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1., PURPOSE AND SCOPE OF PROJECT

Badger Army Ammunition Plant (BAAP), Baraboo, Wisconsin, has
within a security~-fenced area, a herd of whitetail deer. The
U.S. Army and the State of Wisconsin, Department of Health and
Social Services have determined that approximately 20 of the deer
be harvested and tissue samples thus collected be analyzed for
2,4- and 2,6-dinitrotoluene (2,4- and 2,6-DNT) by high pressure
liquid chromatography (HPLC) to a sensitivity of 0.1 part per
million (ppm). The HPLC analyses will be done at the Oak Ridge
National Laboratory (ORNL) following protocol used previously for
similar work for other government sites. ORNL shall instruct
Olin relative to the quantity and type of tissue required,
storage and shipment requirements, and other information to
ensure that all protocol and chain of custody requirements are
clear. A final report will be made to Olin Corporation upon
completion of the HPLC analyses.




2. WORK PERFORMED

2.1 COLLECTION OF TISSUE

Tissue sanmples were obtained from deer hunted on the BAAP
reservation. The total population of deer at the BAAP site was
estimated to be approximately 430 (see Appendix A). Collection
of appropriate samples was under the supervision of BAAP
personnel, who forwarded them to ORNL for analysis. Thirty-six
individual samples weighing approximately 100 g each of liver,
muscle, and heart tissue from twelve individual deer were
received at ORNL on January 10, 1991. These samples were stored
at -20°C awaiting analysis for 2,4-DNT, and 2,6-DNT. In
addition, control samples of deer liver, muscle, and heart tissue
were obtained from non-munition-contaminated animals. These
animals were collected on the U.S. Department of Energy Oak Ridge
Reservation or at the Catoosa Wildlife Management Area in eastern
Tennessee. This collection was under the supervision of
personnel from the State of Tennessee Wildlife Resources Agency,
and all tissue collected were archived at -20 °C at ORNL.

2.2 METHODS OF ANALYSIS

2.2.1 Extraction of Tissue

Each sample of deer tissue obtained from the BAAP site was
analyzed in duplicate, as were similar tissues from several deer
taken from the U.S. Department of Energy Reservation and the
Catoosa Wildlife Management Area. Approximately 2 g of tissue
sample was used for each analysis, and 200 ng of 1,3-
dinitrobenzene (1,3-DNB) was added as an internal standard.




The protoceol used to extract 2,4-DNT and 2,6-DNT from animal
tissues for subsequent HPLC analysis was a modification of that
used by Shugart et al. (1991) for the extraction of these and
other munitions-like compounds from tissues of various animals
including deer. The procedure included the following steps:

1. In the presence of liquid nitrogen, grind tissue in mortar
and pestle, spike with 200 ng of 1,3-DNB (and the two
isomers of DNT when required) and transfer sample to a glass
vial.

2. Add 6 mL of acetonitrile and mix well to disperse tissue.
After 1 hr at room temperature, pass contents through a
glass fiber filter and collect filtrate. Wash vial and
filter with an additional 6 mL of acetonitrile, and pool
filtrates.

3. Using nitrogen gas, evaporate the filtrate to a volume of
approximately 1 mL, and add 10 mL of water. Mix thoroughly,
and pass the solution through a SepPak, C18 solid-phase
extraction column (Waters). Wash column with 2 mL of water,
and elute the sample from the column with 1 mL of
ethylacetate. Collect the eluate.

4. Remove 250 uL from the upper, organic phase of the eluate
and evaporate to dryness with nitrogen gas. Dissolve the
sample in 50 uL of ethylacetate for HPLC analysis.

2.2.2 HPLC

Analysis was by reverse-phase column chromatography on a
Brownlee Lab. column (Spheri-5, RP-18, 5 micron, 220 X 4.6 mm)
maintained at room temperature. Sample size was 20 upL, and

isocratic elution was performed with 50% methanol/water at a flow




rate of 1 mL/min. Detection was at 254 nm with an Altex UV
monitor usually set at a sensitivity range of 0.04 (i.e., total
range on chart was 0.04 absorbance units at 254 nm). The
chromatogram generated by each sample was recorded at a chart
speed of 2 mm/min, and each was examined individually to
determine recovery of the internal standard (1,3~DNB) and the
presence of either 2,4- or 2,6-DNT.

Authentic standards of 1,3-DNB, 2,4~-DNT, and 2,6-DNT at a
concentration of 1 mg/mL in acetonitrile were obtained ffom Dr.
John Caton of the Analytical Chemistry Division (ORNL).
Standards were stored at 4°C in a sealed brown-glass vial.

2.2.3 Statistical Analysis

A statistical design was formulated to determine if a
chemical is likely to be present in the tissues of an animal
population at or above a designated criterion level (CL) when
only a portion of that population has been sampled has been
formulated (Beauchamp et al. 1991, included as Appendix B to this
report). The statistical design was used to analyze the data
generated in this work.



3. RESULTS

3.1 DEVELOPMENT OF HPLC PROCEDURE

Previous work at ORNL on the separation and identification
of munition-like chemicals demonstrated that the two isomers of
DNT (2,4~ and 2,6-) could be easily analyzed by HPLC (Shugart et
al. 1991). A simplified HPLC procedure (as detailed in Sect. 2)
was adopted for this project.

A typical chromatogram generated by the HPLC procedure for
the three authentic compounds of interest (1,3-DNB, 2,4- and 2,6-
DNT) is shown in Fig. 1. The sensitivity of the monitor was set
to 0.04, and the injected sample contained 200 ng of each
compound. For quality control and to check the performance of
the HPLC system, a separate HPLC chromatogram was obtained using
the authentic compounds each time animal sanples for this project
were analyzed (i.e., the peak height and elution position of each
authentic compound were verified). The following data on the
mean peak heights (+ s.e.m.) of each of the authentic compounds
taken from 17 different HPLC chromatograms produced during this
project indicate that the HPLC procedure performed
satisfactorily: 1,3-DNB (85 +1.7), 2,6=-DNT (31 #£1.0), and 2,4-DNT
(65 +£2.2).

Data on the linearity of response of the monitor utilized
with the HPLC system and the lower limit of detection of the
three authentic compounds are graphically presented in Fig. 2.

(Each data point represents the average of two chromatographic
runs. )
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3.2 EXTRACTION OF ANIMAL TISSUES

It is stated in Sect. 1 of this report that the deer tissue
samples obtained from the BAAP site would be analyzed for the
presence of 2,4- and 2,6-DNT by HPLC to a sensitivity of 0.1 ppm.
This means that the methods employed (tissue extraction followed
by HPLC analysis) would detect, as a lower limit, the presence of
100 ng of either compound in 1 g of deer tissue. (Note: in Sect.
3.4, and Sect. 4, this linmit is referred to as the Detection
Limit.) Because each sample of deer tissue taken for analysis
weighed approximately 2 g, the presence in these samples of
either compound at a concentration of 0.1 ppm results in 200 ng
being available for analysis. Because the overall extraction
procedure (see Sect. 2.2.1) results in 1/6th of any compound
present being injected in a single HPLC run the total amount of
any compound available for HPLC analysis would be 33.3 ng
(assuning 100% recovery of each compound through the extraction
procedure). (For point of reference it should be noted that in
step 4 of the protocol used to extract compounds from tissue,
only 0.600 mL of the ethylacetate used to wash the SepPac C18
column is actually recovered.) Recovery data (percentage
compound recovered +s.e.m.) for five different 2-g sanmples of
deer liver tissue, each spiked with 200 ng of the authentic
compounds, was 1,3-DNB (87.2% +3.5), 2,6-DNT (90.2% +4.0), and
2,4-DNT (92.4% #5.1). The liver tissue samples were obtained
from non-munition-contaminated deer. (See Section 2.1.)

Figure 3 depicts chromatograms generated in the HPLC
analysis of a liver samples from a BAAP deer. Figure 3.a is the
HPLC chromatogram of the extract obtained from the liver tissue
of deer No. 11 from BAAP to which no authentic compounds had been
added. The two arrows indicate where 2,6-DNT and 2,4-DNT should
appear on the chromatogram if they were present. Figure 3.b is

8.
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the HPLC chromatogram of the same deer liver tissue spiked with
0.1 ppm of 1,3-DNB, 2,4~-DNT and 2,6-DNT before extraction. The
calculated recoveries of the spiked compounds are 94%, 74%, and
82%, respectively.

These data indicate that the extraction method performed
well for the three compounds of interest in that (1) the recovery
of spiked compounds was satisfactory and (2) the reproducibility
of the system was very good for compounds present at the 0.1 ppm
level in animal tissues.

3.3 SAMPLE ANALYSIS

A total of 103 separate analyses were performed on the
various field-collected animal tissues to determine whether DNT
was present. The number and type of samples processed are listed
in Table 1. Each analysis consisted of the extraction of an
individual tissue sample followed by HPLC and examination of the
eluent for 2,4-DNT and 2,6-DNT. Each chromatogram was examined
by Dr. Lee Shugart. No DNT was observed in any of the BAAP-deer
samples at or above the 0.1 ppm level.

10.




TABLE 1. NUMBER AND TYPE OF FIELD-COLLECTED

SAMPLES PROCESSED FOR DINITROTOLUENE

Sanple type Sanples* Controls® Spikes* Total
Deer liver 24(12) 2(1) 6(6) 32
Deer muscle 24(12) 2(1) 1(1) 27
Deer heart 24(12) 2(1) 1(1) 27
Blank(no tissue) 17 17

Total 72 6 25 i03

* Indicates number of tissue preparations analyzed.

Number in parenthesis indicates number of animals from

which these samples were derived.

®* Samples from animals from non-contaminated sites.

¢ Samples to which known amounts of authentic compounds

were added before processing.

i1,



3.4 STATISTICAL ANALYSIS OF DATA

In the results reported in this study, none of the tissues
analyzed was found to contain 2,4-DNT or 2,6-DNT at or above 0.1
ppm. The following exercise was performed with the data obtained
from BAAP site deer tissue (refer to Shugart et al. 1991 for

details):

For a deer population size of N = 430; a random sample size
of n = 12; and with zero observed number of animals with an
individual compound concentrations greater than the
detection limit (DL) of the analytical procedure used; then
from Wright’s Tables, we find the upper 95% confidence limit
on the proportion of the population that exceeds the DL to
be 0.22. We are 95% confident that no more than 22%
(93/430) of the deer population exceeds the DL for an
individual compound). This confidence statement about the
proportion of the population that exceeds the DL can be
converted to a confidence statement about the proportion
greater than the CL if we assume the distribution of DNT-
related observations are lognormal with parameters (s, o*)
and that 1n CL is k'c units above 1ln DL. The upper limit on
the proportion > DL may be converted to an upper limit on
the proportion > CL, by finding the proportion of the
distribution > u+(0.78+k"')o, where the value k® is defined
as ((In CL - 1n DL)/0). For G = 0.887 (the estimate for ¢
is taken from Shugart, et al. 1991), and CL and DL in ppm,
k= (ln 1.0 - 1n 0.1)/.887 = 2.302/.887 = 2.60. Then from
standard statistical tables on the proportion of the normal
curve (one-tailed) that lies beyond a given normal deviate,
we can say with 95% confidence that this proportion is
0.0004. Thus, no more than 0.04% of the 430 deer exceed the
CL limit, or less than 1 deer.

12.




4. DISCUSSION AND CONCLUSIONS

The main objective of the work detailed in this report was
to determine whether deer on the Badger Army Ammunition Plant
site, Badger, Wisconsin, contained the two isomers of DNT in
various tissues (liver, muscle, and heart) at concentrations that
would be unsuitable for human consumption.

On January 10, 1991, samples of liver, muscle, and heart
from twelve deer taken at the BAAP site were received at ORNL.
Over a period of several months, these samples were analyzed for
DNT content.

The extraction procedure used for the isolation of the two
isomers of DNT from the deer samples was a modification of one
developed previously for other munition-like compounds (Shugart
et al. 1991). It provided the following advantages:

1. Enrichment of the compounds of interest with a minimum of
coextraction of extraneous matter that might interfere with
the HPLC analysis.

2. Acceptable and reproducible recoveries of spiked authentic
compounds.

The HPLC procedure was demonstrated to be satisfactory for
the detection of the DNT compounds at the level of sensitivity

required for this work (0.1 ppm in the tissue sanple).

No DNT compounds were found at or above the detection limit
in all of the tissues of the twelve deer taken from the BAAP site

13.




or in deer from the control site. The statistical analysis of
the data suggest that, with 95% confidence, no more than 93
animals from a total population estimated to be about 430 at the
BAAP site have levels of have these compounds in excess of 0.1
ppm in their tissues and, further, that no more than 0.04% of
the 430 animals would have these compounds at a concentration
that exceeds 1.0 ppm. In essence, the significance of the
statistical analysis is that less than one deer from the total
population at the BAAP site would be contaminated with DNT at the
1.0 ppm level.

Regarding the statistical analysis of the data generated in
this work it should be noted that

1. A CL (a toxicologically significant level that would
preclude human consumption) has not been determined for DNT
in deer tissue. However, based on previous studies with
munitions-like compounds (trinitrotoluene and its
metabolites) conducted for the U.S. Army (Shugart et al.
1991), a CL of about 1 ppm (1.0 mg/kg) of DNT in animal
flesh appears reasonable.

2. In the absence of DNT compounds in sampled animals at the
DL, the statistics were designed to quantify the confidence
concerning absence of excessive contamination at the CL in
the remaining population. 1In this regard, supplementary
data analysis was used (Shugart et al. 1991) to support the
assumption that the magnitude of ¢ (standard deviation of
the distribution of a chemical in a population of exposed
animals) can be described by a lognormal distribution.

14.
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count was mada, the harvest end the count of deer found dzad on plant when

available.

DEER HERD INFCRMATION

Yezar

1990
1989

1988
1987

1986

Pleasz conract me at (608)356-5325 if tazre are any

Herd Count

Post Hunt

250 (estimatad)
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helicoptzr)
322 (ground &
helicopter)
1353 (ground &
helicopter)
243 (ground &
helicoptar)

Hunting

Harvest

181
205

124

117

124

Sincearely,

N

N

Pavid C.
Commandar's Representative

ol

Fordham

Dzad of
Othzr Causzs

10
2

N/A
N/A

N/A
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ABSTRACT

A strategy for sampling of animal tissues and a statistical approach for analyzing
data on body burdens of a parent chemical and its metabolites is presented such
that the data may be evaluated in relation to the detection limit(s) of the analytical
techniques used and the criterion levels established for acceptable tissue

concentrations.

Key Words:

Body Burdens; Analysis Decision; Nondetectable Values
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1. INTRODUCTION

Often it is desirable to analyze the tissue of animals, either wild or domesticated, living in
an area polluted with known chemicals to establish whether or not they are free of excessive toxic

contamination, especially if a potential exists for ingestion of meat containing these chemicals.

A statistical design is presented with the objective of deciding whether a chemical and its
metabolites are likely to be present in the tissues of an animal population at or above a
designated criterion level when only a portion of the population has been sampled. In the

absence of such compounds in sampled animals at the detection level, the statistics are designed

to quantify the confidence concemning absence of excessive contamination at the criterion level in

the remaining population. A Sampling and Analysis Decision Tree is presented that takes these

constraints into account.

Although animal tissue is highlighted as the chemically contaminated matrix for study in
this paper, it should be emphasized that other environmental samples may be appropriate
candidates for analysis by the statistical design introduced.

2 STRATEGY FOR SAMPLING AND ANALYSIS

2.1 Definitions

N population size

n number of animals analyzed (sample)




CL

DL

pand o

yand v

k’

(€]

2.2

number of animals in population with levels of a chemical ;nd/or its metabolites
exceeding CL

number of animals in sample with levels of a chemical and/or its

metabolites exceeding CL

number of animals in sample with levels of a chemical and/or its metabolites
exceeding DL

proportion of population exceeding CL of chemical (= A/N)

critical level of chemical and/or its metabolites in animals

detection limit for quantifving chemical and/or its metabolites

proportion of distribution covered by tolerance interval

confidence level

pertain to the unknown mean and standard deviation, respectively, for the
metabolite distribution

pertain to sample estimates of x and ¢, respectively

random variable associated with the distribution of metabolites, usually a
lognormally distributed variable

constant multiplied times v, used in determining the upper limit of a §-content
tolerance interval, i.e., the number of standard deviations above the mean
difference between In CL and In DL expressed in ¢ units

concentration of compound(s)

Sampling scenarios and statistical considerations.



.

The objective of the sampling of animals is to estimate P°, the proporiion of the total
population of a species at a particular site that contains body burdens of a chemical and/or its
metabolites above a “critical level” (CL). A statement about P° derived from a statistical analysis
of the data collected should have a stated degree of confidence based in part on the detection
limit (DL) of the analytical techniques employed. Therefore, two sampling scenarios are

described that allow for statistical analyses to be performed on the data in relation to the DL

2.2.1. Scenario #1.

If the tissue levels of the chemical and metabolites are sufficiently high relative to the
detection limit (DL) of the analytical technique employed, then the distribution of the metabolite
concentrations can frequently be characterized by a normal or lognormal distribution. P° can be
estimated from the observed sample proportion >CL, i.., by a/n. Using the sample estimates y
and v, a tolerance interval can then be constructed for the proportion of the population >CL
(ie.. P), and a statement can be made that we are 100y% coniideat that the proportion of the
population >CL is no more than 1-8 (Guttman 1970). In this scenario, it is assumed that the
population size (N) is large relative to the sample size (n). If the normality assumption is
appropriate for the observed or transformed (e.g., log) metabolite concentrations, then ¥ and v
are the sample mean and standard deviation, respectively, calculated from the observed or
transformed observations. The one-sided 3-content tolerance interval is of the form (- y+k'v)
and. for the appropriate value of k', a statement of the following form can be made:

We are 100y% confident that at least 1008% of the distribution of y is less than ¥ + k'v.



Tables giving the values of k’ -for different combinations of y and 3 are given in Guttman (1970,
Table 4.6) or Odeh and Owen (1980. Table 1.4).

When some of the observations in the sample are censored (i.e., the observed value is
known only to be less than a known detection limit, but its actual value is unknown), it is
necessary to use alternatives to the usual sample mean and variance to obtain estimates of the
population parameters needed in the previously-described tolerance interval. Many alternative
methods are available to estimate the parameters—ranging from graphical methods (Travis and
Land 1990) and ad hoc computational methods (Haas and Scheff 1990, Helsel and Cohn 1988,
Gilliom and Helsel 1986. Newman et al. 1989, Helsel 1990, Newman and Dixon 1990) all the way
to computationally-intensive maximum likelihood methods developed by Cohen (1963, 1976) for
progressively censored samples. Although the graphical and ad hoc procedures are easy to
implement, they do not make the most efficient use of the data when it is reasonable to assume a
particular form for the underlying distribution of the data, e.g.. normal or lognormal. Computer
programs (e.g., the LIFEREG procedure in SAS [1989]) are readily available to obtain the
maximum likelihood estimates. Therefore, the maximum likelihood method or some modification
of it is recommended for obtaining estimates of the mean and variance when censored data are
available. Once these estimates are obtained, they can be substituted in the place of y and v in
the above tolerance limit construction and in the subsequent calculations.

Before determining the sample size required to estimate P* with a specified confidence, it
is necessary to determine the relation between ¥, v, k’, and CL. If CL is a critical or action level

for y, then once we have a random sample, we may solve

v+k'v=CL



for

CL-y
k'

From this value of k'. for a fixed value of y we can determine the proportion of the population
that is greater than CL. For example, if CL = 4, ¥ = 2, and v = 0.75 from a sample of size

n = 10, then

4-2
k' =— =267
0.75
If y = 0.95 and n = 10, then from Guttman (1970, Table 4.6) or Odeh and Owen (1980, Table
1.4) we have
(1) for 8 = 0.90, k' = 2.355
(2) for 8 = 0.95, k' = 2911
Since the observed value of k’(=2.67) falls between these two values, a lower bound on B is given
by 0.90, i.e.. § >0.90 or 1 - 8 <0.10. In a similar manner, if v = 0.90, then a lower bound on 3 is
0.95, i.e., 8 >0950r 1 - 8 <0.05. Therefore. in the first case, we would say we are 95%
confident that no more than 10% [= 100(1 - §)} of the distribution is greater than CL, i.e.. 95%
confident that 100 P* <10%. In the second case, we are 90% confident that no more than 5%
[=100 (1 - §)] of the distribution is greater than CL. i.e.. 90% confident that 100 P* <5%.
In order to estimate the sample size required to draw conclusions about P°, using §, with
acceptable statistical confidence. it is necessary to determine a range on y and v from which a

range on k' can be obtained. From the minimum value of this range on k', we can find, for a



®

fixed value of v, the sample size needed to have 8 greater than a specified value. For example, if

we assume, Or have reason to believe, that the ranges of y and v will vield a minimum anticipated

value of k' to be 3.0, and if y= 0.95, then for

(i)

(i)

3 >0.95, from Guttman (1970, Table 4.6) or Odeh and Owen (1980, Table
1.4) we have forn < 9 that k’ >3.0, and for n = 10 that k' <3.0.

Therefore, a sample size of n = 10 would be needed for this combination
of k'.y, and 3.

3 >0.99, similar steps result inn = 35.

Similar calculations are repeated for other combinations of k’,y, and 8 to produce the results in

Table 1. The following example shows how Table 1 may be used to estimate the sample size

needed to estimate P°.

Example: Assume that we anticipated the CL to be not more than 3 (= k’) standard

deviation units above y, i.e.. CL -y is < k'v. From Table 1, a minimal sample of

6-7 animals would be required if we want to be 90% confident (y = 0.90) that no

more than 5% (1-8 = 0.05) of the distribution of metabolite concentrations (in

log-units) would be above y + 3 v, i.e., if we want to be 90% confident that

P° <0.05.

When a = 0, it is possible that the upper tolerance limit (7 + k’v) would be >CL. When a >0, it

is unlikely that ¥ + k'v would be <CL.




2.2.2. Scenario #2.

When the concentrations of chemical and/or metabolites of concern in the tissues of the
animals are below the DL of the analytical technique employed in more than 50% of the sample
observations, it is difficult to obtain precise estimates of ;4 and ¢. In that case, the objective of
the sampling is to demonstrate that, with some statistical certainty, no more than x% of the
population exceeds CL (e.g., P* should probably be no more than 5%). Wright (1991) presents
the development of a method, along with the necessary tables, to obtain confidence limits on P*
when we assume we are sampling from a hypergeometric distribution. Therefore, we can
approach this problem based on the tables of Wright'(1991) for sampling from finite populations,
Furthermore, we will assume that the body burdens within the population are distributed

lognormally.

For example, let us assume a population size of N = 400 and a random sample of size
n = 10; then if the observed number of animals with metabolite concentrations greater than the
DL is zero, we may use Wright's tables (with a’=0) to find the upper 95% confidence limit on
the number in the population that exceeds DL to be 102, which translates into a corresponding
limit on the proportion of the population that exceeds the DL to be 0.26 (102/400) (i.e., we are
95% confident that no more than 26% of the population exceeds DL). Furthermore. by assuming
knowledge about the difference between DL and CL we can convert the confidence statements

about the proportion greater than DL to statements about the proportion of the population

~greater than CL. For a lognormal distribution. Y = In X is assumed to have a normal distribution

with mean x and variance o and the point that cuts off 0.26 (the above upper confidence limit)




of the upper portion of this distribution may be obtained from any table of area for the normal
distribution and is given by (u+ 0.64¢). If the additional assumption is made that In CL is k'g
units above In DL. then the upper limit on the proportion > DL may be converted to an upper
limit on the proportion >CL. by finding the proportion of the distribution > p+(0.64+k"o. The
value of k' is defined as ((In CL - In DL)/s). For example, if k* = 1, the proportion of the normal
distribution >p + (0.64 + 1)o is equal to 0.05. Other combinations of n, a’, and k" are used to
repeat the above procedure and produce the values in Table 2. Other values of N could also be
considered by using a different entry in the tables by Wright (1991).

This formulation demonstrates that the statistical certainty of any statements about

estimates of P° will depend on the following variables (Table 2):

L The number of animals sampled (n) and the number exceeding the DL or CL;

2 The magnitude of the difference between CL z2nd DL; and

3. Assumptions about the magnitude of c.

Example: As an illustration of the use of Table 2, assume that the variance is one log unit
(¢ = 1) and the CL is one log unit greater than DL, then k” = 1. If the DL is
lowered an additional log unit. then k™ = 2. Assume that we sample 10 (= n)
animals from a population of 400 (= N) animals and find none (a'= 0) with
chemical levels above the DL. If k" = 1 (i.e., CL is one log unit >DL), then.
using the results in Table 2, we can state with 95% certainty that P* is not more

than 5%. If we decrease the DL by one log unit, k* becomes 2.0, and there still

10




" were no (a’= 0) animals above the DL. we are assured that no more than 0.4% of
the population is above CL. If, however, the lower DL enables us to detect
measurable levels of metabolites in one animal (Table 2. n=10, a'=1, k"=2.0),
then we are 95% confident that P° is no more than 1% of the population. In this
formulation, the ability to make statements about P° depends on the number of

animals sampled and the difference between CL and DL

This analysis is also sensitive to assumptions about the magnitude of g, which cannot be
experimentally determined if only a small proportion of the population exceeds DL. Therefore,
prior knowledge about the magnitude is required. This information may be obtained from data of

animals or chemicals anticipated to respond in a similar manner.

In the design of this sampling strategy for either scenario. two key variables can be

controlled:

L. Number of animals collected. For large animals such as deer, there is, realistically, an
upper limit on the "reasonable” number of animals that can be sampled. The oumber of
animals that need to be sampled to provide acceptable tolerance limits on P° cannot be
determined a priori, but preliminary estimates suggest that approxdmately 10-20 animals
may be sufficient (Table 2), and this is a number that seems reasonable from a logistical

perspective. However, much larger numbers of small animals can be sarnpled.

(&4

The DL of the analysis for the chemical can be improved by increasing the volume of

tissue extracted. This approach is applicable to animals of large size. However. the extent

11
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\ to which the DL could be improved for small species is questionable. and depends mainly

upon the arhount of tissue required for the analytical techniques used.
30 SAMPLING AND ANALYSIS DECISION TREE

Based on the considerations discussed above, we propose the following strategy, which is

summarized as a "Decision Tree" in Figure I:

Collect appropriate samples from designated animals. Extract and analyze chemical and/or its
metabolites using appropriate methodologies. Evaluate the results:
L If more than 50% of the samples >DL (sampling scenario #1), then estimate p and ¢ for

’ cach population and tissue. Estimate proportion of the population greater than CL and

estimate tolerance limit on population:

If the portion of the population >CL is acceptable (e.g., P° <5%
of the population), and the tolerance limits are acceptable, then

conclude that no health danger exists and end the study.

If the portion of the population >CL is unacceptable and the tolerance
limit are acceptable (e.g high confidence that P* >5% of the population)
accept that the animals present a potential health danger and end the

study.

12




If the confidence in an estimate of the P is low (e.g., y <0.9), then the
statistical confidence of the estimate can be improved only by increasing
the sample size. If additional animal samples are available, these can be
analyzed to increase the confidence of the estimate of P°. It must be
recognized that a cost/benefit decision must be made prior to sampling: a
balance must be achieved berween the effort involved in collecting (and
potentially not needing) additional animals, compared to the benefits of
being assured that the final analyses will permit statistically acceptable

statements about P,

If more than 50% of the samples <DL (sampling scenario #2), but the upper limit on P°
is acceptable (i.e., there is greater than 95% confidence that P* <5% of the population,
given a scientifically defensible assumption on the value of ¢ and based on an analysis as

illustrated in Table 2), then conclude that no health danger exists and end the study.

If more than 50% of the samples <DL (sampling scenario #2), but the upper limit on P°
is unacceptable (i.e., it cannot be stated with 95% confidence that P° <5% of the
population), then two choices exist: accept that the animals may present a potential health
danger and end the study, or improve confidence in the conclusion by gathering more data

to improve statistical power.

If more data need to be analyzed, different strategies are employed

for different species (Table 2):

13




For small animals. the mass of tissue available for analysis is limited. but more
animals are available for analysis. Therefore, the statistical power will be increased

by analyzing some or all of the animals held in reserve.

For large animals, sample volume is not limited, so we will decrease
DL by extracting the larger volume tissue samples held in reserve.
Animals held in reserve can also be analyzed to increase sample
number, but inspection of Table 2 suggests that a decrease in DL
(which increases k*) will have a greater effect in improving

statistical confidence.
40 SUMMARY

Pollutants in the environment may pose risks to human health via contaminated food
sources. Since many pollutants may be presented in biota at concentrations below the detection
limits of existing methods, analytical analyses could provide nondetectable values. A strategy for
sampling and statistical analysis is present that accommodates the detection limits of the analytical

technique used and the criterion levels established for tissue concentrations.
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Table 1. Sampie Sizes for Combinstonsofy, 3, ang -

(@) y=0.90

' “ 3=20.90 B =0.9S B=099
1=3=010 :-8=005 :-8=g01

s | g7 >1000 >1000

R 11-12 22 >1000

s .6 1-12 230-240

I <-5 6-7 22-23

38 | 4 3=5 10-11

4 | 14 34 67

®) vy=0.95

k| B=090 B=09s B=0.59
1-3=0.10 :-8 =008 1-8=00]

15 120-130 > 1000 >1000

2 i7-18 66-67 >1000

2.8 8-9 16-17 378

3 8 9-10 34-38

s 15 6.7 15-16

4 3 5-6 9-10

(©) y=0.99

£ | B=090 8 =098 B=0.99
1-83=0.10 1 =-3=0.08 | -8=001

15 240.250 >1000 >1000

2 31.32 120-130 >1000

28 15-16 30-31 700-800

3 10-11 16-17 65-66

s 7-8 11.12 28.29

4 5-7 8-9 17-18
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Table 2. Upper 95% Confidence Limit On P°

for a Population at Size N = 400!

n a’
0.5 1.0 2.0
10 0 0.13 0.05 0.004
1 0.22 0.10 0.01
5 0.61 0.41 0.11
20 0 0.06 0.02 0.001
2 0.14 0.06 0.005
10 0.50 0.31 0.07
30 0 0.03 0.01 0.0004
3 0.11 0.04 0.003
15 0.46 0.28 0.06

! Derived from information in Wright (1991).
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Figure 1. Graphic representation of a sampling and analysis decision tree.
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