feed on raccoons. River otters and alligators feed on muskrats. Thus, where these 
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T&E species exist, trapping of mammalian omnivores may be required. As with 
rabbits, predators generally consume most edible tissues of raccoons and muskrats, 
so the sampling program must include all major tissues, and the animals must be 
sacrificed. 

At least two health concerns arise when trapping raccoons. Anyone handling wild 
omnivores or carnivores should receive the preexposure series of rabies vaccina- 
tions. Also, raccoons are hosts to a round worm (Baylis asceris procyonis) that can 
be fatal to humans. This means that field personnel working with raccoons should 
wear protective gloves and should wash their hands thoroughly after contact with 
raccoons. 

Raccoons and muskrats can be captured in cage live traps (e.g., Hav-a-hart®). Rac- 
coons will respond to many different types of baits, but muskrats tend to respond 
best to vegetable matter. 

Leghold traps and leg snares are also effective for raccoons (Schemnitz 1994). 
There are concerns relative to animal welfare when using leghold traps, however. 
Lethal traps should be avoided for raccoons and muskrats, unless the traps can be 
placed where nontarget animals are unlikely to be caught. 

Reptiles and Amphibians 

Reptiles and amphibians may represent significant contaminant transfer pathways 
because they are important prey for some T&E species. Methods suitable for the 
collection of reptiles and amphibians for residue analysis are summarized in 
Chapter 7. Additional methods are described in detail in Heyer et al. (1994) and 
Jones (1986). Most predators are likely to consume all tissues of their prey, so 
whole-body residue analysis is preferred. For this reason, either lethal or nonlethal 
collection methods are acceptable. Nonlethal methods permit greater discrimina- 
tion in specimens collected and reduce the likelihood of collecting nontarget species. 
Specimens must be euthanized before analysis if nonlethal methods are used. 
Euthanasia methods for amphibians are discussed in Heyer et al. (1994). In 
addition, methods of euthanasia for birds or fish may be applicable. 

Terrestrial Invertebrates 

Terrestrial invertebrates (i.e., mollusks, annelids, arthropods, etc.) are important 
food resources for many vertebrate species. T&E species may be impacted by 
smokes via invertebrates in two ways: (1) they may be directly toxic to inverte- 
brates, resulting in reduced abundance (and therefore reducing food available for 
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T&E species) or (2) they may be accumulated by invertebrates and passed on to 
T&E invertebrate predators. Methods for sampling of terrestrial invertebrates 
described in the following sections, while suitable for collection of samples for 
residue analysis, may also be applicable for population estimation, if samples are 
collected using a statistically valid design (see Chapter 5, Sampling Design). 

Mollusks. Methods for the collection of terrestrial mollusks (snails and slugs) are 
not as well defined as those for other terrestrial invertebrates. Collection methods 
include the use of bran- or metaldehyde-baited traps or refuge traps (boards placed 
at a site to attract slugs; Newell 1970). Snails or slugs may also be extracted from 
litter or soil collected from the site. Snails will generally float and slugs sink when 
the samples are immersed in water. Although population estimates of snails may 
be made by counting their abundance within randomly placed quadrats, this 
method is likely to be biased towards adults and against immatures (Newell 1970). 
Additional discussion of sampling and extraction of terrestrial mollusks may be 
found in Newell (1970) and Southwood (1978). 

Earthworms. The primary methods for collecting earthworm samples are hand- 
sorting of soil, wet sieving, flotation, and the application of expellants. 

Regarded as the most accurate sampling method, handsorting is frequently used to 
evaluate the efficacy of other methods (Satchell 1970; Springett 1981). While 
accurate, handsorting is very laborious and may underestimate the abundance of 
small individuals. Efficiency depends on the density of the root mat, clay content 
of the soil, and weather conditions (if sorting is done in the field). 

Wet sieving uses a water jet and a sieve to separate earthworms from the soil 
(Satchell 1970). While efficiency of this method is not documented, its drawbacks 
include damage to worms during washing. 

Flotation is another water-extraction method (Satchell 1970). Soil samples are 
placed in water, and earthworms are collected as they float to the surface. This 
method may be used to extract egg capsules and adults of species too small to 

recover efficiently by handsorting. 

In contrast to methods that require excavation and processing of soil, expellants are 
applied in situ to collect earthworms. In practice, an expellant solution is applied 
to the soil surface and allowed to percolate down. Earthworms are then collected 
as they emerge from the soil. To enhance absorption of the expellant by the soil and 
to facilitate collection of earthworms as they emerge, vegetation at each sampling 

location should be clipped down to the soil surface. 
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Expellants have traditionally consisted of formaldehyde or potassium permanga- 
nate solutions (Satchell 1970, Raw 1959). Drawbacks to these expellants include 
carcinogenicity, phytotoxicity, and toxicity to earthworms. In addition, these 
expellants also may introduce additional contamination and interfere with residue 
analysis. As an alternative, Gunn (1992) suggested the use of a mustard solution 
as an expellant. A commercially available prepared mustard emulsion was mixed 
with water at a rate of 15 mL/L and applied to soil within a 1-m2 frame (to confine 
the expellant). Efficacy of mustard was found to be superior to formaldehyde and 
equivalent to potassium permanganate (Gunn 1992). Recent work at Oak Ridge 
National Laboratory indicates that dry mustard (1 tsp/L) is also an effective 
expellant (B. Sample, personal observation). If worm samples are being collected 
for residue analysis, analyses should be performed on samples of the mustard 
expellant. These data will indicate if any contamination can be attributed to the 
extraction method. 

Arthropods. Many methods are available to sample terrestrial arthropods. 
Because of the great diversity of life-history traits and habitats exploited by 
arthropods, no single method is efficient for capturing all taxa (Julliet 1963). Every 
sampling method has some associated biases and provides reliable population 
estimates for only a limited number of taxa (Kunz 1988a; Cooper and Whitmore 
1990). 

Reviews of sampling methods for insects and other arthropods were given by South- 
wood (1978), Kunz (1988a), Cooper and Whitmore (1990), and Murkin, Wrubleski, 
and Ried (1994). Table 2 describes 12 commonly used methods, arthropod groups 
for which they are appropriate, and summarizes advantages and disadvantages of 
each. 

Benthic Macroinvertebrates 

The use of body-burden analysis to determine exposure of T&E benthic macro- 
invertebrates to smoke residues requires sacrifice of the animals. This is very 
undesirable, so it is often better to approximate exposure levels by sampling related 
or surrogate species having similar life histories and habitat requirements. 
Collection and residue analysis of non-T&E benthic macroinvertebrates may also 
be used to estimate exposure to those T&E species that consume benthic macro- 
invertebrates. 

Many techniques are suitable for the collection of benthic macroinvertebrates for 
exposure evaluation. Several such methods are described in the following sections, 
including in situ exposure of a surrogate species maintained in a holding device. 
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Benthic organisms can be collected from deep water by divers equipped with 
snorkels and fins or self-contained underwater breathing apparatus (SCUBA) gear 
(see Miller et al. 1993 for a description of appropriate safety equipment). This 
procedure is most amenable for collecting organisms either by hand or with a 
suction-type sampler. This method would be unsuitable, however, for situations 

where human exposure to contaminants is a concern. 

Suction samplers vacuum the substrate and associated fauna from the streambed 
into a mesh collection bag, which is removed and taken to the boat or shore for 
processing. Surrogate organisms can be sieved from the vacuumed material with 
the aid of a box screen. Although these suction samplers allow rapid and efficient 
collection of many types of organisms from various substrate types, if T&E species 

are present they may be collected unintentionally. 

Grab samplers (i.e., Ekman, Petersen, Ponar, and Smith-Mclntyre samplers) can 
also be used to collect organisms from deep-water habitats. These devices engulf 
a portion of substrate (and its associated organisms), which is then hauled to the 
surface for processing. Organisms are separated from the sample material by 

washing the substrate in a box screen. 

Isom (1978) reviews several types of grab samplers, their specifications, the type of 
substrate each was designed for, and advantages and disadvantages associated with 
each type. Grab samplers generally require a boat equipped with a winch and at 
least two individuals for operation (Isom 1978). A disadvantage of grab samplers 
is incomplete jaw closure, which can result in loss of part or all of a sample during 
retrieval (EPA 1973). Furthermore, because grab samplers cover only a small area, 
several samples may be needed to obtain a suitable number of organisms. 

Brails, also called crowfoot bars, consist of a series of four-pronged hooks attached 
to a bar by short lines or chains, and have been extensively used by researchers and 
commercial fishermen to collect mussels from large rivers (Bates and Dennis 1985; 
Starrett 1971; Coker 1919). Collection entails dragging the brail behind a boat and 
in contact with the stream or lake bed. When a hook passes through the opened 
shell of a feeding mussel, the mussel reacts by closing its shell on the hook. The 
brail is then brought up to the boat, where the mollusks are removed. This 
technique tends to collect larger mollusks, but is moderately nonselective to species. 
Thus it could unintentionally collect T&E organisms. A complete description of 
brailing techniques can be found in Starrett (1971) and Coker (1919). 
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Perhaps the best method for collecting slow-moving or large sessile organisms is 
hand-picking while wading in shallow water. Organisms are located by sight and 
simply removed from the substrate. 

A d-frame net or kick net may be used to collect smaller and more mobile species 
in shallow streams. The net is placed against the streambed, and the substrate 
upstream of the mouth of the net is agitated to suspend the organisms, which are 
then washed into the net by the current. Appendix A gives further details of this 

collection technique. 

Coring devices can be used in both shallow and deep water to sample invertebrates. 
These devices are inserted into the substrate and provide a sample of substrate and 
organisms. The sample is washed in a sieve and the organisms are removed from 
the remaining sample debris. Smock et al. (1992) and Williams and Hynes (1973) 
give in-depth information on core sampling. 

Peterson and Southworth (1994) describe a method to estimate in situ exposure 
using surrogate species. The selected organisms are held in polypropylene cages 
that are placed in the area of potential contamination and each reference site. After 
the prescribed period of exposure (generally 4 weeks), the organisms are analyzed 
for contaminants and levels are compared with those at the reference sites. Indi- 
genous organisms should be used whenever possible to prevent the unintentional 
introduction of exotic species where they do not exist. 

Fish 

Fish in areas in which smokes and obscurants are used may be exposed to residues 
through uptake from the gills, accidental ingestion of contaminated sediments, or 
by accumulation through the food chain. Smoke residues accumulated by fish then 
provide a contaminant transfer pathway to piscivorous wildlife. 

Sampling techniques for fish include seines and mobile nets, electrofishing, sta- 
tionary nets and traps, visual observations, and chemicals. These methods may be 
used both to collect samples for residue analysis and to survey populations of T&E 
and non-T&E fish species. The applications, advantages, and disadvantages of 
these methods are discussed in detail in Chapter 7. 

Fish sampled for body burden analysis must be euthanized before analysis. Com- 
mon methods include the use of a chemical anesthetic agent or cold anesthesia. 
Most chemical anesthetics provide rapid and effective euthanasia.    Chemical 



44 USACERLTR-97/140 

anesthetics should be used with caution, however, because they may interfere with 
and confound residue analysis. 

Cold anesthesia, another quick and effective method, consists of placing fish in 
coolers of ice. Dry ice may also be used, if tissue freezing is desired. Cold 
anesthesia avoids any possible contamination of tissues by the chemical anesthetic. 
Reviews of anesthetics and handling techniques are given in Stickney (1983) and 
Summerfelt and Smith (1990). 

To evaluate exposure experienced by T&E fish species, media to which they are 
exposed (e.g., water, sediment, and food) should be sampled and analyzed. 
Sampling of surface water and sediments are covered earlier in the Abiotic Media 
portion of this chapter. These methods should be used to sample the media directly 
associated with the critical habitat of the T&E species. Food chain effects may be 
analyzed by sampling the principal food items of the target T&E species. If the food 
items are not identified in the literature, it should be possible to use pumps or 
flushing devices to nondestructively sample stomach contents (Baker and Fräser 
1976, Bowen 1983). Another approach would be to analyze stomach contents of a 
surrogate species. The surrogate species should be as similar taxonomically as 
possible or be a species similar in feeding habits (e.g., a benthic insectivore) and 
habitat requirements. If an indication of the possible accumulation of the chemicals 
is desired, the surrogate species could also be used for tissue samples. Such 
samples could be limited to muscle or organ tissues, or a whole-body sample could 
be taken. Appropriate sample procedures for accumulation analyses are given in 
Southworth and Peterson (1993) and EPA (1993c). 

Methods for Chemical Analysis 

No widely accepted or official methods exist for chemical analyses of biological 
tissues. The EPA has developed two different sets of analytical protocols for water 
and soils: SW846 (EPA 1986) and the Contract Laboratory Program (CLP). 
Normally CLP procedures must be used for analyses of contaminants at CERCLA 
sites. However, there are no CLP procedures for biological tissues. Because bio- 
logical tissues differ physically and chemically from water and soil, neither the 
SW846 procedures nor the CLP protocols are directly applicable. Although most of 
the steps in either set of protocols may be applicable to biological tissues, some 
changes need to be made. 

This section provides general information that may be useful in developing the 
analytical portion of a sampling and analysis plan. In virtually all cases, the best 
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way to ensure that analytical data are of sufficient quality is to follow two 
guidelines: (1) to the maximum extent possible rely on existing EPA-approved 
procedures, varying only in those steps where biological tissues differ from the 
sample matrix for which the procedure was developed, and (2) always use analytical 
laboratories that have performed analyses of biological tissues in the past and that 
are part of an ongoing performance evaluation program based on biological tissues. 

Four key areas in which decisions must be made about the best approach for 
analysis of biological tissues are: (1) sample weight, (2) sample preparation prior 
to shipment, (3) sample preparation in the analytical laboratory, and (4) deviations 
from standard analytical protocols. These decisions should be made in conjunction 
with a skilled analytical chemist familiar with the methods that are available for 
the sample of concern. Where possible, the laboratory that will perform the 
analyses should participate in these decisions. 

Sample Weight 

The weight of the sample available to the analytical laboratory affects the 
sensitivity of the analysis and the level of quality control that can be implemented. 
All laboratories establish certain minimum weights that can be analyzed to provide 
specified limits of detection or quantitation. In general, the more sample available, 
the lower the limit of detection until the method detection limit is reached. Larger 
sample weights also provide sufficient material for laboratory duplicates and spikes 
as appropriate. 

Sample Preparation in the Field or Close Support Laboratory 

Most biological samples are simply frozen in the field and shipped directly to the 
analytical laboratory. In some cases, samples may be freeze dried; however, freeze 
drying will volatilize some contaminants. 

Recently, some ecological risk assessors and regulators have begun considering 
whether samples should be washed before freezing. The concern is over whether 
contamination on the outside of the sample is likely to be biologically available, 
either to the organism being sampled or to its consumers. If the question to be 
answered is whether internal contamination within an organism (e.g., a surrogate 
for a T&E species) is sufficiently high to indicate adverse effects, then washing the 
exterior of the sample removes the possibility that spurious external contamination 
is influencing the results. On the other hand, where external contamination is 
potentially part of the exposure pathway (e.g., in plants consumed by an herbivore), 
the exterior of the sample should not be washed. Of course, if a sample is washed, 
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samples of the detergent should be analyzed to determine if it is adding any 

contamination. 

Holding times have been established for most analytes in soil or water, but there 
is no consensus on holding times for biological tissues. If tissues are frozen shortly 
after collection (and washing if required), then contaminants bound up in the biolog- 
ical tissues should remain there for a relatively long time. However, where concen- 
trations are to be considered against ARAEs (applicable or relevant and appropriate 
requirements) that are based on wet weights (e.g., Food and Drug Administration 
[FDA] threshold limits), lengthy time in a freezer can result in water loss that will 
affect measurements of wet/dry weight ratios. In general, the best practice is to 
ship samples to the analytical laboratory as soon after collection/preparation as 

possible. 

Sample Preparation by the Analytical Laboratory 

Standard analytical procedures typically are divided into (1) the preparation steps 
necessary to get the sample into a form that can be analyzed and (2) the actual 
analytical steps. Preparation steps for biological tissues depend entirely on the type 
of tissue (e.g., hair, organ, whole body, or plant tissue) and the analyte. 

In general, analyses of all tissues for trace metals requires total dissolution of the 
sample. Such preparation may include a step in which the sample is physically 
altered by grinding or other means, followed by various chemical treatment steps, 
usually involving various strong acids. The end product is a clear liquid that can 
be analyzed by the appropriate process. 

Analyses for organic compounds vary considerably depending on the class of 
compounds. In most cases, the preparation step involves extraction of the organic 
compound from the sample by some method. The extracted solution must be 
cleaned to remove lipids and compounds that may interfere with the analysis. 
Detailed discussion of all organic analytical methods is beyond the scope of this 
document. Refer to the standard analytical methods for the compounds of interest. 

Deviations From Standard Analytical Procedures 

Once a sample is prepared for instrumental analysis, the differences between bio- 
logical samples and other matrices are largely gone. Deviations in this area 
generally relate to different quality control (QC) steps. For example, there may not 
be an adequate blank sample for a biological tissue, so deionized water may be used. 
Spiking procedures and expected recoveries may vary from those stated in standard 
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methods. It is important, however, that the basic QC requirements of the standard 
protocols be followed. There is no need to eliminate QC steps such as blanks, 
internal lab duplicates, or standard reference materials just because the sample 
matrix is a biological tissue. 



48   USACERLTR-97/140 

7  Biological Survey Methods 

Biological survey data reflect the actual health of biological populations and 
communities in the field and are indicators of the presence or absence of toxic 
ecological effects. For example, if the ecological parameters (abundance and 
productivity of endpoint species, species diversity, etc.) measured at a smoke- 
exposed site are statistically similar to those observed at reference locations, the 
conclusion that smokes do not adversely affect these ecological parameters 
measured is supported. In contrast, significant differences between the exposed and 
reference sites suggest contaminant effects; toxicity test data and conventional 
toxicity data are needed to verify this conclusion. 

Biological surveys may provide evidence of both direct and indirect effects of smokes 
and obscurants on T&E species. To evaluate the likelihood of indirect effects, 
condition and availability of habitat and food required by the T&E species must be 
measured, in addition to the abundance and productivity of the endpoint species 
itself. Methods that may be used to collect these data are summarized in the 
following sections. Although some methods are described in reference to a 
particular taxon, with slight modification they may also be applied to other taxa. 

Plants 

Monitoring Abundance and Distribution of T&E Plants 

Threatened and endangered plant species have specific habitat requirements that 
will aid in field investigations to locate these species. These requirements may 
include soil type and drainage, degree of slope, direction of slope, degree of shading, 
elevation, or presence and density of other plants. In rare cases, a specific polli- 
nator may be required. Contacts within the USFWS or appropriate state agencies 
can provide specific information on habitat requirements. Literature sources such 
as the World Wildlife Fund's (WWF's) endangered species guides (Lowe, Matthews, 
and Moseley 1994) also provide general information on habitat requirements. 

Once suitable habitat has been identified, a competent field botanist who is familiar 
with the plant species should survey the area. Although a thorough inventory of the 
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suitable habitat is desirable, it may be necessary to use transects for low-growing 
or cryptic plants or where the size of the area precludes a complete inventory. 

The botanist should mark the location of any individual plants found and note 
whether the plants are showing any obvious signs of stress. Locations of specific 
T&E plants can be mapped using standard surveying techniques or with portable 
global positioning system (GPS) units (provided a means of correcting for dithering 
error is used). This map can be used to guide decisions about changes in locations 
where smokes and obscurants are used. Also, over time, repeated field surveys and 
mapping will provide a picture of how the population is responding to exposure or 
remedial actions. 

Monitoring To Identify Habitat Suitable for T&E Wildlife Species 

Plants provide the most important component of habitat requirements for T&E 
wildlife species. Most T&E wildlife species are threatened or endangered primarily 
because of loss of critical habitat. Identifying the presence of suitable habitat (over 
a large enough area) is the first step in determining whether a given T&E species 
is likely to be present. Also, for many T&E wildlife species, the USFWS or 
appropriate state agency considers preservation of critical habitat analogous to 
protection of the species. 

Three basic habitat variables can be directly measured and used to predict habitat 
suitability: foliage density, species composition, and fruit production (Anderson and 
Ohmart 1986). Of these, species composition is perhaps most useful for many 
rodent and bird species (Anderson and Ohmart 1986). A number of other variables 
can be derived from these basic measurements, but these indirect variables may be 
less helpful in locating habitat for specific wildlife species. 

Foliage density is the amount of foliage per unit area or to the extent of canopy 
cover. Plant density (the number of plants per unit area) is not the same as foliage 
density. Foliage density generally is measured at different vertical levels within the 
vegetation. Canopy-cover requirements for species may be related to types of vege- 
tation such as herbs, shrubs (defined either by height or diameter limits), or 
overstory. Habitat requirements for some species (e.g., cavity nesters) may include 
a minimum number of snags (dead trees) or downed logs per area. Other species 
(e.g., small mammals, amphibians, and invertebrates) may require a degree of 
forest floor litter cover. 

Foliage density can most easily be measured using a transect system. Transects are 
established either randomly or in representative areas. At predetermined points 
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along each transect (e.g., every 5 m), the canopy cover or foliage density is measured 
at each desired vertical level. Quadrat methods may be used alone or in conjunction 
with transects. Quadrats are predetermined areas (frequently 1 by 1 m squares or 
1-m-diameter circles) that are sampled to estimate the foliage density or canopy 
cover. Transect and quadrat methods are best suited for use with low-growing 
species or large areas. Further details on these methods are in Hays, Summers, 
and Sietz (1981), Anderson and Ohmart (1986), and Higgins et al. (1994). 

Fruit production refers to the quantity of fruit produced by plants. These items can 
be attractive to some T&E wildlife species of interest. Mast surveys conducted by 
many state wildlife agencies are an example of this parameter. For many species 
of plants, fruit production does not correlate well with the number of individual 
plants present (Anderson and Ohmart 1986). In these cases, it may be necessary 
to measure fruit production for a representative number of individual plants. 

For certain species (e.g., some birds) the degree of patchiness or the amount of edge 
habitat per unit area may be important. These parameters are best measured from 
large-scale vegetation cover maps derived from aerial or satellite data. The use of 
computerized geographic information system (GIS) procedures can greatly enhance 

analysis of habitat patchiness. 

Birds 

Biological survey methods for birds include four categories: population survey, nest 
study, food habit survey, and habitat evaluation. Habitat evaluation methods focus 
primarily on measurements of plant distribution and structure of the vegetation 
community and are discussed in the "Plants" section of this chapter. Representa- 
tive methods for the remaining categories are described in the following. 

Avian Population Survey Methods 

Many methods are available to determine the abundance, density, and spatial dis- 
tribution of birds. These methods may be used to census populations of a single spe- 
cies (i.e., the T&E species of interest) or to census the entire avian community in a 
given area. The commonly used methods include territory mapping, transects, point 
counts, mark-recapture, song-tapes, aerial counts, and habitat-focused surveys. 

Territory mapping. Territory mapping is among the most accurate and reliable 
methods for determining bird population density (Wakely 1987a). This method 
consists of using a sampling grid to plot (by individual species) the locations of birds 
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seen or heard during eight to ten repeat visits (Verner 1985; Ryder 1986; Wakely 
1987a). Clusters of observations are assumed to represent the center of activity for 
individual territories. The total number of birds on a plot is then estimated by 
summing the number of clusters (e.g., territories) and multiplying by two (assuming 
an even sex ratio) (Verner 1985). This method works best for species that sing con- 
spicuously from within their territories (e.g., most passerines). It is not well suited 
for birds that frequently sing within the boundaries of a conspecific's territory, quiet 
or secretive species, nonterritorial birds (e.g., floaters), or species with territories 
larger than the study plot (Verner 1985). Also, because the efficacy of this method 
depends on territorial behavior, it is useful only during the breeding season (except 
for birds that maintain year-round territories). This method also requires consider- 
able time to lay out and mark the sampling plot and for repeated visits. Additional 
limitations of territory mapping are summarized by Oelke (1981). 

Falls (1981) reports that detection of individuals may be enhanced by using play- 
back of recorded songs. Birds defend their territories in response to the recorded 
song and their singing locations indicate a territory's boundary. 

The consecutive-flush technique (Whitmore 1982; Verner 1985) may be used to 
reduce the number of plot visits needed to complete a territory map. An observer 
simply approaches a singing bird until it flushes. Its initial position, line of flight, 
and landing position are then recorded on the plot map. The observer again 
approaches and flushes the bird and records its movement. The process is repeated 
until at least 20 consecutive flushes have been mapped. This technique is most 
applicable in open habitats such as grasslands or marshes, where an observer may 
keep a individual bird under constant observation. Flushing may also help 
delineate territory boundaries in forested habitats (Verner 1985). 

Transects. Transect census methods consist of counting birds either seen or heard 
along one or both sides of a line through one or more habitats (Ryder 1986). Tran- 
sects are more flexible than are mapping methods. Because they do not depend on 
territoriality, their use is not restricted to the breeding season. In addition, they 
may detect both floaters and juveniles. Verner (1985) defines three general types 
of transects: 

1. Line transects without distance estimates. The observer simply walks a 
preset line and records all birds seen or heard, without measuring or 
estimating distances to the birds. This is an efficient method for generating 
lists of species. However, the results cannot be used to estimate density 
because the area sampled is unknown. Data may be used for intraspecies or 
interspecies comparisons (either temporal or spatial), if it is assumed that all 
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individuals or species are equally detectable in all samples and factors that 
affect detectability are similar among all samples. 

2. Variable-width line transects. This is the most commonly used transect 
method. Perpendicular distances from the transect line to birds detected are 
measured or estimated. These observations are then used to estimate the area 
sampled and, thus, bird density. 

3. Belt transects. This method is essentially a line transect with fixed bound- 
aries (usually 25 to 50 m on either side of the line), within which all birds seen 
or heard are counted. This is a simpler method than the variable-width 
transect method because the observer need only estimate one distance, the 
belt width. Density estimates are obtained by dividing the total number of 
birds observed by the area of the belt. 

Burnham, Anderson, and Laake (1980) provide a very detailed discussion of line- 
transect techniques, applications, and data analysis methods. Additional discussion 
is provided in Wakely (1987b). Analytical methods for line-transect data are 
discussed by Krebs (1989). 

Point counts. Point counts consist of counting the number of birds seen or heard 
for a fixed time in all directions from a single point. Similar to transects, distances 
around the sampling point may be undefined, fixed, or variable (Verner 1985). With 
the variable circular plot method (Reynolds, Scott, and Nussbaum 1980), the dis- 
tance from the sampling point to the bird is estimated. This distance is then used 
to estimate the population density. Because point counts do not depend on terri- 
torial behavior, they may be performed year-round. Best results, however, are ob- 
tained during the breeding season. Although point counts may be performed in any 
habitat where transect sampling would be applicable, they are best suited for steep, 
rugged, or thickly vegetated habitats where observer movement along the transect 
may disturb birds and interfere with their detection (Reynolds, Scott, and 
Nussbaum 1980; Ryder 1986; Wakely 1987c). Use of point counts to survey birds 
in bottomland hardwood forests is discussed by Smith et al. (1993). 

Mark-recapture. The ratio of marked individuals to unmarked individuals may be 
used to estimate population size. Population size and area sampled can then be 
used to estimate density. Karr (1981) suggests using mist nets (see Chapter 6, 
Birds, Methods) to capture and color-band birds for population studies. Although 
mark-recapture is not considered an efficient population census method for birds 
(Verner 1985; Ryder 1986), it may provide very useful information, particularly in 
studies of T&E species. For example, mark-recapture data may be used to identify 
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the number of pairs of a species that are present, to distinguish migrants from resi- 
dents and breeders from nonbreeders, or to identify ranges or territorial boundaries 
for individual birds (Ryder 1986). Additional discussion of the use of mark-recap- 
ture to estimate avian populations is presented by Nichols et al. (1981) and Jolly 
(1981). Analytical methods for mark-recapture data are discussed by Krebs (1989). 

Song tapes. Censusing inconspicuous or secretive birds (i.e., nocturnal, marsh, or 
some forest birds) may be very difficult. Johnson et al. (1981) and Marion, O'Meara, 
and Mohair (1981) suggest that song tapes may be used to perform relative or 
absolute censuses for these species. By playing recordings in different areas and 
recording occurrence and number of responses, presence, abundance, and density 
may be estimated. 

Aerial counts. Large flocks of waterfowl and shorebirds may be photographed from 
the air and later counted (Verner 1985). Aerial counts are also suggested for 
breeding ospreys (Swenson 1982). Because osprey nests are large, conspicuous, and 
generally placed in trees or atop artificial structures, they can be clearly observed 
from the air. Census flights should be made during the incubation period (generally 
April through June) using a high-winged aircraft or a helicopter. Krebs (1989) dis- 
cusses analytical methods for aerial survey data. 

Habitat-focused surveys. Habitat-focused surveys are particularly suited for T&E 
species. First, areas with critical habitat are identified, and then the presence, 
abundance, and distribution of the target species is determined. By focusing on a 
particular, critical habitat (usually nesting habitat), the likelihood of finding the 
T&E species and collecting data relevant to an ERA is increased. For example, 
Thompson (1982) describes a habitat-focused survey method for the red-cockaded 
woodpecker. 

Red-cockaded woodpeckers are a colonial-nesting T&E species that require mature, 
open, fire-maintained pine forests (Thompson 1982). Survey methods for this 
species rely on identification of appropriate habitat (old-growth pine forest) and 
nest-trees within the habitat (large-diameter trees with clear boles and flattened 
crowns). Habitat and trees within habitat may be identified using a combination 
of remote sensing and ground truthing. Presence of red-cockaded woodpeckers in 
an area is indicated by: 

• 2-in. diameter cavities excavated in living sapwood 
• chipping of small wounds (resin wells) in the pine bark 
• flow of pine resin from cavity and resin wells, giving tree a glazed appearance 
• flaking of loose bark from the tree cavity. 
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Once the presence of red-cockaded woodpeckers in an area has been verified, the 
population size may be determined by observing the activity at the cavities and 
counting the number of individuals observed (Thompson 1982). 

Additional information. Much has been written on avian censusing techniques. 
Detailed discussions and comparisons of census methods, methods for analysis of 
census data, sampling designs for avian censuses, and factors that affect census 
results are presented in Ralph and Scott (1981). Chapters concerning census 
methods for songbirds, raptors, shorebirds, waterfowl, colonial waterbirds, and 
upland gamebirds may be found in Cooperrider, Boyd, and Stuart (1986). Davis 
(1982a) presents census methods specifically for 43 species of birds and 14 groups 
of birds or birds in specific habitats. 

Avian Nest Study Methods 

The nesting stage is critical for all birds. Any environmental factors that affect 
birds during this stage and reduce recruitment may have adverse population effects. 
One way to evaluate whether recruitment is being affected is to calculate nest 
success. 

The Mayfield method is the most common way of calculating nest success (Mayfield 
1975). This method considers the survival of a nest over the time that it is 
observed. In practice, the daily survival rate is estimated by dividing the total 
number of young or eggs lost by the total number of days the nest has been observed 
and subtracting this quotient from 1. This value represents the probability of 
survival for the nest during that period. By analyzing the time frame of the 
different nesting stages (i.e., laying, incubating, nestling, etc.), investigators can 
identify the stage at which mortality is occurring. Applications and mathematical 
validity of the Mayfield method are discussed by Miller and Johnson (1978), 
Johnson (1979), Hensler and Nichols (1981), and Winterstein (1992). 

Nest attentiveness is another factor that may affect nest success and, thus, recruit- 
ment. Grue, Powell, and McChesney (1982) observed that European starlings 
exposed to a sublethal organophosphate insecticide dose fed their nestlings less fre- 
quently and were away from the nest longer. Nestlings in nests of exposed birds 
lost weight. Because fledging weight is correlated with survival (Perrins 1965), 
altered nest attentiveness may cause negative impacts to avian populations. 

Methods to monitor nest attentiveness or activity include visual observations (e.g., 
Heagy and Best 1983), time-lapse cameras (e.g., Grundel and Dahlsten 1991), tele- 
metric eggs (e.g., Varney and Ellis 1974), and radio-equipped birds (e.g., Licht et al. 
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1989). Additional methods for cavity nesting birds are discussed by Mallory and 
Weatherhead (1992). 

Avian Food Habit Study Methods 

Food habit studies have two primary applications in risk assessment. First, they 
may be used to identify and quantify contaminant exposure pathways through the 
food web. Samples of food consumed, excreta, or rejecta may be collected and 
analyzed for residues and to determine diet composition. Second, use-availability 
studies or foraging behavior studies may be performed to evaluate if indirect effects 
are occurring that may affect the energetic status of the species in question. 

Methods for performing avian diet analysis have been reviewed by Rosenberg and 
Cooper (1990) and are summarized in Table 3. Data may be presented as 
percentage occurrence (number of samples in which a food item appears), frequency 
(number of times a food item appears in a sample), or percentage volume or weight 
(proportion of total sample volume or weight accounted for by a food item). To 
prevent confusion and minimize bias, both frequency and volume data should be 
reported. For example, an important food type may be consumed in high volume 
but low frequency. Conversely, a food of minimal importance that is highly 
abundant may be observed in high frequency but low volume. 

For additional discussion of methods and approaches to investigating avian eating 
habits, consult Morrison et al. (1990). This volume includes papers that discuss 
approaches to quantifying diets, design and analysis of foraging behavior studies, 
use-availability analysis, energetics, and foraging theory. Additional methods for 
analysis of use-availability data, niche overlap, and dietary data are described in 
Krebs (1989). 

Mammals 

Most T&E mammal species are nocturnal (e.g., most carnivores) and/or cryptic (e.g., 
shrews). Thus, unlike some other taxa (e.g., birds), direct observation and counting 
are feasible only for a few mammal species. In addition, census methods for most 
mammals are notoriously inaccurate and mammal populations tend to fluctuate 
greatly. For most mammals, therefore, measurement of demographic effects (e.g., 
changes in population sizes) is unlikely to provide valid comparisons between con- 
taminated and reference sites. For these reasons and because the unit of 
assessment for T&E species is the individual rather than the population (see 
Chapter 2), this section focuses primarily on methods for determining the presence 
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and distribution of mammals. Some of these methods, if used in a rigorously 
designed approach, may also be suitable for estimating population sizes. 

Three general approaches to biological surveys of mammals have been widely used: 
habitat suitability surveys, direct measurements (e.g., observation of the animal or 
trapping), and indirect methods (e.g., scat surveys or scent stations). Because direct 
and indirect measurements are both time-consuming and expensive, the best 
strategy is to first determine whether suitable habitat exists in the target area. If 
suitable habitat does exist, then either direct or indirect methods may be used to 

Table 3. Comparison of common methods used to obtain avian diet samples. 

Method Advantages Disadvantages Example of Use 

Direct examination of Whole stomachs collected; Birds are killed; multiple Rotenberry(1980) 
collected birds if shot, then exact bird samples from one bird not Sherry (1984) 

desired can be obtained. possible. 

Chemical emetics Birds not directly killed. Mortality may still be Zach and Falls (1976), 
substantial; multiple samples Robinson and Holmes (1982), 
from one bird often results in Gavett and Wakely (1986) 
mortality; birds must be 
captured; partial samples 
obtained; unsuitable for some 
species 

Stomach pumping Birds not killed Birds must be captured; 
partial samples obtained 

Moody (1970) 

Fecal samples Birds disturbed minimally; Birds usually must be Ralphetal. (1985) 
samples easily obtained. captured; samples highly 

fragmented; samples must be 
treated before analysis. 

Ligatures Arthropod prey usually Restricted to nestlings; Johnson et al. (1980) 
intact; can be effective feeding behavior and survival 
when combined with direct can be affected; estimates of 
observation. prey size can be biased. 

Pellets Birds not disturbed; Restricted to pellet forming Errington (1930) 
samples easily obtained; species; may be biased by 
keys to mammal skulls and prey type, size. 
hair available. 

Direct observation Birds not disturbed; Difficult for insectivorous Robinson and Holmes (1982), 
(adult birds) foraging behaviors that birds; observations biased Price (1987) 

result in prey captures are towards large conspicuous 
observed. prey. 

Direct observation Birds not disturbed; can be Time consuming; labor Johnson et al. (1980) 
(nestlings) effective when used in 

conjunction with ligatures. 
intensive; biased as above. 

Photography Birds not disturbed; Restricted to nestlings; Royama(1959,1970), 
automatic movie cameras equipment relatively Dahlsten and Copper (1979) 
provide many samples for expensive; hand-operated 
little effort. cameras time consuming, 

labor intensive. 

Source: Rosenberg and Cooper (1990). 
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determine if the T&E mammal is present and to estimate the species distribution 
and, possibly, abundance. 

Habitat Suitability Measurements 

As discussed in the plant portion of this chapter, animal habitats are governed 
largely by the taxonomic composition and structure of the plant community. Habi- 
tat information for T&E species is available from a number of sources. The USFWS 
has developed a habitat evaluation program and a number of habitat suitability 
models for individual species. USFWS contacts for many endangered species are 
listed in the WWF's three-volume set on endangered species (Lowe, Matthews, and 
Moseley 1994). Each of these USFWS contacts should be able to identify key habi- 
tat requirements for the species of concern. Lowe, Matthews, and Moseley (1994) 
also presents a summary of habitat requirements and a brief bibliography for each 
species covered. For those species not covered, search the open literature and make 
contacts with regional USFWS offices and appropriate state wildlife agencies. 

Once habitat requirements for a given T&E species are known, the area likely to be 
impacted by smokes and obscurants should be surveyed to determine if suitable 
habitat is present. Habitat survey methods related to plants were reviewed briefly 
earlier in this chapter. Other survey techniques are included in Cooperrider, Boyd, 
and Stuart (1986); Hays, Summers, and Sietz (1981); and Higgins et al. (1994). 

GISs should be considered to facilitate the comparison of areas containing suitable 
habitat for T&E species and smoke-impacted areas. Koeln, Cowardin, and Strong 
(1994) review the application of GIS technology to wildlife habitat evaluation. 

Direct Methods of Surveying Mammals 

Direct observation of nonflying mammals. Direct observation is rarely a reliable 
method for surveying mammals, especially in forested habitats. However, in open 
terrain, some large mammals can be censused by aerial surveys. This is especially 
effective for large ungulates such as elk and bighorn sheep (Davis 1982a) and 
wolves (Fuller 1982). Other direct observation methods are described in Davis 
(1982a). 

Another technique that is used frequently with predators is vocalization surveys, 
which may be of two types. In the first type, a recording of the animal of concern 
is played and the number and direction of responses are noted. In the second type, 
a recording of a wounded prey animal is played, which may elicit movement of the 
predator into observation range. 
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Trapping of nonllying mammals. Where direct observation is not possible, many 
mammal populations may be surveyed by trapping. Trapping of T&E species 
requires special permits from the USFWS (for Federally listed species) or the 
appropriate state (for state-listed species). A critical concern in trapping T&E 
species is that virtually all trapping systems involve some risk of injury or death to 
the captured animal. Because the unit of risk assessment for T&E species is the 
individual, trap-related death or injury is a serious concern. Sampling plans and 
permit applications must include steps to mitigate or minimize this risk. USFWS 
permitting procedures require a 30-day public comment period and resolution of 
comments. Therefore, permit applications must be submitted months in advance 

of anticipated field work. 

Trapping of some mammal species was described in Chapter 6. Additional trapping 
techniques are discussed by Davis (1982a), Cooperrider, Boyd, and Stuart (1986), 
and Schemnitz (1994). Health concerns related to disease transmission are 
significant when handling wild animals. Rabies, hanta virus, tetanus, and various 
parasites may be transferred to humans, sometimes with fatal results. See Chapter 
6, Mammals for a discussion of precautions related to these health concerns. 

If population or distribution information is desired, trapping the animal is only the 
first step. Various techniques have been used for population estimation by means 
of repeated captures of marked and unmarked animals (Davis 1982b). Home range 
information can be obtained by radiotelemetry (Samuel and Fuller 1994; Davis 
1982a), but telemetry is most effective for larger animals (i.e., minks or larger). 

Indirect Methods for Nonllying Mammals 

For T&E species, indirect methods offer the advantage that they do not involve 
harassment or possible harm to the animal. They also do not require issuance of 
USFWS or state permits. Probably the two most widely used indirect methods of 
surveying for the presence and distribution of animals are scat (fecal material) 
surveys and scent stations (Morrison et al. 1981). Both methods can provide 
evidence of the presence of an animal at a specific location. 

Scat surveys are generally accomplished by laying out a series of transects through 
the area of interest and collecting scats from those transects. Various resources 
exist to facilitate the identification of scats (e.g., Murie 1974). Scat surveys are also 
useful in determining the dietary composition of the animals of interest. 

Scent stations are generally small (e.g., 1-m-diameter) areas, cleared and prepared 
with a smooth tracking surface (e.g., powdered lime, sand, or sifted dirt). A scent 
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attractive to the species of interest is placed near the middle of the prepared 
surface. Scent stations are laid out on a transect along travel routes used by the 
animals of interest. When the station is unattended (typically overnight), animals 
visiting the scent leave their tracks in the surface. When the researcher next visits 
the station, the tracks can be identified. This technique relies on the tracking skill 
of the researcher and favorable weather conditions, since rain or wind can destroy 
tracks and the station. 

Surveys of Bats 

Bats are one of the few orders of mammals that can be adequately surveyed via 
direct methods. In fact, indirect methods are much less effective than direct 
methods for bats. Survey and census methods for bats are reviewed by Thomas and 
LaVal (1988). Kunz and Kurda (1988) describe bat collection techniques. Of course, 
the permitting and injury minimization issues discussed earlier in this chapter 
apply equally to bats. Health precautions for bat researchers are discussed by Con- 
stantine (1988). Fenton (1988) discusses the use of vocalization recording to 
identify and survey for bats. Techniques for reproductive assessment, food habits 
analysis, and other ecological monitoring are described in Kunz (1988b). 

Reptiles and Amphibians 

Habitat Evaluation 

Habitat and microhabitats can play a critical role in the presence or absence of rep- 
tiles and amphibians. Jones (1986) considers horizontal and vertical vegetation 
habitat availability to be the most important factors affecting reptile and amphibian 
distribution and habitat use. Habitat availability is considered more important 
than food abundance in species distribution for terrestrial reptiles; the inverse is 
true for aquatic and subaquatic species (Reynolds and Scott 1982). For example, 
certain basking turtles can be eliminated from ponds if floating logs are removed 
(Jones 1986). Soil type is an important limiting factor for tortoises (Luckenbach 
1982); the soil must be loose enough for digging but firm enough so that burrows 
will not collapse. Amphibians are restricted to areas that contain suitably moist or 
wet habitats. Free-standing water may be required for larval frogs, toads, and sala- 
manders to develop to the adult stages. Many salamanders require moist rotting 
logs or leaf litter, both for egg development and adult survival (Stebbins 1966). 

To determine the presence, quantity, and quality of critical habitat for T&E reptile 
and amphibian species at a smoke-exposed site, a habitat survey must be 
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performed. A description of critical habitat should include the general type of 
aquatic and/or terrestrial habitat (e.g., large river, spring, swamp, pond, forest, 
grassland, or desert) and proceed through the microhabitat. The microhabitat 
description should focus on habitat required for breeding (e.g., egg, larval, or 
juvenile habitat), adult survival, and needs and food requirements of each life stage. 
The assessment of microhabitats should include a determination of accessibility 
between these areas and other microhabitats required by the T&E species and 
possible barriers between microhabitats. Survey methods for aquatic habitats are 
outlined in Chapter 7, Fish, Habitat Assessment. Similar techniques generally 
can be used to evaluate habitat for aquatic reptiles and amphibians. 

Surveys of terrestrial habitats may include a description of the general habitat type 
(e.g., grassland or upland forest), soil composition, slope aspect, vegetative cover, 
leaf litter, air temperature, humidity, and rainfall. Many texts, papers, and 
manuals contain detailed descriptions of methods for vegetation sampling and 
analysis and habitat evaluation (e.g., Mueller-Dombis and Ellenberg 1974; Hays, 
Summers, and Sietz 1981; Greig-Smith 1983; EPA 1989; and Bookhout 1994). Vogt 
and Hine (1982) describe a simple method for herpetofaunal habitat assessment. 
Beiswenger (1988) provides techniques on amphibian habitat description and 
modeling. Additional information pertaining to terrestrial habitat survey methods 
are presented in Chapter 7, Plants, Monitoring To Identify Habitat Suitable 
for T&E Species. 

Sampling Techniques 

Methods selected to sample reptiles and amphibians will vary depending on the 
type of habitat, time of year, weather conditions, and age of target species. 
Although some techniques are more effective than others, careful consideration 
must be given to the rates of injury and mortality associated with the various 
methods, especially when dealing with T&E species. Some methods are lethal to 
many or most individuals being collected (e.g., shooting, baited hook, and 
chemicals). These methods are not suitable for sampling T&E species, but may be 
used to collect non-T&E species for residue analysis. Representative techniques for 
censusing and sampling reptiles and amphibians in aquatic and terrestrial habitats 
are listed in the following sections. Additional methods for amphibians (many also 
applicable to reptiles) may be found in Heyer et al. (1994). 

Seining. The use of small-mesh seines (7 mm or smaller) is moderately effective for 
sampling of aquatic salamanders, frogs, snakes, and turtles (Jones 1986). This 
method generally requires at least two people to operate the seine. Other personnel 
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are beneficial for disturbing the substrate, blocking potential escape routes, and 
handling the catch. 

Gigging. Gigs may be very effective for sampling frogs but are less effective for 
aquatic snakes. Gigging is usually done at night with headlamps. It may be done 
alone, but safety considerations make this inadvisable. A disadvantage of this 
method is that it sacrifices the organism. 

Electrofishing. Although developed for sampling fish, electrofishing may also be 
very effective for aquatic salamanders and aquatic snakes (Jones 1986). This 
method occasionally yields turtles, sirens, and hellbenders. Electrofishing requires 
two or more people (a shocker and a netter) and is most effective in shallow water 
(streams, ponds, and shallow rivers). Deep-water habitats (lakes, reservoirs, and 
embayments) may be shocked from boats, but this approach is probably less 
effective for most herpetofauna than for fish. One disadvantage to electroshocking 
is that it may cause some mortality, especially in hot weather. See the fish 
sampling methods portion of this chapter for further details. 

Nets and traps. Numerous types of nets and traps are available for sampling 
herpetofauna. Traps are generally effective for alligators, turtles, and snakes. 
Stebbins (1966), Conant (1975), and Shine (1986) discuss various aquatic trapping 
methods. Some traps may be set by one person. To prevent inadvertent mortality 
from trapping, traps should be checked at least daily (trap mortality is generally 
low if checked often). Aquatic traps should be set partially above water line to 
permit the captured organisms to breathe. Forster (1991) reports a gill-netting 
technique for alligators. Haul seines and cast nets have also been used to capture 
alligators (Chabreck 1963). 

Shooting. Firearms can be effective for sampling frogs, turtles, and alligators. 
Frogs and alligators may be sampled at night using headlamps or hand-held 
spotlights. Firearm sampling requires experienced personnel and strict adherence 
to safety procedures. Accurate, high-powered air rifles (for frogs only), 0.22 rimfire 
(if ricochets do not pose a human hazard), or shotguns (preferable for collecting 
alligators) may be used. Although sampling of frogs and turtles may be performed 
by a single investigator, this is not advisable. Disadvantages of this method include 
injury or mortality to specimens and metal contamination from projectiles. 

Baited hook. This method is effective for turtles and alligators. Use of baited hooks 
is not recommended when T&E species may be present because mortality may be 
extremely high. 
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Noosing. Noosing is a live-capture technique for alligators. This method requires 
two or more experienced personnel. It is generally done at night from boat or 
airboat, using a hand-held spotlight to immobilize the animal. Mortality from 

noosing is presumed to be low. 

Chemicals. Reptiles and amphibians may be collected using chemicals in a manner 
similar to that used for fish (see Chapter 7, Fish Sampling Methods). 

Drift fences and pitfall or funnel traps. Pitfall traps consist of a cup or bucket 
buried to the rim in the ground. They are effective for sampling many species of 
reptiles and amphibians, including lizards, skinks, salamanders, small turtles, 
small snakes, and toads. They are not effective for large or arboreal snakes or 
treefrogs. Trapping success is generally expressed as individuals per trap night 
(TN) or per 100 TN (Vogt and Hine 1982, Mengak and Guynn 1987, Bury and Corn 
1987). Funnel traps are wire enclosures with funnel-shaped entrances through 
which reptiles and amphibians may enter easily but have difficulty exiting. Funnel 
traps are deployed above ground and are generally used with drift fences. However, 
they also have been successfully deployed along logs and rock ledges (Fitch 1951). 
Funnel traps are more effective than pitfall traps for snakes and lizards (Vogt and 
Hine 1982). Construction of a drift fence array requires approximately 5 person- 
hours, but little maintenance is needed thereafter (Campbell and Christman 1982). 
Use and efficiencies of drift fences are discussed further by Gibbons and Bennett 
(1974), Bennett, Gibbons, and Glanville (1980), and Friend (1984). 

Cover boards. Relative abundance of terrestrial salamanders may be estimated 
using cover boards (DeGraaf and Yamasaki 1992). Boards (1 m long x 20 cm wide 
x 2.5 cm thick) are laid on the ground in contact with litter along transects within 
forested habitat. The boards simulate fallen logs, under which many terrestrial 
salamanders (and other amphibians and reptiles) reside. Boards are lifted 
periodically and the salamanders are either counted or collected. This method is 
less labor intensive than pitfall trapping and does not degrade habitat by disturbing 
litter or breaking existing logs (DeGraaf and Yamasaki 1992). 

Fixed-area plots. This is an effective herpetofaunal sampling technique that 
involves a thorough, manual search of a relatively small plot. Searching is 
continued for a fixed amount of time (Szaro et al. 1988) or until all litter and debris 
have been overturned and thoroughly examined (Bury and Raphael 1983). 
Attempting to collect all individuals in a specified plot is often referred to as 
quadrat collecting (Campbell and Christman 1982). A quadrat may also refer to a 
particular microhabitat, such as tree buttresses (Heyer and Berven 1973). 
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Time-constraint collecting. This technique consists of a timed search of specific 
(prime) habitat types for certain species without using a designated plot. Time- 
constraint collecting is generally efficient because it focuses on the most productive 
areas or areas where individuals are most likely to be found. This method cannot 
be used to estimate density or biomass per unit area because sampling is biased 
toward specific habitats (Bury and Raphael 1983). Campbell and Christman (1982) 
also discuss this method. 

Road surveys. This quick and easy method may be used at various times of the day 
and year to survey reptiles and amphibians. Slow-speed searches at night and even 
surveys of road kills may yield valuable information concerning local herpetofaunal 
communities. This method has many biases and cannot be used for reliable esti- 
mates of populations. However, it can save time and effort in collecting and may 
yield rare and elusive species not obtained by other methods (Campbell and 
Christman 1982). 

Opportunistic methods. Numerous useful methods are used for censusing reptiles 
and amphibians that are not true collecting methods or that have limited appli- 
cation. These methods include aerial surveys (Jennings, Percival, and Abercrombie 
1987; Jennings, Percival, and Woodward 1988), radiotelemetry (Jones 1986), remote 
camera techniques (Spillers and Speake 1988), artificial cover techniques (Bennett, 
Gibbons, and Glanville 1980; Grant et al. 1992; Mitchell, Erdle, and Pagels 1993), 
frog call indices (Vogt and Hine 1982), examination of predator feces (Jones 1986), 
mark-recapture techniques (Gibbons 1969; Otis et al. 1978; Ferner 1979; White et 
al. 1982; and Szaro et al. 1988), and general searches such as turning over rocks, 
logs, and other objects. 

The seasonal activities, secretive nature, patchy distributions, and specialized habi- 
tats of reptiles and amphibians make determining species occurrence and relative 
abundance difficult (Fitch 1982; Bury and Raphael 1983; Beiswenger 1988). Many 
authors recommend using a combination of sampling methods to obtain a more 
accurate population estimate (Bury and Raphael 1983; Friend 1984). Indices of 
relative abundance (Heyer and Berven 1973; Bennett, Gibbons, and Glanville 1980; 
Spellerberg 1982) and species diversity (Fleet, Clark, and Plapp 1972; Campbell and 
Christman 1982) can be derived for T&E reptiles and amphibians through proper 
application of sampling methods. 
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Terrestrial Invertebrates 

Methods for sampling of terrestrial invertebrates are presented in Chapter 6 and 
Table 2. In addition to collecting samples for residue analysis, these methods may 
be used along with a statistically valid sampling design to estimate population size 
and density of terrestrial invertebrates (see Chapter 5, Sampling Design; Krebs 
1989; Green 1979). 

Benthic Macroin vertebrates 

Several sampling techniques and devices are available to quantitatively survey the 
abundance and distribution of benthic macroinvertebrates. The species and habitat 
(i.e., deep vs shallow, lentic vs lotic, etc.) being sampled will at least partially 
dictate final methods and devices used. Brief descriptions of several sampling 
methods, including equipment requirements, manpower needs, and advantages and 
limitations of each technique are given below. 

Quadrat Sampling 

Quadrat sampling involves collecting all substrate and organisms within a frame 
placed on the bed of a lake or stream. This method is appropriate for sampling 
populations of sessile organisms in most aquatic systems. To optimize sampling 
effort, various sources (i.e., commercial fishermen, literature searches, qualitative 
sampling of suitable habitat) should be consulted to determine the location of target 
populations before sampling begins. The generalized method entails placing the 
quadrat frame on the substrate, collecting all material within the frame to a 
specified depth, and then transporting this material to the surface in buckets. 
Organisms are then separated from the substrate using nested box screens, 
identified, measured, and then carefully returned to the river. This method may be 
of limited value because certified divers are required in deep water for safety 
reasons. In addition, this sampling can be time consuming. Detailed descriptions 
of these methods are available in Miller et al. (1993), Miller and Payne (1993), and 
Bates and Dennis (1985). 

Suction Samplers 

Several studies (Mattice and Bosworth 1979; Verollet and Tachet 1978; Christie 
1976; Gale and Thompson 1975) have used a suction-type sampling device for 
collecting benthic organisms from large rivers. Basically, the substrate and 
associated fauna were vacuumed from a given area of the streambed into a mesh 
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collection bag, which was then removed and taken to the boat or shore for 
processing. Although only one person is required to operate these sampling devices, 
safety concerns would suggest at least two divers, and as noted by Mattice and 
Bosworth (1979), having an additional diver to change bags and transport samples 
made the process more efficient. All authors reported that their devices were 
efficient in collecting organisms from various substrate types. Verollet and Tachet 
(1978) and Gale and Thompson (1975) reported difficulties in sampling large 
organisms such as mussels and crayfish, and as noted by Gale and Thompson 
(1975), this sampling method resulted in damage to some organisms, which was 
attributed mainly to agitation while in the mesh collection bag. This method of 
collection would appear to be extremely stressful to benthic organisms and therefore 
have limited value in sampling T&E species. 

Grab Samplers 

Grab samplers such as the Ekman, Petersen, Ponar, and Smith-Mclntyre samplers 
have been widely used in freshwater benthic sampling. These devices are designed 
to engulf a portion of substrate and associated organisms, which is then hauled to 
the surface for processing. These devices are generally limited to use in soft 
sediments because a disadvantage of grab samplers is incomplete jaw closure, 
particularly in coarse substrates (EPA 1973). Isom (1978) reviews several types of 
grab samplers, their specifications, type of substrate each was designed for, and 
advantages and disadvantages associated with each type. These samplers generally 
require a boat equipped with a winch and at least two individuals for operation 
(Isom 1978). Because relatively heavy weights are required for sampler penetration 
into the substrate, unintentional mortality from crushing may occur with this 
method, potentially limiting its value for sample collection where T&E organisms 
are present. 

Surber and Hess Samplers 

Small-area sampling devices such as the Surber and Hess samplers may be used in 
small, shallow streams (e.g., Smith 1994; Smock et al. 1992; DeBrey and Lockwood 
1990; Pontasch and Brusven 1988,1989). Both the Hess and Surber samplers are 
designed for use in moving water and are basically a collection net attached to a 
metal frame. Samples are collected by placing the sampler in the substrate and 
agitating the sediment within the frame to a predetermined depth (generally about 
10 cm). Benthic organisms are then swept by the current into the collection net. 
Detailed descriptions of the use of Surber and Hess samplers may be found in 
numerous publications (e.g., Platts, Megahan, and Minshall 1983; Isom 1978) and 
in Appendix A. These collection techniques are quick, inexpensive, and require only 
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one operator, although an additional person increases efficiency. Both samplers are 
suitable for shallow stream collection of most benthic macroinvertebrates, including 
oligochaetes, crustaceans, and aquatic insects; however, the current must be fairly 
strong to wash heavier organisms such as bivalves and snails into the net. 
Furthermore, the enclosed area (<1 sq ft*) is too small to adequately sample larger 
mussels, and they are not designed for sampling in water deeper than the top of the 

sampler (Dennis 1985). 

Corers 

Coring devices can be used in both shallow and deep water to quantitatively sample 
invertebrates. Williams and Hynes (1973) and Godbout and Hynes (1982) discuss 
the design and use of standpipe coring devices suitable for sampling the interstitial 
spaces of coarse streambed material. The corer is driven into the substrate to a pre- 
determined depth with the aid of a stake driver, a core rod is inserted into the 
standpipe, and the sample is removed. Corers have also been used to sample 
invertebrate populations in areas with fine particle substrates (Smock et al. 1992; 
Strommer and Smock 1989). Equipment required for core sampling benthic 
organisms inhabiting interstitial spaces includes an appropriate coring device as 
well as any associated equipment for sample processing (e.g., sieve). Because it is 
often necessary to force coring devices into the substrate, the possibility that this 
method could result in injury or mortality to some organisms must be considered. 

Fish 

Biological surveys to evaluate potential impacts of smoke and/or obscurant chemi- 
cals on T&E fish species should begin with a literature review to determine life 
history characteristics and critical habitat requirements. For T&E species in the 
southeast, information can be found in Smith-Vaniz (1968), Douglas (1974), Lee et 
al. (1980), Trautman (1981), Becker (1983), Robison and Buchanan (1988), Etnier 
and Starnes (1993), and Jenkins and Burkhead (1993). For some species, 
information is summarized in the WWF Guide to Endangered Species of North 
America (Lowe, Matthews, and Moseley 1994), including contact personnel with the 

USFWS or other U.S. agencies. 

1 sq ft = 0.093 m2. 
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Habitat Assessment 

A description of critical habitat should include the general type of aquatic habitat 
(e.g., large river or spring-fed tributary) with as much detail as possible down to a 
microhabitat level. Critical habitat is generally considered to include areas for 
growth, movement, nutritional requirements, reproductive and rearing sites, and 
adequate cover (Sidle 1987). The assessment of habitat should also include a 
determination of accessibility of these areas. Aquatic systems can be much more 
isolated than terrestrial systems because of instream barriers. 

In most cases, the literature should provide sufficient detail to direct the habitat 
surveys in the field. If detail is lacking for a species, it may be necessary to use that 
in literature on a similar species. In most cases, this surrogate species will be 
within the same subgenus or genus classification. Once a detailed search pattern 
has been identified, maps, aerial photographs, or other descriptions of the base can 
be used to prioritize field surveys. Field surveys will focus on identifying, quanti- 
fying, and assessing potential critical habitat. General techniques for the field 
surveys are outlined in the following sections. 

Habitat survey techniques. The two basic types of aquatic habitat are still (lentic) 
and running (lotic) water systems. Key components for both habitats include size, 
physical characteristics, chemical characteristics, and the riparian zone. 

The size of an aquatic system can be measured in several ways. The total 
watershed area, or the area drained by all tributaries in a system, can be a 
significant determinant of size. The stream order classification system rates 
streams based on the number of tributaries within the system. This size indicator 
is widely used, but potentially misleading (Hynes 1970). Other measures of size are 
stream length, width, depth (midstream and shore), and surface area. Stream 
discharge is a functional assessment of stream size (Hynes 1970). The discharge is 
a combination of the stream width, depth, and water velocities for a particular 
transect. Combinations of these measures also have been recommended (Hughes 
and Omernik 1983). Techniques for measuring these size variables can be found in 
Hynes (1970), Platts, Megahan, and Minshall (1983), and Armour, Burnham, and 
Platts (1983). 

Physical characteristics of stream habitat greatly influence the suitability of a reach 
for the target species. The physical characteristics reflect both variables of the 
water column and stream channel or lake basin and include water velocity, 
temperature, bank/shore structure, substrate, cover, turbidity/sediment loading, 
and system accessibility. Techniques to measure these variables are discussed in 
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Platts, Megahan, and Minshall (1983), Orth (1983), Bain, Finn, and Booke (1985), 
Platts et al. (1987), Bain (1988), and Baltz (1990). 

Within a stream reach, there are smaller habitat types that incorporate many of the 
unique physical characteristics required by a T&E fish species. These microhabi- 
tats include riffle, run, glide, pool, and pocket water (Platts, Megahan, and Minshall 
1983) defined by a combination of water velocity, depth, gradient, substrate type, 
and cover. Riffles represent shallow areas with faster currents and form some of 
the most important stream areas for spawning and production of food. Pools are 
deeper areas with slow water velocity that usually contain high numbers offish and 
often are primary rearing areas for juveniles. For many fish species, the combina- 
tion of a riffle and pool habitat is a critical habitat requirement. 

Chemical characteristics of the water in aquatic habitats can be important 
determinants of whether a physically suitable site will support any T&E fish 
species. Important chemical variables include dissolved oxygen, alkalinity, pH, 
hardness, and conductivity. Unless specified in a critical habitat description for a 
T&E species, a value within the normal range for any of these parameters should 
be sufficient. 

The vegetative area surrounding the aquatic habitat can greatly influence both 
physical and chemical characteristics of the system. This area, the riparian zone, 
also acts as a buffer for potential impacts from human activities (e.g., farming and 
logging) that increase sediment runoff or chemical inputs. Important variables for 
the quality of the riparian zone include sufficient width, amount and types of 
vegetation, land use, and amount of canopy or shading (Platts et al. 1987). 

An obvious requirement for any habitat to be suitable for the T&E species is that 
the sites be accessible to the rest of the system. If a T&E species cannot swim to the 
site because of physical (e.g., dams) or chemical (e.g., presence of a toxicant plume) 
barriers, it does not matter how suitable all the other parameters ofthat site are. 
Many factors can act as barriers, including those that may be intermittent or 
temporal. 

Habitat assessment indices or models. The evaluation of the habitat and 
especially the determination of whether sufficient critical habitat exists on a 
particular military installation can be facilitated by the use of habitat assessment 
indices or models. Habitat assessment indices provide a standard framework so 
that all assessments are comparable among sites and, if necessary, between 
installations. Many indices have been proposed (see Table 4 for some examples) for 
stream systems and a few for lake or reservoir systems.   A widely published 
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approach is the use of the Habitat Suitability Index, which incorporates a detailed 
assessment of physical, chemical, riparian, and land-use characteristics into a 
model system (Terrell et al. 1982). The index values are combined with computer 
models that use known or estimated life-history characteristics for individual fish 
species to provide a predicted impact assessment for that species. The model is 
developed for both lentic and lotic aquatic systems. 

Fish Sampling Methods 

In addition to characterizing and quantifying the critical habitat at a site, the 
population dynamics of the target species must be measured. A wide range of 
variables can be measured to gauge impacts at the population level, and numerous 

Table 4. Examples of habitat indices or models used to assess habitat quality of streams. 

 Parameters* Model/Index 

Habitat Quality Index 
(HQI) 

Qualitative Habitat 
Evaluation Index 
(QHEI) 

Habitat Suitability 
Index Model 

Riparian, Channel, 
and Environmental 
Inventory 

late summer flow 
annual flow variation 
stream velocity 
cover 
width 

substrate type 
substrate quality 
instream cover type 
instream cover amount 
channel sinuosity 
channel development 
channelization 
channel stability 
riparian width 

Many variables, including: 
percent cover 
substrate type 
percent pools 
average discharge 
average current velocity 
temperature (adult) 

land use 
riparian zone width 
riparian zone completeness 
riparian zone vegetation 
retention devices 
channel structure 

streambank stability 
fish food abundance 
fish food diversity 
nitrate concentration 
maximum summer 
water temperature 

floodplain quality 
bank erosion 
maximum depth 
current available 
pool morphology 
riffle/run depth 
riffle substrate stability 
riffle embeddedness 
gradient 

temperature (fry) 
temperature (juvenile) 
turbidity 
dissolved oxygen 
maximum stream depth 
average stream width 

channel sediments 
stream-bank structure 
bank undercutting 
substrate 
riffles 
pools  

Reference 

Binns1977 

Rankin 1989 

Terrell et al. 
1982 

Petersen 1992 

For some models, not all parameters are listed. 
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sampling techniques can be applied to collect the appropriate data. The following 

sections briefly review the applicable techniques. 

Seines and mobile nets. Small seines are perhaps the most common and one of the 
least expensive types of gear for sampling fish (Etnier and Starnes 1993). Basically, 
a seine is a fine-mesh net (of varying length and height) fastened to two end poles 
(brailes). Floats are normally attached to the top line and metal weights or lead 
attached to the bottom line. The seine can be pulled through still or slow current 
habitats or held in place in faster currents. Detailed capture techniques are 
described in Etnier and Starnes (1993). Using a small seine technique includes 
these advantages: (1) low equipment cost, (2) small number of samplers required, 
and (3) low stress to target species. Disadvantages of a small seine technique 
include: (1) extensive sample effort required to cover large areas, (2) inefficient at 
sampling adults of large or fast swimming fish, (3) inefficient at sampling deep 
water habitats and areas with lots of cover (e.g., stumps), and (4) difficult to obtain 
good quantitative data (Lyons 1986). In general, seines are most useful for smaller 
aquatic habitats, including springs, headwaters, streams, shore areas in medium- 
size rivers, and shallow lakes or ponds. Also, seines are more effective if the target 
species is small, benthic-inhabiting (e.g., darters), or not a structure-associated 

species (e.g., midwater shiners). 

To capture fish in large rivers, lakes, and reservoirs, technicians on boats deploy 
larger seines or nets such as beach seines, trawls, and purse seines. A beach seine 
is a long net (50 to 100 m) with an attached pocket or bag. Trawls are bag nets with 
leading wings that operate by being pulled through the water and sweeping fish 
into the net. They can be the most effective technique for sampling deep water 
habitats (Etnier and Starnes 1993). Purse seines are long nets with a cinching line 
on the bottom edge. They are deployed in a circle to surround fish, the bottom is 
cinched tight to form a bag, and the encircled fish are hauled into a boat by winch. 
These types of nets can capture large numbers offish with limited personnel but 
can be stressful to the captured fish. More detailed discussions on purse seines and 
trawls are in Dahm (1980), Hayes (1983), and Lopez-Rojas, Lundberg, and Marsh 

(1984). 

Electrofishing. Another very common sampling technique is the use of electric 
current to stun and capture fish. Electrofishing relies on a gasoline- or battery- 
powered generator to supply electric current (pulsed DC is most common) to a set 
of probes, which are placed in the water. The current passes from the cathode to 
the anode probe or plate. Fish in the vicinity of the electric field are immobilized 
through muscle contractions and can be captured easily by netters. The generators 
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can be of varying design and size, which allows the samplers to use backpack, shore, 
or boat placement. 

The advantages of electrofishers include: (1) effectiveness in sampling juveniles and 
adults of most species, (2) effectiveness in sampling structurally complex habitats, 
(3) efficiency in capturing a large percentage of the individuals in an area, and (4) 
efficiency in sampling large areas in a relatively limited time. Numerous studies 
indicate that under proper conditions, electrofishing can be the most effective 
sampling technique (Jacobs and Swink 1982; Wiley and Tsai 1983; Layher and 
Maughan 1984). Disadvantages of electrofishers include (1) produces stress or 
fatality in a certain percentage of stunned individuals, (2) is less effective on benthic 
or deep water species, (3) requires clear water for most effective sampling, (4) is less 
effective in low- or high-conductivity water, and (5) poses potential safety problems 
because of high voltage and/or use of gasoline. Backpack, shore, electric seines 
(Bayley, Larimore, and Dowling 1989), and small boat units work effectively in 
springs, headwaters, streams, and medium-size rivers. Larger boat units are more 
effective in larger rivers, lakes, and reservoirs. In larger streams and rivers, 
electrofishing at night can also increase the number of species and individuals 
captured. Additional information on electrofishing is in Hartley (1980) and 
Reynolds (1983). 

Stationary nets or traps. A wide variety of stationary nets and traps are used to 
sample fish populations. The two basic types are (1) nets that snag or entangle fish 
and (2) traps or net arrangements that provide a holding area into which fish are 
enticed. The most common entanglement nets are gill nets and trammel nets that 
use an open mesh through which fish attempt to swim. As the fish attempts to pass 
through, gill covers or fins become snagged on the fine filament netting. After a 
certain period of deployment, the nets are checked and captured fish are removed. 
These nets can be quite long and deep, and varied placement can cover a variety of 
habitats or water column depths. They are generally more effective in turbid water 
and areas without snags (Hubert 1983). 

Advantages of these sampling nets include: (1) effective for a variety of larger fish 
sizes (depending on mesh size used), (2) effective for sampling deep areas not 
accessible by other techniques, and (3) effective for fast swimmers or schooling 
species. Disadvantages of the gill nets include: (1) snagged fish can be severely 
injured or killed even if nets are checked frequently, (2) any one gill net mesh size 
will sample only a limited size offish, (3) nontarget species (e.g., shad species) can 
be captured at high rates with resulting increase in sampling time and total 
mortality, (4) fish species that are not especially mobile (e.g., sunfish) are not highly 
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susceptible to the technique, and (5) quantitative data may be difficult to obtain. 
Further details are given in Hartley (1980), Hamley (1980), and Hubert (1983). 

Fish traps include fyke nets, hoop nets, trap nets, and pot gear (e.g., slat baskets 
and minnow traps). All of these devices work by allowing the movement of the fish 
to take them through a small opening into a larger holding area. The traps or nets 
are designed so that fish can easily find or be led to the opening from the outside, 
but not from the inside. Frequently bait is used to further lure fish into the trap 
(Culp and Glozier 1989). Some designs such as fyke nets use attached wing nets 
that funnel fish to the opening. 

Advantages of these stationary traps include (1) range of sizes from small (minnow 
traps) to large (fyke nets) allows a wide range of species and life stages to be 
sampled, (2) fish remain alive while in the trap, so traps do not need to checked as 
frequently as entanglement nets, and (3) fish that seek cover (e.g., sunfish) or are 
benthic species (e.g., catfish) are especially susceptible to capture by this method. 
Disadvantages of these traps include (1) trap is not equally effective for all species, 
(2) changes in temperature and turbidity can affect catch rate, and (3) adjustments 
must be made to correct for sampling bias when used for density estimates 
(Jacobsen and Kushlan 1987). The larger fyke, trap, and hoop nets are most 
effective in reservoirs, ponds, lakes, and river backwaters. Pot gear and smaller 
hoop nets can be more effective in smaller streams or faster water. In both cases, 
traps can be combined with weirs or directional structures that channel fish into 
areas where the traps are deployed. Additional discussions can be found in Craig 
(1980) and Hubert (1983). 

Visual observations. Using visual techniques to sample fish populations has 
become increasingly popular. Transect surveys of minimally or noncontaminated 
aquatic habitats can be effectively accomplished with snorkel or scuba gear. A 
small dipnet can be used while snorkeling to capture some species very effectively 
(Etnier and Starnes 1993). For more contaminated sites, remotely operated video 
cameras in waterproof cases have also been used to survey fish populations. 

In both cases, advantages include: (1) minimal physical stress offish, (2) no direct 
mortality, (3) effective for benthic (e.g., madtom) and midwater (e.g., minnow) 
species, and (4) additional information on habitat use can also be gathered. Disad- 
vantages include: (1) not particularly useful for tissue sampling or assessment of 
length/weight data, (2) fish species that are difficult to identify are more easily 
misidentified, (3) cryptically colored species or species hiding in thick cover may be 
overlooked, (4) some species are more easily spooked by the diver and may be 
underestimated in counts, and (5) clear water is required for effective use. 
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Compared with seining, visual estimates can often find more species and more 
individuals, although abundance estimates may be biased toward smaller species 
(Goldstein 1978). These techniques can be applied to habitats of all sizes and under 
most flow conditions. Reviews of visual techniques are given by Helfman (1983), 
Hankin and Reeves (1988), and Baltz (1990). 

Chemicals. Chemicals, or ichthyocides, have been used to sample fish populations 
for many years. The use of rotenone, sodium cyanide, and antimycin often provide 
the most complete sample of a fish community or population among all possible 
methods. Generally, these chemicals work by impairing the oxygen uptake at the 
gills, which makes the fish susceptible to capture or retrieval. 

The advantages of chemical collection include: (1) thorough sampling of all sizes 
and species offish, (2) effective in habitats not easily sampled by other techniques 
(e.g., fast current streams with large boulder substrates), and (3) specialized 
equipment is not required. Disadvantages include: (1) although some fish can 
recover, most chemical applications cause substantial mortality, (2) some chemicals 
can be hazardous to samplers, (3) diminished effectiveness at low temperatures, (4) 
technique can substantially affect nontarget species (e.g, invertebrates), and (5) 
application can be hard to control under some flow and habitat conditions and 
should only be attempted by experienced personnel (Etnier and Starnes 1993). In 
lakes and reservoirs, chemical application is usually limited to cove samples. Nets 
are used to isolate the cove, the chemical is dispersed by boat, and netters on shore 
and in boats retrieve the affected fish. In streams, chemicals are released at a point 
upstream of sample area, a line of netters retrieve fish below the sample area (may 
be supplemented by a blocknet), and if necessary the chemical is neutralized in 
water moving downstream. Chemical sampling can provide good data on standing 
crop, species richness, and density, but estimates are subject to bias resulting from 
escape around nets and incomplete recovery of dead fish (Davies and Shelton 1983). 
More detail on the use of chemicals can be found in Holden (1980), Kapetsky (1980), 
and Davies and Shelton (1983). 

Data Analysis 

A combination of analysis techniques is needed to properly assess the possible 
impact of smokes and obscurants on a T&E fish species. The selection of the most 
informative analysis will also depend on the sampling method selected, the amount 
of sampling effort possible, and the target species. 

Occurrence. The first and foremost measure should be whether the target species 
actually occurs in the area of interest.   Assuming habitat surveys have located 
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suitable habitat, sampling should be made to collect individual specimens. For 
some species this will be straightforward, while for others (e.g., shortnose sturgeon, 
Acipenser brevirostrum, or blue sucker, Cycleptus elongatus) the actual capture or 
sighting of a single individual will be a major accomplishment. Occurrence data can 
be correlated with areas of critical habitat to give some idea of population strength, 
but in most cases will need additional measures to assess potential impacts. 

Catch (or counts) per unit effort/time. The easiest measure of abundance or 
population strength is to relate the occurrence of specimens to a unit of sampling 
effort, time, or distance. This catch per unit effort analysis is applicable to most 
sampling techniques, and when compared with reference data can indicate whether 
the target population may have been impacted by the installation's activities or 
other factors. Potential errors in using catch per unit effort for estimating fish 
density or biomass are discussed by Mahon (1980). 

Estimated population size. For a more detailed evaluation of population size, a 
repeated collection estimate can be made. The two basic approaches are estimates 
from mark-recapture (Chapman 1951; Bailey 1951, 1952; Otis et al. 1978; Begon 
1979) and removal (Zippin 1956, 1958; Seber and LeCren 1967; Carle and Strub 
1978). In a mark-recapture, specimens are captured on one day, marked, and 
released to an enclosed sample area. After an interval of 1 hour to several days, a 
second collection is made. By relating the ratio of tagged and nontagged fish 
recaptured on the second sample day to the number of fish initially tagged, an 
estimate of population size can be made. Mark-recapture techniques can be limited 
to this single pair of sampling events, or if a long-term tag or mark is used, multiple 
recaptures can be made. Use of a more permanent tag will also provide data on 
movement patterns or distribution. Tags can be as simple as fin clips or more 
permanent such as plastic streamer tags, injectable wire tags, or subcutaneous 
paint injections (Wydoski and Emery 1983). Mark-recapture techniques may 
produce considerable capture and handling stress to the species and require 
temporally spaced sampling efforts. 

The other principal method for estimating population size is the multiple-pass 
removal method. In this technique, an area is isolated by nets and repeatedly 
sampled on the same day. All target species are removed and segregated by pass. 
A minimum of two sampling passes are needed, and more passes (three or four are 
common) produce a better estimate (Riley and Fausch 1992). The target species are 
counted by pass and then a computer program generates an estimated population 
size based on the decline in numbers from the first pass to the last. This technique 
reduces the capture stress on the individual to one capture, and sampling can be 
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completed in 1 day per site, but it does not provide additional information on 
movements. 

Regardless of technique, the estimated population data can provide a much better 
idea of the population size than with a catch-per-effort analysis. Data can be 
analyzed based on the sample area to provide density (fish/m2) values, which make 
comparisons easier among sampling sites. In general, mark-recapture techniques 
provide more accurate estimates than removal techniques (Peterson and Cederholm 
1984; Gatz and Loar 1988; Riley and Fausch 1992; Riley, Haedrich, and Gibson 
1993). However, because the mark-recapture technique requires two sampling 
events (usually separated by a day or more between samples) and further requires 
tagging or marking of target species, impacts from the more accurate technique may 
not be worth the increased risk of mortality to the T&E species. 

Additional population indicators. Depending on the desired level of sampling 
effort, additional measures of the target species can be made after capture. 
Individual fish can be measured for length and weight, observed for reproductive 
state, disease, or injury, and sampled for age. The length and weight measures can 
be made fairly easily and will provide useful data to calculate condition factor (an 
estimate of individual health), population biomass or productivity, and length 
frequencies (estimated age structure of the population). General techniques for 
length-weight measures are reviewed by Anderson and Gutreuter (1983). For some 
species, scale samples may be taken to aid in estimating age and life span. These 
measures are nondestructive to the individuals and should not substantially 
increase mortality if conducted properly. 

In addition to measures of the individuals, extra surveys can focus on evaluating 
potential impacts on reproduction. Surveys of the critical habitat can be made 
during the reproductive season to locate nests or spawning aggregations of the 
target species or to determine the number of gravid females. Nursery areas can be 
sampled for the presence of eggs, larvae, or juveniles (Bagenal and Nellen 1980, 
Snyder 1983). These parameters can be combined with population estimates and 
length frequencies to indicate whether smokes and obscurants may be affecting the 
reproductive capacity of the target species. 
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8  Ambient Media Toxicity Test Methods 

Toxicity tests are a means of determining if the media present at a site are actually 
toxic to terrestrial and aquatic biota. Testing validates toxicity estimates obtained 
through the comparison of contaminant exposure estimates to conventional toxicity 
data. The tests also indicate if differences between the smoke-exposed site and 
reference locations observed in the biological surveys can be attributed to contami- 
nation. This chapter summarizes representative toxicity test methods for ter- 
restrial and aquatic biota, their applications, and their strengths and weaknesses. 

Toxicity Tests for Terrestrial Biota 

A variety of toxicity test methods, using organisms as diverse as earthworms, 
arthropods, soil bacteria, and plants, have been developed for use in assessing 
ecological risks to terrestrial biota at hazardous waste sites. Many of these may 
also be applicable to evaluate risks that smokes present to T&E species. A list of 
advantages and limitations of toxicity tests in ecological assessments is provided in 

EPA (1989). 

An excellent compendium of potentially useful toxicity testing methods is provided 
in the Evaluation of Terrestrial Indicators for use in Ecological Assessments at 
Hazardous Waste Sites (EPA 1992b). Four main areas are covered: 

1. Animal test methods (e.g., methods using earthworms, other soil annelids, 
free-living nematodes, soil insects, noninsect arthropods, mollusks, amphibi- 
ans, small mammals, and birds) 

2. Plant test methods (e.g., seed germination and root elongation tests, seedling 
survival and vegetative vigor tests, life-cycle and plant tissue-culture tests, 
and photosynthesis inhibition tests) 

3. Soil biota test methods (emphasis on soil microbes, bacteria, fungi, protozoans, 
and nematodes) 

4. Field test methods (including in situ testing based on organisms such as 
amphibians, starlings, sago pondweed, and terrestrial plants). 
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The American Society for Testing and Materials (ASTM) also has established guides 
that can be used for estimating the acute or chronic toxicity of media such as soils, 
sediments, and water to various organisms (ASTM 1994). The ASTM guides for 
these tests generally provide a greater level of detail than is provided in EPA 
(1992b). Each ASTM guide also contains references to the scientific literature for 
examples of studies that have used the method or a variant thereof. 

Three key considerations were identified in the context of terrestrial toxicity testing 
in relation to the potential ecological risk of contaminants to T&E species: 

1. The ecological attributes that cause or contribute to a species' rareness should 
be taken into consideration in selecting toxicity test methods. A test with an 
endpoint that may be sufficiently protective for an abundant species may not 
accurately estimate risk to a species that is rare. Toxicity tests for estimating 
risk to a T&E plant species, for example, almost certainly should address all 
critical life-cycle stages (e.g., seed germination, root and shoot development, 
seed set, and second-generation viability) because reproduction is generally 
more sensitive, as a toxicity test endpoint, than survival or growth. However, 
few test methods consider reproductive endpoints. Thus, the application of 
commonly used toxicity tests to situations involving rarer organisms may 
substantially increase uncertainty about potential hazards of contaminants to 
T&E species. 

2. Although various types of organisms are used in toxicity testing, the 
fundamental physiological ecology or life-cycle patterns of some types of rare 
organisms differs so greatly from organisms commonly used in toxicity tests 
that the value of laboratory testing using a surrogate for the rare species is 
questionable. An example of a rarely considered cactus is given below to sup- 
port this argument. 

Collared peccaries can discriminate among individual pads of the cactus 
Opuntia phaeacantha and preferentially eat those that contain lower concen- 
trations of calcium oxalate (Theimer and Bateman 1992). Thus, the level of 
herbivory that the wild pigs exert on O. phaeacantha is linked to the 
physiological status of individual pads on individual cactus plants. Theimer 
and Bateman (1992) show that relatively fine-scale physiological differences 
can importantly influence the probability of herbivory, which is a critical 
source of mortality to Opuntia. We do not know if military smokes alter 
Opuntia's production or storage of oxalic acid. Additionally, many species of 
cactus are physiologically quite different from plants commonly used in 
toxicity tests. Cactus species, for example, have thick, waxy cuticles and use 



78  USACERLTR-97/140 

Crassulacean acid metabolism (CAM). In CAM plants, carbon dioxide (C02) 
is assimilated primarily in darkness and photoconverted to photosynthate in 
daytime, when the stomata may remain closed to protect the plant against 
water loss (Harper 1977). In short, CAM and non-CAM plants operate so 
differently with respect to C02 uptake, transpiration, carbon fixation, and 
stomatal behavior, that noncactus species of plants probably cannot be used 
as reasonable "surrogates" for toxicity tests designed to protect T&E cactus 
species. Finally, the life-cycles of some plants include very specific "ecological 
bottlenecks" where sensitivity to contaminants cannot be reliably estimated 
by using surrogate species. The pattern of seed germination and seedling 
survival for some species of cactus, for example, is dominated by the 
distribution and success of particular species of nurse plants (Valiente and 
Ezxurra 1991). In such cases, the cactus species would be unlikely to persist 
if its nurse-plant species were accidently eliminated. 

3. Biological interactions such as predation, pollination, and competition may be 
more influential, and thus need to be considered more carefully, for rarer 
species than for more common species. Most commonly used laboratory or 
field toxicity test procedures, though, focus on direct effects of contaminants 
on the organism in question. Additionally, most commonly used toxicity test 
methods use test time scales that are too short to detect significant effects that 
might result from indirect mechanisms. Mesocosm-type test systems that 
include multiple endpoints and that continue long enough to reveal taxonomic 
changes in the soil community (cf. Gunderson et al. 1994; Parmelee et al. 
1993) or in situ test systems that allow quantification of direct plus indirect 
effects of contaminants on community composition (e.g., Napolitano et al. 
1993) require more effort than conventional laboratory toxicity tests but may 
provide information far more valuable in terms of assessing ecological risk of 
chemicals or chemical residues to T&E species. 

The three considerations listed above suggest that while some laboratory- or field- 
based assessments of toxicity may be appropriate for estimating ecological risks 
resulting from exposure to training chemicals, considerable care and ecological 
understanding should be exercised in the extrapolation from the results of such 
tests, particularly those that use surrogate species, to the T&E species in question. 
Additionally, the considerations suggest that tests should include endpoints more 
sensitive than survival or growth (the most commonly used endpoints). Finally, 
toxicity tests that examine the effects of the suspect chemicals on specific ecological 
processes of significance to the T&E species in question (e.g., pollination, predation, 
and competition) could be designed and applied, either in the field or the laboratory, 
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to provide information more suitable than that derived from "conventional" toxicity 
tests. 

With the caveats described previously, the following general testing methods, with 
attendant advantages and disadvantages, might be appropriate for estimating 
ecological risk from contaminants, via atmospheric, water, or soil exposures, to 
certain terrestrial T&E species. 

Plants 

The major types of plant responses usually encountered in efficacy and phytotoxicity 
tests are described in ASTM's Standard Guide for Evaluation ofNematode Control 
Agents-Plant Responses (ASTM 1991). This guide is conceptually advantageous 
over pure phytotoxicity test standard operating procedures (SOPs) in that it empha- 
sizes chemical influences on the vulnerability of plants to pathogens. Thus, the 
ASTM (1991) framework for assessing responses of plants to hazardous materials 
is broader than that in EPA's "terrestrial indicators" manual (EPA 1992b). Addi- 
tional information may be found in PHYTOTOX, a database for phytotoxicity litera- 
ture compiled at the University of Oklahoma (Fletcher, Johnson, and McFarlane 
1988). 

Exposure regimes to smoke munitions vary greatly in relation to terrain and 
convective conditions (Policastro et al. 1990). Thus, for estimating ecological risk 
to T&E species, use of in situ testing should be emphasized. Field-enclosure tests 
can be used to assess the effects of gaseous pollutants on photosynthate transport 
in plants such as soybean (e.g., Madkour and Weinstein 1988). However, if data- 
logging instruments are available to monitor exposure regimes to an atmospheric 
pollutant, exposure chambers might not be needed. In such cases, an in situ test 
could involve the use of one or more surrogate species in a series of paired plots 
(reference sites vs sites exposed to the contaminant(s) in question). Because 
variation in environmental conditions other than pollutants will occur, the paired 
plots should be selected to deliberately encompass a range of conditions (e.g., soil 
moisture, organic content, and exposure to sunlight) significant to the T&E plant 
species. Response parameters should include seed survival (which includes changes 
in seed viability and losses to seed predators), germination success, seedling growth, 
root development, and seed production. 

Before investing significant effort in a field-scale in situ test, a screening test based 
on pollen viability should be considered for cases in which the T&E species are 
angiosperms or gymnosperms. The processes of pollen transportation and germina- 
tion are central to reproductive success for many plant species, and pollen viability 
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can be tested easily and inexpensively using standardized laboratory procedures 
(Brewbaker and Kwack 1963, Young and Stranton 1990). Pollen viability also may 
be used as a response parameter in the in situ tests, for reasons of ecological 
significance and because of their relatively low cost. If the species to be protected 
is a bryophyte, laboratory tests analogous to those used to assess viability of pollen 
might be used to assess the inhibitory effects of pollutants on the flagellated male 
reproductive cells (cf. Morgan, Wu, and Young 1990). 

Selection of plant species that are appropriate for use as surrogates for the T&E 
species in question must be considered carefully, but logistical considerations such 
as availability, size, and a short life cycle may override questions of sensitivity to 
pollutants, particularly if reproductive endpoints are used. Primarily for logistical 
reasons, but also because of its simple genomic structure, the small flowering plant 
Arabidopsis thaliana is gaining acceptance for use in toxicity tests of soils. A draft 
SOP for use of this plant species in laboratory tests to assess soil toxicity, with seed 
germination and shoot biomass as response variables, is included as Appendix B in 
this report. Procedures such as those described for soil testing with A. thaliana 
could be modified easily to include pollen viability measurements or be used to 
assess effects of atmospheric or waterborne pollutants. The small size and rapid life 
cycle of plants such as A. thaliana and Tradescantia spp. (note Schaeffer et al. 1987) 
are also attributes that can be used to advantage in in situ tests. 

Soil Invertebrates 

Although many kinds of soil-dwelling invertebrates have been or could be used in 
toxicity tests to provide information about ecological risk to T&E species (cf. EPA 
1992b), earthworms are among the best. Earthworms are abundant and ecologi- 
cally significant because they modify soil quality (by their foraging and tunneling) 
and are important components of the diets of many birds and small mammals. 
Earthworms also are readily exposed to contaminants in soil, both by ingestion and 
dermal contact; thus, contaminants that accumulate in earthworms can be readily 
transferred to their predators. Most earthworm species are large enough to assess 
individually but small enough for convenient testing. Various species, notably 
Eisenia foetida, have moderately short life cycles and can be reared easily in the 
laboratory. Finally, both laboratory test methods (e.g., Callahan, Russell, and 
Peterson 1985) and field testing methods (e.g., Callahan et al. 1991) have been 
developed for assessing the effects of soil contaminants on earthworms. These con- 
siderations account for the continued use of earthworms for estimating ecological 
risk from contaminants in soils. 
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Most of the published methods for testing the toxicity of soils with earthworms have 
used lethality as the measured endpoint. A recent study, however, shows that 
measurements of earthworm growth and reproduction can be used to reveal 
differences among soils in cases where no differences in survival of the earthworms 
were noted (Gibbs, Wicker, and Stewart 1994). Thus, the improvements in 
methodology suggested by this study should increase the usefulness of earthworm 
tests for assessing the biological effects of contaminants in soils. A draft SOP for 
conducting E. foetida tests of soils based on procedures described by Gibbs, Wicker, 
and Stewart (1994) is included as Appendix C in this report. 

Although single-species assays (e.g., E. foetida test) are widely used to assess 
ecological impacts of contaminants in soils, they may not provide accurate estimates 
of pollution-induced changes in interspecies interactions. The disadvantages of 
single-species tests can be overcome by use of multispecies mesocosm tests. Soil 
mesocosm tests can be used to assess responses of various soil organisms such as 
microarthropods or soil nematodes, or soil-microbe processes (e.g., denitrification 
or decomposition) to contaminants (e.g., Parmalee et al. 1993; EPA 1992b; 
Gunderson et al. 1994). Multispecies mesocosm tests are advantageous in that they 
can permit insight into food-web structure and microbe-plant interactions of 
ecological significance. However, they tend to be more costly than single-species 
tests and may not use endpoints that are easily incorporated into an ecological risk- 
assessment framework. Because soil microarthropod communities are diverse and 
include a functional trophic web made up of predator and prey species, it is likely 
that soil-testing procedures such as those used by Parmalee et al. (1993) or 
recommended by EPA (1992b) will be used more often for ERAs. 

Birds 

Various bird species have been used to assess potentially adverse effects of 
chemicals in the environment, including ducks (Brewer et al. 1988), starlings (Grue, 
Powell, and McChesney 1982), kestrels (Rattner and Franson 1983), laughing gulls 
(White, Mitchell, and Hill 1983), and bobwhite quail (Galindo et al. 1984). The 
economic importance of birds commonly consumed by humans (e.g., chickens, 
turkeys, and ducks) is considerable and suggests that standardized toxicity tests 
with at least some species of birds may be used to assess chemicals of agricultural 
interest. An ASTM standard (E 857-87; ASTM 1994) for conducting subacute 
dietary toxicity tests with avian species is also available, but this guide is designed 
primarily for application to northern bobwhite, Japanese quail, mallard, and ring- 
necked pheasant. The result of tests conducted according to the ASTM standard 
"provides one basis for deciding whether additional toxicity testing should be 
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conducted with birds." Thus, the procedure at best should be considered to be a 
screening test, perhaps with limited application to ERA needs. 

Mammals 

Toxicity tests for mammalian wildlife have not been widely used in ERAs (EPA 
1992b). Available methods consist of laboratory tests focusing primarily on small 
mammals (essentially rodents) and mustelids (mink and ferrets). In situ methods 
are not currently available. Standard methods for mammalian laboratory toxicity 
tests are summarized in EPA (1992b) and in ASTM (1994). 

Reptiles 

Various studies have demonstrated that contaminants or contaminant residues can 
be elevated in reptiles such as snakes (Fleet, Clark, and Plapp 1972) and turtles 
(Meyers-Schone and Walton 1994). However, relatively few studies have focused 
on the effects of contaminants on reptiles (Hall 1980). Additionally, no standardized 
toxicity test procedures appear to be available for this group of animals. In some 
habitats, reptiles are significant ecologically; lizards, for example, are important as 
predators of insects in arid or semiarid regions (cf. Pianka 1974). Many lizards also 
are territorial, have small home ranges, and can be kept in captivity easily. Thus, 
field or laboratory tests to assess the effects of contaminants on lizards probably 
could be conducted. These procedures, though, would likely be appropriate only for 

selected geographical areas. 

Amphibians 

An ASTM standard guide for conducting acute toxicity tests with fishes, macroinver- 
tebrates, and amphibians (ASTM 1994) states that, for amphibians, "young larvae 
should be used whenever possible," and provides good general guidance for toxicity 
testing with aquatic phases of amphibians. The standard does not explain how to test 
terrestrial phases of amphibians (e.g., adult toads such as Bufo americanus) and does 
not provide a detailed methodology for testing egg or larval stages of amphibians. 
However, it does provide a strong set of references to reputable scientific studies that 
do provide necessary details for conducting both flow-through and static tests with 

amphibians. 

Recent evidence for global reductions in species diversity of amphibians (Barinaga 
1990) coupled with speculation about the possibility that this reduction is due at 
least in part to pollutants and increases in ultraviolet-B (UV-B) radiation has 
kindled interest in factors that influence amphibian abundance and species 
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richness. These studies may generate additional interest in developing amphibian- 
based toxicity test systems. 

A frog embryo teratogenesis assay using Xenopus laevis has been used to estimate 
mutagenicity of chemicals. This test is referred to as FETAX and is reported to be 
a rapid, inexpensive system for preliminary assessment of potential developmental 
hazards (Dawson et al. 1988; Dawson, Schultz, and Baker 1991; Dumont et al. 
1983). No other standardized toxicity test procedures appear to be available for this 
group of animals. In most instances, it would be reasonable to suppose that the 
most vulnerable life phase of an amphibian would be that associated with repro- 
duction or juvenile development. Because these phases are aquatic for amphibians, 
toxicity test procedures for aquatic organisms probably would be adequate for esti- 
mating ecological risks from contaminants to amphibians. 

Devillers and Exbrayat (1992) provide an extensive summary of existing field and 
laboratory toxicological studies on amphibians. References discussed in this volume 
may be useful both for toxicity data and for amphibian toxicity testing methods. 

Proposed Methods 

Most terrestrial toxicity test methods use single-species designs, involve short-term 
exposure regimes, and monitor organism growth or lethality as an endpoint. Most 
of these tests do not include significant ecological processes and exclude important 
species interactions that influence ecosystem trophodynamic structure. They also 
usually ignore the potential for sublethal effects of contaminants on reproductive 
success. Simple laboratory test methods could be developed to include quantitative 
consideration of predation as a trophic process and predator growth and reproduc- 
tive success. This is in response to contaminant exposures via direct and indirect 
pathways, by use of readily available terrestrial invertebrates. Figure 5 shows an 
example of this possibility. 

A test with the three units in Figure 5 could be extremely flexible. Exposures could 
consist of application(s) of the pollutant(s) in question to the soil, plants, and 
detritus only, either by atmospheric injection or by water; to the soil-plant-detritus 
component, in the presence of either or both prey and predator; or to all compo- 
nents, as desired. Prey items could be added at particular times after the 
contaminant(s) have been added to provide estimates of temporal changes in 
bioavailability of the contaminant. The predator, too, could be inserted into the 
system at a desired time after the prey have been added to permit several levels of 
prey contamination. Responses of the prey to the contaminant(s) could be 
quantified in terms of avoidance behavior and/or feeding activities.   Sublethal 
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Figure 5. Trophic-level toxicity test for terrestrial invertebrates. 

effects of the contaminants on the prey also could be inferred by assessing their 
ability to escape or delay predation. Sublethal effects of the contaminants on 
predator efficiency could be determined by strike/capture ratio, prey-handling time, 
or by direct measurements of predator growth. Because the life cycle of Stagmo- 
mantis Carolina (the most common mantid in the southern United States) and other 
mantid species essentially terminates with the production of a conspicuous 
overwintering egg mass, second-generation effects of the exposure regimes could be 

followed (see Birchard 1991). 

Various other arguments justify the consideration of insects in developing con- 
nective toxicity tests such as this.   For praying mantis species, the size of the 
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predator and prey organisms is great enough so that the tests could be conducted 
easily in the field (see also Bartley 1982). The organisms also are small enough that 
the tests could be conducted easily in the laboratory. Praying mantis species and, 
presumably, other insects have strongly Stereotypie movement behaviors that would 
permit easy analysis of behavioral abnormalities that might result from exposure 
to contaminants in air or their prey (Corrette 1990; Rössel 1986; Maldonado, Jafe, 
and Balderrama 1979). Additionally, within-brain physiological correlates to insect 
behaviors have been identified for the praying mantis, S. biocellata, suggesting that 
the physiological literature could support the development of clear linkages between 
exposures to contaminants and adverse effects. Insects are wonderfully diverse and 
enormously abundant; many species are critical components of the diets of T&E 
species of birds and small mammals or pollinators of T&E species of flowering 
plants. Finally, insect population responses to toxic chemicals have been well docu- 
mented in the scientific literature because of the significance of insects to 
agriculture. Thus, many "field scale" studies of the responses of insect communities 
have already been conducted in support of the agricultural industry. 

Toxicity Tests for Aquatic Biota 

The application of toxicity tests for aquatic biota in risk assessment has developed 
from a total absence of this type of data (risk assessments were performed using 
only measured chemical concentrations to predict effects) to the development and 
use of standardized toxicity tests in ERAs. Standardized tests are favored because 
they are easy to conduct and the results can be replicated. Results from single- 
species tests are considered to be representative of impacts to broad classes of 
organisms (e.g., fish or invertebrates); the data provide information on the toxicity 
of specific chemicals to different types of organisms under given conditions (Rand 
and Petrocelli 1985). 

In addition to single-species tests, tests may be performed using laboratory 
microcosms or model ecosystems. Laboratory microcosms are small-scale enclosures 
containing samples from the natural ecosystem (e.g., water, sediment, fish, 
invertebrates, and plants). One ASTM microcosm procedure (ASTM 1994), for 
example, is designed to obtain information concerning toxicity or other effects of a 
test material on the interactions among three trophic levels and the competitive 
interactions within each trophic level. The advantage of microcosms is that effects 
beyond the level of a single species can be identified. In principal, if conditions are 
uniform, these tests should be easy to replicate and standardize for different 
chemical substances; however, the literature indicates that this is not always the 
case (Rand and Petrocelli 1985). 
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Another type of test that may be used to evaluate effects to T&E species are in situ 
toxicity tests. In situ tests are performed by exposing test animals to conditions in 
a natural ecosystem. These tests may provide the most "real-world" assessment of 
toxicity. Use and interpretation of data from in situ tests, however, is limited 
because of a high degree of variation resulting from environmental conditions and 
the difficulty in establishing a cause-and-effect relationship. In addition, standard 
methods for in situ aquatic toxicity tests are not currently available. In situ tests 
could be developed on a site-specific basis, however. 

The criteria for choosing an appropriate toxicity test for risk assessment may follow 
the recommendations of Rand and Petrocelli (1985): 

1. The test should be widely accepted by the scientific community. 
2. The test should be able to predict the effects of a wide range of chemicals on 

different organisms. 
3. The test procedures should have a sound statistical basis and should be 

repeatable in different laboratories with similar results. 
4. The data should include effects of a range of concentrations within realistic 

durations of exposure. They should also be quantifiable through graphical 
interpolation, which is an accepted method of quantitative evaluation. 

5. The data should be useful for risk assessment. 
6. The test should be economical and easy to conduct. 
7. The test should be sensitive and as realistic as possible in design to detect and 

measure the effect. 

Standard laboratory toxicity tests may measure acute or chronic effects to a variety 
of aquatic animals. Acute toxicity tests measure those effects that occur rapidly as 
a result of short-term exposure to a chemical(s). In fish and other aquatic 
organisms, effects that occur within a few hours, days, or weeks are considered 
acute (Rand and Petrocelli 1985). The most common acute effect measured is 
lethality. Lethal concentration 50 (LC50) is the concentration that kills 50 percent 
or more of the exposed population of test organisms in a relatively short time, such 
as 96 hours to 14 days (Rand and Petrocelli 1985). Acute tests could be used to 
identify the concentration of a chemical, such as those found in smokes, which 
would cause a rapid effect on survival. If a reasonable aquatic community exists at 
the site in question, an acute test of ambient water impacted by smokes would 
provide little information. Acute tests described in the following may be conducted 
with aquatic invertebrates, fish, and aquatic insects. 

Chronic or subchronic toxicity tests will provide the most information on specific 
chemicals and ambient water samples. The tests typically measure more sensitive 
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endpoints such as growth, reproduction, or emergence. Investigators at Oak Ridge 
National Laboratory have also been successful at applying standard toxicity tests 
to receiving waters (Kszos 1994, Stewart 1994). Chronic effects may occur when a 
chemical produces deleterious effects as a result of a single exposure, but more often 
they are a consequence of repeated or long-term exposures (Rand and Petrocelli 
1985). For the same reasons stated in the discussion of acute tests, it is recom- 
mended that surrogate test species be used for testing rather than T&E species. 

Appropriate duration of toxicity tests depends on (1) the species of interest, (2) the 
chemical (or receiving water) of interest, and (3) the criterion of concern. APHA 
(1989) divides laboratory toxicity tests into four categories: (1) short-term, acute 
toxicity tests, (2) intermediate toxicity tests, (3) long-term, partial- or complete-life- 
cycle toxicity tests, and (4) short-term tests for estimating chronic toxicity. The 
length of the organisms's life cycle helps determine what is short-term, intermedi- 
ate, or long-term. In short-term definitive tests, lethality is the most common 
endpoint. Tests may be static, static-renewal, recirculation, or flow-through. Expo- 
sure periods for these tests usually are 48 or 96 hours. Intermediate tests generally 
last for 11 to 90 days and flow-through is recommended, although they may be 
static or renewal (APHA 1989). Long-term, partial- or complete-life cycle tests are 
nearly always flow through and extend over as much of the life cycle as possible. 
Tests are continued from egg to egg or up to several life cycles for smaller animals. 

In risk assessment, standard single-species tests are emphasized because data are 
readily available for many chemical compounds, and they can be readily conducted 
by testing laboratories (Suter 1993). Representative standard test methods are 
listed in the following with a brief description of their applicability. The primary 
sources for standard methods are (1) EPA, (2) ASTM, and (3) the American Public 
Health Association (APHA). SOPs for some test methods are supplied in Appendix 
D and so indicated in the following sections. 

Aquatic Invertebrates 

Invertebrates are an important component of lake and stream ecosystems and are 
a major food item for many species offish. Several standard tests are available for 
measuring the acute toxicity of a chemical or ambient water to invertebrates. The 
most commonly used are the 24- to 96-hour tests with microcrustaceans, Cerio- 
daphnia sp. or Daphnia sp. (Weber 1993; APHA 1989; ASTM 1994; Appendix D); 
EPA methods tend to be the most detailed. The disadvantage of these tests is that 
the test species typically live in lakes and ponds and may not be representative of 
stream or river invertebrates. However, the animals are easy to culture, the tests 
are well standardized, data are readily available on the acute toxicity of many 
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chemicals to both species, and both species are readily available throughout the 
year from commercial sources. 

If the benthic community surveys identify an impacted invertebrate community, 
several additional tests using invertebrates or aquatic insects should be considered. 
APHA (1989) provides a description of test methods for amphipods, isopods, and 
crayfish that measure acute toxicity. Because these animals have more direct 
contact with the substrate of the stream or pond, they are better surrogates for 
aquatic insects than Ceriodaphnia or Daphnia. APHA (1989) also has a standard 
method for testing with stoneflies, mayflies, caddisflies, and diptera. Toxicants may 
interfere with survival, growth, reproduction, emergence, and metabolism of aquatic 
insects. Because effects of long-term exposure to sublethal concentrations of toxi- 
cants may be more important than effects of infrequent short-term exposure to 
higher concentrations, flow-through, long-term tests are recommended (APHA 
1989). 

Methods to measure chronic toxicity to invertebrates have been standardized and, 
again, the most commonly used test species are the microcrustaceans Ceriodaphnia 
dubia (Weber et al. 1989; APHA 1989; ASTM 1994; Appendix D) and Daphnia sp. 
(Weber et al. 1989, APHA 1989). These tests are easily adapted to assess ambient 
toxicity or chemical-specific toxicity. It is advisable to use these tests, rather than 
the acute tests, because they measure effects on reproduction, which is usually more 
sensitive than lethality. The test methods identified above for aquatic insects and 
amphipods may also be used for life-cycle studies. Such tests would be advisable 
if the benthic community is impacted, but no effects are observed using the acute 
or short-term chronic tests with microcrustaceans. 

Fish 

Standardized toxicity tests with fish are described in ASTM (1994), APHA (1989), 
and Weber (1993). Fathead minnows are the most commonly used test species, 
although methods may be adapted to many other species. Acute test methods 
measure the effect of a toxicant or ambient water on survival. As with the inverte- 
brate tests, a survey of the community present at the site of interest would indicate 
whether an acute test would provide additional information. Acute tests are best 
used to determine the toxicity of a specific chemical. 

Chronic toxicity tests with fish measure effects such as growth, egg viability and 
hatchability, and development. The advantage of using these tests for ambient 
samples is that they measure a more sensitive endpoint than mortality. A 
commonly used, short-term chronic test is the EPA fathead minnow survival and 
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growth test (Weber et al. 1989). These minnows are typically less sensitive than 
Ceriodaphnia to contaminants in ambient waters, although this is not always the 
case (Kszos 1994). ASTM (1994) and APHA (1989) provide suitable guidance for 
conducting tests with freshwater fish such as sunfish, minnows other than fathead 
minnows, salmon, and perch. If the T&E species of concern is not a minnow, a test 
with a surrogate species that is taxonomically more related should be considered. 

Multiple-Species Tests 

Aquatic microcosms containing multiple species can be used to estimate the effects 
of a chemical on the dynamics and metabolism of an ecosystem. ASTM (1994) 
provides a standard practice (E 1366) for conducting tests with aquatic microcosms. 
The practice covers procedures for obtaining data concerning toxicity of a test 
material to a multitrophic-level freshwater community consisting of substrate, 
algae, andDaphnia. Limitations include: (1) no fish or other vertebrate is included, 
(2) the ecosystem becomes nutrient limited, and (3) predation on Daphnia is absent. 
ASTM (1993) also published a standard guide (E 1197-87) for conducting a terres- 
trial soil-core microcosm test. Using a special extraction tube, the microcosm is 
collected from an appropriate natural source as an intact core and contains a 
natural assemblage of soil organisms and plants. However, the only terrestrial 
animals included are small invertebrates. Additional microcosm studies can be 
found in the literature and could be designed for T&E species. 

Sediment Biota 

Many of the same criteria used for selecting a toxicity test method for water can be 
used for selecting a sediment test method. Sediment testing, however, is only just 
beginning to become standardized, with the first EPA draft methods published in 
1994. The EPA has standardized three whole-sediment tests. Two of these tests 
are short-term (they last for 10 days); one is long-term and measures bioaccu- 
mulation. Current research needs for sediment testing include: (1) chronic sedi- 
ment toxicity tests, (2) selection of additional test organisms, (3) development of 
formulated sediments, (4) sediment spiking, and (4) field validation of laboratory 
tests (EPA 1994b). 

The 10-day standard sediment test uses an amphipod, Hyalella azteca (EPA 1994b; 
ASTM 1994; Appendix D) and a midge, Chironomus tentans (EPA 1994b; ASTM 
1994). According to the EPA (1994b), advantages of these test species include: (1) 
relative sensitivity to contaminants associated with sediment, (2) short generation 
time, (3) contact with sediment, (4) ease of culture in the laboratory, and (5) 
tolerance to varying physicochemical characteristics of sediments. The test with an 



90  USACERLTR-97/140 

aquatic earthworm (Lumbriculus variegatus) can be used to measure toxicity and 
bioaccumulation of sediment-associated contaminants. These tests might be 
appropriate if it were suspected that chemicals from the smokes had accumulated 
in the sediment. 

In Situ and Nonstandard Test Methods 

Another type of test that may be used to evaluate effects to T&E species are in situ 
toxicity tests. In situ tests are performed by exposing test animals to conditions in 
a natural ecosystem. These tests may provide the most "real-world" assessment of 
toxicity. Use and interpretation of data from in situ tests, however, is limited due 
to a high degree of variation resulting from environmental conditions and the 
difficulty in establishing cause-and-effect relationships. In addition, standard 
methods for in situ aquatic toxicity tests are not currently available. In situ tests 
could be developed on a site-specific basis, however. In situ tests that may be 
adapted to evaluate risks to T&E species include methods for sediment (Krantzberg 
1992; Burton 1991), fish (Ziegenfuss et al. 1990; Hall et al. 1988), clams (Belanger 
1991), benthic invertebrates (Whaley, Garcia, and Sy 1989), snails (Burris, 
Bamford, and Stewart 1990; Hinzman 1994 [see Appendix D]), amphipods (Crane 
and Maltby 1991), and Ceriodaphnia (Sasson-Brickson and Burton 1991). 
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9  Characterization of Risk to Threatened and 
Endangered Species 

Risk characterization estimates risks by combining information concerning expo- 
sure to contaminants with information concerning effects of contaminants. Risk 
characterization for ERAs is performed by weight of evidence (EPA 1992a). That 
is, rather than simply modeling risks, ecological risk assessors examine all available 
data from chemical analyses, toxicity tests, biological surveys, and bioindicators (if 
available) to estimate the likelihood that significant effects are occurring or will 
occur and to describe the nature, magnitude, and extent of effects on the designated 
assessment endpoints. This chapter describes an approach for estimating risks that 
smokes and obscurants present to T&E species. The approach is based on indi- 
vidual lines of evidence that are combined through a weight-of-evidence process. 
As stated in Chapter 2, because of the limited populations and endangered status 
of T&E species, preventing adverse impacts on the individual is the focus of ERA 
for T&E species. 

Single Chemical Toxicity 

This line of evidence uses analyses of smoke residues in biotic or abiotic media to 
estimate exposure. It also uses literature values for effects of these chemicals to 
estimate effects to an individual of a T&E species (Figure 6). These uses are com- 
bined in two steps. First, the contaminants are screened against ecotoxicological 
benchmarks and background exposure. Contaminants for which exposure exceeds 
benchmarks and background exposure (if applicable) are identified as contaminants 
of potential concern (COPCs). 

For contaminants identified as COPCs, the second step is to compare exposures 
with the full toxicity profile of the contaminant to characterize risk. For example, 
the distribution of concentrations in water would be compared with the distribution 
of concentrations of thresholds for chronic toxicity across fish species and across 
prey species. The nature of the chronic effects would be described, and the exposure 
durations needed to achieve effects in the laboratory would be compared with tem- 
poral dynamics of concentrations in the field. Characteristics of the contaminants 
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Figure 6. Risk characterization based on chemical analyses and single chemical toxicity. 
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that are relevant to risks are also examined, such as the influence of metal specia- 
tion on toxicity, tendency of the contaminant to accumulate in prey species, etc. 

The result of risk characterization for this line of evidence should be statements 
about the following questions: 

Are toxic concentrations of contaminants present? 
What effects do these concentrations cause in the laboratory or at well-studied 
sites? 
How extensive are toxic concentrations relative to the range of the receptors? 
How long do toxic concentrations persist relative to the time required for 
effects to occur? 
How frequently do toxic concentrations occur relative to the recovery time of 
the receptors? 
Are they associated with identifiable sources? 
How much must the source be diminished to eliminate toxicity? 
How much confidence is there in the answers to these questions? 

Ambient Media Toxicity Tests 

Risk characterization for this line of evidence begins by determining whether the 
tests show significant toxicity (Figure 7). 

• If no significant toxicity was found, the risk characterization consists of deter- 
mining the likelihood that the result constitutes a false negative. False 
negatives could result from (1) not collecting samples from the most contami- 
nated sites or at the times with the highest contaminant levels, (2) handling 
the samples in a way that reduced toxicity, or (3) using tests that are not 
sufficiently sensitive to detect effects that would cause significant injuries to 
populations or communities in the field. 

• If significant toxicity occurs in the tests, the risk characterization should 
describe the nature and magnitude of the effects and the consistency of effects 
among tests conducted with various species in the same medium. 

• Toxicity tests may yield ambiguous results in some cases because of poor per- 
formance of organisms in control media (e.g., resulting from diseases, back- 
ground contamination, inappropriate reference or control media, or poor 
performance of the test protocol). In such cases, expert judgement by the 
assessor in consultation with the individuals who performed the test should 
be used to arrive at an interpretation of the test results. 
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Figure 7. Risk characterization based on toxicity testing of ambient media. 
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If significant toxicity is found at any site, the relationship of toxicity to exposure 
must be characterized. The first way to do this is to examine the relationship of 
toxicity to concentrations of contaminants in the media. The manner in which this 
is done will depend on the amount of data available. If numerous toxicity tests are 
available, the frequency of tests showing toxic effects could be defined as a function 
of concentrations of one or more COPCs (Stewart et al. 1994). An alternative and 
potentially complementary approach is to determine the relationship between the 
occurrence of toxicity and the spatial distribution of smoke residues. 

The result of risk characterization for this line of evidence should be statements 

about the following questions: 

Is toxicity occurring? 
How severe is it? 
How extensive is toxicity relative to the range of the receptors? 
How frequent is toxicity relative to the recovery time of the receptors? 
Is it associated with identifiable sources or contaminants? 
How much must the source be diminished to eliminate toxicity? 
How much confidence is there in the answers to these questions? 

Biological Surveys 

If biological survey data are available, the first question to be answered is whether 
the data suggest the occurrence of significant effects (Figure 8). This is determined 
through statistical comparisons of data from the smoke-exposed site(s) to those from 
the reference sites. 

If biological survey data are consistent with significant reductions in abundance, 
production, or diversity, associations of apparent effects with causal factors must 
be examined. First, the distribution of apparent effects in space and time must be 
compared with the distribution of sources or of contaminants. Second, the distribu- 
tion of apparent effects must be compared with the distribution of habitat factors 
that are likely to affect the organisms in question such as stream structure and 
flow. Finally, the natural variability of the endpoint populations and communities 
and the accuracy of the survey methods must be examined to estimate the 
likelihood that the apparent effects are due to chance. 
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Figure 8. Risk characterization based on biological survey data. 
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The result of risk characterization for this line of evidence should be statements 
about the following questions: 

Are the endpoint ecological properties significantly reduced? 
How much are they reduced? 
How extensively are they reduced? 

Is the reduction associated with identifiable sources of contaminants? 
Is the reduction associated with identifiable habitat variables? 
What is the most likely cause of the apparent reduction? 
How much confidence is there in the answers to these questions? 

Bioindicators and Biomarkers 

Bioindicators and biomarkers are biochemical or physiological changes that indicate 
that an organism has received an internal dose of a chemical. Examples include 
contaminant body burdens, histopathological observations, and measures of detoxi- 
fication or stress enzyme levels. Bioindicators have not been discussed previously 
in this document because of the uncertainty concerning their availability for smokes 
and obscurants. If appropriate bioindicators are identified, methodologies for their 
use are described below. 

Biological indicators are seldom useful for estimating risks by themselves, but they 
can be used to support other lines of inference. The inference begins by asking if 
the levels of the bioindicators differ significantly from those at reference sites 
(Figure 9). If they do, then it is necessary to determine whether they are diagnostic 
or at least characteristic of any of the COPCs or of any of the habitat factors that 
are thought to affect the biota in question. If the bioindicators are characteristic of 
contaminant exposures, the distribution and frequency of elevated levels must be 
compared with the distributions and concentrations of contaminants. Finally, to the 
extent that the bioindicators are known to be related to overt effects such as reduc- 
tions in growth, fecundity, or mortality, the implications of the observed bioindi- 
cator levels for individuals or populations of the T&E species should be estimated. 

The result of risk characterization for this line of evidence should be statements 
about the following questions: 

• Are bioindicator levels significantly elevated? 
• What are the implications for individuals? 

How extensive are the effects? 
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Are they spatially or temporally associated with identifiable sources of con- 

taminants? 
Are they spatially or temporally associated with identifiable habitat variables? 
Are they diagnostic or characteristic of a contaminant or a habitat variable? 
What is the most likely cause of the observed levels? 
How much confidence is there in the answers to these questions? 
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Figure 9. Risk characterization based on biomarker data. 
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Weight of Evidence 

The weighing of evidence begins by summarizing the available lines of evidence for 
each endpoint (Figure 10). The tabular format presented in Table 5 is recom- 
mended. The lines of evidence are listed and a symbol assigned for each: + if the 
evidence is consistent with significant effects on the endpoint, - if it is inconsistent 
with significant effects, ± if it is too ambiguous to assign to either category, and NA 
if data for that line of evidence are unavailable. The last column presents a short 
summary of the results of the risk characterization for that line of evidence. If 
indirect effects are part of the conceptual model, they should be summarized in their 
own line of the table. For example, effects on the fish community could result 
entirely or in part from toxicity to invertebrate prey species. The last line of the 
table  presents  the  weight-of-evidence-based  conclusion  concerning whether 
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Figure 10. Risk characterization based on weighing of multiple lines of evidence. 
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Table 5. Example of a table summarizing the risk characterization for the fish community in 
a stream at a smoke-impacted site.  

Evidence Result*     Explanation 

Biological Surveys - Fish community productivity and species richness are both high 
in reaches 2 and 3. Smoke residues apparently improve 
community quality. 

Toxicity Tests ± High lethality to fathead minnow larvae in a test in reach 3.3, but 
variability is too high for standard statistical significance. 

Media Analyses + Only zinc is believed to be potentially toxic in water and only to 
highly sensitive species. 

Weight-of-Evidence - Reaches 2 and 3 support a clearly high quality fish community. 
Other evidence that suggests toxic risks is much weaker. 

* + indicates that the evidence is consistent with the occurrence of the endpoint effect. 
- indicates that the evidence is inconsistent with the occurrence of the endpoint effect. 

± indicates that the evidence is too ambiguous to interpret. 

significant effects are occurring and a brief statement concerning the basis for the 
conclusion. This conclusion is not based simply on the relative number of + or - 
signs. The "weight" component of weight of evidence is the relative credibility and 
reliability of the conclusions of the various lines of evidence. 

In general, the weighing of evidence is best accomplished by beginning with the line 
of evidence that most directly bears on the actual risks. That is, begin with the risk 
characterization based on biological survey data, if available. If, for example, the 
fish community is depauperate downstream of a source, check the risk characteriza- 
tion based on toxicity data to see if it indicates that aqueous toxicity is responsible. 
Check the bioindicators to see if the fish populations that are still present bear 
signs of suborganismal effects. Finally, look to the risk characterization based on 
analysis of media to determine what contaminants are likely to be responsible for 
any observed effects or toxicity. This process clearly relies on expert judgement, but 
that judgement should be presented as clearly as possible to the stakeholders. 

If no significant effects are believed to be occurring, the assessment ofthat particu- 
lar endpoint is complete. However, if significant effects are occurring, they must be 
characterized. That is, the nature, magnitude, and extent of the effects must be 
estimated. This estimation may also be based on multiple lines of evidence. 
Various lines of evidence may indicate that a significant effect is occurring but may 
disagree about its magnitude or extent. In general, the estimates will be based on 
the best evidence; that is, the evidence that provides the clearest and most accurate 
estimate of effects. 
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Uncertainties 

Uncertainties should have been identified in the risk characterizations for each line 
of evidence, but the risk characterization should also include a summary of uncer- 
tainties and their implications. The Risk Assessment Forum (EPA 1992a) indicates 
that this discussion should include uncertainties resulting from the conceptual 
model formulation, incompleteness of information, stochasticity (natural variabil- 
ity), and error. Results of quantitative uncertainty analyses should be presented 
here, but it is important to remember that such analyses do not include all 
uncertainties. In particular, although it is possible to quantitatively estimate the 
uncertainty associated with a single line of evidence, it is not possible to quantify 
the total uncertainty associated with a conclusion reached by weighing multiple 
lines of evidence. 

It is important to summarize the implications of the listed uncertainties. This sum- 
mary should include: 

• the credible maximum and minimum levels of effects 
• endpoints that were not addressed 
• routes of exposure or indirect modes of action that were not addressed 
• conditions that were not addressed (e.g., storm events). 

Example: Risk Characterization for Ospreys of the Clinch River/Poplar Creek 
System, Tennessee 

To illustrate the application of risk characterization, an example was extracted from 
the Remedial Investigation/Feasibility Study for the Clinch River/Poplar Creek 
Operable Unit (DOE 1995) adjacent to the Oak Ridge Reservation (ORR). This 
example shows how conflicting lines of evidence are weighed, uncertainties are 
considered, and the likelihood of adverse impacts is estimated. Because this 
example is intended to show how to weigh evidence and perform a risk characteriza- 
tion, the results of the data analysis are only briefly summarized. The complete 
ecological risk assessment is presented in DOE (1995). 

Background 

ORR is on the Clinch River in East Tennessee, approximately 30 miles west of 
Knoxville. Through over 50 years of operations, activities at the three plants on the 
reservation (Oak Ridge National Laboratory, the Y-12 Plant, and the K-25 Plant) 
have released contaminants (primarily mercury, PCBs, and radionuclides) into the 
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Clinch River/Poplar Creek system. A risk assessment was performed to determine 
if these contaminants present a hazard to piscivorous wildlife. A weight-of-evidence 
approach was used to evaluate effects on ospreys (Pandion haliaetus). Data 
consisted of the contaminant concentrations in fish and water, and observations of 
reproductive success at osprey nests adjacent to the ORR. Consequently, available 
lines of evidence were limited to a comparison of contaminant exposure estimates 
to single chemical toxicity data and field surveys. Ambient media toxicity tests and 
bioindicators were not available. 

Single Chemical Toxicity Data 

Contaminant exposure experienced by ospreys was estimated using the fish and 
water contamination data. Both point estimates of exposure (derived using the 
upper 95 percent confidence interval on the mean contaminant concentration in fish 
and in water) and distributions of exposure (derived using a Monte Carlo 
simulation*) were generated. The exposure estimates using point estimates of 
parameter values at each individual sampling point were used to identify contami- 
nants of potential ecological concern (COPECs) and locations that contributed 
significantly to risk. In contrast, the exposure distributions generated by Monte 
Carlo simulation represent the likelihood that an individual within the area for 
which exposure is modeled will experience a particular exposure. 

Two types of single chemical toxicity data are available with which to evaluate expo- 
sure of ospreys to contaminants: no observed adverse effects levels (NOAELs) and 
lowest observed adverse effects levels (LOAELs). These values were obtained from 
Opresko et al. (1994). NOAELs are used to screen exposure estimates generated 
from point estimates of exposure parameters; if the estimate is greater than the 
NOAEL, adverse effects are possible and additional evaluation is necessary (i.e., 
exposure modeling using Monte Carlo simulation). LOAELs are compared to the 
exposure distribution generated by the Monte Carlo simulation. If the LOAEL is 
lower than the 80th percentile of the exposure distribution, there is a >20 percent 
likelihood that individuals within the modeled location are experiencing contami- 
nant exposures that are likely to produce adverse effects. By combining literature- 
derived population density data with the likelihood or probability of exceeding the 
LOAEL, population-level impacts may be estimated. 

Monte Carlo simulation is a resampling technique frequently used in uncertainty analysis in risk assessment. In 
practice, distributions are assigned to input parameters in a model and the model is recalculated many times to 
produce a distribution of output parameters (e.g., estimates of contaminant exposure). Each time the model is 
recalculated, a value is selected from within the distribution assigned for each input parameter. As a result, a 
distribution of exposure estimates is produced that reflects the variability of the input parameters. 
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Screening point estimates of exposure. To determine if the contaminant 
exposures experienced by ospreys along the Clinch River/Poplar Creek are 
potentially hazardous, which contaminants represent the hazard, and where this 
hazard is present, total contaminant exposure estimates were compared with 
estimated NOAELs. To quantify the magnitude of hazard, a hazard quotient (HQ) 
was calculated where: HQ = exposure/NOAEL. HQs greater than 1 indicate that 
individuals may be experiencing exposures that are in excess of NOAELs and 
suggest that adverse effects may be occurring. 

The spatial distribution of contamination and potential risks to ospreys in the 
Clinch River/Poplar Creek system is illustrated in Figure 11. These distribution 
figures display the sum of the NOAEL-based HQs for the six most important 
contaminants: arsenic, copper, DDT, mercury, selenium, and total PCBs. (The quo- 
tient of an exposure divided by a toxicological benchmark may be thought of as an 
expression of the toxicological hazard or as toxicity normalized concentration or 
toxic unit [TU]. The TUs may be summed as in Figure 11 as an indication of 
relative potential toxicity.) Importance of contaminants was determined based on 
the magnitude of the HQ. River subreaches were arranged from the northernmost 
to the southernmost. The maximum STU was observed at the Poplar Creek 
subreaches (13, 3.01, 3.02, 3.03, and 3.04). The contaminants contributing the most 
to total risk are mercury followed by total PCBs (Figure 11). 
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Figure 11. Contamination and potential risks to ospreys in the Clinch River/Poplar Creek 
system. 
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Screening Monte Carlo simulation estimates of exposure. To incorporate the 
variation present in the parameters used in the exposure model, Monte Carlo simu- 
lations were performed for exposure to contaminants where NOAEL-based HQs>l 
were observed. By superimposing NOAEL and LOAEL values on these distribu- 
tions, the likelihood of an individual experiencing potentially hazardous exposures 
can be estimated and the magnitude of risk to individuals may be determined. 
These comparisons are presented in Table 6. Table 7 is an interpretation of the 
comparison of exposure distributions to NOAELs and LOAELs. 

Ospreys at subreaches 3.01 and 3.02 are estimated to receive exposures to mercury 
in excess of the LOAEL >99 percent and 70 percent of the time (Table 6). No other 
contaminants in any other subreach are estimated to present a risk to ospreys. 

To accurately evaluate the significance of mercury exposure among ospreys within 
subreaches 3.01 and 3.02, the foraging range of ospreys must be considered. 
Ospreys are a wide-ranging species, with individuals ranging as far as 10 to 15 km 
from their nest sites in search of food (Van Daele and Van Daele 1982). EPA 
(1993a) reports the mean foraging radius for ospreys to be 1.7 km with a range of 
0.7 km to 2.7 km. Of the three active osprey nests in the vicinity of the ORR (B. 
Anderson, personal communication), two are located along Melton Hill Reservoir 

Table 6. Comparison of Monte Carlo simulation of piscivore contaminant 
exposure estimates to literature-based NOAELs and LOAELs. 

Endpoint Subreach Analyte 

Within Subreach Exposure 
Estimate 

% > NOAEL       % > LOAEL 
Osprey 10 Hg >99% <1% 
Osprey 0 Hg >99% <1% 
Osprey 2.01 Hg <1% <1% 
Osprey 2.02 Hg >99% <1% 
Osprey 13 Hg >99% <1% 
Osprey 3.01 Hg >99% >99% 
Osprey 3.02 Hg >99% 70% 
Osprey 3.03 Hg >99% 1% 
Osprey 3.04 Hg >99% <1% 
Osprey 4.01 Hg >99% <1% 
Osprey 4.04 Hg >99% <1% 
Osprey 18 Hg >99% <1% 
Osprey 5 Hg >99% <1% 
Osprey 15 Hg >99% <1% 
Osprey 2.04 PCB >99% <1% 
Osprey 13 PCB <1% <1% 
Osprey 3.01 PCB <1% <1% 
Osprey 3.02 PCB 90% <1% 
Osprey 3.01 DDE >99% <1% 
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Table 7. Interpretation of the exposure distribution comparison to NOAELs and LOAELs. 

Comparison Meaning Risk-based Interpretation 

NOAEL>80th percentile Less than 20% of Individual- and population-level 
of exposure distribution exposures> NOAEL adverse effects are highly unlikely 

NOAEL<80th More than 20% of exposures Individuals experiencing 
percentile<LOAEL > NOAEL, but less than 20% exposures at the high end of the 

of exposures> LOAEL distribution may experience 
adverse effects, but those effects 
are unlikely to significantly 
contribute to effects on the ORR 
population. 

LOAEL<80th percentile More than 20% of Effects on some individuals are 
of exposure distribution exposures> LOAEL likely, and they may contribute 

significantly to effects on the ORR 
population. 

(subreach 1) and one near K-25 on Poplar Creek approximately at the border 
between subreaches 3.03 and 3.04. While the Melton Hill Reservoir (subreach 1) 
nest sites are within 15 km of subreaches 3.01 and 3.02, due to the availability of 
suitable habitat nearer to their nests and that the mean foraging radius is 1.7 km, 
birds from these nest sites are unlikely to forage within subreaches 3.01 and 3.02. 
Therefore, potentially deleterious mercury exposure to these birds is unlikely. In 
contrast, the 3.03/3.04 nest site is within 3 km of subreaches 3.01 and 3.02. Birds 
from this nest may therefore forage and be exposed to elevated mercury in fish from 
subreaches 3.01 and 3.02. 

To estimate and model the potential mercury exposure for ospreys at the 3.03/3.04 
nest location, it was assumed that the birds would travel up to 5 km from the nest 
to forage. Most foraging was assumed to occur near to the nest, with approximately 
50 percent of their diet obtained from within 1 km of the nest, 25 percent obtained 
from 1 to 2 km, 15 percent from 2 to 3 km, and 5 percent each from 3 to 4 km and 
4 to 5 km from the nest, respectively. 

To estimate the mercury exposure for ospreys from the 3.03/3.04 nest site, Monte 
Carlo simulation was performed on the sum of the exposure estimates for each sub- 
reach within 5 km of the nest site. Exposure from each subreach was weighted by 
the proportion of the total diet it was projected to contribute. Mean (±STD) mercury 
exposure for ospreys from the 3.03/3.04 nest site was estimated to be 0.043±0.0041 
mg/kg-d. While the 80th percentile (0.046 mg/kg-d) is less than the LOAEL (0.056 
mg/kg-d), it is greater than the NOAEL (0.006 mg/kg-d). Because the LOAEL was 
not exceeded, adverse effects to ospreys at the 3.03/3.04 nest site are unlikely. 
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Effects of Retained Contaminants 

To evaluate the significance of the estimated contaminant exposure and determine 
the nature and magnitude of potential effects, the effects of the retained COPECs 
must be summarized. 

DDE. The 80th percentile for exposure of ospreys to DDE at subreach 3.01 exceeded 
the NOAEL but not the LOAEL. The osprey NOAEL and LOAEL for DDE were 
derived from a study of brown pelicans exposed to DDT for 5 yr (Anderson et al. 
1975). Because DDE is a metabolite of DDT, effects from DDE were assumed to be 
comparable to those observed for DDT. Chronic exposure to 0.028 mg/kg-d DDT 
reduced reproductive success to 30 percent below that needed to maintain a stable 
population. This dose level was considered to be a LOAEL. Because an experimental 
NOAEL was not established, the NOAEL was estimated using LOAEL-NOAEL 
correction factor of 0.1. Because an experimental NOAEL was not established, the 
nature and exposure level at which adverse effects to individual birds may become 
evident cannot be defined. 

Mercury. For the purposes of this assessment, it is assumed that 100 percent of the 
mercury (Hg) to which piscivores are exposed consists of methyl mercury, the most 
toxic form. 

The 80th percentile for Hg exposure experienced by ospreys exceeded both the 
NOAEL and LOAEL at subreaches 3.01 and 3.02; exposure at all other modeled 
subreaches exceeded the NOAEL but not the LOAEL. Both the avian NOAEL and 
the LOAEL are based on a study of mallard ducks fed methyl mercury for three 
generations (Heinz 1979). The study was considered to represent a chronic 
exposure and a subchronic-chronic correction factor was not used. The only dose 
level administered, 0.064 mg/kg-d, caused hens to lay fewer eggs, lay more eggs 
outside of the nest box, and produce fewer ducklings. This dose level was considered 
to be a LOAEL. Because an experimental NOAEL was not established, the NOAEL 
was estimated using a LOAEL-NOAEL correction factor of 0.1. Based on the results 
of Heinz (1979), birds experiencing exposure :> LOAEL are likely to display 
impaired reproduction. 

PCBs. The 80th percentile for PCB exposure experienced by ospreys exceeded the 
NOAEL but not the LOAEL at subreaches 2.04, 13, 3.01, and 3.02; a similar 
relationship (exposure exceeding the NOAEL but not the LOAEL) was observed for 
great blue heron at subreaches 2.04 and 3.02. Both the avian NOAEL and LOAEL 
are based on a study in which reduced egg hatchability was observed among ring- 
necked pheasants fed two dose levels, 1.8 and 3.6 mg/kg-d Aroclor 1254 for 17 weeks 
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(Dahlgren, Linder, and Carlson 1972). The study was considered to represent a 
chronic exposure; therefore, a subchronic-chronic correction factor was not used. 
Effects were observed at both dose levels; therefore, the 1.8 mg/kg-d dose level was 
considered to be a LOAEL. Because an experimental NOAEL was not established, 
the NOAEL was estimated using a LOAEL-NOAEL correction factor of 0.1. Because 
an experimental NOAEL was not established, the nature and exposure level at 
which adverse effects to individual birds may become evident cannot be defined. 

Osprey Reproduction Survey 

While an osprey monitoring study was not performed as part of the Clinch River 
Remedial Investigation, an ongoing osprey reintroduction program is being 
conducted by the Tennessee Wildlife Resources Agency in the Clinch/Tennessee 
River system. As stated previously, ospreys are nesting at three locations adjacent 
to the reservation: two along Melton Hill Reservoir (subreach 1) and one near K-25 
on Poplar Creek approximately at the border between subreaches 3.03 and 3.04. 
Mean reproductive success at these three osprey nests was three young per nest (B. 
Anderson, personal communication). For comparison, mean reproductive success 
of ospreys in North American ranges from 1.7 to 2.14 young per nest (EPA 1993a). 

Weight of Evidence 

In this example, only two lines of evidence, literature toxicity data (consisting of 
comparisons of NOAELs and LOAELs to contaminant exposure estimates) and 
biomonitoring data (surveys of reproductive success), were available to evaluate 
ecological risk to ospreys. The strongest line of evidence is the biomonitoring data. 
Because reproductive success among the nests adjacent to the ORR is high relative 
to success observed among other osprey populations in North America, adverse 
effects are not suggested. Consideration of the literature toxicity data indicates 
that significant risks are present within only two subreaches (Poplar Creek 3.01 
and 3.02). These risks are attributable solely to mercury. Risk from mercury is not 
retained, however, when exposure is recalculated taking into account the spatial 
component of osprey foraging behavior. Because neither line of evidence suggests 
that significant adverse effects are occurring to ospreys, the conclusion of the weight 
of evidence is that contaminants from the ORR do not present a risk to ospreys. 
Table 8 summarizes the weight of evidence. 

Uncertainties Concerning Risks to Piscivorous Wildlife 

The final step in risk characterization is to summarize the uncertainties associated 
with the assessment and to outline the potential impacts they may have on the 
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Table 8. Weight of evidence for ospreys. 

Evidence Result Explanation 

Literature Toxicity - Comparison of Hg exposure estimates to LOAELs indicates 
Data that only within two subreaches (Poplar Creek 3.01 and 3.02) 

are significant risks present. Risk from Hg is not retained when 
exposure is recalculated taking into account the spatial 
component of osprey foraging behavior. 

Biological - Reproductive success of osprey adjacent to the ORR is high 
Surveys relative to other osprey populations in North America. 

Media Toxicity NA Toxicity tests were not performed for osprey. 
Tests 

Weight of                   -             The weight of evidence suggests that contaminants from the 
Evidence ORR do not present a risk to osprey.  

conclusions. The sections below describe the uncertainties associated with the 
previous example. 

Bioavailability of contaminants. It was assumed that 100 percent of the contami- 
nant concentration reported in fish and water was bioavailable. Much of the con- 
taminants in biotic media are bioavailable; however, the uptake efficiencies for 
wildlife in the field relative to that experienced by test species is unknown. 
Therefore, exposure estimates based on the contaminant concentrations in media 
are conservative and likely to overestimate the actual contaminant exposure 
experienced. 

Extrapolation from published toxicity data. While published toxicity studies are 
available for some piscivores, there are no published data for ospreys. To estimate 
toxicity of contaminants at the site, it was necessary to extrapolate from studies 
performed on test species (i.e., mallard ducks, ring-necked pheasants, etc.). While 
it was assumed that toxicity could be estimated as a function of body size, the 
accuracy of the estimate is not known. For example, ospreys may be more or less 
sensitive to contaminants than ducks or pheasants. 

Additional extrapolation uncertainty exists for those contaminants for which data 
consisted of either LOAELs or were subchronic in duration. For either case, an 
uncertainty factor of 10 was used to estimate NOAELs or chronic data. The 
uncertainty factor of 10 may either over- or underestimate the actual LOAEL- 
NOAEL or subchronic-chronic relationship. 

Toxicity of PCBs to piscivorous wildlife was evaluated using toxicity data from 
studies on Aroclor 1254. Because toxicity of PCB congeners can vary dramatically, 
the applicability of data for Aroclor 1254 is unknown. 
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Variable food and water consumption. While food consumption by piscivorous 
wildlife was assumed to be similar to that reported for the same or related species 
in other locations, the validity of this assumption cannot be determined. Food 
consumption by wildlife along the Clinch River may be greater or less than that 
reported in the literature, resulting in either an increase or decrease in contaminant 
exposure. Similarly, water consumption for all species was estimated according to 
the ailometric equations of Calder and Braun (1983). The accuracy with which the 
estimated water consumption represents actual water consumption is unknown. 

Single contaminant tests vs exposure to multiple contaminants in the field. While 
piscivores along the Clinch River are exposed to multiple contaminants concur- 
rently, published toxicological values only consider effects experienced by exposures 
to single contaminants. Because some contaminants to which wildlife are exposed 
can interact antagonistically, single contaminant studies may overestimate their 
toxic potential. Similarly, for those contaminants that interact additively or 
synergistically, single contaminant studies may underestimate their toxic potential. 

Inorganic constituents or species present in the environment. Toxicity of metal 
species varies dramatically depending on the valence state or form (organic or inor- 
ganic) of the metal. For example, arsenic (III) is more toxic than arsenic (V). The 
available data on the contaminant concentrations in media do not report which 
species or form of contaminant was observed. Because benchmarks used for 
comparison represented the more toxic species/forms of the metals, if the less toxic 
species/forms of the metal was actually present in fish from the Clinch River or 
Poplar Creek, potential toxicity at the sites may be overestimated. 

Fish size selection. Data concerning the sizes of fish consumed by ospreys were 
obtained from the literature. Because fish sizes consumed by Clinch River piscivores 
may differ from that reported in the literature, exposure may be overestimated or 
underestimated. 
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10   Summary 

This report identified the types of data needed to evaluate effects that smokes and 
obscurants have on T&E species. The effects may be evaluated using a combination 
of literature-based toxicity data, biological survey data, and ambient media toxicity 
test data. These data serve to qualitatively and quantitatively assess the relation- 
ship between contaminant exposure and direct or indirect ecological effects on T&E 

species. 

To determine the appropriate method of data collection, this report outlined an 
approach that consists of identifying the T&E species of concern, identifying the 
contaminants of potential concern, developing a conceptual model, and selecting 
appropriate sampling methods based on the results of the first three steps. Three 
common sampling designs (random, stratified, and systematic) were also discussed. 

To estimate the extent of exposure to smokes and obscurants, this report discussed 
methods of sampling both abiotic (water, sediment, soil, and air) and biotic (plants, 
birds, mammals, reptiles, amphibians, terrestrial invertebrates, benthic macro- 
invertebrates, and fish) media. Methods of chemical analysis of biological tissues 

were also covered in this report. 

The report summarized available and appropriate methods of biological survey for 
biotic media to monitor abundance, distribution, and T&E habitat identification. 

This report presents toxicity test methods for terrestrial and aquatic biota, their 
applications, and their strengths and weaknesses. Data generated by these 
methods should be used to evaluate if smokes and obscurants actually present a 
risk to T&E species. 

Finally, the report describes an approach for estimating risks that smokes and 
obscurants present to T&E species based on individual lines of evidence combined 
through a weight-of-evidence process. 
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BENTHIC MACROINVERTEBRATE MONITORING 
SAMPLE COLLECTION AND STORAGE 

BMAP QUALITY ASSURANCE PLAN 

SUBJECT:   QUANTITATIVE SAMPLE COLLECTION 

Purpose 

Provide procedures for the collection of quantitative benthic macroinvertebrate samples from 
streams and White Oak Lake. 

Equipment 

95% denatured ethyl alcohol 
16 oz polyurethane coated glass jars 
l'Xl 1/2" self-adhesive labels 
3/4" X 1" inner sample labels 
"Radioactive Material" labels 
NFPA chemical identification labels 
Surber square foot stream bottom sampler (368-^tm mesh net) 
Hess stream bottom sampler (368-^m mesh net) 
Ponar grab sampler with a two meter piece of attached heavy duty rope 
8" X 10" plastic white photo trays (2) 
Squirt bottle 
Forceps 
Meter stick 
Rubber overshoes or hip boots 
Shoulder length black neoprene-coated gloves 
Disposable latex laboratory gloves 
Yellow C-area coveralls 
Soft bristled brush 
Horiba Model U-7 Water Quality Checker 
Sample field data sheets (Exhibits 5-1 and 5-2) 
Benthic macroinvertebrate sample chain-of-custody forms (Exhibit 7-1) 
Clipboard or aluminum carrying case for field data sheets 
No. 2 lead pencil 
Pen with waterproof ink 
Large yellow" plastic bags (four) 
Box for storing samples during transport (see SOP-8) 
Portable radiation survey meter (beta/gamma) 

Procedures 

1. Following the steps in SOP-4, select sampling locations for each site to be sampled. If vi.~: 
are collected from a "Regulated Area* (i.e.. White Oak Lake, lower White Oak Creek. . 
Melton Branch), personnel shall wear appropriate protective clothing. Each person shj.: - 
yellow C-area coveralls; the person collecting the samples shall wear shoulder length no :■• 
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gloves and the person processing the sample shall wear disposable latex laboratory gloves. 
Before reentering a vehicle and proceeding elsewhere; all personnel shall scan themselves and 
their equipment, and handle contaminated materials per procedures in QA-BMAP-19-200. 

2.   Collection of Benthk Macroinvertebrate Samples from Streams 

a. The type of sampling device used and the number of replicates to be collected are specified 
in each monitoring plan. Stream samples are collected with either a Surber square foot 
stream bottom sampler or a Hess stream bottom sampler. If additional sampling sites 
are added to a monitoring program at a later date, the same sampling device used for this 
program will be used at the new site as well. 

b. Prior to collection of the first invertebrate sample, measure selected water quality 
parameters with the Horiba meter following the procedures described in SOP-3; water 
quality parameters are measured only once at each site on each collection date. Enter the 
data in the appropriate columns on the sample field data sheet (Exhibits 5-1 and 5-2). 

c. On the sample field data sheet (Exhibit 5-1), enter the date, beginning time, site name, 
type of sampie being collected (N = quantitative sample), the initials of the person 
collecting the sample, and the initials of the person recording the data and placing the 
sample in the sample jar. (See Exhibit 5-2 for instructions for entering data on the field 
data sheet). 

<L Don shoulder length black-neoprene gloves and enter the stream with the sampler and a 
meter stick just downstream of the study riffle. Beginning at the bottom of the riffle, 
move upstream and stop one transect downstream of the first transect to be sampled. 
Each transect is approximately equal to one normal adult step or a distance of about one 
meter. Moving parallel to the transect (across stream), stop at the cell located directly 
downstream of the cell to be sampled. While leaning forward over the cell to be sampled 
or while kneeling on one knee, securely place the sampling device on the bottom of the 
stream within the cell to be sampled with the open end of the collection net facing 
upstream and the tip of the collection net pointing downstream. Make sure that the frame 
of the sampling device is placed securely on the bottom of the stream, and that a good 
seal is obtained between the frame and the substrate. If necessary, carefully shift the frame 
around in the immediate vicinity of the cell while holding the sampler just off of the 
bottom Of the stream, avoiding disturbing the substrate while doing this. 

e. Obtain replicate-specific characteristics following the procedures in SOP-2. 

f. Next, pick up large rocks or other large debris within the frame of the sampling device, 
and while holding each large piece nf material just under the surface of the water in the 
mouth of the net, rub off any dinging organisms and/or attached structures built by 
organisms (e.g., rock cases of cjJOiNfhes) by hand and/or with a soft bristled brush and 
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allow them to drift into the collection net. After rubbing/brushing the rocks, visually 
inspect the rock/piece of debris to insure that all organisms and their cases have been 
removed. Then place the rocks/debris to either side or just downstream of the sampling 
device but never upstream of the sampling device. Rocks partially inside the sample area 
should be included only if greater than half is within the sample area. 

g. After all large rocks and debris have been cleaned and removed, gently but thoroughly 
disturb, by hand, the finer substratum within the frame of the sampling device to a depth 
of approximately 5 cm to 10 cm. This is accomplished by repeatedly digging, stirring, and 
swirling the substrate, which dislodges the invertebrates and allows the current to carry 
them into the collection net. Repeat this step twice, allowing the water to clear within 
the sample area between each repetition. Care should be taken to include the entire area 
within the frame of the sampling device. The edges of the sample area can be sampled 
effectively by pushing sediment away from the edges to the middle of the sample area and 
then repeating the process of disturbing the finer substratum as described above. 

n. After the sampling area has been thoroughly disturbed to dislodge the organisms and the 
disturbed material has washed into the collection net, tilt the sampling device backwards 
approximately 45°, and then quickly and forcefully lift it from the water to allow the 
sample debris to be washed to the tip of the collection net. Being careful to avoid 
submerging the mouth of the net, dip the net back into the water and again rapidly and 
forcefully pull it completely out of the water. Repeat this procedure several times until 
the sample debris is concentrated into the tip of the collection net. The contents of the 
net may also be washed to the tip by splashing water on the outside of the net above 
any clinging debris. 

L Next, transfer the sample debris to a 16-oz, polyurethane-coated glass jar. Samples 
collected with the Surber sampler may be transferred by either direct transferal (step j 
below) or by transferring the sample debris to a photo tray (step 1 below). Samples, 
collected with the Hess sampler are transferred directly (step 1 below). Prior to transfer, 
place a label inside the sample jar and a self-adhesive label on the outside top of the jar 
lid with the following information on each: site name, sample number, date, and chain- 
5f-custody number (see SOP-7; step la). Additionally, place an appropriately marked 
NF?A self-adhesive identification label on each jar, appropriate markings include chemical 
name (ethanol) and the health, flammability, and reactivity numbers (1, 4, and 0. 
respectively, for ethanol). If the sample has been collected from an area potentially 
contaminated with radionuclides (see SOP-9), place a self-adhesive "Radioactive Material" 
label on the exterior side of the jar. 
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j.     Direct Transfer - Surber Samples 

(1) Fill a sample jar approximately one-third to one-half full of 95% denatured alcohoL 

(2) After the debris from the sample has been washed to the tip of the net, grab the 
tip of the net and its contents and invert the net while maintaining a grasp around 
the sample contents. Next, carefully empty the sample contents into the jar while 
holding the jar over an 8" X 10" white photo tray. Use of the tray avoids loss of 
any spillage. 

(3) Reinvert the net and again wash the remaining contents to the tip of the collection 
net following the procedures in step 2h above. 

(4) Repeat this process until all of the sample debris in the net has been transferred 
to a sample jar. 

(5) Carefully turn the sample net inside out and examine it for clinging organisms. Any 
organisms found should be carefully removed with forceps and placed into the 
sample jar. 

k.    Transfer by Tray - Surber Samples 

(1) After washing the sample debris to the tip of the collection net, grab the outside 
tip of the net with its contents, invert the net while still grasping the tip, and empty 
the contents into an 8" X 10" white plastic photo tray containing a small amount 
of 95% denatured ethanol. 

(2) Gently swirl the alcohol in the tray to concentrate the sample debris into one corner. 
While holding a sample jar over another 8" X 10" white plastic photo tray, pour 
the contents into the jar. 

(3) Reinvert the collection net and wash the remaining contents back into the tip of the 
net by following step h above. 

(4) Repeat the process of emptying the sample debris into the tray of alcohol and 
sample jar. This process should be repeated until all of the sample debris has been 
transferred from the tray and net into the jar. 

(5) Carefully turn the collection net inside out and examine it for clinging organisms. 
Any organisms found should be carefully removed with forceps and placed into the 
sample jar. 
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(6) If a sample jar is overfilled with alcohol, carefully pour approximately half of the 
liquid from the jar and all of the liquid from the overflow tray back through the 
Surber net. Repeat steps (2) - (5) above for transferring a sample from the 
collection net and tray to a sample jar. 

L     Transfer of Hess Samples 

(1) Carefully remove the sample bucket from the net and rinse the inside walls with 
95% denatured ethanol using a squirt bottle to force the contents to the bottom of 
the bucket, leaving some liquid in the bottom of the bucket. 

(2) While holding the sample jar over an 8" X 10" plastic white photo tray, carefully 
pour the contents of the bucket into a sample jar. 

(3) Again, wash the material remaining on the inside walls and screen to the bottom 
of the bucket with ethanol. This process should be repeated until all sampie 
material on the inside of the bucket has been washed into the jar. 

(4) Examine the mesh on the side of the sample bucket and place any clinging organisms 
in the sample jar with forceps. 

(5) Finally, carefully turn the net of the Hess sampler inside out and place any clinging 
organisms into the sample jar with forceps. 

(6) If a sample jar is overfilled with alcohol carefully pour approximately half of the 
liquid from the jar and all of the liquid from the overflow tray back through the 
Hess bucket. Then repeat steps (1) - (4) above for transferring a sample from the 
sample bucket to a sample jar. 

3. After taking the last sample at a site, invert the net of the sampling device and thoroughly 
rinse it out in the stream.   For the Hess sampler, rinse both the net and bucket. 

A. Place each sample jar into a shipping container for transport following the procedures in 
SOP-8. 

5. Within one week after collection. ri-rUte the alcohol of each sample jar, and dispose of any 
liquid and solid low-level compauih»c »JMCS following the procedures in SOP-9. 

6. At the end of each day, enter a summer* of the day's sampling activities in a registered logbook 
maintained in the Pi's office (Bu.w.n« i^»5. Room 308). Additional information should also 
be included in the summary such ^ -vjiher. unusual conditions, any problems encountered, 
etc. 
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BENTHIC MACROINVERTEBRATE MONTTORING        SECTION SOP-5 
SAMPIJE COLLECTION AND STORAGE PAGE 6 of 10 

DATE 10-31-91 

BMAP QUALITY ASSURANCE PLAN 

SUBJECT:   QUANTITATIVE SAMPLE COLLECTION 

7.   Collection of Benthic Macroinvertebrate Samples from White Oak Lake 

a. Follow procedures in step 1 of SOP-5 prior to and after completing work in 
White Oak Lake. 

b. Prior to collecting the first sample, obtain selected water quality measurements from ihe 
surface of White Oak Lake with an Horiba U-7 Water Quality Checker following the 
procedures in SOP-3; obtain only one measurement for each parameter on each collection 
date. 

c. Quantitative samples are collected in White Oak Lake from a boat with a Petite Ponar 
grab sampler (15 cm X 15 cm). Five samples are taken from a permanently marked 
transect (see SOP-1). The first sampling cell is located approximately 10 m (two boat 
lengths) from the north bank (right bank facing the dam). Take the remaining four 
samples at approximately 10-m intervals across the transect. 

<L After taking the water quality measurements, grasp the end of the rope on the ponar 
sampler and lower the sampler to the bottom of the lake. 

e. Release the trip mechanism by sharply yanking up on the rope, and then pull the sampler 
to the surface of the water. 

I While holding the sampler over the water and above the net of a Surber stream bottom 
sampler, open the jaws of the ponar sampler and allow the contents to fall into the Surtv-r 
net.* To insure that all material in the Ponar sampler is washed into the Surber net. 
repeatedly dip and raise the sampler in the water in the mouth of the Surber net unul Jü 

visible signs of sediment and debris are gone from its inner surface. 

g. Wash the fine sediment and debris from the sample by repeatedly raising and lowering vnc 
Surber net in the water being careful not to submerge the frame of the net. FolWr»in* 
the procedures for transferring a sample either directly from a Surber net (SOP-5. step ;i ■ 
or by tray (SOP-5, step 2k), transfer the sample to a sample jar containing both in>«k 
and outside labels with the site, date, sample number, and chain-of-custody number x.e 
SOP-7, step la for deriving chain-of-custody numbers). 

h.    Place an appropriately marked  NF?A self-adhesive identification label on »»    >' 
appropriate markings include chemical name (ethanol) and the health, flammabilitv   -.-u 
reactivity numbers   (1,  -t.   and   0.   respectively,  for ethanol).     Place  a  self-<*ur»c^c 
"Radioactive Material" label on the exterior side of the jar. 

L     After all samples have been collected, place each sample jar into a shipping conuirxr 
transport following the procedures in SOP-8. 
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BENTHIC MACROINVERTEBRATE MONITORING        SECTION soP-5 
SAMPLE COLLECTION AND STORAGE                           PAGE 7 of 10 

DATE 10-31-91 
BMAP QUALITY ASSURANCE PLAN 

SUBJECT:   QUANTITATIVE SAMPLE COUJECTION 

Within one week after collection, replace the alcohol of each sample jar, and dispose of 
any liquid and solid low-level compactible wastes following the procedures in SOP-9. 

At the end of each day, enter a summary of the day's sampling activities in a registered 
logbook maintained in the Pi's office (Building 1505, Room 308). Additional information 
should also be included in the summary such as weather, unusual conditions, any problems 
encountered, etc 

Approval 

PRINCIPAL INVESTIGATOR       V^MC! A^CAK.        DATE     2/J.S/72 
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BENTHIC MACROINVERTEBRATE MONITORING        SECTION SOP-5 
SAMPLE COLLECTION AND STORAGE                            PAGE 9 of 10 

DATE 10-31-91 
BMAP QUALITY ASSURANCE PLAN 

SUBJECT:   QUANTITATIVE SAMPLE COLLECTION 

EXHIBIT 5-2 

Benthic Macroinvertebrate Field Data Sheet Instructions 

Data Sheet Specific Variables Instructions 

Horiba Meter No. 

Benthos Field Data Sheet No. 

Logbook Number 

Page Number(s) 

Date Reviewed 

Reviewed By 

Date Copied 

Date Keyed_ 

Date 

BTime 

ETime 

Site 

Enter the I&C maintenance number from the Horiba meter 
along with the date used. 

Identification number for each data sheet comprised of a project 
identifier (BC = Bear Creek; EF = East Fork Poplar Creek; 
MI = Mitchell Branch; MC = McCoy Branch; PD = Paducah; 
FT - Portsmouth; WC = White Oak Creek watershed); date 
(four digits comprised of sampling month and year samples were 
collected); and data sheet page number separated from the rest 
of the ID number by a dash. Thus, the field data sheet number 
for data entered on page 2 for samples collected in White Oak 
Creek watershed on April 4, 1991 would be WC0491-2. 

Registration number for the Research and Technical notebook 
in which a daily summary of sampling activities for a specific 
project and sampling period are entered. 

Page number(s) in Research and Technical notebook where the 
daily summary is written. 

Date the field data sheet was reviewed for accuracy. 

Initials of person reviewing the data sheet 

Date a photocopy was made of the data sheet. 

Date the data were entered onto a computer. 

Month, Day, and Year (e.g., 080286 for August 2, 1986). 

Time at which you begin sampling the station. Use 24 hr. clock 
(e.g., 1500 for 3:00 PM) 

Time at which you stopped sampling the station. Use 24 hr. 
clock.   If site is dry leave blank. 

Enter applicable site name as in SOP-1, Exhibit 1-1. Left justify 
names, and where enough spaces exist, leave a space between 
the "K." and the numerical portion of the name. 
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BENTHIC MACROINVERTEBRATE MONITORING 
SAMPLE COLLECTION AND STORAGE 

BMAP QUALITY ASSURANCE PLAN 

SECTION SOP-5 
PAGE 10 of 10 
DATE 10-31-91 

SUBJECT: QUANTITATIVE SAMPLE COLLECTION 

EXHIBIT 5-2 (continued) 

Data Sheet Specific Variables Instructions 

Sampno 

Samploc 

Depth 

Substrate 

Flow 

Temp 

Cond 

DO 

Gaee 

GTime 

Col 

Rec 

Org 

Com 

pH 

Custody # 

Sample Type 

Enter sample replicate number. 

Enter the transect and cell number for each replicate sample 
obtained following the procedures in SOP-4. 

Depth (in centimeters) at which the sample is taken. 

Enter replicate sample substrate code obtained following step 1 
in SOP-2. 

Visual estimate of the flow rate. 1 « very slow; 2 = slow; 
3 = moderate; and 4 = fast. 

Water temperature in "C (right justify). 

Conductivity in ^is/cm (right justify). 

Dissolved oxygen in mg/L (right justify). 

Staff gage reading taken once on each sampling date. East Fork 
Poplar Creek - Staff gage at bridge on Gum Hollow Road. Bear 
Creek - Staff gage at USGS Gaging Station at beginning of Bear 
Creek Road.  White Oak Creek - Staff gage at lower most weir 
near mouth of Melton Branch. Melton Branch - Staff gage at 
weir near its mouth- 

Time at which gage was read.  Use 24 hr. clock. 

Initials of person taking the sample. 

Initials of person recording data on field data sheet 

Enter "1* when you observe organisms in the sample; leave 
hi a nli if vnu see none present. 

Enter "l" »hen you have comment; leave blank when you have 
no w>mrr>cnt. Enter comment on back of data sheet with site 
jnU sample number identified. 

Enicr pH value. 

Enter ..ruin-of-custody number from jar. (See SOP-7, step la). 

Enter Njmpk type where "N" = Quantitative and 
"L"  »  '.'ujiiutive (Left justify) 
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BENTHIC MACROINVERTEBRATE MONITORING 
SAMPLE COLLECTION AND STORAGE 

BMAP QUALITY ASSURANCE PLAN 

SECTION SOP-6 
PAGE 1 of 5 
DATE 10-31-91 

SUBJECT:   QUALITATIVE SAMPLE COLLECTION 

Purpose 

Provide procedures for the collection of qualitative macroinvertebrate samples from streams and 
reservoirs/ponds. 

Equipment 

95% denatured ethyl alcohol 
16 oz polyurethane coated glass jars 
Container for vehicle transportation of samples 
1" X 1 111* self-adhesive labels 
3/4" X 1" inner sample labels 
"Radiative Material" labels 
NF?A chemical identification labels 
8" X 10" plastic white photo tray 
Forceps 
Shoulder length black neoprene-coated gloves 
Horiba Model U-7 Water Quality Checker 
D-Frame aquatic dip net (mesh size = 500 ßm) 
Two-gallon plastic bucket 
Surber sampler with 368-/xm mesh net 
Hip boots or chest waders 
Sample field data sheets (Exhibits 5-1 and 5-2) 
Disposable latex laboratory gloves 
Yellow C-area coveralls 
Large yellow plastic bags (four) 
Bentbic macroinvertebrate sample chain-of-custody forms (Exhibit 7-1) 
Clipboard or aluminum carrying case for field data sheets 
No. 2 lead pencil 
Pen with waterproof ink 
Box for storing samples during transport (see SOP-8) 
Portable radiation survey meter (beta/gamma) 

Procedures 

If samples are collected from a "Regulated Area", personnel shall wear appropriate pnnc\'.^<- 
clothing (see QA-BMAP-19-200). Each person shall wear C-area coveralls; the person collcvi.n* 
the samples shall wear shoulder length black neoprene gloves and the person processing the ump< 
shall wear disposable latex laboratory gloves. Before reentering a vehicle and proceeding eLvr»h»-?r 
all personnel shall scan themselves and their equipment, and handle any contaminated item-» > r 
procedures in QA-BMAP-19-200. 
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BENTHIC MACROINVERTEBRATE MONTTORING        SECTION sOP-6 
SAMPLE COLLECTION AND STORAGE                           PAGE 2 of 5 

DATE 10-31-91 
BMAP QUALITY ASSURANCE PLAN 

SUBJECT:   QUALITATIVE SAMPLE COLLECTION 

1.   Sample Collection - Stream Sites 

a. Enter date, beginning time, station identification name, type of sample being collected 
(L = qualitative sample), and the initials of the sample collector and data recorder on the 
field data sheet (Exhibits 5-1 and 5-2). 

b. Prior to sample collection, obtain water quality measurements with an Horiba meter 
(see SOP-3).  Enter data in appropriate spaces on the field data sheet 

c. At each site, collect samples from a reach of approximately 50 m above and 50 m below 
the riffle from which routine quantitative samples are collected, being careful to avoid 
inclusion of this riffle if possible. Sample all visible habitats such as riffles, pools, leaf 
packs, undercut banks, runs (habitat with flows intermediate between those of riffles and 
pools), mosses, root hairs, submerged logs, emergent and submergent vegetation, etc The 
amount of time spent taking a qualitative sample at each site with the aquatic kick net 
should be approximately 15 to 20 min. 

d. In those habitats having flowing water, face the mouth of the net upstream. While 
standing upstream of the net, disturb the stream bottom/substrate by moving your feet 
from side to side and with circular motions while moving backwards upstream, allowing 
the suspended material to drift into the capture net of the sampler. 

e. In those areas having little or no flow (e.g., pools, backwash areas near banks), disturb the 
substrate by foot and then pull the net through the suspended material two or three times 
to collect the suspended organisms. 

L Sample root hairs along the edge of a stream by placing the sample net underneath a 
clump of roots and vigorously shaking the roots by hand (wearing shoulder length 
neoprene gloves) or by foot. 

g. Sample undercut banks by placing the net underneath the bank and rapidly pulling the net 
in and out from under the bank making sure that the suspended material passes into the 
net; the net should also be scraped against the top of the undercut bank to help dislodge 
clinging organisms. 

h. In addition to the use of the aquatic dip net to collect organisms, pick up several small 
to large rocks and submerged stitfcs,1ogs and examine them for clinging organisms (e.g.. 
rock case building organisms), keeping several specimens of each type of organism seen; 
place any collected organisms into a sample jar containing 95% ethanol. Because some 
organisms burrow into wood as its ages in the water, they will move to the surface of the 
wood as it air drys; thus, the collected sticks should be briefly retained (approximately 10 
to 15 min) and periodically examined while processing the sample collected in the dip net; 
place any collected organisms into the sample jar. 
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BENTHIC MACROINVERTEBRATE MONITORING        SECTION SOP-6 
SAMPLE COLLECTION AND STORAGE PAGE 3 of 5 

DATE 10-31-91 
BMAP QUALITY ASSURANCE PLAN 

SUBJECT:   QUALITATIVE SAMPLE COLLECTION 

L     After collecting a sample with the aquatic dip net, fill a 2-gal bucket approximately one- 
third full of sample and then add about an equal volume of stream water to the bucket. 

j.     Swirl the sample in the bucket of water vigorously enough to suspend the lighter debris 
and lighter organisms. 

L While the material is still suspended, carefully pour the suspension through the Surber net 
■eing careful not to allow large pieces of debris to enter the net. 

L Repeat steps j and k above several times until the amount of material entering into 
suspension is minimal or the water no longer becomes turbid from the suspended material 
(approximately five to ten times). 

m. Carefully remove and scan the coarse woody material (e.g., leaves, sticks, etc.) remaining 
in the bucket for organisms such as snails, mussels, and other organisms which build cases 
with sticks, leaves, and other heavy materials. 

n. After scanning these woody materials, discard them back into the stream while leaving the 
heavier materials (i.e., rocks and gravel) in the bottom of the bucket The material in the 
bottom of the bucket should be poured into a photo tray and scanned carefully for heavier 
organisms (e.g., snails, rock case building organisms) which may not have been dislodged 
with the above methods.   After scanning this material, discard it into the stream. 

o.    Repeat steps i through n until all material in the kick net has been processed. 

p. Transfer the material and organisms washed into the Surber net into a polyurethane coated 
glass sample jar by following the steps 10 or 11 of SOP-5. If the sample requires more 
than one jar, the appropriate information should be reflected on the labels (i.e., jar 1 of 
2 and jar 2 of 2, etc, and the information as indicated in step r below), and noted on the 
field data sheet in the comment section. 

q. If necessary, add additional alcohol to the sample jar, ensuring that all material is covered 
with liquid. 

r. Place labels having the site name, collection date, and chain-of-custody number (see SOP-*, 
step lb for deriving chain-of-custody numbers) both inside and outside of the sample jar. 
Additionally, place an appropriately marked NFPA self-adhesive identification label on 
each jar, appropriate markings include chemical name (ethanol) and the health, 
flammability, and reactiviry numbers (1. 4, and 0, respectively, for ethanol). If the sample 
has been collected from an area potentially contaminated with radionuclides, place a self- 
adhesive "Radioactive Material" label on the exterior side of the jar. 
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SECTION SOP-6 
PAGE 4 of 5 
DATE 10-31-91 

BENTHIC MACROINVERTEBRATE MONITORING 
SAMPLE COLLECTION AND STORAGE 

BMAP QUALITY ASSURANCE PLAN 

SUBJECT:   QUALITATIVE SAMPLE COLLECTION 

s. After each sample has been collected, package it in a sample container box for 
transportation (see SOP-8). Replace the alcohol of each sample replicate within one week 
after collection and dispose of any liquid and solid low-level compactible wastes following 
the procedures in SOP-9. 

2.   Sample Collection • Reservoirs/Ponds 

a. Enter date, beginning time, station identification name, type of sample being collected 
(L = qualitative sample) and the initials of the sample collector and data recorder on the 
field data sheet. 

b. Before collecting a sample, obtain a water quality measurement with the Horiba meter 
(see SOP-3).  Enter data in appropriate spaces on the field data sheet. 

c Qualitative samples taken from reservoirs and ponds will key on the collection of those 
organisms living in the shallow water areas (i.e., littoral zone). Sample all visible habitats 
such as rock riprap, submergent and emergent vegetation, old trees and logs that have 
fallen in the water, and other dead vegetation, such as leaf packs along the shallow banks, 
etc 

<L In soft substrates, scrape the net across the surface while applying a slight amount of 
pressure so that the upper few centimeters of sediment will be forced through the net. 

e. In areas with much organic debris (e.g., leaves and leaf fragments), repeatedly raise and 
lower the net to suspend the debris and associated organisms. Then rapidly pull the net 
through the suspended material two or three times to collect the suspended organisms. 

f. For emergent and submergent vegetation, sweep the net rapidly through the vegetation 
several times to dislodge, suspend, and collect the attached organisms. 

g. Collect and gently rub several large rocks from rock riprap to dislodge the attached 
organisms into the collection net.   Discard rocks back into the water. 

h- Sample areas containing small gravels/rocks in a manner similar to areas containing a soft 
substrate (step d). 

L If small logs/large sticks are available, remove and visually scan them for organisms. After 
the first examination, allow the logs/large sticks to air dry and periodically examine them 
over a 10 to 20 minute period for additional organisms. Collect representative specimens 
of each type of organism. 
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BENTHIC MACROINVERTEBRATE MONITORING        SECTION soP-6 
SAMPLE COLLECTION AND STORAGE PAGE 5 of 5 

DATE 10-31-91 
BMAP QUALTTY ASSURANCE PLAN 

SUBJECT:   QUALITATIVE SAMPLE COLLECTION 

j. Sample dead emergent type vegetation (Le., trees and shrubs) by rubbing the sample net 
frame up and down along the branches and main trunk to dislodge attached organisms. 
Sweep the net back and forth through the dislodged material to collect suspended 
organisms. 

After collecting the sample, process and transfer the material and organisms, and package 
the sample following steps li through Is of SOP-6. 

Approval 

PRINCIPAL INVESTIGATOR    (J.*A \<6*J%.      DATE    I/JKA. 
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for Arabidopsis thaliana 21-Day Seed 
Germination and Shoot Biomass Soil 
Toxicity Test 
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DRAFT STANDARD OPERATING PROCEDURE 

revised 3/15/94 

SUBJECT: Arabidopsis thaliana  21-d seed germination and shoot biomass soil toxicity test. 

Purpose 

To measure the toxicity to Arabidopsis thaliana of test soils by germination and shoot biomass 
production 

Equipment 

Promix® potting soil 
Test soils, including a reference soil 
Arabidopsis thaliana (var. Columbia wild-type) seeds 
plastic disposable sterile Petri dishes (100mm X 20mm) with covers 
Distilled water 

Environmental chamber capable of maintaining 25 ±2° C and 350±50 /^mol/nr/sec PAR 
Forceps 
Labels 
Spray bottle 
Laboratory gloves 
soft bristled, small paint brush 
Scissors 
Coin envelopes 
Resealable polyethylene bags-1 pint capacity (e.g. Ziplock») 
Needle or similar puncturing device 
Balance accurate to 0.01 mg 
Balance accurate to 10 mg 
Drying oven capable of maintaining 65 ±5° C 
Drying oven capable of maintaining 100±5°C 
White plastic photographic trays (12" X 18" X 2") 
Weighing tray 
Arabidopsis Test Logbook (registered) 
Arabidopsis Test Data Logsheets (exhibit 5) 
Soil Toxicity Test-Soil Samples Datasheets (exhibit 1) 
Soil Toxicity Test-Moisture Fraction Worksheets (exhibit 2) 
Soil Toxicity Test-Equipment Datasheet (exhibit 3) 
Arabidopsis Test-Watering Logsheet (exhibit 4) 
Heavy white paper 
Scintillation vials 
Spatula 
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Procedure 

1. Before handling any suspect or hazardous soils, determine appropriate safety precautions. 
These orecautions always include the use of chemically impermeable, laboratory gloves and laboratory 
saferv 'glasses. Additional measures may include the use of respirators, fume hoods, or radiation 
protection equipment. Tne Principle Investigator (P.I.) of the study will determine appropriate 
safety measures for the particular soils to be tested. The P.I. will also determine the appropriate 
waste disposal measures needed for used test soils in accordance with ORNL waste disposal 
guidelines. 

2. Record all test sou identification information on the Soil Tenacity Tests—Soil Samples Data 
Sheet for all soil samples to be tested. Record identification information for environmental chambers, 
balances, ovens and any other electronic equipment on Sou Tenacity Tests-Equipment Data Sheets. 
including whether the equipment must be user-calibrated. 

3. From among all soils (including reference and Promix®) choose one soil to set up and 
estimate the amount of soil needed to set up five petri dish replicates (about 500 cm3). Pour this 
amount of soil into a photographic tray. Soils should be set up in random order. Randomization may 
be accomplished in several ways (e.g. by generating random numbers which correspond to soil 
container numbers) and should be documented in the Arabidopsis log book. 

-i. Elevate moisture content of the test soil to a suitable level for seed germination.   This 
procedure is necessarily subjective, and depends upon the judgement of a trained laboratory 
technician. Using defined hydrations such as 15% of water holding capacity (WHC) for all soils 
(Green et al. 1989) has proven unsatisfactory in our experience due to variability in soil make-up 
under these conditions. Suitable moisture level is attained by adding distilled water to the soil 
sampie, and mixing the soil thoroughly by hand, until the soil texture is that of a thick mud. Any 
soiids found in the soil during mixing that are greater than 1 cm. in diameter should be removed and 
returned to the soil sample container. Promix* has proven to be suitable for hydrating to 75% water 
holding capacity, based on a WHC of 5 ml/g of dry soil. 

5. Fill three pre-weighed scintillation vials with the hydrated soil. Label the vials with the soil 
container and repiicate number, determine the mass of wet soil in each vial, and record this data on 
the Soil toxicity test-moisture fraction worksheet. Once vials for all test soils to be set up in a day 
have been obtained, place the vials into a drying oven at 100±5°C. Allow the soil to dry for >^S h. 
remove the vials, allow them to cool to room temperature in a dessicator. then weigh each vial on 
a balance accurate to 10 mg. Record this weight on the Soil tenacity test-moisture fraction 
worksheet. 

Soil Moisture Fraction=(Hydrated Soil Mass-Dried Sou Mass)/Hydrated Soil Mass 

6. Divide the hydrated soil among five Petri dishes until a soil depth of approximately 1 cm. is 
attained. A spatula may be used to transfer soil and to ensure even coverage of the dish surtace. 
however the soil should not be compressed or packed. Label each dish with the container number 
and replicate number (1-5). Return unused soil to its original container. Spray the soil in each dish 
once with a spray bottle containing distilled v-ater. 

Gentlv tap the container of Arabidopsis ihailiana seeds over a sheet of clean white paper with 
a single crease.    Using a soft paintbrush, separate 20 seeds and return excess seeds to the seed 
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container. Hold the paper over a dish and distribute the seeds evenly over the dish, either be taDDing 
the paper or using the paintbrush. Tape a cover secureiy on the dish. Reseat this step for'each 
replicate. 

8. Repeat steps 3-7 until all soils to be set up have been inoculated with seeds. 

9. Place all Petri dishes in the environmental chamber so that the petri dish lies flat. The 
environmental chamber should be set at 25±2°C on a 14-h/10-h day/night photoperiod with a light 
intensity of 350±50 ,amol/m:/sec PAR. 

10. On day T, (T0 is the day that seeds are added to soil) remove the petri dishes from the 
environmental chamber. One at a time, remove the lid from a dish. Count and record the number 
of germinating plants in each petri dish on the Arabidopsis Test Data Logsheet. Germination is 
defined as the appearance of the plant coleoptile above the surface of the soil medium. 
Germination must be >9Q% in the Promix» (the negative control) for the test to be considered valid 
(Greene et al. 1989). 

11. Thin plants to a density of 10 per dish by plucking out excess piants with forcerjs. Remove 
plants that are clumped together first, leaving the larger plant, then remove the smallest of the 
remaining plants, and finally, remove plants haphazardly until ten plants remain. Place the open dish 
in a resealable polythylene bag which has been labeled with the soil container and replicatenumber 
and punctured with a ciean needle or similar tool twenty times over the bag's surface area. .Arrange 
the dish so that it can sit flat with the bag standing upright. Fold the bottom corners of the bag 
underneath the dish and tape them in place. Spray each dish in its bag five times with distilled water 
from a spray bottle. Seal each bag and replace it in the environmental chamber. 

12. From day Tg to day T^ the dishes should be monitored every day. If conditions within a bag 
are dry (e.g. dry soil surface, or no condensation on inside of bag), open the bag and spray distilled 
water over the Petri dish five times (or more if the soil appears very dry). Document monitoring 
information on the Arabidopsis Test Watering Logsheet 

13. On day T:,, remove containers from the environmental chamber. One at a time, harvest each 
replicate by removing the Petri dish from its bag and. using forceps, serjarate the piant tissue from 
the soil by gently pulling on the plant. Once the plant is freed from the soil, cut awav anv attached 
below ground tissue with a scalpel (Unpigmented tissue beiow the basal rosette leaves is below 
ground tissue). Remove any soil panicles adhering to the plant with a soft paintbrush. Place aU 
above-ground tissue from a repiicate dish into a coin envelope and label the envelope with the soil 
container andreplicate number. Record the number of plants harvested in each replicate Arabidopsis 
Test Data Logsheet Repeat this procedure for all T,x replicates. Place all envelopes into a diving 
oven at 65 ±5° C. ' 

14. Allow the plant material to dry for >48 h. Remove the envelopes from the oven and olace 
into a dessicator to cool for at least one hour. Determine the mass of each enveloDe's contents 
using a balance accurate to 0.01 mg. Record the dry biomass on the Arabidopsis Test Data 
Logsheet. 

15. Data from the Arabidopsis test may be entered on a computer SDreadsheet. from which the 
the fraction of seeds germinating on T- per repiicate. the mean above-ground biomass per oiant 
within each repiicate and the mean soil moisture fraction of each soil samole mav be calculated. 
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Soil Tenacity Test—Soil Samples Datasheet 

Soil tor use in :   (test name)      Test No.:   

Data recorded bv: 

Site      ID Sample Identification Number Moisture fraction Container # 
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Test ID: 

data recorded bv: 

Soil Tojricity Test—Moisture Fraction Worksheet 

  time/date into oven:       oven id:     

  time/date out of oven: oven temc: 

samrne id * vial #          I   viai mzsstt) hydmed soil mass ig.)        |   dried soil miss ig.) moisrurc fraction mean moisture traction 

i 

i 

i 

I 

| i 
i 

i 

i 

i 
i 

i 
i 

 1 
I 

Balance calibration: 

date of use equipment id -J.NS . t '.0.0000 c. reference initials 



1 

Equip 

Data 
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Soil Tenacity Tests-Equipment Datasheet 

mrntmHfnr  (T«n* n«™*)                                            Test start date:              ...     Paee        of 

recorded bv:                                                    - 

Instrument description: 

Model:                                                            Serial   *: 

T^r»f<ni,.                                               Local  ID  #   (if  any): 

Calibration information   (i.e.   frequency,   responsible party,   etc.): 

TnstT-umeTi-fc description: 

Model :                                                               Serial   *: 

TflMtion!                                                 Local  ID  *   (if  any): 

Calibration information   (i.e.   frequency,   responsible party,   etc.): 

Instrument description: 

! 

Model:                                                            Serial   #: 

Tflcation:                                                    Local   ID   #    (if  any): 

Calibration information   (i.e.   frequency,   responsible party,   etc.): 
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Arabidopsis Test—Watering Logsheet 

Test name:      Test dates:  from _ to 

Environmental Chamber serial number(s): 

Date ot watering Initials 

I 

j 

I 
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Test ID: 

Data recorded bv: 

Arabidopsis Test Data Logsheet 

Test initiation date:    

Environmental Chamber serial #: 

container &        |       rep      |        T- germ        |          T;:: # plants         |           total dry mass {§.) 

I 
I 

I 
I 
! 

I 

i 

I 

| 

I 

I 

I I                           | 

Balance calibration: 

Gate or. use eauipment id -•!'.%    :  : "<K)0 e. reference initials 
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Appendix C: Standard Operating Procedure 
for Eisenia foetida Chronic Soil Toxicity 
Test 
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DRAFT STANDARD   OPERATING   PROCEDURE 

revised 3/15/94 

SUBJECT:   Eisema joenda chronic soil toxicity test 

Purpose 

To evaluate ehe effects of soil contaminants  on the growth, mortality and reproductive vigor of 
the earthworm. Eisema joenda. 

Equipment: 

Eisema foetida-d'nieim adults 
Glass finger bowls > 250 ml. capacity 
Environmental  chamber capable of maintaining 20 s 2°C 
Distilled water 
Thermometer 
Bent nose forceps 
Reseaiable  polyethylene bags (e.g. Ziplock® sandwich bags, 6.5"X5.9") 
Artificial soil with finely ground peat moss (see step 3 for ingredients) 
Fermented  alfalfa food substrate (see step 2 for ingredients) 
Phototray 
Balance (accurate to 10 mg; 
Brass sieve-30 cm. diameter, mesh size between 840 and 500 u 
Paper towels 
Scatula 
Scintillation vials 
Drying oven capable of maintaining  100 = 5*C 
30 ml. beakers 
Grinding mill 
Hish pressure shower nozzle, or similar water spraying device 
Coin envelopes 
Earthworm Test Initiation-Data   Logsfaeet (exhibit 1) 
Earthworm Test-T,, Data Logsheet (exhibit 2} 
Soil Toxicity Test-Moisture Fraction Worksheet (exhibit 3) 
Soil Toxicity Test-Equipment   Datasheet   (exhibit 4) 
Soil Toxicity Test-Soil Samples Datasheet   (exhibit 5") 
Earthworm Tests Logbook (registered) 

Procedure 

1 Chemically resistant laboratory globes should always be worn when handling Eisema fenda. 
Additional safety precautions, such as ;he uffe of safety glasses, respirators, and fume hoods mav 
be necessarv when handling soils or potentially hazardous  waste.   The principal investigator iP I i 
offne test will determine the appropriate ««fifty measures needed.    Likewise, the P.I. wiil 
determine  the appropriate  means oi waste disposal for soil samples in accordance  with ORNL 
■juidelines. 
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\t least two weeks before initiation ot" test, fermented  alfalfa food substrate must be 
Scared    Existing fermented alfalfa used in cultures may be used for the test, prov.ded the dry   _ 
'^ass and water content of the alfalfa is known.   To make fermented alfalfa,  add a known mass ot 
dried alfalfa pellets to a one liter container so that approximately V, of the container's volume is 
quoted    Fill the container with distilled water, measuring the amount or water added.   Seal and 
label' the'container, including dry mass of pellets, water volume added, date prepared, and 
preparer's name on the label.   Allow the alfalfa to ferment for at least 14 days before using it in a 

test. 

At least 3 kg artificial soil will be needed  for use as a negative control soil (for 30 
replicates).   To prepare artificial soil, thoroughly mix the following dry ingredients on a percent 

dry weight basis. 

-- dry silica sand, sieved through a 500 u mesh screen-70% 
- kaolinite ciav, sieved through a 500M mesh screen-20% 
- sphagnum peat moss, ground in a mill to pass a 2mm screen-10% 

Determine  the pH or the artincial soil, using method 9045A (see exhibit 4 for procedure and 
-□moment)    If pH is beiow 6.0. calcium carbonate  shouid be mixed with the soil to a 
concentration   no sreater than 2% of total dry weight.   The acceptable pH range tor anincial soil 
Is 6.0-8.0(Green et ai. 1989).  Label the container of anirlcial soil with the aate prepared, 
preparer's name, ingredients with % composition and pH. 

a The dav prior to test initiation, harvest clitellate adult Eisenia foenda specimens from 
cultures following harvesting procedures in step 9 of SOP-1.   20 earthworms will be required for 
^ach soil sample, inciudine reference soii(s), plus 60 earthworms for the artmcial soil control. 
Harvested worms shouid first be rinsed in a bowl of distilled water, then placed in groups or .0-.- 
into fineer bowls containing approximately 250 mi of 20 ± 2°C distilled water.   Each bowl should 
be covered with a paDer towel, then placed into an environmental chamber set at 20 a - C. 
Earmworms should be removed from the distilled water within 12-24 h.  Earthworms lert in water 
longer than 24 h should be carefully inspected for signs of stress (swollen areas, lack of response 

:o touch) before use. 

f Record test soil identification information on the Soil Toxicity Test-Soil Samples 
Datasheet   for all soil samples to be tested. 

ö Record identification information for environmental  chambers, balances, ovens and any 
other electronic equipment to be used on the Sou Toxicity Test-Equipment  Datasheet.   Include 
how the instrument is calibrated. 

7 From arnone all soils (including reference  and artificial soils)) choose one soil to set up 
and Dour aproximatdv 1.5 kg of this soil '.mo a photographic tray.  If the Arabidopsis soil toxicity 
test is to be set up simultaneously with this test, additional soil should be poured into the 
photographic  trav (see SOP 3).  Soils should be set up in random order.   Randomization   .an re 
accomplished in several ways (e.g. by generating  random numbers which correspond to soil 
container  numbers) and the method should be documented   in the Earthworm Test Logbook. 

3 Elevate moisture content of this test >oil to a suitable level for earthworm survival    Th^ 
procedure  is necessarily subjective, and depends  upon the judgement of a trained laboratorv 
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technician.   Using defined hydrations such as 75% of water holding capacity (WHO for ail soils 
i Green et al. 1989) has proven unsatisfactory in our experience due to variability in soil make-up 
under these conditions.   Eisenia foenda tolerate a wide range of moisture levels and soil toxicity 
appears to be unaffected  by small variations i Heimbach  and Edwards. 1983).  Suitable moisture 
levei is attained by adding distilled water to the sou sample and mixing the soil thoroughly by 
hand, until the soil texture is that of a thick mud.   Any solids found in the soil during mixine that 
are greater than 1 cm in diameter should be removed and returned to the soil sample container. 

9. Fill three pre-weighed scintillation vials with the hydrated soil.  Label the vials with the 
sample identification number, determine  the mass of wet soil in each vial, and record this data on 
the Soil toxicity test—moisture fraction worksheet.   If this test is being set up simultaneously with 
the Arabidopsis soil toxicity test, this step is identical to step 4 of SOP-3, and need not be 
repeated.   Once vials for all test soils to be set up have been obtained, piace the vials into a 
drying oven at 100 ± 53C. Allow the soil to dry for >48h. remove the vials, allow'them to cool 
to room temperature  in a dessicator. then weigh each vial on a balance accurate to 10 me. The 
balance must be calibrated before use. and this action documented  on the Soil toxicity test 
moisture fraction worksheet.   Record the data and determine and record each soil's moisture 
fraction on the Soil toxicity test—moisture fraction worksheet. 

Moisture fraction=(Hydraied Soil Mass-Dried Soil Mass)/Hydrated Soil Mass 

10. Using a needle, or similar puncturing device, puncture ten resealable piastic bags twenty 
times evenly over each bag's surface.   Label each bag with the soil container and replicate number 
(1-10). 

11. Using a spatula, or a glove-protected  hand, fill each bag with 150 = 5 g. of hydrated soil. 

12. Place a 1.0 g clump of fermented alfalfa onto the soil surface in each bag. 

13. Remove two fingerbowls containing earthworms and distilled water from the 
environmental chamber. Weigh the hydrated earthworms two at a time. The worms should be 
scooped from the water with bent nose forceps, placed onto a piece of filter paper to draw off 
excess surface moisture for a few seconds, then placed on the balance in a tared weiehine tray 
Because the worms rapidly lose moisture when exposed, the first stable mass shouid be recorded 
on the Earthworm Test Initiation—Data  Logsbeet, otherwise the mass reading will steadily 
decrease as the earthworms' moisture evaporates.   Gentiy remove the worms from the balance 
and place the couple onto the soil surface of their corresponding bag.  Repeat  this step until all 
replicate bags have been filled.  If any earthworm in a fmgerbowi is obviously stressed, or dead 
(swollen or ruptured ciitteli are typical indications), do not use any of the earthworms from that 
fmgerbowi. 

14. Repeat  steps 7-13  until every test soil has been set up. 

15. Place all bags into an environmental  chamber, allowing a slight spacing between bags for 
air exchange.   The chamber temperature   should be constant at 20 ± 2°C with a 12 hour day 
lighting schedule.   Light intensity may vary 

16. Twenty-one days after the test is initialized, remove the test baes from the environmental 
chamber. 
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17.        Emptv the contents of one bag into a photocray. rinse the emptied bag to remove 
adhering soil'and pour the rinsate into the phototray.   Search the soil for surviving adult 
earthworms, addine more water to disolve clumped soil if necessary.   Rinse survivoring worm pairs 
in distilled water. Then rlace them into an 80 mi beaker with approximately 60 mi of 22 ± 5CC 
distilled water.   If oniy one worm has survived, it may be discarded since its individual mass 
change cannot be determined.    Labei the beaker with the soil container and bag replicate number 
and cover the beaker with a paper towel.   Record the number of recovered adult earthworms on 
the Earthworm Test-T^ Data Logsheet. Mortality in the artificial soil control must be < 10% for 
the test to be considered valid (Greene   et ai. 19891. 

IS.        Pour the soil and water from the phototray into a brass sieve (between  840 and 500u- 
mesh).   With a hieh pressure shower nozzle, rinse the soil through the sieve.   Invert the sieve 
over a phototray and rinse the remaining matter from the sieve into the phototray. _Carefully 
inspect the debris for unhatched  cocoons.   Remove the cocoons, place them into a coin envelope. 
label the envelope with soil container and replicate number, and record cocoon number on the 
Earthworm Test-T:, Data Logsheet. 

19. Reaeat  steps i~-18 for all T,: bags.   Place the beakers containing surviving adult pairs into 
an environmental chamber at 20 ± Z°C. 

20. Remove the beakers within 12-24 h.   Transfer the worms from each beaker into a 
numbered, pre-weighed scintillation vial. Label the vial with the soil container and replicate 
number (vial label and mass shouid be recorded on the Earthworm Test—T21 Data Logsheet). 
Cover each vial with aluminum foil to prevent earthworm escape.   Place the vials into an oven at 
100 ± 5°C and allow the worms to dry for >-i8h (Record time into and out of the oven on the 
Earthworm Test—T:i Data Logsheet).    Remove the viais and allow them to cool in a dessicator. 
Determine the final dry mass of the worm pairs using a calibrated baiance accurate to 10 mg and 
record on the Earthworm Test—T21 Data Logsheet. 

21. Raw data maybe entered onto a computer spreadsheet (e.g. Lotus 1.2.3) on a personal 
comDuter. from which calculations can be made (e.g. survival fractions, soil moisture fractions). 
The chanee in adult dry mass per couple over the course of the test may be determined by 
estimating the initial dry mass of the adult pair.   This estimation is based on a regression of wet 
weight on dry weieht for 49 individuals subjected to conditions, described in step 4. and ranging in 
initial fresh weight" from 113 mg to 623 mg (R: =0.9851. SE=0.001736. intercept forced through 
zero). 

DRY MASS CHANGE=0.09787IT, WET MASS-T2, DRY MASS 

Methods of statistical analysis may vary with sampling design and data obtained.   Appropriate 
methods will be determined and documenic-d   -\ the P.I. using available literature. 

Literarure cited 

Green. J. C..C. L. Barieis. W. J. Warrrr. H .^     3   R. Parkhurst. G. L. Linder. S. A. Peterson. 
and W. E. Miller.   1989.  Protocols tor v-  -•   ' .rm Toxicity Screening of Hazardous Waste Sites. 
United States Environmental  Protection    -.-r••*.■•   Environmental  Research  Laboratory, Corvailis. 
OR.    EPA/600/3-88.029. 

Heimbach. F. and P.J.Edwards.   L983     :   -   '   ».».:■.   <r 2-Chloroacetamide   and Benomyi to 
Earthworms Under Vancus Test Conditu :>       ..-.   \::iricial Soil Test.   Pesticide Science,    l-t-635- 
636. 
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test name: 

Earthworm Test Initiation— Data   Logsheet 

test date:     

Data recorded bv: 

Sou Summe ID 9 Container * Srancaie  * Tcsi Day » initial  frcsn mass oi 
tartnworm pair 

I 
| 

| 

I I 

j 

\ 
i 
i 

j 
| 

I 
i 

j 

I 

| 
i 

! 

I 
j 

I                           i 
|                          j                                          "I 

II-                         I 
~—         ■                                                                                   '"           mil 

Balance ID: Mass cf J0.D000 g. reference  mass: 
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Earthworm Test—T,, Data. Logsheet 

T\. date: 
Test ID: ..., —. 

»Oil   Iti vial id 
■ container**1'"1 

via) miu *   live 
-JUltS cocoons 

viai-unea 
iuulis '% i 

.ocoon crv mass 

i           1           ! 
:                     1 

I 
I I                     i                    1                           1 
I i           1           ! 

ill               ! 
|             1               1              1                    ! 

i !             | 

I                      III! 
i i 

||!'                    i 

i                  I           :             ■            ;                 ' 

i                  I           !         ■   i            I                 i 

i III                   ! 

i !          i          1 
I III                 ! 

Ill                I 
III                I 

I                  I            I             I            i                 I 
1             i            1 

I 1              !             i                  I 

i                  I            i             I            I                 ' 
|                 III!                ! 
| 1         1            1 
| I              1 1 

I              1 
| III                  1 
| !              '             ! 

| i                  1 
| 

1                  1 
II-                        ' 

Balance ID Date Mass or' 10.0000 g. reference initials 

Oven ID Date/time  m :)jte. time  out               :emcerature       initials 

 _ ■ 
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Test ID: 

Soil Toxicity Test—Moisture   Fraction Worksheet 

  time/dace  into oven:        oven id: 

data recorded bv: time/dace out of oven: oven cemp: 

«imoie :a * vial * vill T.liH?.! hvdniea soil musig.; Uneü sou mass tjj moisture rracuon mean moisrure fraction      j 

| 

. 

i 

i 
i 
i 

1 

| 

| 

i 
i 

Balance calibration: 

date of use icuioment  ia :nass or 10.0000 s. reference initials 
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Equipment used for:  (test name)_ 

Data recorded by:   

Soil Toxiciry Tests— Equipment   Datasheet 

        Test stan date: Page of  

Instrument description:     

Model:        Serial # 

Location:     Local ID tt (if any): 

Calibration information (i.e. frequency, responsible parry, etc.): 

Instrument description:    

Model:       Serial* 

Location: Local ID # (if any): 

Calibration information (i.e. frequency, responsible parry, etc.): 

Instrument description:    

Model: - Serial #: 

Location: Local ID # (if any): 

Calibration informatioa (i.e. frequency, responsible party, etc.): 
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Soil Toxiciry Test—Sou Samples Datasheet 

Soil for use in :   i.test name)      Test No.:   

Data recorded bv: 

Site       ID Sample Identification  Number Moisture traction Container # 
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Appendix D: Standard Operating Procedures 
for Toxicity Tests for Aquatic Biota 
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BSD TOXICOLOGY LABORATORY SECTION sop-9 
PAGE 1 of 16 

QUALITY ASSURANCE MANUAL DATE HHH-93 

SUBJECT:  FATHEAD MINNOW CHRONIC TOXICITY TEST 

Purpose 

To measure the chronic toxicity of water samples to fathead minnows during 7-d static renewal 
exposures. 

Reference 

EPA Test Method 1000.0, in C. I. Weber et al., Short-Term Methods for Estimating the Chronic Toxicity 
of Effluents and Receiving Waters to Freshwater Organisms, EPA/600/4-89/001 (March 1989). 

Equipment 

Fathead minnow larvae (see SOP-6) 
Temperature-controlled water bath or environmental chamber (maintained at 25 ± 2°C) 
Dilute mineral water (DMW; see SOP-1) 
Microbaiance accurate to 0.0001 mg (e.g., Cahn) 
Microweight aluminum pans (e.g., Cahn) 
Drying oven 
10- and 600-mL beakers 
250-mL glass beaker or a crystallizing dish 
Volumetric flasks 
Graduated cylinders 
Fixed- or adjustable-volume pipettes 
Disposable pipette tips 
Various colored stickers (for color-coding beakers) 
Polished glass tubing (2-mm ID) 
1-mL pipette bulbs 
Siphoning hose with modified Y-shaped tygon connector 
White plastic photographic tray 
1-oz disposable polystyrene beakers 
8-oz specimen containers (or equivalent) 
Newly hatched brine shrimp (see SOP-5) 
Perforated aluminum foil 
Desiccator 
Scintillation vial 
Formaldehyde solution 
Disposable gloves 
Fine mesh aquarium net 
Tweezers (or equivalent) 
Registered fathead minnow logbook 
Registered test organism shipment logbook (if required) 
Fathead Minnow Test Information Logsheet (exhibit SOP-9.1) 
Fathead Minnow Daily Test Information Logsheet (exhibit SOP-9.2) 
Fathead Minnow Daily Test Results Logsheet (exhibit SOP-9.3) 



SECTION SOP-9 
PAGE 2 of 16 
DATE 10-01-93 

USACERLTR-97/140 1Z? 

ESD TOXICOLOGY LABORATORY 

QUALITY ASSURANCE MANUAL 

SUBJECT:  FATHEAD MINNOW CHRONIC TOXICITY TEST 

Fathead Minnow Shipment Logsheet (exhibit SOP-9.4) 
Fathead minnow Weight and Survival Data for Lotus Program Logsheet (exhibit SOP-9.5) 
Lotus 1-2-3 computer program 

Procedure 

1.     The following tasks shall be performed in preparation for the test. 

a. Prepare the glassware. Label and color code four 600-mL beakers per test concentration 
(or site). Each of these four will be replicates (REPs). Label the necessary graduated 
cylinders and volumetric flasks. 

b. Prepare the weight beakers for the test larvae. Label 10-mL beakers with the sample, 
dilution, and RE? number. Predry microweight pans in a 100 +. 2°C oven for at least 2 h. 
Place a microweight pan in each 10-mL beaker, and put the beakers in a suitable container 
(e.g., a 250-mL glass beaker or a crystallizing dish, depending upon the number of 10-mL 
beakers needed). Weigh the microweight pan from each beaker on a calibrated 
microbalance. and record the initial weight of each pan on the "Fathead Minnow Weight 
and Survival Data for Lotus Program" logsheet. Use tweezers (or equivalent) to handle 
microweight pans. Put each microweight pan back in its appropriate beaker. Cover the 
container of beakers with perforated foil, and store in a sealed desiccator. Store the 
logsheet in a safe location until the test is over. 

c Prepare the weight beakers for the initial larvae. Label four 10-mL beakers as "initial 1." 
"initial 2," "initial 3," and "initial 4." These beakers will be used to find the weight of the 
larvae that initiate the test. Place a microweight pan in each 10-mL beaker, and weigh as 
described in step lb. 

d. Check the number of in-house larvae available for the toxicity test. Only if necessary, order 
larvae from an approved outside source. The Laboratory Steward or designee is 
responsible for ordering larvae needed for conducting toxiciry tests. 

(1)     If larvae are ordered from an outside source, the following steps are performed. 

(a) Glue a "Fathead Minnow Shipmem Logsheet" (exhibit SOP-9.4) into the 
registered test organism shipment logbook. Initial and date the logsheet so that 
half of the writing extends onto the logbook page. 

(b) Record the larvae source, approximate number of larvae received, date larvae 
received, and your initials. Also record the initial temperature of the water the 
larvae were shipped in, the lime the temperature was taken, the thermometer 
number, your initials, and any observations or comments (i.e., condition of 
larvae). 
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ESD TOXICOLOGY LABORATORY 

QUALITY ASSURANCE MANUAL 

SECTION SOP-9 
PAGE 3 of 16 
DATE 10-01-93 

SUBJECT:   FATHEAD MINNOW CHRONIC TOXICITY TEST 

(c) Measure the temperature of the water hourly to record the acclimation of the 
test organisms. Record the necessary information on the logsheet until the end 
of the workday or until the water reaches -25°C. 

e.    Prepare brine shrimp according to SOP-5. 

2. To stan the test do the following. 

a. Glue a "Fathead Minnow Test Information" logsheet, a "Fathead Minnow Daily Test 
Information Logsheet," and a "Fathead Minnow Daily Test Results" logsheet into the 
registered fathead minnow logbook. Initial and date each logsheet so that half of the 
writing is on the logsheet and half extends onto the logbook page. Note: more than one 
daily test results logsheet may be needed for a test. 

b. Isolate the larvae. Using a polished glass tube and pipette bulb, transfer ten larvae that 
are <24 h old from the hatching chamber to a 1-oz polystyrene beaker containing 5-8 mL 
of control water. Transfer ten larvae for every RE? of the test. Also transfer at least ten 
larvae for each initial beaker. 

c Begin the test. Randomly transfer larvae from the 1-oz polystyrene beakers to 600-mL 
beakers containing about 250 mL of test solution. The amount of water transferred with 
the larvae should be kept to a minimum to avoid dilution of the test solution. 

d. Randomly arrange test beakers in a temperature-controlled water bath or environmental 
chamber (25 - 2°C). 

e. Feed the larvae in each test beaker 100 pL (— 1500 shrimp) of newly-hatched brine shrimp 
twice daily at a -8 h interval (at the beginning and at the end of the work day). Record 
the feeding time on the "Fathead Minnow Daily Test Information Logsheet." 

f. Record the test name, test number, test dates, sites/concentrations tested, control water 
type, source of test larvae, date larvae hatched, and your initials on the "Fathead Minnow 
Test Information" sheet. 

g. Record the date, the time the first test beaker received its larvae, the time the last test 
beaker received its larvae, test name, test number, test dates, test beaker and water bath 
or chamber temperatures, thermometer number, control water batch number, and your 
initials on the "Fathead Minnow Daily Test Information Logsheet." 

h. Record the test name, test number, test dates, and sites/concentrations tested on the 
"Fathead Minnow Daily Test Results" logsheet. 

i. Transfer all the larvae from the initial beakers into a scintillation vial containing 
dechlorinated tap water.   Add several drops of formaldehyde solution.  The scintillation 
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ESD TOXICOLOGY LABORATORY 

QUALITY ASSURANCE MANUAL 

SECTION SOP-9 
PAGE 4 of 16 
DATE 10-01-93 

SUBJECT:  FATHEAD MINNOW CHRONIC TOXICITY TEST 

vial will now contain at least 40 larvae.   Label the vial with "initials," the date and the 
name of the test. Store the vial in a safe location until the end of the test. 

3.     Repeat the following renewal process every day, starting 24 h after the test begins and 
continuing until the test is finished on Day 7. 

a. Use fresh samples and make fresh dilutions. 

b. Feed the larvae 100 yL of newly-hatched brine shrimp a minimum of 2 h prior to solution 
renewal. Record the feeding time on the "Fathead Minnow Daily Test Information 
Logsheet." 

c Measure the temperature in two test beakers and record on the "Fathead Minnow Daily 
Test Information Logsheet." Also record the water bath or chamber temperature and 
thermometer number. 

d. Prior to solution renewal, carefully pour test water (- 180 mL total) from at least two REP 
beakers into a labelled beaker or plastic cup. This water will be used to determine the 
final pH and dissolved oxygen concentration. NOTE: test water will only need to be 
collected from sites or concentrations in which water chemistry is being performed. 

e. Change the water in all REP beakers for a particular concentration (or site) before starting 
the next four-beaker series. 

(1) Siphon off old water, excess shrimp, and detritus from the beakers, using rubber 
tubing and a modified foot made from a Y-shaped rygon connector. Slowly siphon 
the water from the beaker into a white plastic photographic tray until - 50 mL of 
old test solution remains. Control the flow through the siphon by holding one 
gloved finger over the end of the tubing. 

(2) If any larvae are accidentally siphoned off with the water, retrieve them from the 
plastic tray, using a polished glass tube and pipette bulb. Then return them to the 
beakers. 

(3) Record the number of larvae surviving in each beaker, the total number of larvae 
alive for each concentration, and any appropriate code (see the "Fathead Minnow 
Daily Test Results" logsheet for key to codes) on the "Fathead Minnow Daily Test 
Results" logsheet in the registered fathead minnow logbook. Discard the dead larvae. 

(4) Add - 250 mL of fresh sample to each beaker. Add the fresh solution very slowly, 
gently pouring it down the side of the beaker to avoid disturbing the larvae. 

f. Record minor test non-conformities (e.g., a temperature that falls outside the acceptable 
range), on the "Fathead Minnow Test Information" logsheet. 
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QUALITY ASSURANCE MANUAL £TC ,^ 

SUBJECT:  FATHEAD MINNOW CHRONIC TOX3CITY TEST 

g.     Feed the larvae 100 ^L of newiy-hatched brine shrimp - 8 h after the first feeding. Record 
the feeding time on the "Fathead Minnow Daily Test Information Logsheet/ 

4.     Method for terminating the fathead minnow chronic toxicity test when performed in the 
Toxicology Laboratory, Room 12, Building 1504. V 

a. Terminate the test after the fish have been exposed to the test solution for 7 consecutive 
uävs + 2 h. 

b. Siphon out as much of the test solution as possible from a RE? beaker and pour the 
remaining solution (containing the surviving larvae) through a fine mesh aquarium net. 

n^s^arv ""*       '^ ^ diStUled WaWr t0 rem°Ve any exKSS food or detritus- * 

c     Kill the larvae that are retained on the net by severing their spinal cords with forceps. 

d. Obtain the corresponding 1-rnL weight beaker prepared in steo lb. Remove th* 
microweight pan from the beaker. Using forceps, remove the larvae from the net and place" 
on the microweight pan. Return the pan to the beaker. Place the beaker in a suitable 
container. Continue this procedure for the remaining REP beakers. 

**    ??XZ\thu ScinIülation ^ «ntaining the initial larvae.  Pour the contents of the vial 

f^UgM H-aqnafm neI t0 °btain thC lafVae-   You may need t0 ™ tbt vial several 
imes with distilled water to remove all the larva. After all the larvae are on the net, rinse 

the larva several times with distilled water to remove the formaldehvde solution. Remove 

bÜrV?JS?t?e n" T Pi3Ce °n thC PreweiShed microweight pan from an initial 
beaker. Repeat this procedure for all four initial beakers. Discard the waste formaldehvde 
p M?-°n fen2" aPPr°Priateiy labeied bottle located in the fume hood in Room 'll, 
Building 1504. 

1 ^eLth%C0,DIai,ner hu°ldinS thC beakerS ™th the mic">w^< pans with perforated 
aluminum foil. Pbce the container in a drying oven and let the contents drv a minimum 
of two hours at 100 _+ 2°C 

g. Remove the container from the oven and place in a desiccator a minimum of four hours 
to cool the larvae before weighing them on a calibrated microbalance. 

h'    ^dJu-final panw,.eiShts and lhe number of larvae survivine in each beaker on the 
Fathead Minnow Weight and Survival Data for Lotus Program" loesheet that was prepared 

in step l.o. ** 
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Method for terminating the fathead minnow chronic toxicity test when performed in laboratory 
facilities other than the ESD Toxicology Laboratory, Room 12, Building 1504. 

a. Follow the procedure described in steps 4.a through 4.e with the following exception: 

1.      Screw-cap scintillation vials will be used in lieu of 10-mL beakers for drying and 
transporting the larvae. 

b. If the facility in which the test is being conducted contains a drying oven, place the vials 
containing the microweight pans and larvae in the oven for at least 20 minutes at 100 +, 
2°C. Remove the vials from the oven and let cool at least 20 minutes before capping and 
transporting to the ESD Toxicology Laboratory. 

c Upon return to the ESD Toxicology laboratory, uncap the vials and place in a suitable 
container. Cover the container with perforated aluminum foil and place in a drying oven 
for at least two hours at 100 + 2"C. 

d. Remove the container from the oven and place in a desiccator a minimum of four hours 
to cool the larvae before weighing them on a calibrated microbalance. 

e. Record the final pan weights and the number of larvae surviving in each beaker on the 
"Fathead Minnow Weight and Survival Data for Lotus Program" logsheet that was prepared 
in step l.b. 

£ If the facility does not contain a drying oven, transfer the larvae to the preweighed 
microweight pans in the corresponding scintillation vials. If possible, allow the larvae to 
air dry at least 24-h before capping the vials and transporting them to the ESD Toxicology 
Laboratory. Continue with the procedure described in steps 5.c through 5.e. 

Calculate the mean percent survival and mean growth of larvae in each concentration using a 
Lotus 1-2-3 program. 

a. Important keys and notes about the directions below. 

(1) Usethe arrows on the keyboard to move around the worksheet. 

(2) Use the forward slash (/) to get to the main menu. 

(3) Use the Esc key to get out of trouble and move to the previous selectionAnenu. 

(4) Commands to be typed are in single quotes, do not type the quotation marks. 

b. Turn on the computer and printer if they are not already on. 
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Stan Lotus 1-2-3. 

(1) If the prompt on the screen is C:\ type '123', and press enter; 

(2) If the prompt is C:\WP50, type 'cd\\ enter, type ,123', and press enter; 

(3) If the prompt is A;\ type 'C:\ press enter, type '123' and press enter; 

(4) If the prompt is B:\ type *C:', press enter, type '123', and press enter. 

Retrieve the Lotus 1-2-3 worksheet entitled FHM.WK1. 

(1) Obtain disk (low density) labeled "FHM Worksheet'. It will be next to the computer 
designated for laboratory use or available from the Principal Investigator. 

(2) Place the disk in the lower (B) drive. 

(3) Type 7 (forward slash). 

(4) Type T (file). 

(5) Type 'R' (retrieve). 

(6) Use the arrows on the keyboard to highlight FHM.WKl (If you don't see FHM.WK1 
at the top of the screen, press the page down key until you find FHM.WK1) 

(7) Press enter. 

Enter the Test Description Data. 

(1) Use the arrows to highlight the entry after "Date:' (column B, row 1). Type an 
apostrophe (*), the month the test was conducted, a forward slash (/) the first day of 
the test, a hyphen (-), the last day of the test, a forward slash (/), and the year that 
the test was conducted. For example:  '01/05- 12m Press enter. 

(2) Use the arrows to highlight the entry after "Test Name:" (column B, row 3). Type 
the name of each test conducted and press enter. For example. Coal Yard Runoff 
Treatment Facility, Nonradiological Wastewater Treatment Plant. 

(3) Use the arrows to highlight the entry after Test #:" (column B, row 5). Type an 
apostrophe ('), test number(s), and press enter.  For example: '298,299. 

(4) Use the arrows to highlight the entry after Tester:" (column B, row 7). Type your 
name and press enter. 



USACERLTR-97/140 1Z£ 

ESD TOXICOLOGY LABORATORY SECTION SOP-9 
PAGE 8 of 16 

QUALITY ASSURANCE MANUAL DATE lW)i-93 

SUBJECT: FATHEAD MINNOW CHRONIC TOX3CITY TEST 

(5) Use the arrows to highlight the entry after "Comments:* (column B, row 9). If you 
need to change the comments, type the new information and press enter. 

I     Enter the fathead minnow weight and survival data. 

(1) Obtain the 'Fathead Minnow Weight and Survival Data for Lotus Program" logsheet 
(exhibit SOP-9.1) that you filled out when you weighed the microweight pans and the 
microweight pans + larvae. 

(2) Use the arrows on the keyboard to highlight the first concentration in the "A" 
column. 

(3) If the concentration needs to be changed (refer to the log sheet), type an apostrophe 
('), the new concentration, and press enter. Repeat for each concentration. If you 
need to add additional concentrations to the worksheet go to step 5g. If there are 
more concentrations on the worksheet then you need, go to step 5h. 

(4) Use the arrows on the keyboard to highlight the first entry under column "C* entitled 
"PanWt". Refer to the log sheet, type in the new pan weight, and press enter. 

(5) Use the right arrow to highlight the first entry under column "D" entitled 
"Pan-rLarV. Refer to the log sheet, type in the new pan+larvae weight, and press 
enter. 

(6) Use the right arrow to highlight the first entry under column "E" entitled "NoSurv". 
Refer to the log sheet, type in the number of larvae surviving in that replicate, and 
press enter. 

(7) Repeat for each successive replicate and concentration. 

(8) DO NOT enter any data in columns "P to T. 

g.    Add extra concentrations to the "FHM.WK1" worksheet as follows. 

(1) Determine the number of extra concentrations needed. 

(2) Use the arrows to move to the first concentration in the worksheet. (You should be 
in the "A" column.) 

(3) Type 7* (forward slash). 

(4) Type 'C (copy). 

(5) Use the right arrow to move the curser over to the "J" column. 



180  USACERLTR-97/140 

BSD TOXICOLOGY LABORATORY 

QUALITY ASSURANCE MANUAL 

SECTION SOP-9 
PAGE 9 of 16 
DATE 10-01-93 

SUBJECT: FATHEAD MINNOW CHRONIC TOXICTTY TEST 

(6) Use the down arrow to highlight the number of extra concentrations that you need. 

(7) Press enter. 

(8) Use the down arrow to go to the first blank line at the bottom of the work sheet 
(this is where the extra concentrations will be added). 

(9) Press enter. The extra concentrations should appear at the bottom of the worksheet. 
Go to step 5f to enter data. 

h.    Erase extra concentrations as follows. 

(1) Place the cursor on 'Rep#r line in "A" column of the first concentrations that vou 
want to erase. 

(2) Type 7 (forward slash). 

(3) Type 'R' (range). 

(4) Type 'E' (erase). 

(5) Use the right arrow to move the cursor to the T column. 

(6) Use the down arrow to highlight the number of concentrations that you want to 
erase. J 

(7) Press enter. 

i.     When you have V survival in a replicate complete the following steps. 

(1) Use the arrows on the keyboard to move the cursor to the 'C column for that 
replicate. 

(2) Type 7 (forward slash). 

(3) Type 'R' (range). 

(4) Type *E' (erase). 

(5) Use the right arrow to move the cursor to the "C" column. 

(6) Press enter. 
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(7) Use the left arrow to move the cursor to the "E" column titled "NoSurV. 

(8) Type'O'. 

(9) Press enter. 

j      When all the new data have been entered, save the file onto the disk as follows. 

(1) Type 7 (forward slash). 

(2) Type 'F (file). 

(3) Type *S' (save). 

(4) "Enter save file name: B:\fhm.wkl" will appear at the top of the screen. 

(5) Type tst followed by the test number. For example: tst312. 

(6) Press enter. 

k.    Print the worksheet as follows. 

(1) Press the "Home" key (this will move you to the top of the worksheet). 

(2) Type 7 (forward slash). 

(3) Type T (print). 

(4) Type T* (printer). 

(5) Type *R' (range). 

(6) Use the arrows on the keyboard to highlight the entire worksheet. 

(7) Press enter. 

(8) Type 'O' (options). 

(9) Type 'S' (set-up). If the set-up reads "\015" press enter (this compresses the print). 
If the set-up does not read "\015", enter *\015'. 

(10) Type 'Q' (quit). 
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(11) Type A' (align). This tells the printer to align the top of the page. Make sure your 
paper is lined up in the printer. 

(12) Type'G'(go). 

1.     Exit the Lotus 1-2-3 program as follows. 

(1) Type T (forward slash). 

(2) Type 'Q' (quit). 

(3) Type 'Y' (yes). 

7. Test acceptability criteria is based on 80% or greater survival in the controls and a mean dry 
weight of surviving control larvae of s 0.25 mg/fish. Notify the Group Leader if the 
acceptability criteria are not achieved. 

8. Glue the Lotus 1-2-3 weight and survival worksheet in the registered fathead minnow logbook. 

9. The technician responsible for conducting the test will make a Xerox* copy of the applicable 
test logsheets from the registered fathead minnow logbook. Place the copies in the backup 
fathead minnow test notebook. 

10.     File the original "Fathead Minnow Weight and Survival Data for LOTUS Program Logsheet" 
in the fathead minnow original weight sheet notebook located in Room 11 Building 1504. 

Approval 

All Standard Operating Procedures generated by, revised by, and/or applicable to the ESD 
Toxicology Laboratory must receive the signed approval of the Group Leader. 

Approved by       VJCrK-^^T"'-  K^U^^ ^/K//53  
J~j        Gpoup Leader Q Date 

Effective Date    IP It  / <? 3  
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FATHEAD  MINNOW TEST INFORMATION 

Test Name: 

Test Conducted From (Day 0) To 

Sites/Concentrations   Tested: 

Test No.: 

(Day 7) 

Stock (if applicable):. 

Control Water Type (/): 
20% Dilute Mineral Water (DMW) -r Trace Metals 

25% Dilute Mineral Water (DMW) ~ Trace Metals 

Other (describe):  

Source of Tes Lame (•): 
ESD Cultures 
Florida Bioassay 

Other (described) 

Date larvae hatched: initials: 

□ 
D 
D 

D 
□ 
D 

Record of Minor Test Non-Conformities 

Date Descnonon of Non-Conformity Initials 

1 

1 

Exhibit SOP-9.1.   Fathead Minnow Test Information Logsheet 
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Exhibit SOP-9.3.  Fathead Minnow Dailv Test Results Loesheet 
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Fathead Minnow Shipment Logsheet 

Larvae 
Source: 

No. Received 
(Approx.): 

Dare 
Received: 

Received By: 
(Initials) 

Hour 

Initial 1 - 3 A - 6 / 

Temp. CO 

Time:              | 
1 

! 
I 

Therm. No. 

Initials: 

Comments (e.g., condition of larvae received) 

Lxhibit SOP-9.4.   Fathead Minnow Shipment Logsheet 
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Fainod Minnow Weigh: and Survival Data for LOTUS Program 

Test No.:  Test Name:. 

Calibration of Cat: C-30 Microoatance (use 20 mg weight) (aeceotable range - 19.9000-20.1000^ 
1   Weieiin? esnrv pans -■ Weighing pans -r- larva; 

"Weight Before:. W««K Before:  
Weight After: Weieht After: 

Site/ 
Cone. RE? Pin WL 

Pan - 
Larvae 

No. 
Surv 

Sue/ 
Cone. RE? Pan Wi. 

Pan + 
Ijrvae 

No. 
Surv 

lmftal 

! 

I                       1 

1 

1     i                   i                  II 
: I                       I : |j 
:. 1                       1 ■    i               !               II 
i |                       i ,1               I               II 

Connol ; 1                   I                       1 1 
! 

1 
1 

.1               1               II 
: |                    I                       i :   !              1              1         ! 
;. 1                    1                       i 3   !             i            !        1 

i 1          !            I i i 
. 1           !             ! 

1 
1 
1 

i    j              1              II 
; 1           1             l :   I              !              II 
3 1                !                   ! 3 '1               I               II 
i i           1             ! «  \           1           1       ! 
• 1             1               ! 

1 

!   !            1            i 

- i             1               i :   i              1              1 
-. i               i                 i ;, 1 ! 1 

i |                     [                         i A 1 1 
; 1 1 

ll 
■ 

i                  i                 I 1   1             1             1 

; 1 :   1              1              1 
3 1 3    1                1               1 

J II            II <   1              1              1 

I 1          1            1 .    1              1              1 
; 1          I            1 2     1                      1                     1 
2 1          1            1 3 !            i           1 
i I          1            I I i 1 

1 1     ! 1           !             i J 1 1 
|     ; 1          !            I : 1            1           1 

3 1          I            i 1 i 1            i           1 1 
i           i             ! 1 t 1            1           1 j 

Exhibit SOP-9.5.  Fathead Minnow Weight and Survival Data for Lotus Program Logsheet 
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Purpose 

To measure the chronic toxirity of ambient or waste waters to Ceriodaphnia in 7-d static renewal 
exposures. 

Reference 

EPA Test Method 10010, in C I. Weber et al., Short-Term Methods for Estimating the Chronic Toxiciry 
of Effluent and Receiving Water to Freshwater Organisms, EPA/600/4-89/001 (March 1989). 

Equipment 

Ceriodaphnia neonates (collected per SOP-4) 
Temperature-controlled water bath or environmental chamber (maintained at 25= 2°C) 
Dilute mineral water (DMW; see SOP-1) 
1-oz disposable plastic beakers (pre-rinsed in distilled water, if necessary) 
8-oz specimen containers 
Glass tubing (2-mm ID) cut to approximately 17 cm, with ends polished 
Pasteur pipettes 
1-mL pipette bulbs 
Holding racks for 1-oz plastic cups 
Randomizing templates (exhibit SOP-10.1) 
Thermometer 
Ceriodaphnm food (YCT and Selenastrum; see SOP-3) 
Volumetric flasks 
Graduated cylinders 
Fixed- or adjustable-volume pipette (e.g., Eppendorf) 
Light table 
Binocular stereomicroscope (optional) 
Magnifying lamp (optional) 
Registered Ceriodaphnia toxiciry test logbook 
Sample randomizing template (exhibit SOP-10.1) 
Ceriodaphnia Information Sheet for Randomized Test (exhibit SOP-10.2) 
Daily Survival and Reproduction Logsheet for Randomized Ceriodaphnia Test (exhibit SOP-103) 
Ceriodaphnia Daily Test Information Logsheet (exhibit SOP-10.4) 
Ceriodaphnia Information Sheet for Non-Randomized Test (exhibit SOP-10.5) 
Daily Survival and Reproduction Logsheet For Non-Randomized Ceriodaphnia Test 

(exhibit SOP-10.6) " 
Lotus 1-2-3® computer software program 
WordPerfect® computer software program 
SAS® computer software program 
Data disk labeled 'Cer.odaphnia SAS program* 
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L Procedure for conducting the Ceriodaphnia randomized test 

NOTE: Toxicology Laboratory personnel have the option of conducting ambient tests using either 
this method or the proceeding method. 

A, In preparation for the test, complete the following steps. 

1. Glue a 'Ceriodaphnia Information Sheet for Randomized Test", a "Daily Survival and 
Reproduction Logsheet for Randomized Ceriodaphnia Test", and a "Ceriodaphnia Daily Test 
Information Logsheet" into the registered Ceriodaphnia toxiciry test logbook. Initial and 
date each logsheet so that half of the writing extends onto the logbook page. 

2. Prepare the glassware. Label the necessary volumetric flasks, graduated cylinders, and 8-oz. 
specimen containers with the site identification (sample name) and dilution. In addition, 
label 8-oz. specimen containers with the site identification, dilution, and "final pH and D.O." 
These containers will be used to collect test water during the daily renewal. 

3. Collect the neonates for the toxiciry test (see SOP-4). 

B. To stan the test, the following steps are performed. 

1. Prepare the test concentrations specified in the test write-up prepared by the Laboratory 
Steward or designee in accordance with the procedure described in SÖP-8. Include a 
"control" (consisting DMW) for each individual test conducted. 

2. Record the concentrations on the 'Ceriodaphnia Information Sheet for Randomized Test", 
reserving "1" for the control (DMW). 

3. Record the following additional information on the 'Ceriodaphnia Information Sheet for 
Randomized Test." 

a.   Test name, test number, test dates, stock used (if applicable), control water (DMW) and 
dilution water types and batch numbers, the source of test animals, and your initials. 

4. Select a randomizing template. Use a different template for each holding rack needed to 
conduct the test. Record the template number on the "Ceriodaphnia Information Sheet for 
Randomized Test" logsheet. 

5. Place the template under the holding rack so that the numbers on the template are aligned 
with the holes in the rack. Pour 15 mL of each test concentration into ten individual 
replicate (RE?) beakers and place the beakers in the corresponding positions in the rack. 
For example, the ten beakers containing control water are placed in each of the holes where 
there is a "1."  Continue this procedure for each test concentration. 
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6. Using the fixed- or adjustable-volume pipette, add 50 ML of YCT and 50 uL of Selenastrum 
to each beaker. 

7. Using a Pasteur pipette, place one neonate (collected as in SOP-4) in each test beaker as 
follows. 

a. Obtain a beaker with a minimum of 8 neonates from one adult (collected as in SOP-4). 
Place one neonate in each of the six test beakers in the first column on the test board. 
Select another beaker with a minimum of 8 neonates from one adult and place one 
neonate into each of the six test beakers in the second column of the test board. Repeat 
this process until each of the 60 beakers contains one neonate. 

b. This procedure allows the performance of each adult to be tracked. Adults that produce 
one weak offsoring or male offspring have a greater likelihood of producing more young 
that are males or weak. In this manner, if all of the REPs for each concentration are 
male or have low reproduction, they may be excluded from statistical analyses. 

8. Record the following information on the "Ceriodaphnia Daily Test Information Logsheet." 
Refer to the logsheet for specific information required. 

a. Test name, test number, test dates, temperature information, feeding information, 
starting and ending times (i.e.. the time the first neonate was added to the test to the 
time the last neonate was added), DMW batch number, test initiation date (Day 0), and 
your initials. 

9. Record the following information on the "Daily Survival and Reproduction Logsheet for 
Randomized Cenodaphnia Test." 

a.   Test name, test number, test dates, and template number. 

C    Perform a 24-h renewal each day during the 7-d test period. 

1. Prepare fresh concentrations each day. 

2. Using a polished elass tube affixed to a pipette bulb, transfer each animal to a new test 
beaker containme~l5 mL of freshlv prepared test solution and 50 pL of YCT and 50 ßL of 
Selenastrum. Count and record (for the appropriate day and replicate) the number of young 
in each beaker on the "Daily Survival and Reproduction Logshee: for Randomized 
Cenodavhma Test." If no voung were produced, code the adult appropriately (refer to the 
codes on the "Dailv Survival and Reproduction Logsheet for Randomized Ceriodaphnm 
Test"). Hoidins the beaker over a light table will facilitate counting the number of young 
produced.  A dissecting microscope may also be used. 
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3. Carefully pour the old test water from at least eight REP beakers into the 8-oz. specimen 
containers marked "final pH and DO." NOTE: you will only need to collect test water from 
the concentrations used for water chemistry analyses. Discard the remaining neonates 
produced by the test animals and the old test water in accordance with the procedure 
outlined in SOP-7. 

4. Record the date of transfer, time of transfer, feeding information. DMW batch number, 
temperature information, and your initials on the "Ceriodaphnia Daily Test Information 
Logsheet" in the registered Ceriodaphnia toxicity test logbook. 

5. Record minor test non-conformities (e.g., a temperature that falls outside the acceptable 
ranse), on the "Ceriodaphnia Information Sheet for Randomized Test." 

D. Terminating the test involves the following. 

1. The test should be terminated when 60% of the surviving females in the control have had 
their third brood and there is an average of 15 or more neonates per surviving female in the 
control. The test is terminated = 2 h from the time it was initiated. 

2. Record the number of neonates in each beaker as described in C.2 above. 

3. Record the starting and ending times of the test take down on the "Ceriodaphnia Daily Test 
Information Logsheet." Also record the water bath or incubator temperature, beaker 
temperature, thermometer number, and your initials on the logsheet. 

4. Collect the old test water for final pH and D.O. measurements as described in C.3. Discard 
the remaining test water, neonates and adults in accordance with the procedures outlined 
in SOP-7. 

E. Generate the summary statistics and tables using SAS® and WordPerfect0 computer software 
programs. 

1.     Create a data file using WordPerfect. 

a. Turn on the computer and printer if they are not already on. 

b. Insert a data disk into a disk drive. 

c    Access the WordPerfect® program.  Commands to be typed are in single quotes; do not 
type the quotation marks. 

(1)    If the prompt on the screen is C:\>, type 'cd WP51' and press enter. Type *WP' 
and press enier again. 
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(2)   If the prompt on the screen is A:\> or B:\>, type 'C:' and press enter, then type 
'cd WP51' and press enter again. Type 'WP' and press enter. 

d.   Important notes about entering data for the data file. 

(1) Capitalize all letters. 

(2) Enter the reproduction data for each test beaker starting with the beaker number. 
Use two characters to enter the beaker number (e.g., 03, 27). 
On the same line enter the reproduction data. Space between each entry and 
return after each line. EXCEPTION: DO NOT RETURN AFTER THE LAST 
LLNc IS ENTERED.  This will normally be line 60. 

Example: 34 0 0 4 0 0 18 22  (Test beaker number 34; followed by seven days of 
reproduction data.) 

(3) Enter a zero (0) if the animal was alive and no renroduction was observed for the 
test day. 

(4) If the test was not conducted for all seven days, type a period (.) in place of the 
missing reproduction data. 

Example: 27 0 0 5 0 15 19 . (Test beaker number 27. The test was 
terminated on day 6. No reproduction data for day 7 were available.) 

(5) If the test animal reproduced and died, enter the number of neonates followed by 
a capital "X." Type an X for each remaining day the test was conducted. 

Example: 03 0 0 8X X X X . (Test beaker number 3. The adult died on day 3 and 
had 8 young. Test was terminated on day 6.) 

(6) If the test animal died and did not reproduce, enter a capital "X". Type an X for 
each remaining day the test was conducted. 

Example: 49 00XXXXX   (Test beaker number 49; animal died on day 3.) 

(7) If the test animal was male, enter a capital "M" for each day the test was conducted. 

Example: 17MMMMMMM 

(8) If the test contained less than 60 test beakers, enter only the beaker numbers and 
reproduction data that were used. 

e.   Enter the Csriodaphnia survival and reproduction data. 
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L    When all the data are entered, convert the data file to an ASCII file. 

(1) Press Ctrl + F5. 

(2) Select option 1 (DOS Text). 

(3) Select option 1 (SAVE) and name the ASCII file. 

(a) Suggestion: Use the test name, test number, or a combination thereof, 
followed by an ASC extension. Also, designate the disk drive. For example, 
if your data disk is in the "A" drive, type ' A:\WOC932-ASC and press enter. 

g.   Print the data file. 

(1) Press shift -f F7. 

(2) Select option 1 (Full Document) 

h.   Verify data input. 

(1) On the copy of the data file you printed in step g, write the test name, test number, 
test date, and template number. Verify the accuracy of the inputted data against 
the original data in the registered Caiodaphnm test logbook. Initial and date the 
printed copy after the data have been verified. File the original in the 
"Caiodaphnm toxiciry test ASCII files" notebook located in Building 1504, 
Room 12 

g.   Exit WordPerfect. 

(1) Press F7. 

(2) Press "Y' if you want to save the data file you created. It is not necessary to save 
this file in WordPerfect since it was saved as an ASCII file. If you do save the data 
file, follow the instructions described in 3a above except do not use the ASC 
extension. 

(3) Press 'N' if you do not want to save the data file, then press 'Y' to exit 
WordPerfect. 

2.     Generate the summary statistics and tables using the SAS® computer program. 

a.   Access the SAS* program. Commands to be typed are in single quotes; do not type the 
quotation marks. 
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(1) If the prompt on the screen is C:\>WP51, type 'cd C:\' and press enter. 

(2) If the prompt on the screen is C:\>, type 'cd SAS' and return. When C:\>SAS> 
appears, type 'SAS' and return again. 

(3) If the prompt on the screen is A:\> or B:\>, type 'C:' and press enter. Follow the 
instructions described above. 

b. Insert the data disk titled 'Ceriodaphnia SAS Program" into a disk drive. NOTE: All 
proceeding instructions will be based on using the B drive for the data disk. If another 
drive is used, make the appropriate substitution. 

c   Important keys and notes about using the SAS program. 

(1) The SAS screen is divided into three sections: Output, Log, and Program Editor. 
Each section title is followed by a command line 

(2) Press ?5 to move between the sections. 

(3) Press F7 to pull up a full screen for the section in which the career lies. 

(4) Press F10 to execute the SAS program. 

(5) Ctrl -r break ("pause key") will stop the program. 

d. Load the SAS program written for compiling the Ceriodaphnia reproduction data. 
Commands to be typed are in boldface print. 

(1) If the career is not on the command line of the Program Editor section, press F5 
until it is in the proper location. 

(2) At the command line, type include "b:\table.prg* and press enter. 

(3) Press FT to pull up a full screen. 

(4) Use the page down (PgDn) and/or arrow keys (It) to move to the last line 
(should be line 271). The line should read as follows: 

%cerio(title,tempfil,datafil,temp,nconc,days,cl,c2,c3,c4,c5,c6) 
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(5) Replace the following. Text to be typed are in boldface print. Do not space after 
each comma. 

Title Designate the name. Suggestion: use the test name or test number. 
Example: K25STP.940 = K-25 Sewage Treatment Plant, test number 
940. 

Tempfil      b:\templatcdat 

Datafil Type the name of the ASCII file you created using WordPerfect. 
Designate the disk drive.  Example: b:\K25STP.ASC 

Temp       Enter the template number. 

Nconc      Enter 6. 

Days Enter the number of days the test ran. This will normally be 6 or 7. 

C1-C6 Enter the concentrations used in order from 1-6. Refer to the 
"Caiodaphnia Information Sheet for Randomized Test" in the 
registered Caiodaphnia logbook. Since Cl is reserved for the 
control, this must be zero (0). Enter the concentrations tested for 
C2-C6 as whole numbers. DO NOT ENTER DECIMAL POINTS 
OR PERCENT SIGNS. If there were less than six total 
concentrations tested (including the control), use zero (0) as a place- 
holder for the missing concentrations. THERE MUST BE SK 
TOTAL ENTRIES. Example: 0, 100, 50, 25, 12, 0 (The first zero 
designates the control, the last zero is a place-holder). 

(6) Press F10 to run the SAS program. 

(7) After the program has finished compiling the data, press F5 once to move the 
curser to the Output section on the screen. 

(8) Type file "LPTl:' or file 'prn' to send the output to the printer.   Note: This 
command is appropriate for the computer and printer located in Room 11 

(9) After the document has printed, type bye to exit SAS. 

(10) Glue a copy of the output document in the registered Ceriodaphnia toxirity test 
logbook. Initial and date each sheet so that half of the writing extends onto the 
logbook page. 
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(11) The technician responsible for conducting the test will make a Xerox* copy of the 
applicable log sheets from the registered Ceriodaphnia test logbook. Place the copy 
in the backup Ceriodaphnia test notebook. 

3. Test acceptability criteria is based on 80% or greater survival in the controls and 
reproduction in the controls must average 15 or more young per surviving female. If the test 
does not meet these criteria, notify the Group Leader or designee. 

H Procedure for conducting the non-randomized Ceriodaphnia test 

A. In preparation for the test, complete the following steps. 

1. Prepare the glassware. Label 1-oz plastic beakers with the sample identification, dilution, 
and replicate (RE?) number (ten REPs are typically used per concentration or site; 
additional RE?s may be required for some tests'). Label the necessary volumetric flasks, 
graduated cylinders, and beakers. 

2. Collect neonates for the toxiciry test (step B, SOP-4). 

3. Glue a 'Ceriodaphnia Information Sheet for Non-Randomized Test" (exhibit SOP-10.4), a 
'Ceriodaphnia Daily Test Information Logsheet" (exhibit SOP-lOo), and a "Daily Survival 
and Reproduction Logsheet for Non-Randomized Ceriodaphnia Test" (exhibit SOP-10.5) into 
the registered Ceriodaphnia toxiciry test logbook. Note: You may need more than one daily 
survival and reproduction log sheet for the test. Initial and date each sheet so that half of 
the writing is on the log sheet and half extends onto the logbook page. 

B. To stan the test, the following steps are performed. 

1. Prepare the test concentrations specified in the test write-up in accordance with the 
procedure described in SOP-8. Include a "control" (consisting of DMW) for each individual 
test conducted. Record the sites/concentrations tested on the Ceriodaphnia Information 
Sheet for Non-Randomized Test" logsheet. 

2. Record the following additional information on the 'Ceriodaphnia Information Sheet Non- 
Randomized Test" logsheet. 

a.   Test name, test number, test dates, stock used (if applicable), control water and dilution 
water types and batch numbers, the source of test animals, and your initials. 

3. Pour 15 mL of test solution in each of the ten REP beakers. 

4. Using a fixed- or adjustable-volume pipette, add 50 pL of YCT and 50 /iL of Selencsirum 
to each beaker. 
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5. Place one neonaie (collected as in SOP-4) in each test beaker using a Pasteur pipette as 
follows. 

a. Obtain a beaker with a minimum of 8 neonates from one adult (collected as in SOP-*). 
Place one neonate in each of the six test beakers in the first column on the test board. 
Select another beaker with a minimum of 8 neonates from one adult and place one 
neonate into each of the six test beakers in the second column of the test board. Repeat 
this process until each of the 60 beakers contains one neonate. 

b. This procedure allows the performance of each adult to be tracked. Adults that produce 
one weak offspring or male offspring have a greater likelihood of producing more young 
that are males or weak. In this manner, if all of the REPs for each concentration are 
male or have low reproduction, they may be excluded from statistical analyses. 

6. Place the beakers in holding racks, and put the racks in the temperature-controlled water 
bath or environmental chamber. 

7. Record the following information on the "Ceriodaphnia Daily Test Information Logsheet." 
Refer to the logsheet for specific information required. 

a. Test name, test number, test dates, temperature information, feeding information, 
starting and ending times (i.e.. the time the first neonate was added to the test to the 
time the last neonate was added), DMW batch number, test initiation date (Day 0), and 
your initials. 

8. Record the following information on the 'Daily Survival and Reproduction Logsheet for 
Non-Randomized Ceriodaphnia Test." 

a.   Test name, test number, and test dates. 

C    Perform a 24-h renewal each day during the 7-d test period. 

1. Prepare fresh dilutions each day. 

2. Using a polished glass tube affixed with a pipette bulb and a dissecting microscope, if 
necessary, transfer each animal daily to a new test beaker containing 15 mL of freshly 
prepared' test solution and 50 ^L of YCT and 50 jiL of Selenasrrwn. Count and record (for 
the appropriate day and replicated number) the number of young in each beaker on the 
"Dailv Survival and Reproduction Logsheet for Non-Randomized Ceriodaphnia Test" in the 
reeistered Ceriodaphnia logbook. Holding the beaker over a light table will facilitate 
counting the number of young produced. 
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3. If no young were produced, if the animal died, or if the animal is male, use the appropriate 
code and record on the "Daily Survival and Reproduction Logsheet for Non-Randomized 
Ceriodaphnia Test." Refer to the logsheet for the codes. 

4. After counting, discard the neonates produced, any dead animals, and the old test solution 
in accordance with the procedure described in SOP-7. 

5. Record the elate of transfer, time of transfer, feeding information, temperature information 
and your initials on the "Ceriodaphnia Daily Test Information Logsheet* in the registered 
Ceriodaphnic logbook. 

6. Record minor test non-conformities (e.g., a temperature that falls outside the acceptable 
range), on the "Ceriodaphnia Information Sheet for Randomized Test." 

D. Terminating the tesi involves the following. 

1. The test shouid be terminated when 60% of the surviving females in the control have had 
their third brood and there is an average of 15 or more neonates per surviving female in the 
control. The test is terminated = 2 h from the time it was initiated. 

2. Count and record the number of neonates in each beaker as described in C.2 through C.3. 

3. Record the starting and ending times of the test take down on the "Ceriodaphnia Daily Test 
Information Logsheet." 

4. Discard the test animals, neonates, and test solutions per the procedure described in SOP-7. 

5. Record the date the test was terminated, temperature information, and your initials on the 
"Ceriodaphnia Daily Test Information Logsheet" in the registered Ceriodaphnia logbook. 

E. Calculate the total number of offspring produced, the mean number of offspring for all females, 
and the mean number of offspring for surviving females, using the Lotus 1-2-3® computer 
program. 

1.     Important keys and notes about using the Lotus 1-2-3 computer program. 

(a)   Use the arrows on the keyboard to move around the worksheet. 

(h)   Use the forward slash (/) to get to the main menu. 

(c) Use the Esc key to get out of trouble and move to the previous selection/menu. 

(d) Commands to be typed are in single quotes; do not type the quotation marks. 
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(e) The Lotus 1-2-3 worksheet is divided into two parts. On the left (Columns A-K) there 
are two rows of squares that will do the statistical calculations. This is the pan you will 
print out. On the right there are rows of squares into which you will enter the test 
data. The information on the right will not be printed. 

(f) There are numbers in the upper right hand corners of the boxes on the left side of the 
worksheet under column "E" or "J". These numbers correspond to the numbers above 
each "Concentration/Site" on the right side of the worksheet under column "L". 

2. Turn on the computer and printer if they are not already on. 

3. Stan Lotus 1-2-3. 

(a) If the prompt on the screen is C:\. type '123', and press enter, 

(b) If the prompt is C:\WP50, type 'cdV, press enter, type '123', and press enter, 

(c) If the prompt is A:\ type 'C:', press enter, type *123', and press enter, 

(d) If the prompt is B:\ type *C:\ press enter, type '123*, and press enter. 

4. Retrieve the Lotus 1-2-3 worksheet entitled CDBLANK1.WK1. 

(a) Obtain the disk (low density) labeled "CDBLANK*. It will be next to the computer 
designated for laboratory use or available from the Principal Investigator. 

(b) Place the disk in the lower (B) drive. 

(c) Type 7 (forward slash). 

(d) Type IF (file). 

(e) Type 'R' (retrieve). 

(f) Use the arrows on the keyboard to highlight CDBLANK1.WK1 (If you don't see 
CDBLANK1.WK1 at the top of the screen, press the page down key until you find 
CDBLANK WK1). 

(g) Press enter. 
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5. Eater the Test Description Data. 

(a) Use the arrows to highlight the entry after TEST NAME:" (column C, row 3). Type 
in the name of the test and press enter. For example: Coal Yard Runoff Treatment 
Facility. 

(b) Use arrows to highlight the entry after TEST DATE:" (column E row 3). Type an 
apostrophe ('), the month the test was conducted, a forward slash (/) the first day of the 
test, a hyphen (-), the last day of the test, a forward slash (/), and the year that the test 
was conducted. For example:   '01/05-12/89.  Press enter. 

(c) Use the arrows to highlight the entry after TEST NUMBER:" (column H, row 3). 
Type an apostrophe (*), the number(s) of the test(s) and press enter.  For example: 

(d) Use the arrows to highlight the entry after "PERSONNEL:" (column J, row 3). Type 
your name and press enter. 

6. Enter Ceriodaphnia survival and reproduction data. (Note: The steps below this point 
may be completed for up to ten concentrations/sites. The worksheet is so large that 
more than ten concentrations/sites becomes cumbersome. If you have more than ten 
concentrations/sites, complete all of the steps below for the first ten concentrations/sites, call 
up the CDBLANK1WK1 worksheet, and repeat all steps for the remaining 
concentrations/sites.) 

(a) Obtain the registered Ceriodaphnia logbook which contains the test data. 

(b) Enter the test concentrations/sites as follows. 

(1) Use the arrows to move to the "L" column and highlight the first concentration. 

(2) Type an apostrophe (') and the test concentration/site. 

(3) Repeat for each test concentration/site (up to a total of ten; see note at step f.) 

(c) Enter the survival data for each replicate of each concentration/site as follows. 

(1) Use the right arrow to move to the "P" column.   Highlight the first replicate 
under the first concentration/site. 

(2) If the animal that represents that replicate (refer to the registered Ceriodaphnia 
logbook) was female and survived, enter a T in that cell. " 
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(3) If the animal that represents that replicate was a female and died during the test 
or was a male, enter a *0' in that cell. 

(4) Repeat for each replicate of each concentration/site. 

(d) Enter the reproduction data for each replicate of each concentration/site as follows. 

(1) Use the arrows to move to the "R" column. Highlight the first replicate under the 
first concentration/site. 

(2) If the animal that represents that repiicate did not have any young enter a '0'. 

(3) If animal that represents that replicate had young, or died and had young, enter 
the number of young the animal produced. 

(4) If the animal was male, enter a '0'. 

(5) Repeat for each replicate. 

(e) Do not enter anything in column T". 

(f) If you entered a '0' in column "P" for any replicate (step f(4)), complete the foDowing. 

(1) Use the arrows to move to column "V with the heading "Corrected # Young SF 
(short for surviving females). 

(2) Use the arrows to highlight the word "blank". 

(3) Type 7 (forward slash). 

(4) Type 'R' (range). 

(5) Type *E' (erase). 

(6) Press enter (the word "blank" should be erased). 

(g) Enter the concentration/site names into the statistical pan of the worksheet (left side) 
as follows. 

(1)    Use the arrows to highlight the cell to the right of the first "Concentration/Site:" 
(either column "D" or column "I"). 
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(2) Type the concentration/site that corresponds to the same numbered box on the 
nght hand of the worksheet. For example: if box #5 on the right hand side of 
the worksheet is labeled -Site 3", label box #5 on the left hand of the worksheet 
"Site 3*. 

(3) Repeat for each concentration/site. 

7. When all the new data have been entered, save the file onto the disk as follows. 

(a) Type 7 (forward slash). 

(b) Type F (file). 

(c) Type 'S' (save). 

(d) "Enter save file name: B:\CDBLANKl.WKl" will appear at the top of the screen. 

(e) Type cd followed by the test number.  For example: cd312. 

(f) Press enter. 

8. Print the worksheet as follows. 

(a) Press the 'Home" key (this will move you to the top of the worksheet). 

(b) Type 7" (forward slash). 

(c) Type ?' (print). 

(d) Type ?' (printer). 

(e) Type 'R* (range). The top of the screen should now read "range Al. K86" If the top 
of the screen does not read "A1..K86\ press Esc, press home to get to Al, type a 
penod (.), and highlight all of the boxes from Al through K86. 

(f) Press enter. 

(g) Type 'O' (options). 

(h) Type 'S' (set-up). If the set-up reads "\027\048\015" press enter (this compresses the 
print).  If the set-up does not read "\027\048\015", enter '027\04S\015\ 

(i)    Press enter. 
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(j)    Type'0/(quit). 

(k)   Type 'A' (align). This tells the printer to align the top of the page.  Make sure your 

paper is lined up in the printer. 

(1)   Type'G'(go). 

9.    Exit the Lotus 1-2-3 program as follows. 

(a)   Type 7 (forward slash). 

(b)   Type 'Q' (quit). 

(c)   Type T (yes). 

10. Make a Xerox* copy of the Lotus worksheet. Glue the original in the registered 
Caiodaphnia logbook. 

11. The technician responsible for conducting the test will make a Xerox® copy of the applicable 
test logsheets from the registered Ceriodaphnia test logbook. Place the copies in the backup 
Caiodaphnia test notebook. 

12. Test acceptability criteria is based on 80% or greater survival in the controls and 
reproduction in the controls must average 15 or more young per surviving female. If the test 
does not meet these criteria, notify the Group Leader or designee. 

Approval 

All Standard Operating Procedures generated by, revised by, and/or applicable to the ESD 
Toxicology Laboratory must receive the signed approval of the Group Leader. 

Approved by ^Q<X *j . jC&t^' Tf'^l^  
H       Gfoup Manag»Jj D»«e 

Effective Date    I On M 3  
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Exhibit SOP-10.1.  Sample randomizing template. 
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CZRIODAPHNIA   INFORMATION   SHEET FOR RANDOMIZED   TEST 

Test Name: Test No.: 

Test Conducted  rrom                       (Day 0) To (Dav T, 

Sites/ Concxnranocs:        1 =          .,„..,,.,. 4  as Template No.: 
*> _ 5 = 
3 - 6 = 

Stock (if anpiicabie); 

Coorroi Water Type <•): 
20% Dilute Minerai Water (DMW) 

25% Dilute Mineral Water (DMW) 

Other (describe):            „  ...,,  

— Trace Metals 

— Trace Metals 

n 
G 

Dflnboc Water Type (•): 
20% Diiuts Minerai Water (DMW) - Trace Metals 

25% Dilute Minerai Water (DMW) - Trace Metals 

Other (describe):  

Scarce of Test Anntait 

Transferred ESD culture board nos.  

from to (time) 

Isolated neonates  tor test on ____^^ 

from to ___^ (time) 

Initials: 

(date) from boards 

, (Wed. date) 

U 

Initials: 

Record of Minor Test Non-Conformities 

Date-    1                                 Description of Non-Conformity Tmrial< 

I                                                                                                                       1 
| 

! 

1          i 

Exhibit SOP-10.1  Ceriodaphnic Information Sheet for Randomized Test. 



206 USACERLTR-97/140 

ESD TOXICOLOGY LABORATORY 

QUALITY ASSURANCE MANUAL 

SECTION SOP-10 
PAGE 19 of 23 
DATE 10-01-93 

SUBJECT:  CERIODAPHNIA CHRONIC TOXICITY TEST 

Daihr Surrmi ad Resraducaoa   Lorbeer for Kaoda Cerinrimvaaa Tea 

1■*■* 1  Toe >   Tea No. 

—■! jC—: i-tAirr* no NO   KUHtMMU, IMtC' (MAl/w: ioa IbMKMMMJUoa:  lllOan: uVIDal ioa HowuffucTJim; lM)Mw 

Test BatBf Number 

Day i                       1 1 - j ■ 3           ! - ; 5 I              0 

i              i                        !                       !                                              !                      ■                     1 

3 ! i 

'                                      1                                                                      ii 

5                                      1'                                              i                                           | 

oi:                                            ;                                        I 

! 1 

7 1 • 1 9 10 i 11 12 

•                                    i                      !                      :                     1                                        i 

-                                    1                      I                                           i                                        I 
3           :                   !                  i                                     ;                                  | 

-              ■                        \                       \                                              :                                           | 

-             ■                      !                      :                                           !                                        j 

6                                                             1                                     (                                                                           I                                                                     ! 

1                      !                                            I                                        ! 

12 1 ;- 1 15          i 10 ;7 IS i 

!               1                                    !                      i                                            1                                        | 

1            :           .                   !                  i                  :                  i                                  ! 
5 ! 1 1 

■i ! ; i 

1               5              ■                        1                       1                       :                      !                                           | 
1                  6                ■                           1                           j                          ■                          ! 

"ill*;                                           1 

!           19 ! -■j 1 -i « 1 — :- 
i             >                      !                      i                                            ;                    ■                   \ 

:             !                      1                      i                      i                     1                    ;                   1 

3            i                     !                    1                    ,                    I                   .                  ! 
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Exhibi: SOP-10.3.1.   Daiiy Survival and Reproduction Logshee: for 
Randomized Ccriodcvhnla Test. 
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SUBJECT:   CERIODAPHNIA CHRONIC TOWCITY TEST 

Dse: 

Daiiv Survival ad Raroauerioo   Log Shea for Randommd   Ceriotiaptoac Tec (com.) 
i Tea No. | Tee: 

Cam:   <->Alm= ** N° to°«a-tt  l-IAim -o to^ucuoc:   IDDatt: lx->Do« »»» Ban««»-:  .M>U» 

u Dav 31 

49 

Tec p*-*-—• Number 

50 

33    I 

39 

45 

51 

57 

35 

40 41 

46 

SB 59 

4« 

—1 

60 

Exhibit SOP-10.3.2.  Daily Survival and Reproduction Loeshee: for 
Randomizec Cerioäaphnia Test (com.) 
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SECTION SOP-10 
PAGE 21 of 23 
DATE 10-01-93 

TEST NAME: 

Ceriodaphnia - Daily Test Information Logsfaest 

______ TEST DATES:   

_ir_t 

—'Ar?; sä.. 

D*y 0: 

Diy l: 

D»y : 

Div j: 

D.y *: 

Diy i: 

D«v 6: 

Diy 7: 

■r>r 
'__ 

•rcj.s -M»i 

Tried»! Ta&MmMiMjm- 

•srer 

TCrOui: F-fe~ 
: "v*fr-rf~~ ■*!**;»'«H>:sr 

J_J_»r 

TEST Ne- 

ar T_ To 

?_~11__: 

Exhibit SOP-10.4.  Ceriodaphnia Daily Test Information Lochest 
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SUBJECT:   CERIODAPHNIA CHRONIC TOXICITY TEST 

CERIODAPSNIA   INFORMATION   SHEET FOR NON-RANDOMIZED    TEST 

Test Name: 

Test Conduct From (Day 0) To 

Sites/Concenraiions  Tested:. 

Test No. 

, (Day 7) 

Stock (if acDiicabie):. 

Control Wuer Type (•): 
20% Düute Mineral Water (DMW) — Trace Meals 

25% DiiuM Mineral Water (DMW) - Trace Metals 

Other leeseribe):  

DÜBDOD Wuer Type (■/): 

20% Diiute Mineral Water (DMW) - Trace Metais 

25% Dilute Mineral Water (DMW) - Trace Metals 

Other toejcnbe):__  

Source of Test Animals: 

Transferred ESD culture board nos._ 

from to __ 

D 
u 
D 

(Wed. date) 

, (time) Imnais: 

Isolated neonaies for test on __ 

fron: to 

_(date) from boards 

 (time) Initials: 

Record of Minor Test Non-Conformmwi 

Date ' DesciDoon of Non-Conformity Initials 

Exhibit SOP-10.5. Czhodaphnia Information Sheet for Non-Randomized Test 
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SUBJECT:   CERJODAFHNIA CHRONIC TOXICITY TEST 

Daily Survival and Reproduction Lo esbea for NoD-Randamnsd Ceriodaohiaa Ta 

D*TE. !   TEST. 1   TETT VO 1 
COOES. J't An»« IM no m - • AH«« ma rcetTMucuoft:  i XI 3aa   iX- 0«M las. rartMucuon (Ml  Mil«: IOY.I 2«M   Tew««           | iL-ftuaran. 
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1       !        1         :         !        !         •         1        I        il                      ! 
i     :    •          i          i           i             :             1           !             .             !          1           il                               1 
'    i    ■         i         i         i                       i          !           :           i     ■   I         ii                           ! 

■     .    I          i          !           i             :             i           i             :             !          i           il                               1 

j      !      :             i             i              !                ■                i              I                1                 1              I              l|                                       ! 

:   .   .       i       I       I         i         I        I         i         I       I       1                     I 

:   -   i       !       I       I         ■         !      -i         :         i       I       II                     ! 

I       i       I         I         !        i         !         i       I       i|                     ! 

!      :      ■            i            I             !               :               I             !               i               I            I            II                                    I 

■    :             I         I         i                       I          i           '           i         I         i|                           | 
:        :       •                I                !                 i                                         i                                                            III!                                                I 

:     .     .           i           i            I              ■              I            I              !              I           i           J                                 I 

'      !      :             I             i              I                !                 I              I                i                i             I              l|                                       l 
:   .   I      I      i       I        s        i       I        i        i      i       l|                   i 

i   -   i 1 1              1 i               j i 1 i 1    II 1 
t 
•   "am    1 1 1              1 1               | i i 1 1   il 1 
i       ■       1 1 I              1 i         ! i 1 1 1    II 1 
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Exhibit SOP-1Ü.6.   Daiiy Survival and Reproduction Lossr.cst 
for Non-Randomized Cenocaohnia Test 
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SUBJECT:  CERIODAPHNIA ACUTE TOXICTTY TEST 

Purpose 

To measure the acute toxiciry of water samples to Ceriodaphnia during 24-h, 48-h or 96-h exposures. 

References 

EPA Test Method, in C. I. Weber et al., Methods for Measuring the Acute Toxicity of Effluents and 
Receiving Waters to Freshwater and Marine Organisms, EPA/600/4-90/027 (September 1991) 

Equipment 

Ceriodaphnia neonates (see SOP-4) 
Temoerature-controlled water bath or environmental chamber 
Dilute mineral water (DMW; see SOP-1) 
Ceriodaphnia food (YCT and Selenastrum; see SOP-3) 
1-oz. disposable plastic beakers (pre-rinsed in distilled water, if necessary) 
8-oz. specimen containers 
Glass tubing (2-mm ID) cut to approximately 17 cm, with ends polished 
1-mL pipette bulbs 
Disposable Pasteur pipettes 
Fixed- or adjustable-volume pipettor (e.g. Eppendorf) 
Holding racks for 1-oz. plastic beakers 
Randomizing templates 
Thermometer 
Volumetric flasks 
Graduated cylinders 
Light table 
Magnifying lamp or dissecting microscope (optional) 
Registered Ceriodaphnia toxicity test logbook 
Ceriodaphnia Acute Toxicity Test Information Sheet (exhibit SOP-18.1) 
Ceriodaphnia Acute Toxicity Test Survival Logsheet (exhibit SOP-18.2) 

Procedure 

1.       In preparation for the test, complete the following steps. 

a. Prepare the glassware. Label the necessary volumetric flasks and graduated cylinders with 
the sample identification and concentration. 

b. Label 8-oz. specimen containers with the sample identification, concentration, and "final 
pH and D.O." These containers will be used to collect the test solution during test 
renewal, if aDDlicable, and at test termination. 
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c Collect the neonates for the toxiciry test per the procedures described in SOP-4. Neonates 
must be less than 24 h old. 

d. Feed the neonates 50 pL of YCT and 50 pL of Selenasvum a minimum of 2 h before their 
use in a test. Record the time the neonates were fed, the YCT and Selenasmim dates, and 
your initials on the 'Ceiiodaphnia Acute Toxiciry Test Information Sheet." 

To stan the test, do the following. NOTE: The proceeding instructions are applicable for the 
24-, 48-, and 96-h acute toxicity tests. 

a. Glue a "Ceiiodaphnia Acute Toxicity Test Information Sheet" and a 'Ceiiodaphnia Acute 
Toxiciry Test Survival Logsheet" into the registered Ceiiodaphnia toxiciry test logbook. 
Initial and date each logsheet so that half of the writing extends onto the logbook page. 

b. Record the date the test starts and ends, the test name, and the test number on each of the 
logsheets and in the index in the registered Ceiiodaphnia test logbook. 

c Prepare the test concentrations, if necessary. Record the concentrations on the 
"Ceiiodaphnia Acute Toxiciry Test Information Sheet," reserving "1" for the control. Also 
record the control water and dilution water types and batch numbers on the logsheet. 
Note:  Some tests may require an in-stream sample be used as the dilution water. 

d. Select a randomizing template. Use a different template for each holding rack needed to 
conduct the test. Record the template number(s) on the 'Ceiiodaphnia Acute Toxiciry Test 
Information Sheet." 

e. Position the template underneath the holding rack so that the numbers on the template 
are aligned with the holes in the rack. 

f. Pour a minimum of 15 mL of test solution into each of four replicate (REP) 1-oz. disposal 
beakers. Place the beakers in the corresponding positions in the rack. Note: Each 
randomizing template has ten positions for each number (1-6) on the template. This test 
will use four of the ten positions. For example, place each control beaker into a "1" 
position. If the test is to run 96-h, or if a test solution renewal is required, record the test 
beaker number (derived from the holding rack) on the 'Ceiiodaphnia Acute Toxicity Test 
Survival Logsheet."  Repeat this procedure for each test concentration. 

g. Using a Pasteur pipette, place six neonates into each test beaker. Keep the amount of 
water transferred with the neonates to a minimum to avoid dilution of the test solution. 
Record the time the first neonate was added ("Stan Time") to the time the last neonate 
was added ("Stop Time") on the 'Ceiiodaphnia Acute Toxicity Test Survival Logsheet." 

h. Record the beaker temperature, water bath or environmental chamber temperature, and 
thermometer number on the "Ceiiodaphnia Acute Toxicity Test Survival LoesSheet." 
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i.      Put the holding racks containing the beakers into the temperature-controlled (25 ± 18C) 
water bath or environmental chamber. 

j.     If necessary, adjust the photoperiod to 16 h light: 8 h dark. 

3.       Repeat the following process every day, starting 24-h after the test was begun and continuing 
until the test is terminated. 

a. Remove the holding rack(s) from the water bath or chamber. 

b. Record the water bath or chamber temperature, beakers temperature, and the thermometer 
number on the "Cenodaphnia Acute Toxicity Test Survival Logsheet." 

c     Place the holding rack on a light table for ease in viewing the test animals. 

d Count and record (in the appropriate column) the number of Cenodaphnia surviving in 
each REP beaker on the "Cenodaonnia Acute Toxicity Test Survival Logsheet" for the 
appropriate concentration or site and replicate number. Record comments codes, if any. 

e Record the time the first beaker was counted ("Stan Time") to the time the last beaker was 
counted ("Stop Time") on the "Cenodaphnia Acute Toxicity Test Survival Logsheet." 

f. Record minor test non-conformities (e.g., a temperature that falls outside the acceptable 
range), on the "Cenodaphnia Acute Toxicity Test Information Sheet." 

4.       Perform a test renewal at 48 h. This procedure is applicable to 96-h tests only, unless otherwise 
specified. 

a Approximately two hours before test solution renewal at 48 h. add 50 ML YCT and 50 /iL 
of Selenasmim to each test beaker. Record the feeding time and date, the YCT and 
Selenasmim dates, and your initials on the "Cenodaphnia Acute Toxicity Test Information 
Sheet" in the registered Cenodaphnia toxicity test logbook. 

b. Prepare fresh test solutions. 

c. Count and record the number of Cenodaphnia surviving in each beaker per the procedure 
described in steps 3a through 3e. 

d Using a polished glass tube affixed to a pipette bulb and a microscope, if necessary, transfer 
the surviving test animals in each test beaker to a new beaker containing a minimum of 15 
mL of freshlv prenared test solution. Holding the beaker over a light table will facilitate 
the transfer and counting process. Return the beaker containing the test animals to the 
appropriate location in the holding rack. Refer to the beaker number recorded on the 
•Cenodaphnia Acute Toxicity Test Survival Logsheet." 
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e. Pour the test solution from each of the four "old" beakers into an 8-oz. specimen container 
labelled "final pK and D.O." This solution will be used to determine final pH and 
dissolved oxygen (D.O.) concentration. 

f. Discard the test solution per the procedure described in SOP-7. 

Terminate the lest after the neonates have been exposed to the test solution for the required 
time (24-, 48-, or 96-h). 

a. Count and record the number of Ceriodaphnia surviving in each beaker per the procedure 
described in steps 3a through 3e. 

b. Calculate and record the total number Ceriodaphnia surviving in each concentration or site 
on the "Ceriodaphnia Acute Toxiciry Test Survival Logsheet." 

c Carefully pour the test solution from each of the four replicate beakers into an 8-oz. 
specimen container labelled "final pH and D.O." 

d.     Discard the test solution per the procedure described in SOP-7. 

Test acceptability criterion is based on 909c or greater survival in the controls.  If survival is 
<90%, notify the Group Leader for guidance. 

Make a Xerox« copy of the applicable log sheets and place the copv in the backup Ceriodaphnia 
toxicirv test notebook. 

Approval 

All Standard Operating Procedures generated by, revised by, and/or applicable to the ESD 
Toxicology Laboratory must receive the signed approval of the Group Leader. 

Approved by       ^{jQ^^-^^T. K^^LS^^  ^//l//^ 
J -Group Leader     vj Q^ 

Effective Date W'/f3 
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Caiodaphnia Acute Toxiciry Test Information Sheet 

Ten Name: 

Test Coaducac From 

Test Concecnuons: 

. (Day 0) To 

- " 
5 -. 

6 - . 

Control Water Type (•): 
;0S Dilute Mineral Water (DMVTl - Trace Metals 

15=5 Dilute Mineral Water (DMW - Trace Metals 

Otter  f-vrrihe^ —__ 

Ditanon Waer Type <•): 
;a* Düute Mineral Water (DMW) - Trace Metals 

25* Dilute Mineral Water (DMW) - Trace Metals 

Otter iflr^erifae^  ^___ 

Stoct: 

Source and Age of Neooacs: 
ESD surures. Board Nos.:. 

Test No.: 

Temolate No.: 

Baicb No. 

Baten No. 

Baten No, 

p^ti-h No.:. 

ftifrh No.: 

Baten No.: 

DMW Baten No.:. 

Age:. 

DAY 0 INFORMATION: 

Fed eaca isx beaier 50 uL of YCT - 50 ML of Ztlauxmm at  
YCT Ian- Siiaiaimim £>"=: 

NOTE: Feed aeaaaa  -2 h pnor to tat iairi«inn Initials:. 

(time) on 

U 
a 

G- 
n 
□ 

.(date) 

96-H TEST INFORMATION: 

Fed eaca tes: oeaier 50 uL of YCT -p 50 «L of StUnaarvm at  
YCT riarp- Seienasmtm Date:. 

NOTE: Feed neo xs  -2 h prior to tes renew«! at 48-h. 

Transferrec :es: rrem to  . (ome> °n 

lnitiili- 

Record of Minor Test Non-Conformities 

Descnuuon of Non-Cotuuimicy 

(date) 

(date) 

Initials 

J 

Exhibit SOP-18.1.  Ceriodaphma Acute Toxiciiy Test Information Sheet 
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SUBJECT:  CERIODAPHN1A ACUTE TOX3CITY TEST 

Tat Nine: 

Cenoäapiaaa Acme Toxicny Tea Survival Logsbea 

   Test No: 

Test Conauced Fron: .(day 0) To: 

Comment Code: M - Mi_uac 

ln___t:  1                    |               |              j              |              ] 

San Time:  |                    |               !              |              |              | 

Stoo Time:   1                    |               |              |             |              | 

Witer Bun/Qumeer Temr>er__re  cd:   i                    |              i              |              I              | 

Tot Barer Tcmeennirc  <*C:   1                    1               '              1              !              1 

Therme—ie_r   Numoer:   I                      1                !               j               |               i 

! 
'        enter Numoer Alive fEmer commem code, if aomcaole) 

ConeJSiit        1  REP   1  Beater No.   1 lnaal No. 1   2-4 hr   i   *8 hr   1  T_ br   1   96 hr   i    Tool Aiire 

1     >     i                       i         6         |               !              i              j 

1:1                 i       6       I           i          1          | 
!   3   I             i     «     1        !        j       | 

  1                                i     '     I                       i         6         i               j              j              j 

III                       !         6         |               ■              |              | 

1     S     1                         1          6          |                !               |               | 
!   3   1                1      6      |          ;          i         | 

!   «   1                1      «      1          i          1         i 
1    i   1               i      6      1          !         !         | 

l   :   1               !      6      |          !         |         | 

!   3   i               !      6      !          '         j         I 

-            i    6    i      :      i     I 

I-    '     1                      i         6        |              !             |             | 

1:1                I      «      |          i          |         | 
1     3     I                       !         6         I               1              |             | 

i     -     1                         1          6          I                1               |               | 

•                        1          6          |                {               |               | 

!   :    1                 1       <       1           1          1          1 
I     3     1                       1         6         !               !              |              | 

!                                         <                                1          6          |                i               |               | 

!    '    1               1      6      !          !         |         | 
;   :   1                i      6      i          ;          I         | 

!    '    1                    1        6        |             i            |            | 

1                      1   '   1                1      «      |          !          |         | 

Exhibit SOP-1S.2.  Ceriodaphnia Acuie loxicirv Test Survival Loesheet 
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Purpose 

To determine the relative toxicity of whole sediments to Hyalella azteca during a 10-day static-renewal 
exposure. 

Reference 

ASTM (American Society for Testing and Materials) 1991. Standard Guide for Conducting Sediment 
Toxicüy Tests Freshwater Invertebrates, ASTM E-1383-90, or most recent edition. 

Equipment 

Hyalella azteca young (0.300 to 0.425 mm size; -1-2 week old; see SOP-25) 
Crystallizing dishes, 250-tnL capacity ("counting dishes") 
Plexiglass sheets (- 1x2 ft.) 
30% dilute mineral water (control water; see SOP-1) 
Distüled water 
Test sediment 
Hyalella food (see SOP-24) 
Temperature-controlled water bath or environmental chamber (24 ± 2°C) 
Dissecting microscope (if necessary) 
Fume hood 
Disposable Nitrile* gloves 
4-L piastic tanks 
Plastic or hard rubber spatulas 
Disposable syringes (10- and 60-cc) (e.g., B-D Plastipak) 
Modified 60-cc syringes (syringe tip is fitted with a %' O.D. plastic tubing inside a XA" ID plastic 

cylinder cut to -1" to which a piece of 100-^m Nitex* mesh is attached to one end) 
Thermometer 
Wash bottles 
Stainless steel sieves, 5-in. diameter (#20 ASTM, 0.850 mm, #40 ASTM, 0.425 mm and #60 ASTM, 

0.250 mm) 
20-L plastic carboy or bucket 
Large, wide-mouthy plastic funnels 
8-oz. specimen containers 
1-oz. disposable plastic beakers (pre-rinsed in distilled water, if necessary) 
Pasteur pipettes, long (8") 
Graduated cylinders 
Fixed- or adjustable-volume pipette (e.g., Eppendorf) 
Small glass petri dish or equivalent 
Hyalella azteca Whole Sediment Toxicity Test - Test Information Sheet (exhibit SOP-21.1) 
Hyalella azteca Whole Sediment Toxicity Test - Daily Test Information Logsheet (exhibit SOP-21.2) 
Hyalella azteca Whole Sediment Toxicity Test - Test Survival Logsheet (exhibit SOP-21.3) 
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Registered Hyalella toxicity test logbook 
Hyalella Whole Sediment Toxicity Test - Daily Chemistry Data Logsheet (exhibit SOP-21.4) 
Registered Chemistry Logbook (if appropriate) 

Procedure 

1.    Prepare the test equipment and logbook.  Complete the following steps prior to test initiation. 

a. Determine the number of test dishes needed for the test (4 replicates per site). 

b. Label each crystallizing dish with the test ID number, the site ID, the concentration (if any), 
and replicate (REP) number (4 REPs per site). Using a 100-mL graduated cylinder, add 25 
mL of distilled water to each dish and mark the 25-mL volume level on the outside of the 
dish. Dispose of the distilled water. 

c Label 8-oz. specimen containers with the test ED number, the site ED, and concentration (if 
any). These containers will be used to collect composite test water samples for final 
chemistry. 

d. At least 72 hours prior to test initiation, prepare one modified 60-cc disposable syringe per 
test site (to be used for water changes) as follows: 

1. Using non-toxic aquarium silicone sealant as an adhesive, affix a small piece of 100-^m 
Nitex mesh to one end of a 1" long, 14" ID cylinder. Allow this to cure -24 hours. 

2. Place thse modified plastic cylinders in distilled water and let soak for -24 hours. 
Allow them to air dry for -24 hours. 

3. Affix a 2 cm length of Tygon» tubing (1/8" I.D. x 1/4" O.D. x 1/16" wall) to the syringe 
tip, then affix the modified plastic cylinder to the protruding piece of tubing. Wrap with 
Parafilm* (if necessary) to secure both pieces together. 

4. Label these modified syringes with the test ID number, the site ID, and concentration 
(if any). 

e. Prepare a work table with a light board, a set of 3 sieves (#20, #40 and #60), a large plastic 
funnel, a 20-L waste carboy, pasteur pipettes, 3 counting dishes, and 1-oz. disposable plastic 
beakers for each technician participating in test termination. Prepare an appropriate volume 
of control water along with the associated carboy, 600-mL beakers and clean syringes for use 
with the control water. 
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DATE 02-01-94 

SUBJECT:   MALELIA AZTECA WHOLE SEDIMENT TOXICTTY TEST 

a -Wettmeca Whole Sediment Toxicity Test - Daily Test Information 

^Copnaat number of 'Hyalella nxeca Whole Sediment Toxicity Test - 

Initial an, J^Ä--Ä of the writing extend onto the logbook page. 

logbook page. 

time throughout the test. 

FUME HOOD. 

a. Using a clean spatula or a clean 60-cc disposable plastic syringe, «^J^ £„ 
selected homogenized sediment sample to a crystallizing dish. Tap the dish on a son 
SoSHe sediment evenly across the bottom of the dish. Continue to add 
segment untö the volume of sediment reaches the 25-mL mark on the dish. 

b    Using a 100-mL graduated cylinder, add 100 mL of control water to the dish. Slowly pour 
the water down the inside of the dish to avoid disturbing the sediment. 

c.    Repeat steps la and lb three more times per site for a total of four replicates per site or 

concentration. 

< s^^Ä_r_#r.ffÄ^=Ä 
e.    Replace the unused sediment sample and select a new homogenized sediment sample. 

f Reneat steos La to le for all remaining sediment site or concentration samples. When aU 
fJThe? have been prepared, cover the dishes with a plexiglass sheet to reduce 
SpSSn.^i sedfment'to settle -24 hours prior to adding the test organisms. 

3. Collect and pre-count test organisms as per SOP-25. 

4. To initiate the test, complete the following. 
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SUBJECT:   HYALELLA AZTECA WHOLE SEDIMENT TOXICTTY TEST 

a. Record the following information on the "Hyalella azxeca Whole Sediment Toricity Test - 
Test Information Logsheet": 

the test ID number, 
the test initiation date (DAY 0), 
the test termination date (DAY 10), 
the list of sample site designations (i.e., river mile), 
the site FD numbers, 
a check mark for the appropriate control water type, 
the batch number (if applicable), 
a check mark for the appropriate test animal source, and 
the age and/or size of the test organisms on the date of DAY 0, and 
the culture tank number from which they were collected. 

b. Record the following information on the 'Hyalella azteca Whole Sediment Toxicity Test - 
Daily Test Information Logsheet": 

the test ID number, 
the test initiation date, 
the test termination date, 
your initials and the date under DAY 0, and 
the time the first organisms are added to the prepared test dishes. 

c Record the temperature of the water bath or environmental chamber and the thermometer 
number under 'DAY 0 Temperature Information." Measure and average the temperature 
of the overlying water of 4 randomly selected test dishes. Record this under "DAY 0 
Temperature Information," also. 

d. Remove both the prepared test dishes (with sediment) and the known-size or known-age 
culture tanks from the water bath or environmental chamber. 

e. Fill 1-oz. disposable plastic beakers with -5 mL of control water. Using a transfer pipet, 
randomly transfer 5 test animals from the culture tanks to the beaker. Each test chamber 
will .receive 20 test animals; therefore, 4 beakers containing 5 test animals will be needed for 
each test chamber. Select only test animals that appear active and healthy. 

f. Transfer 20 animals to a randomly selected test chamber using a transfer pipet Add the 
animals to the test chambers in one at a time. Introduce them below the water surface to 
minimize air entrapment and avoid producing "floaters". This provides for two counts. Keep 
the amount of water transferred to a minimum. 

g. Repeat steps 2.e and 2.f for the remaining test chambers. 

h.    Add 1 mL of Hyalella food to each test chamber. 

i. Record the time the last animal was added on the "Hvalella azteca Whole Sediment Tbxiciry 
Test -Daily Test Information logsheet."   Record the feeding time, Hyalella food date and 
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SUBJECT:   HYALELLA AZTECA WHOl£ SEDIMENT TOXICrTY TEST 

b. 

c. 

voiume fed an. .he con.ro, wa.=r ba,ch number on «he -**b «. •* S-ta« 
Toxicity Test - Daily Test Information logsheet. 

,     Re.urn die « chambers .o the wa.er bath or environmental chamber and cover with a 

plexiglass sheet to reduce evaporation. 

SndTeplace with new test animals from the culture tanks. 

5.    Perform a 60% renewal of the overlying water on Days 1. 3, 5, 7, and 9. 

.     Record vour initials and the date under the 'VP^^^J^^^Z 
chambenemperature, test chamber tem^w^a^e^^n^e^ 
on the "Hyaiella azteca Whole Sediment Toxjcity Test   Daily i est mi 

Remove the test chambers from the water bath or environmental chamber. 

Using the modified 60-cc syringe car efuUydraw^^^^ ££* f j£J 
of overlying water from a selected test ^^f^^Li water remaining in the 
volume back into the test chamber such that thes final.vo urn ^ 
60-cc syringe is 60 mL. This is to wash any animals that might cling 

the test chamber. 

all 4 REPs of each sue/treatment. Tnis water wm uc u»« 

e    Repeat steos 5.c and 5.d for the remaining 3 REPs. 

Repeal this procedure for the remaining 3 REPs. 

g.   Repeat steps 5.c through 5.f for the remaining tea. si.es/concen.rations. 

>.   Add , *.«»*» food » each test chambe, ^^^S^JSÄ 

,     Retum the tea, chambers .0 the water bath or environmental chamber and cover with a 

plexiglass sheet. 

Terminate the test on Day 10. 

,    Perform steps 5.a to 5.e ««I. one se, of 4 ,es. chambers of a selected si.e,conce„.ra,ion. 
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b.    Sieve the test chambers to recover the test organisms. 

(1) Add -10 mL of distilled water to each of several (e.g., 4) 1-oz. disposable plastic 
beakers. 

(2) Select one test chamber. 

(3) Gently swirl the water in the chamber so as to resuspend the top 1-2 cm layer of 
sediment in the chamber. 

(4) Pour this slurry through a sieve stack (a #20 ASTM sieve on top of a #40 ASTM sieve 
on top of a #60 ASTM sieve) secured over a funnel and plastic carboy. Temporarily 
set the test chamber aside. 

(5) Rinse all loose sediment through the sieves with distilled water. 

(6) Carefully rinse the material retained by each of the 3 sieves with distilled water into 
3 separate crystallizing dishes (called "counting dishes"). Thoroughly and carefully 
inspect each sieve for any clinging test organisms and rinse them into the respective 
dish. 

(7) Select one counting dish. 

(8) Place the counting dish on a light board and thoroughly inspect its contents for live or 
dead Hyalella. Pipet any live organisms found into one of the disposable plastic 
beakers. To simplify the counting, do not add more than 5 organisms per plastic 
beaker. Gentle prodding of the dish's contents and several minutes of observation may 
be required to recover all organisms. NOTE: Hyalella will cling and may be attached 
to, or hiding beneath, sediment panicles and other debris. 

(9) Pipet dead organisms into a separate disposable plastic beaker. Very gently prod the 
.organisms to ensure that it is indeed dead and not just inactive.    A dissecting 
microscope can be used to distinguish between dead and live organisms.  NOTE: Do 
not confuse discarded exoskeletons with dead Hyalella. 

(10) Repeat steps 6.b.(7) to 6.b.(9) with the two remaining counting dishes. 

(11) Note the total number of organisms recovered. 
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fa) If the recovery is less than 100% (i.e., fewer than the initial number of organisms 
added to the test chamber are actually found), the missing organisms are assumed 
to be either on one of the sieves or still in the replicate test chamber containing 
the rest of the sediment sample, and both must be rechecked. 

(b) If all organisms are recovered, skip steps 6.b.(12) and 6.b.(13) and proceed to step 

6.c 

(12) If necessary, carefully and thoroughly recheck each sieve individually for any clinging 
organisms. Submerging the sieve in a 4-L plastic tank containing a layer of distilled 
water may encourage any clinging organism to swim free. 

(13) If necessary, add -20 mL of distilled water to the sediment in the test chamber and 
repeat steps 6.b.(3) to 6.b.(ll) until either: 

(a) all missing organisms are accounted for (i.e., all organisms are recovered), or, 

(b) the entire sediment sample in that replicate test chamber has been thoroughly 
sieved and examined, and the missing organisms are not recovered. 

c Record the final totals of live, dead and missing organisms for that replicate test chamber in 
the appropriate column on the 'Hyalella azteca Whole Sediment Toxjciry Test - Test Survival 
Logsheet." 

d. Discard the contents of the 3 counting dishes according to approved procedures. Reassemble 
the sieve stack and prepare the work area for the next replicate. 

e. Repeat steps 6.b to 6.d for the 3 remaining replicate test chambers for that site/concentration. 

f. Repeat steps 6.a to 6.e for the remaining site/concentrations. 

g. .After survival has been counted, confirmed and recorded for all the test chambers, discard 
the test organisms and sediment according to approved procedures. 

Test acceptability is based on 80% or greater survival in the controls acceptable organism 
response In the Reference Toxiciry Test, or ASTM E-1383-90 guidelines. If the test does not 
meet the criteria, notify the Project Leader for guidance. 
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8.    Make a Xerox« copy of the applicable test logsheets. Place the copy in the backup Hyalella test 
notebook 

Approval 

All Standard Operating Procedures generated by, revised by, and/or applicable to the ESD 
Toxicology Laboratory must receive the signed approval of the Group Leader. 

Approved by       t/Kl/^—Ar-   K-<24f&S  ) l^i-lld.  
( J Groap Leader   '^J Dale 

Effective Date    d.//\5TW  
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Hyaiella azieca Whole Sediment Toxicity Test 
Test Information Logsheet 

Ten Identification Number 

Tecbnicianfs) Initials: 

Site ID 

Test Iniaanon Date: 

Test Temunanon Date: 

ID No;. 
Control Water Type <v0 

30% Dilute Mineral Water - Trace Meals 

DMW Batch Numbers used:    

Test Animal Information 

Source of Hyaiella aneca u"): 

ESD Aquanc Toxicology Laboratory Cultures 

Culture Tank Numbens) used: 

Size/Age of Hyaltlin ajjeca on 

Size Range: . 

Age:. 

OR 

to 

'.date) 

.*m 

davs old 

Organisms per REP: _^ ; REPs per treatment: 

Record of Minor Tea Non-Coniormraes 

Dae Dejcnpnon of Non-Conformity Initials 

Document No.: Page 1 of 1 Revision 03-01:294 

Exhibit SOP-21.1. Hyaiella azteca Whole Sediment Toxicity Test - Test Information Sheet 
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Exhibit SOP-212. Hyaklla azteca Whole Sediment Toxicity Test 
Logsfaeet 

Daily Test Information 
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Hyalella azxeca Whole Sediment Toxiciry Test 
Test Survival Logsheet 

T«H«r Tt» Dass: 9 

|     RET 1     !     RE?:     I REP 3     I     RET«    I          Toon          | 

SavCac Stimm ID / Aim |                   | 1                  i          Atm: 

1 Dead 1                   1 1                  i 
/ Mum*           1                      | 1                   1       Racovcry 

lUamr,          |                    i i 
SaCacc. Slant ID       1  I Aim             |                   | I          Aim: 

|   1 Dcaa j 

«Mm*«         |                   | 1       Raomiy: 

1    faUJIMI                |                             1 1 
SavCxc lllllH ID         1 # Aim |          Aim:          | 

^—" 
1 Dma 1 

\ 
I 

1 MJBBK I       Raeanrtry: 

Pajliai i i 
Sia/Caac- 111» ID 1 Aim j          Ali*«: 

/ D—fl 
i 

* Mm« !       JUwwry: 

tamr i 
SiavCanc Saaoat m 

Nuaear 
/ Aim Aim: 

/ Da i 
1 

!                 !      I^omrr: 

1   RatAnai» I         :' 

SavCmc. Tiin ID < Aim 1                    !           Aim: 

1 Dot |                    1          

/ Mn« 1                1      !>■ i: 

*«m~ 1 1         1 1 
SavCaK. Saaaai ID / Aim 1 1                  !          A*"" 

1 Daaa 1                  i 

IMOK« 1 |             !     n fi- 

lwimi'i            1 1 I      1 

01-072393 

Exhibit SOP-21.3. Hyalella azteca Whole Sediment Toxicity Test - Test Survival Logsheet 
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Exhibit SOP-21.4. Hyalella azteca Whole Sediment Toxicity Test - Daily Chemistry Data Logsheet 
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Draft Standard Operating Procedure 

Subject:   Elimia clavaformis 72-h static renewal feeding test 

Purpose:   To estimate toxicity of water-borne contaminants by their action on the feeding rate of the 
freshwater snail, Elimia clavaeformis. 

Equipment: 

Fresh green leaf lettuce 
#14 cork hole puncher 
Standard office stapler/staples 
8" X 10" piece of cardboard 
Forceps 
1 liter glass jar(s) 
500 mL acid-washed beakers (3 per treatment or site) 
Nylon mesh 
Rubber bands 
Paper wipes 
White plastic tray (11" X 14") 
Plastic-lined laboratory paper 
Mettler balance (e.g., AE 163) 
Spring/well water or 25% DMW (reference water) 
Water bath or other temperature controlled system (e.g. environmental chamber) 
5 gallon aquarium(s) 
Photolight 
1-oz. disposable plastic beakers 
Permanent ink marker (e.g., Sharpie) 
Thermometer (± 0.5° C) 
2-gal. plastic bucket 
Ceramic tiles or rocks 
Deionized distilled water 
Weighing Paper 
lOOOmL Erlenmeyer flask 
Lotus 1-2-3 
SAS (or analogous statistical analysis software) 
E. clavaeformis—Daily Test Information Logsheet 
72-h static-renewal feeding test—Equipment Data sheet 

Definitions: 

Treatment - any substance or condition which might be controlled or manipulated and thus modifying 
the food consumption rate of Elimia clavaformis. Examples of treatments could include site (from 
which water is obtained), chemicals, pH, temperature, etc. 

Control - the type of control water to be used depends on the purpose of the experiment.   If stream 



8. 

9. 

10. 
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waters are being tested, then spring/well water or 25% dilute mineral water mMun u        *       , 
«■«,..   .fsevera, dilutions „fa chemical are being J?ÄSj£^ 
and to prepare test solutions. ne contro1 

Procedure: 

1. Collect Elimia clavaeformis (medium size, about 300-350 mg blotted wet weicht) from an 
appropriate reference    s.te, (e.g., in the vicinity of the weir downstream from WCK6 8)   Plac^ 
the snails in a bucket containing the reference stream water.   Measure the temperature of the 

^to" temPeratUre °n the DailY TeSt InWti0n L°^ -d ^ iSHSL to Se 

2. In the laboratory, set the temperature of a water bath to the temperature of the reference site 

t'e wa"eer ITjät^ t *" T ^  A,S0'      ^^^ZnZ 
temperSre W     '^    ^   AH°W the Water t0 ec*uilibrate t0 4e ** 

^ —ed t^Z^^ L0§Sheet Ae *» °f " «* *' *» « —' 
4' Sn!r thC ^ ffn '^ lettUCe With diStiIled Water  Place the snails from the bucket into 

0 hoMrTr   r„or ^ lres ofthe iemice-use ceramic *« - °- - ^ n^ to hold the lettuce on the bottom, thus making it accessible to the snails. 

Acclimate the snails to 25 ± 2 °C by adjusting the temperature of the water 2°C per day- 
adjust the temperature 1°C in the morning and 1°C in the evening. 

™nLrratiriS ^rf the fClimati0n Period< PreP^ mother small aquarium containing fresh 
control water and allow it's to equilibrate to the present water temperature.   Then transfer the 

5SS fifTi t' aqUaT ^ ^ °Id Wat6r int° the ^Uarium containin§ fre^ control water. Add fresh lettuce as described above. 

Before starting a feeding test, paste a Daily Test Information Sheet for each    beaker   into   a 

^X^t^Tle of±e Dai,y Test Information Logsheet -d what * —d - 
Record ^identification information from water baths, balances, thermometers, and any other 

Reec^nwheqU1rrnt,t0.be US6d °n Ae Static-Renewal Fe^ing Test-Equipment Data sheet. 
Record who calibrated the instruments, and the frequency or instrument calibration. 

Label a medium jar with "lettuce soaking in water", the date and your initials. Add about 500 
mL ot control water used for the test to this jar. 

On the morning when the test is to be started, cut out three lettuce discs per beaker (plus several 

teonr^rff,T rS;T !)
#14rrk h0le rCher an<J a PleCe °f Cardb0ard t0 Prote« *e »unter 

ZA^ W 
the d,scs. fr°m near the outer edge of the leaf to create homoseneous discs. 

Hold lettuce disc w.th a pair of forceps, and staple it twice, distributing the staples evenly The 
staples add enough weight so that the disks will not float. Repeat this step for all discs Place 
the stapled lettuce d.scs into the jar with control water, label the jar, and place the jar in a 

5. 

6. 
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refrigerator for 2-3 hours to allow the discs to hydrate. 

II.        Line a large plastic tray with plastic-lined lab paper.   Mark the paper in a grid using a 
permanent-ink marker to keep track of lettuce discs for each treatment (see Fig. I). 

Fig.l 

Treatment 1 Treatment 2 Treatment 3 

Replicate 1 

Replicate 2 

Replicate 3 

12. Obtain one 500-mL beaker for each replicate; rinse the beaker with deionized 
distilled  water. Label each beaker with the type of treatment and replicate number using a 
permanent ink marker.  Color labels can be used as an aid in identifying the various treatments. 
Add 250 mL of the appropriate control water to each beaker and place the beakers in a 25±2°C 
water bath with an overhead photolight (16:8 light:dark). 

13. About 1 h before starting the test, moisten the plastic-lined paper in the plastic tray 
with control water to prevent desiccation of the lettuce discs.   Remove the lettuce discs 
from the refrigerator.    Fold several paper towels in half and place three (on top of each 
other) next to the balance. 

14. Before weighing the lettuce discs, first check the balance level; then check balance zero; then 
verify the accuracy of the balance by use of a 200 or 500-mg standard weight. Record the 
weight on the Daily Test Information Logsheet. Place a piece of weighing paper on the balance 
and zero. 

15. Remove three lettuce discs, with forceps, from the jar and place them upon the paper towels. 
In a consistent manner, blot the lettuce discs 3 to 4 times with paper towels to remove excess 
water. Using forceps, place the three lettuce discs (and their attendant staples) on the balance 
and record the weight on the Daily Test Information Logsheet for a specific treatment and 
replicate. Remove the lettuce discs from the balance and place them into the plastic tray on the 
corresponding square for that treatment and replicate. Replace the weighing paper and re-zero 
the balance after each measurement. 

16. Check the water temperature in the test beakers. If the temperature has equilibrated with the 
water bath temperature, measure and record the temperature for the water bath and each beaker 
on the Daily Test Information Logsheet.   Adjust the waterbath temperature if needed. 

17.        Place 12 snails in each beaker, then add the-appropriate set of  three weighed lettuce discs. 



232 USACERLTR-97/140 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

l\Ze apfCe/nh °r,the t0P °f the beaker and Secure the «nesh ^ing a rubber band.   Place the beaker back into the water bath. 

The following day, prepare new lettuce discs as described in steps 11-14   Also prepare 
fresh treatment water by pouring water into clean labeled 1000-mL container?f* 7 
flasks) and placing them into the water bath. (e-g" ErIenmeyer 

itunwL" "nS ^ teSt' reC°rd the temperatUre °f the — »* on the Daily 

For each replicate, remove uneaten lettuce (and staples!) and place these items in the 
appropriate square on the plastic tray. Be sure to recover even small pieces oftett^ft* m™ 

hTw teCOme detaChed t°Z *? °riginal diSCS-  H°lding the mesh -erZ\J1 Tontfy" s" 1 
tklT^rZ^TJ3^ t0 SUSPendITiCU,ate matter' and P0ur 0Ut *« o«^ fr- each beaker.   Add fresh treatment water and fresh stapled lettuce discs.  Place the mesh over 
the beaker and return it to the water bath. er 

^Sn ?*hf°Ul °lthree ?,d lettUCe diSCS (and then staP'es) usin§ the procedure described 
in step 14.  Record the welghts on the appropriate Daily Test Information LogsheeL 

Repeat steps 17-20 at 48-h and repeat steps 18-20 at 72-h. 

f^lW7h7ata 'T/ C,°mpUter sPreadsheet (J-e-> Lotus 1-2-3) and calculate the amount of 
lettuce eaten for each day (l.e., the difference between the lettuce weight before and Zrllh). 

Differences in the feeding rates among the treatments can be analyzed using SAS-GLM 
wrth a repeated-measure subroutine (SAS 1985 a,b). 
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ATTN: AFZB-DPW-E 
Fort McCoy 54656 

ATTN: AFZR-DE-E 
Fort Pickett 23824 

ATTN: AFZA-FP-E 
Fort Stewart 31314 

ATTN: AFZP-DEV 
Fort Buchanan 00934 

ATTN: AFZK-B-EHE 
FortDevens 01433 

ATTN: AFZD-DEM 
Fort Drum 13602 

ATTN: AFZS-EH-E 
Fort Irwin 92310 

ATTN: AFZJ-EHE-EN 
Fort Hood 76544 

ATTN: AFZF-DE-ENV 
Fort Hunter Liggett 93928 

ATTN: AFZW-HE-DE 
Yakima Tng Center 98901-5000 

ATTN: AFZH-Y-ENR 

TRADOC 
Fort Monroe 23651 

ATTN: ATBO-G 
ATTN: ATBO-L 
Installations: 

FortDix 08640 
ATTN: ATZD-EHN 

Fort Lee 23801 
ATTN: ATZM-EPE 

Fort Jackson 29207 
ATTN: ATZJ-PWN 

Fort Gordon 30905 
ATTN: ATZH-DIE 

FortBenning 31905 
ATTN: ATZB-PWN 

Fort McClellan 36205 
ATTN: ATZN-EM 

Fort Rucker 36362 
ATTN: ATZQ-DPW-EN 

Fort Leonard Wood 64573 
ATTN: ATZT-DPW-EE 

Fort Leavenworth 66027 
ATTN: ATZL-GCE 

Fort Bliss 79916 
ATTN: ATZC-DOE 

Fort Monroe 23651 
ATTN: ATZG-ISE 

Carlisle Barracks 17013 
ATTN: ATZE-DPW-E 

FortEustis 23604 
ATTN: ATZF-PWE 

FortChaffee 72905 
ATTN: ATZR-ZF 

Fort Sill 73503 
ATTN: ATZR-B 

Fort Huachuca 85613 
ATTN: ATZS-EHB 

FortKnox 40121 
ATTN: ATZK-PWE 

US Air Force Command 
ATTN: Envr/Natural Res Ofc 

Andrews AFB 20031 
Wright-Patterson AFB 45433 
Randolph AFB 78150 
Maxwell AFB 36112 
Elmendorf AFB 99506 
Scott AFB 62225 
Hickam AFB 96853 
Peterson AFB 80914 
Boiling AFB 20332 

US Air Force Air Combat Command 
Avon Park AF Range, FL 33825-5700 

ATTN: 6 CSS/CEN 
BealeAFB.CA 95903-1708 

ATTN: 9CES/CEV 
Barksdale AFB, LA 71110-2078 

ATTN: 2 CES/CEVC 
Davis-Monthan AFB, AZ 85707-3920 

ATTN: 355CES/CEV 
DyessAFB.TX 79607-1670 

ATTN: 7CES/CEVA 
Ellsworth AFB, SD 57706-5000 

ATTN: 28 CES/CEV 
Hollomon AFB, NM 88330-8458 

ATTN: 49 CES/CEV 
Langley AFB, VA 23665-2377 

ATTN: 1 CES/CEV 
Little Rock AFB, AR 72099-5154 

ATTN: 314 CES/CEV 
MacDill AFB, FL 33621-5207 

ATTN: 6 CES/CEV 
Cannon AFB, NM 88103-5136 

ATTN: 27 CES/CEV 
Minot AFB, ND 58705-5006 

ATTN: 5 CES/CEV 
Moody AFB, GA 31699-1707 

ATTN: 347 CES/CEV 
NellisAFB, NV 89191-6546 

ATTN: WTC/EVR 
OffuttAFB, NE 68113-4019 

ATTN: 55 CES/CEV 
Pope AFB, NC 28308-2890 

ATTN: 23 CES/CEV 
Mountain Home AFB, ID 83648-5442 

ATTN: 366 CES/CEV 
Seymour Johnson AFB, NC 27531-2355 

ATTN: 4 CES/CEV 
Shaw AFB, SC 29152-5123 

ATTN: 20 CES/CEV 
Whiteman AFB, MO 65305-5060 

ATTN: 509 CES/CEV 

HQ US Army - Pacific (USARPAC) 
DCSENGR - ATTN: APEN-IV 

ATTN: APOP-TR 
Fort Shatter, HI 96858 
Fort Richardson, AK 99505 
Fort Wainright, AK 99703 
Fort Greely, AK 98733 

USAMC Instal & Srvc Activity 
ATTN: AMXEN-U 61299 

US Army Armament, Munitions and 
Chemical Cmd 

ATTN: AMSMC-EHR 
ATTN: AMSMC-EQC 

US Army Aviation and Troop Cmd 
ATTN: SATAI-A 

US Army Comm-Elec Cmd 
ATTN: AMSEL-SF-REE 

US Army Depot System Cmd 
ATTN: AMSDS-IN-E 

US Army Missile Cmd 
ATTN: AMSMI-RA 

US Army Tank-Automotive Cmd 
ATTN: AMSTA-XEM/AMSTA-XA 

US Army Test & Eval Cmd 
ATTN: AMSTE-EQ 

White Sands Missile Range 
ATTN: STEWS-ES-E 

Charles Melvin Price Spt Ctr 
ATTN: SATAS-F 

US Army Arm. Res, Devel, & Engr Ctr 
ATTN: AMSTA-AR-ISE-UL 

US Army Natick Res Devel & Engr Ctr 
ATTN: SATNC-ZSN 

Pine Bluff Arsenal 
ATTN: SMCPB-EMB 

Rock Island Arsenal 
ATTN: SMCRI-PWB 
ATTN: AMSCM-EHR 

Watervliet Arsenal 
ATTN: SMCWV-PW 
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US Army Jefferson Proving Ground 
ATTN: STEJP-EH-R 

US Army Yuma Proving Ground 
ATTN: STEYP-ES-E 

Annislon Army Depot 
ATTN: SDSAN-DPW-PED 

Blue Grass Army Depol 
ATTN: SDSBG-EN 

Letterkenny Army Depol 
ATTN: SDSLE-ENN 

Red River Army Depol 
ATTN: SDSRR-OE 

Sacramenlo Army Depol 
ATTN: SDSSA-EL-MO 

Sierra Army Depol 
ATTN: SDSSI-ENV 

Tobyhanna Army Depol 
ATTN: SDSTO-EM 

Tooele Army Depol 
ATTN: SDSTE-PWE-E 

US Army Depot-Hawlhorne 
ATTN: SMCHW-ORE 

Pueblo Army Depol Activity 
ATTN: SDSTE-PU-SE 

Savanna Army Depol Aclivity 
ATTN: SDSLE-VA 

Seneca Army Depot Adivily 
ATTN: SDSTO-SEI-PE 

Umalilla Army Depol Adivily 
ATTN: SDSTE-UAS-EVE 

McAlesler Army Ammunition Plant 
ATTN: SMCMC-DEL 

Holslon Army Ammunition Planl 
ATTN: SMCHO-EN 

Indiana Army Ammunition Planl 
ATTN: SMCIN-EN 

Iowa Army Ammunition Plant 
ATTN: SMCIO-PPE 

Kansas Army Ammunition Planl 
ATTN: SMCKA-OR 

Lake Ci1y Army Ammunition Planl 
ATTN: SMCLC-EN 

Lone S1ar Army Ammunition Planl 
ATTN: SMCLS-SEE 

Longhorn/Louisiana Army Ammo Planl 
ATTN: SMCLO-EN 

Milan Army Ammunition Plant 
ATTN: SMCMI-IO 

Mississippi Army Ammunition Plant 
ATTN: SMCMS-CA 

Newport Army Ammunition Plant 
ATTN: SMCNE-EN 

Radford Army Ammunition Planl 
ATTN: SMCRA-OR 

Sunflower Army Ammunition Planl 
ATTN: SMCSU-EN 

US Army Aberdeen Proving Ground 
Support Aclivity 

ATTN: STEAP-FE-G/STEAP-SH-ER 
ATTN: AMSTE-EQ 

US Army Edgewood RD&E C1r. 
ATTN: PM Smokes 
ATTN: SCBRD-RTL 

Redstone Arsenal Spt Adivily 
ATTN: AMSMI-RA-DPW-MP-PR 

US Army TACOM Sp1 Adivhy-Selfridge 
ATTN: AMSTA-CYE 

Detroil Arsenal Tank Planl 
ATTN: DCMDM-PGECM 

Lima Army Tank Planl 
ATTN: DCMDM-PDM 

US Army Garrison-Fort Monmouth 
ATTN: SELFM-PW 

Vinl Hill Farms Stalion 
ATTN: SELVH-PW 

Alabama Army Ammunition Planl 
ATTN: SMCAL 

Badger Army Ammunition Plant 
ATTN: SMCBA-OR 

Cornhusker Army Ammunition Plant 
ATTN: SMCCO 

Joliel Army Ammunition Planl 
ATTN: SMCJO-OR 

Ravenna Army Ammunition Planl 
ATTN: SMCRV-CR 

Riverbank Army Ammunition Planl 
ATTN: SMCRB-CR 

SI. Louis Army Ammunition Plant 
ATTN: SATAI-A 

Twin Cilies Army Ammunition Planl 
ATTN: SMCTC-EN 

Volunleer Army Ammunition Planl 
ATTN: SMCVO-CR 

US Army Research Laboratory 
ATTN: AMSRL-OP-SD-FE 

USAMC 
Alexandria, VA 22333-0001 

ATTN: AMCEN-F 

National Guard Bureau 20310 
ATTN: NGB-ARI 
ATTN: NGB-ARE 
ATTN: NGB-ARO-TS 

Army National Guard 
F1. Richardson, AK 99505-5800 
Phoenix, AZ 85008-3495 
N. Little Rock, AR 72118-2200 
Sacramenlo, CA 95826-9101 
Los Alamitos, CA 90720 
St. Augustine, FL 32085-1008 
Slarke, FL 32091 
Honolulu, HI 96816-4495 
Boise, ID 83707-4507 
Springfield, IL 62702-2399 
Indianapolis, IN 46241-4839 
Johnston. Iowa 50131-1902 
Frankfort, KY 40601-6168 
New Orleans, LA 70146-0330 
Reading, MA 01867-1999 
Camp Edwards, MA 02542-5003 
Lansing, Ml 48913-5101 
Little Falls, MN 56345-0348 
Jackson, MS 39209 
Camp Shelby, MS 39407-5500 
Jefferson City, MO 65101-9051 
Helena, MT 59604-4789 
Carson Ci1y, NV 89701-5596 
Same Fe, NM 87502 
Raleigh, NC 27607-6410 
Bismark, ND 58502-5511 
Oklahoma City, OK 73111-4389 
Salem, OR 97309-5047 
Columbia, SC 29201 
Rapid City, SD 57702-8186 
Austin, TX 78763-5218 
Draper, UT 84020-1776 
Cheyenne, WY 82003 
Braggs, OK 74423 
Richmond, VA 23219 
Eastover, SC 29244 

Headquarters, AEC 
ATTN: SFIM-AEC-ECA 

INSCOM 
ATTN: IALOG-122060 
ATTN: IAV-DPW 22186 

Information Systems Cmd 
ATTN: ASH-CPW-B 

USATACOM 
ATTN: AMSTA-XE 

CEWES 39180 
ATTN: Library 

CECRL 03755 
ATTN: Library 

Military Distrid of Washington 
Fort McNair 

ATTN: ANEN 20319 

US Mililary Academy 10996 
ATTN 
ATTN 
ATTN 
ATTN 

MAEN-A 
DOPS 
Facilities Engineer 
Geography & Envr Engrg 

Naval Facilities Engr Command 
ATTN: Facilities Engr Command (8) 
ATTN: Division Offices (11) 

AFDTC/EMSN 32542-5133 

HQ USAF/ILEV 20330-1260 
HQ USAF/ILEVP 20330-1260 
HQ AFCEE/ECR 78235-5363 
HQ ACC/CEV 23665-2769 
HQ AETC/CEV 78150-4321 
HQ AFCEE/CC 78235-5363 
HQ AFCEE/CCR-A 30335-6801 
HQ AFCEE/CCR-D 75202-5023 
HQ AFCEE/CCR-S 94105-2196 
HQ AFCESA/CC 32403-5319 
HQ AFIT/CEV 45433-7765 
HQ AFMC/CEV 45433-5747 
HQ AFRC/CEV 31098-1635 
HQ AFSOC/CEV 32544-5273 
HQ AFSPC/CEV 80914-4150 
HQ AMC/CEV 62225-5022 
HQAU/CEV 36112-6523 
HQ PACAF/CEV 96853-5412 
HQ USAFA/CEV 80840-2400 
HQ USAFE/CEV 09094-3050 

U.S. Fish & Wildlife Service (8) 

Nalional Biological Service (5) 

U.S. Foresl Service, Forl Collins, CO 

US Govl Printing Office 20401 
ATTN: Rec Sec/Deposit Sec (2) 

Defense Technical Info Clr 22304 
ATTN: DTIC-FAB(2) 
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