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1.0

INTRODUCTION

Two estimates of exposure are used in the risk assessment process: (i) the mean, or
central tendency (CT), exposure, and (ii) the reasonable maximum exposure (RME). The
CT exposure scenario uses the mean value to represent probable exposure conditions.
The RME scenario generally uses a conservative 95 percent upper confidence limit of the
mean to estimate a reasonable maximum exposure. The determinations of the CT and
RME estimates are statistically based and driven by characteristics of the data. Key
factors determining the statistical methodologies employed include: (i) the probability
distribution of the observed data (e.g., normal vs. lognormal, etc.), and (ii) the degree of
censored data (non-detected results) present.

The following sections present the procedures used to determine the CT and RME
values of the chemicals of potential concern (COPCs) in this risk assessment. A number
of guidance documents will be consulted in developing the statistical methodologies
including MOE (1997), USEPA (1989), USEPA (1992) updated by USEPA (2002), USEPA
(1997), USEPA (2000), and USEPA (2003).
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2.0

STATISTICAL PROCEDURES

The development of COPC exposure estimates for each parameter and area of concern is
a three-step process consisting of (i) determining the percentage of non-detects present,
(ii) data distribution testing, and (iii) selecting the appropriate statistical method for
exposure estimate calculations.

The first step of the statistical evaluation is to determine the percentage of the
non-detects present in each data set. Suggested approaches to account for the presence
of non-detect analytical results are outlined in USEPA (2000), and USEPA (2002), and

these guidelines are summarized in Table A.1.

The second step of the statistical analysis to establish COPC exposure estimates is to
determine the data distribution. Each data set is tested for normality and lognormality
using either the Shapiro-Wilk W-test (1965) (for sample sizes up to 50) or the
Shapiro-Francia W'-test (1972) (for sample sizes of 50 to 100). Additional tests of
normality for larger data sets, if needed, are presented in USEPA (2000).

Methods for determining the CT and RME values are discussed in USEPA 2002 (which
updates USEPA 1992), USEPA 1997 and USEPA 2003. The alternative procedures
suggested are listed in Table A.2. A summary of the selected statistical methods used to
determine the CT and RME values, based on the observed distribution of the data and
the proportion of non-detect values is given in Tables A.3 and A.4.

The following sections discuss the calculation procedures used to develop the CT and
RME estimates. Section 2.1 deals with the statistical methods used for normally
distributed data sets, Section?2.2 discusses the statistical methods used for the
lognormally distributed data sets, and Section 2.3 discusses statistical methods used for
non-normal data sets. Each section is organized into separate divisions to deal with the
cases of a low degree of censored (non-detect) data (0 to 15 percent), moderately
censored (16 to 50 percent), highly censored (51 to 75 percent), very highly censored (76
to 99 percent), and 100 percent non-detected data.

21 NORMAL DISTRIBUTION

211 UP TO 15 PERCENT NON-DETECTS

In order to calculate the CT and RME values, the non-detect values will be replaced with
one-half the reported detection limit. The arithmetic mean and standard deviation of
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this substituted data set will be then calculated. The calculated mean is taken as the CT
value. The RME value is established by calculating the 95 percent upper confidence
limit (UCL) of the arithmetic mean for the normal distribution using the following

equation.
95%UCL =X + t (g5 n_11)*S/ V11

Where:
x = mean of the substituted data set;
toos,n1,1 = student t-statistic for a one-tailed 95 percent confidence (a=0.05) and n-1

degrees of freedom;

= standard deviation of the substituted data set; and

n = number of samples.
2.1.2 NON-DETECTS GREATER THAN 15 PERCENT

UP TO 50 PERCENT

In this case, the mean and standard deviation of the censored data set are adjusted using
Cohen's method, as recommended in USEPA 2002. This method is presented in McBean
& Rovers (1998) and USEPA (2000). Cohen's method adjusts the sample mean and
sample standard deviation to account for the censored data below the detection limit as

follows.
Step1)  Compute the sample mean X, using detected data only.

Step2)  Compute the sample variance s> using detected data only.

Step3)  Compute the two parameters / (proportion of non-detects) and y as:

2
n-m S
n (x-DL)

Where m is the number of detected data points,  is the total number of samples and DL
is the detection limit.

Step4)  Determine the value of the parameter A from the Table A.5 based on h and v.

Step5)  Estimate the corrected sample mean (* ) and standard deviation (s) as:

X=%,-A(X,-DL) and s=ys+A(%,~DL).
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The Cohen-adjusted mean is taken as the CT value. The RME value is established using
the Cohen-adjusted mean and standard deviation to calculate the 95 percent UCL of the
arithmetic mean using the equation presented in Section 2.1.1.

2.13 NON-DETECTS GREATER THAN 50 PERCENT
UP TO 74 PERCENT

When more than half of a data set consists of non-detect results, estimates of the mean
value and standard deviation become uncertain. If the data set contains greater than
50 percent non-detects (up to 75 percent), the CT and RME values will be calculated
using a bounding method estimating maximum values for the mean and 95 percent
UCL, as described in Section 3.2 and Appendix A of USEPA (2002).

The CT value is calculated as the mean of the data set, substituting non-detect values
with the full reported detection limit. This provides a conservative maximum value for
the CT estimate.

For the RME value, an optimization process [USEPA's (2002) bounding method] is
applied to find a conservative maximum bound for the 95 percent UCL of the arithmetic
mean. This involved re-calculating the normal UCL (see Section2.1.1) iteratively,
allowing the non-detect values to vary between zero and the reported detection limit
until a maximum value for the 95 percent UCL is obtained.

214 NON-DETECTS GREATER THAN 75 PERCENT
UP TO 99 PERCENT

According to USEPA (2002), for highly censored data sets (greater than 75 percent
non-detects), the recommended approach to calculate exposure estimates is to substitute
non-detect results with their full detection limits and report the resulting exposure terms
as values likely to be overestimated.

2.1.5 100 PERCENT NON-DETECTS

In any cases where all analytical data for a COPC are non-detect results, then the
maximum detection limit is taken for both CT and RME scenarios.
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2.2 LOGNORMAL DISTRIBUTION

USEPA (2003) presents three recommended methods for establishing CT and RME
estimate from lognormally distributed data depending on the standard deviation of the
log-transformed data. These methods are (i) the Student's t method, (ii) the Land
(H-statistic) method, and (iii) the Chebyshev Inequality method.

The Student's t method is presented in Section 2.1.1. If the standard deviation of the
lognormal data is small (less than 0.5), then USEPA recommends using the Student's
t method.

The Land method is appropriate for calculating UCLs of lognormally distributed data.
However, as USEPA (2002) notes, the method is very sensitive to deviations from
lognormality, large variance or skewness of the dataset, and small datasets (fewer than
thirty data points). The Land method can be used in conjunction with a modified
Cohen's procedure (USEPA, 2002; Gilbert, 1987) to account for non-detect data.

The Chebyshev Inequality method may provide a more useful estimate (i.e., lower) of
the UCL than obtained using the Land Method (USEPA, 2002). Itis a distribution-free
method that is applicable to a wide variety of data sets (not only lognormal data), as
long as the skewness of the dataset is not large. The Chebyshev Inequality method
using minimum variance unbiased estimators (MVUEs) of the mean and standard
deviation of lognormal data sets is recommended for use by USEPA (2002). For small,
moderately skewed datasets, a 99 percent UCL calculation using the Chebyshev
Inequality is recommended (as opposed to the 95 percent value typically used).

A list of specific methods recommended for calculating RME estimates for lognormally
distributed data sets are given in Table A.4 (USEPA, 2002).

221 UP TO 15 PERCENT NON-DETECTS

In order to calculate the CT and RME values, the non-detect values will be replaced with
one-half the reported detection limit.

For the CT exposure estimate, the arithmetic mean of lognormally-distributed data (Xx)
is calculated as follows:

2

s
4L
(67 2)
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Where:

mean of the natural log-transformed, substituted data set; and

<
1l

A N}

standard deviation of the natural log-transformed substituted data set.

[
1]

If a calculated CT exposure estimate exceeded the corresponding RME estimate (see
following), the CT exposure will be set equal to the RME estimate.

For the RME exposure estimate, the standard deviation of the log-transformed data will
be calculated, and Table A.4 used to select the UCL method to use. The selected method
will be either (i) the Student's + UCL (see Section2.1.1 above), (ii) Land's H-UCL, or
(iii) Chebyshev Inequality UCL.

Land's H-UCL is calculated as follows:

Step1)  Compute the arithmetic mean X,,, of the log-transformed data.
Step2)  Compute the standard deviation s, of the log-transformed data.

Step3)  Lookup the H,_, statistic from Table A.6.

Step4)  Compute the one-sided (1 —a) upper confidence limit on the mean as:

—_— If)g H\_a510g
iog +T+T
UCL,, =e

Where 7 is the number of samples.
The Chebyshev Inequality UCL is calculated as follows:

Step1)  Compute the arithmetic mean X,,, of the log-transformed data.

Step2)  Compute the variance slzog of the log-transformed data.
Step3)  Lookup the g, statistic from Table A.7.

Step 4) Compute the minimum-variance unbiased estimator (MVUE) of the
population mean for a lognormal distribution as:

2
. Si
A _ xloggn '2)8
;ulog =e

Where 7 is the number of samples.

19867 (2) ‘ A-6 CONESTOGA-ROVERS & ASSOCIATES



Step5)  Calculate the MVUE of the variance of this mean as:

2 2
- S )
2 _ 2%, log n 2
Tu=e [gn 2 J ‘3"(,1—_1%8) |
Step6)  Compute the one-sided (1 —a) upper confidence limit on the mean as:

UCL,_, = fl,z+ (l - 1)0'/3 :
\a

222 NON-DETECTS GREATER THAN 15 PERCENT
UP TO 50 PERCENT

When a moderate proportion of non-detect results is present in a data set, in order to
calculate the CT estimate, a correction for non-detects will be made using Gilbert's
modified Cohen's method (USEPA, 2002). Gilbert (1987, page 182) suggests extending
Cohen's method to account for non-detect values in lognormally distributed
concentrations. Cohen's method (USEPA, 2000, page 4-43) assumes the data are
normally distributed, so it must be applied to the log-transformed concentration values.
If ,&y and &y are the Cohen-corrected (see Section 2.1.2) sample mean and standard
deviation, respectively, of the log-transformed concentrations, then the corrected
estimates of the mean and standard deviation of the underlying lognormal distribution
can be obtained from the following expressions:

This method assumes a single detection level for all the data values. During CT
calculations, if the detection limit varied, then the highest detection limit will be used for
the calculations to provide a conservative estimate.

If a calculated CT exposure estimate exceeded the corresponding RME estimate (see
following), the CT exposure will be set equal to the RME estimate.
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For the RME value, USEPA's bounding methodology (2002) is applied to untransformed
data to find a maximum value for the mean, standard deviation, and skewness. The
95 percent UCL is then calculated using Hall's Bootstrap.

The use of Gilbert's modified Cohen's method for lognormal data is evaluated for use in
calculating RME estimates for moderately censored data sets. However, attempts to use
the procedure in conjunction with the lognormal UCL methods (e.g., Land's method,
Chebyshev Inequality) most often resulted with unusable values. This resulted from
either calculating UCLs much higher than the maximum data point observed, or by data
characteristics being unsuitable for the required calculation (e.g. needing to use a
Cohen's parameter A that is far outside existing tabulated values for this method). As a
result of persistent issues with these methods, RME estimates for lognormal, moderately
censored data will be calculated using Hall's Bootstrap procedure. This procedure takes
into account sample bias and skewness (such as present in lognormal distributions), and
may be used with a bounding methodology to provide upper bonds on the UCL
(USEPA, 2002). Hall's Bootstrap is calculated as follows.

Step1)  Compute the arithmetic mean X .
Step2)  Compute the standard deviation s.
Step 3) Compute the skewness k.

Step4)  Re-sample the data a very large number of times, and calculate the each
bootstrap set's mean X,, standard deviation sy and skewness k.

Step5)  For each bootstrap set, calculate the studentized mean:

(X, —%)
Sp

W=

Step6)  For each bootstrap set, calculate Hall's statistic:

2 2 3
Q=W+M_+M_+k_b
3 27 6n

Step7)  Sortall the Q values (lowest to highest) and select the lower a™ quantile of
the B re-sample sets. This is the (aB)" lowest value (e.g., for 10,000 resample

sets, and an a=0.05, select the 500th lowest value).
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Step8)  Compute the one-sided (1-a) upper confidence limit on the mean as:

W(Q)=%[3 1+(e, -x) —1]

Where 7 is the number of samples.

Step9)  Compute the one-sided (1 —a) upper confidence limit on the mean as:
UCL,_,=x-W(Q,)s.

In calculating Hall's bootstrap, five replicate calculations of the ten-thousand resample
sets each will be generated, and the median UCL value used. These replicates will be
used to determine whether or not each given data set is sensitive to small differences
with the random re-sampling algorithm used by the procedure.

2.2.3 NON-DETECTS GREATER THAN 50 PERCENT
UP TO 74 PERCENT

In order to calculate exposure estimates for highly-censored data sets (i.e., greater than
50 percent non-detect up to 75 percent), conservative bounding assumptions will be
made, as described below.

The CT value is determined by substituting the full detection limit for non-detect values
and applying a bootstrap re-sampling procedure. The bootstrap is carried out using
2,000 re-sampled data sets of the same sample size as the original data set, and the CT
estimate is then taken as the average of the bootstrap means.

In this case of a highly censored data set, Hall's Bootstrap procedure fails with
increasing degrees of non-detect data due to undefined skewness values if a re-sampled
data set by random chance contains only non-detects. For the RME value, USEPA's
Bootstrap + methodology (2003) will therefore be applied to calculate the 95 percent
UCL. A modified bounding methodology is applied by considering four non-detect
substitution scenarios: i) zero, ii) one-half detection limit, iii) full detection limit, and
iv) alternating zero and full detection limit. These scenarios will be considered because
attempting bounding procedures on each individual re-sample set in computationally
impractical. The bootstrap ¢ calculation is applied under each of the four scenarios and
the largest resulting UCL will be selected as the RME estimate.
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The bootstrap t is calculated as follows (USEPA, 2003):

Step1)  Calculate the arithmetic mean X of the original data.

Step2)  Re-sample the original data a very large number of times (in this case
thousands of times) and calculate each resample set's mean (X,) and

standard deviation (sv).
Step3)  For each re-sample set calculate the value.

P C7A )

Sy

Where 7 is the number of samples.

Step4)  Sort the #, values from the lowest to the highest, and select the pivotal
quantity tew), where N is the number of bootstrap sets (e.g., if 10,000
bootstrap sets are generated and a=0.05, select the 500th lowest t;, value)

Step5)  Calculate the UCL of the population mean as:

LS
UCL = x — e
Jn
2.2.4 NON-DETECTS GREATER THAN 75 PERCENT
UP TO 99 PERCENT

For very highly censored data sets (greater than 75 percent non-detects), USEPA (2002)
recommends calculating exposure estimates substituting non-detects with their full
detection limits, and reporting the resulting values as likely to be overestimated. The CT
value is calculated as the arithmetic mean of a lognormal distribution (introduced in
Section 2.2.1), setting non-detects as their detection limits. If a calculated CT exposure
estimate exceeded the corresponding RME estimate (see following), the CT exposure is
set equal to the RME estimate. For the RME calculation, the non-detects will be
substituted with the full detection limit, the standard deviation of the log-transformed
data calculated, and Table A.4 will be consulted to select an appropriate UCL method.
The selected methods are presented in Section2.1.1 (Student's ¢t method) and
Section 2.2.1 (Land's Method and Chebyshev Inequality Procedure).
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2.2.5 100 PERCENT NON-DETECTS

As for the normal case, in any situations where all analytical data for a COPC with a
lognormal distribution will be non-detect results, then the maximum detection limit will
be taken for both CT and RME scenarios.

2.3 NON-NORMAL DATASETS

For any data sets that will be neither normally, nor lognormally distributed, the
non-parametric/distribution-free methods presented in USEPA (2002) will be used to
calculate CT and RME exposures. The specific methods applied are presented below.

2.3.1 UP TO 15 PERCENT NON-DETECTS

For the CT exposure estimate, the arithmetic mean is calculated substituting non-detects
with one-half the detection limit and using a bootstrap method to estimate the arithmetic
mean. The bootstrap is carried out using 2,000 re-sampled data sets of the same sample
size as the original data set. The CT value is then taken as the average of the bootstrap

means.

For the RME exposure estimate, non-detects will be substituted with one-half the
detection limit, and the standard deviation calculated. If the standard deviation is below
0.75 and the number of samples is 30 or greater, then the adjusted central limit theorem
(CLT) UCL is calculated. Otherwise, Hall's bootstrap 95-UCL is used.

If sample size is sufficiently large, the Central Limit Theorem (CLT) states that the mean
will be normally distributed, no matter how complex the underlying distribution of
concentrations might be (USEPA, 2002). An adjusted CLT UCL method is presented in
USEPA (2002) and is calculated as follows.

Step1)  Compute the arithmetic mean X .
Step2)  Compute the standard deviation s.
Step3)  Compute the skewness 3.

Step4) Let z, be the (1-a)" quantile of the standard normal distribution (for
95 percent confidence, z, =1.645).
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Step5)  Compute the one-sided (1 —a) upper confidence limit on the mean as:
_ p 2w S
UCL,_, =%+ (z, +—=(1+2z,))—F
‘ Catodn T2

Where 7 is the number of samples.

The Hall's Bootstrap procedure is calculated as described in Section 2.2.2.

2.3.2 NON-DETECTS GREATER THAN 15 PERCENT
AND LESS THAN 50 PERCENT

For CT exposure estimates, a conservative approach is taken substituting non-detects
with the full detection limit and calculating the bootstrap arithmetic mean (see

Section 2.3.1).

For RME exposure estimates, Hall's bootstrap procedure (see Section 2.2.2) is used,
applying bounding methodology to find maximum mean, standard deviation and
skewness values for the original data set prior to re-sampling. These bounded estimates
will be used to calculate the Hall's Bootstrap UCL for the data using 5sets of
10,000 resamples each (as in Section 2.3.1), and the median of these five UCLs taken as
the RME estimate.

2.3.3 NON-DETECTS GREATER THAN 50 PERCENT
UP TO 75 PERCENT

For CT exposure estimates, the conservative method used for the moderately censored
case (described in Section 2.3.2) is used. For RME exposure estimates, the Bootstrap
t method with modified bounding procedure described in Section 2.2.3 is applied.

234 NON-DETECTS GREATER THAN 75 PERCENT
UP TO 99 PERCENT

As noted for the normal (Section2.1.4) and lognormal (Section 2.2.4) cases for very
highly censored data sets (greater than 75 percent non-detects), USEPA (2002)
recommends substituting non-detects with their full detection limits and reporting
exposure estimates as likely to be overestimated. Both CT and RME values will be
calculated accordingly, as follows.
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For CT exposure estimates, a conservative approach is taken substituting non-detects
with the full detection limit and calculating the bootstrap arithmetic mean (see
Section2.3.1). This is the same method used for the moderately censored
15 to 50 percent non-detect case (Section 2.3.2).

For RME estimates, the non-detects will be substituted with the full detection limit and
Bootstrap t is used to calculate the UCL (refer to Section 2.2.3).

23.5 100 PERCENT NON-DETECTS

In any cases where all analytical data for a COPC will be non-detect results, then the
maximum detection limit is taken for both CT and RME estimates.
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3.0

MAXIMUM DETECTED VALUE

USEPA (1992 and 2002) allow an optional use of the maximum observed concentrations
for the RME estimate in cases where the calculated UCL exceeds the maximum value.
However, USEPA (2002) warns that this may not be appropriate for data sets with very
small sample sizes, because the observed maximum may be below the population mean.

If the RME estimate calculated using any of the statistical methods presented in
Section 2.0 is larger than the maximum detected value, then the maximum detected
value is used for the RME.
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TABLE A.1

GUIDELINES FOR ANALYZING DATA WITH NON-DETECTS @

Percentage of Non-detects Statistical Analysis Method

<15% Replace non-detects with detection limit/2, detection
limit, or a very small number.

15% - 50% Trimmed mean, Cohen's adjustment, Winsorized mean
and standard deviation, bounding method®, probability
substitution based on specific distribution(.

>50% - 90% Use tests for proportions, bounding method®®.

Notes:

(1) adapted from USEPA, (2000), Guidance for Data Quality Assessment Practical Methods
for Data Analysis EPA QA/G-9, EPA/600/R-96/084, July 2000.

(2) USEPA, (2002), Calculating Upper Confidence Limits for Exposure Point Concentrations
at Hazardous Waste Sites, Office of Emergency and Remedial Response, OSWER
9285.6-10, December 2002.

(3) When greater than 75 percent non-detects present and the sample size is small (less
than five samples), the bounding method should be conservatively applied setting
non-detects at the detection limit (USEPA, 2002).
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TABLE A.2

RECOMMENDED METHODS FOR CALCULATING UPPER CONFIDENCE LIMITS (UCLs)

Method Applicability Advantages Disadvantages Reference
(i)  For Normal or Lognormal Distributions

means normally simple, robust if n is distribution of means Gilbert 1987; EPA

t'st istributed, 1
Student's distributed, samples large must be normal 1992
random
sensitive to deviations
1 1 data, f 1 ity, .
‘ ognorma. ata o rom ognormah.ty Gilbert 1987; EPA
Land's H small variance, large  good coverage produces very high 1992
n, samples random values for large
variance or small n
Chebyshev skeflvness and nTay need t? resort to
. variance small or often smaller than higher confidence .
Inequality Singh et al . 1997
moderate, samples Land levels for adequate
(MVUE)
random coverage
Won amma distribution second order :Z?::iro(i gll’l ::ncal Schulz and Griffin
& & accuracy® 1999; Wong 1993

improper integral

(ii) Nonparametric/Distribution-free Methods

Central Limit

Theorem - sample size may not Gilbert 1987; Singh

large n, samples simple, robust

Adjusted random be sufficient etal.1997
inadequate coverage
h
Bootstrap ¢ sampling is random ufc‘Eﬁ,ﬂ when for some distributions; Singh et al . 1997;
. ) distribution cannot be .
Resampling and representative . o computationally Efron 1982
identified . .
intensive
useful when .
distribution cannot be inadequate coverage Hall 1988; Hall
Hall’s Bootstrap ~ sampling is random . e . for some distributions; ~ 1992; Manly 1997;
. identified; takes bias . .
Procedure and representative . computationally Schultz and Griffin
and skewness into ) .
intensive 1999
account
kknif sampling is random useful when ;2:i§?rtlea:fisc;i‘;)e:?iii13'
Jackknife Ampng 19 rane distribution cannot be . ’ Singh et al . 1997
Procedure and representative . - computationally
identified . .
intensive

skewness and inappropriate for

useful when

Chebyshev variance small or o small sample sizes Singh et al . 1997;
. distribution cannot be
Inequality moderate, samples . . when skewness or EPA 2000c
identified ) .
random variance is large
Notes:

This Table was taken from USEPA, 2002.
M Coverage refers to whether a UCL method performs in accordance with its definition.
@ As opposed to maximum likelihood estimation, which offers first order accuracy.
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Page 1 of 1
TABLE A4

95 PERCENT UPPER CONFIDENCE LIMIT (UCL) CALCULATION METHODS

Standard deviation of
log-transformed data

(s)
0<s<0.5

05<s<1.0

1.0<s<15

1.5<5<2.0

20<s<25

25<5<3.0

Note:

FOR LOGNORMAL DATA
Number of
Samples Selected Upper Confidence Limit Method @
(n)
Foralln (25) Student's t UCL
For alln Land's H-UCL
n< 25 Chebyshev UCL (95% MVUE)
n=25 Land's H-UCL
n< 20 Chebyshev UCL (99% MVUE)
20<n<50 Chebyshev UCL (95% MVUE)
n =50 Land's H-UCL
n< 25 Chebyshev UCL (99% MVUE)
25<n<70 Chebyshev UCL (95% MVUE)
n=70 Land's H-UCL
n< 30 Chebyshev UCL (max of 99% MVUE or 99% mean)
30sn<70 Chebyshev UCL (max of 95% MVUE or 95% mean)
n=70 Land's H-UCL
Small n Further investigation required
n> 100 Land's H-UCL

@ Source: Table Al of USEPA (2003) -- ProUCL User's Guide Version 2.1, February, 2003.
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TABLE A.5

VALUES OF LAMBDA (1) FOR COHEN'S METHOD

Page 1 of 2

Percentage of Non-detects (h)

A 0.01 0.05 0.10 0.15 0.25 0.40 0.50
0.01 0.0102 0.0530 0.1111 0.1747 0.3205 0.5989 0.8403
0.05 0.0105 0.0547 0.1143 0.1793 0.3279 0.6101 0.8540
0.10 0.0110 0.0566 0.1180 0.1848 0.3366 0.6234 0.8703
0.15 0.0113 0.0584 0.1215 0.1898 0.3448 0.6361 0.8860
0.20 0.0116 0.0600 0.1247 0.1946 0.3525 0.6483 0.9012
0.30 0.0122 0.0630 0.1306 0.2034 0.3670 0.6713 0.9300
0.40 0.0128 0.0657 0.1360 0.2114 0.3803 0.6927 0.9570
0.50 0.0133 0.0681 0.1409 0.2188 0.3928 0.7129 0.9826
0.60 0.0137 0.0704 0.1455 0.2258 0.4045 0.7320 1.0070
0.70 0.0142 0.0726 0.1499 0.2323 0.4156 0.7502 1.0303
0.80 0.0146 0.0747 0.1540 0.2386 0.4261 0.7676 1.0527
0.90 0.0150 0.0766 0.1579 0.2445 0.4362 0.7844 1.0743
1.00 0.0153 0.0785 0.1617 0.2502 0.4459 0.8005 1.0951
1.10 0.0157 0.0803 0.1653 0.2557 0.4553 0.8161 1.1152
1.20 0.0160 0.0820 0.1688 0.2610 0.4643 0.8312 1.1347
1.30 0.0164 0.0836 0.1722 0.2661 0.4730 0.8458 1.1537
1.40 0.0167 0.0853 0.1754 0.2710 0.4815 0.8600 1.1721
1.50 0.0170 0.0868 0.1786 0.2758 0.4897 0.8738 1.1901
1.60 0.0173 0.0883 0.1817 0.2805 0.4977 0.8873 1.2076
1.70 0.0176 0.0898 0.1846 0.2851 0.5055 0.9005 1.2248
1.80 0.0179 0.0913 0.1876 0.2895 0.5132 0.9133 1.2415
1.90 0.0181 0.0927 0.1904 0.2938 0.5206 0.9259 1.2579
2.00 0.0184 0.0940 0.1932 0.2981 0.5279 0.9382 1.2739
2.10 0.0187 0.0954 0.1959 0.3022 0.5350 0.9502 1.2897
2.20 0.0189 0.0967 0.1986 0.3062 0.5420 0.9620 1.3051
2.30 0.0192 0.0980 0.2012 0.3102 0.5488 0.9736 1.3203
240 0.0194 0.0992 0.2037 0.3141 0.5555 0.9850 1.3352
2.50 0.0197 0.1005 0.2062 0.3179 0.5621 0.9962 1.3498
2.60 0.0199 0.1017 0.2087 0.3217 0.5686 1.0072 1.3642
2.70 0.0202 0.1029 0.2111 0.3254 0.5750 1.0180 1.3784
2.80 0.0204 0.1040 0.2135 0.3290 0.5812 1.0287 1.3924
2.90 0.0206 0.1052 0.2158 0.3326 0.5874 1.0392 1.4061
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TABLE A5

VALUES OF LAMBDA () FOR COHEN'S METHOD

Page 2 of 2

Percentage of Non-detects (h)

A 0.01 0.05 0.10 0.15 0.25 0.40 0.50
3.00 0.0209 0.1063 0.2182 0.3361 0.5935 1.0495 1.4197
3.10 0.0211 0.1074 0.2204 0.3396 0.5995 1.0597 1.4330
3.20 0.0213 0.1085 0.2227 0.3430 0.6054 1.0697 1.4462
3.30 0.0215 0.1096 0.2249 0.3464 0.6112 1.0796 1.4592
3.40 0.0217 0.1107 0.2270 0.3497 0.6169 1.0894 1.4720
3.50 0.0219 0.1118 0.2292 0.3529 0.6226 1.0990 1.4847
3.60 0.0221 0.1128 0.2313 0.3562 0.6282 1.1086 1.4972
3.70 0.0223 0.1138 0.2334 0.3594 0.6337 1.1180 1.5096
3.80 0.0225 0.1148 0.2355 0.3625 0.6391 1.1273 1.5218
3.90 0.0227 0.1158 0.2375 0.3656 0.6445 1.1364 1.5339
4.00 0.0229 0.1168 0.2395 0.3687 0.6498 1.1455 1.5458
4.10 0.0231 0.1178 0.2415 0.3717 0.6551 1.1545 1.5577
4.20 0.0233 0.1188 0.2435 0.3747 0.6603 1.1634 1.5693
4.30 0.0235 0.1197 0.2454 0.3777 0.6654 1.1722 1.5809
4.40 0.0237 0.1207 0.2473 0.3806 0.6705 1.1809 1.5924
4.50 0.0239 0.1216 0.2492 0.3836 0.6755 1.1895 1.6037
4.60 0.0241 0.1225 0.2511 0.3864 0.6805 1.1980 1.6149
4.70 0.0242 0.1235 0.2530 0.3893 0.6855 1.2064 1.6260
4.80 0.0244 0.1244 0.2548 0.3921 0.6903 1.2148 1.6370
4.90 0.0246 0.1253 0.2567 0.3949 0.6952 1.2230 1.6479
5.00 0.0248 0.1262 0.2585 0.3977 0.7000 1.2312 1.6587
5.10 0.0249 0.1270 0.2603 0.4004 0.7047 1.2394 1.6694
5.20 0.0251 0.1279 0.2621 0.4031 0.7094 1.2474 1.6800
5.30 0.0253 0.1288 0.2638 0.4058 0.7141 1.2554 1.6905
5.40 0.0255 0.1296 0.2656 0.4085 0.7187 1.2633 1.7010
5.50 0.0256 0.1305 0.2673 0.4111 0.7233 1.2711 1.7113
5.60 0.0258 0.1313 0.2690 0.4137 0.7278 1.2789 1.7215
5.70 0.0260 0.1322 0.2707 0.4163 0.7323 1.2866 1.7317
5.80 0.0261 0.1330 0.2724 0.4189 0.7368 1.2943 1.7418
5.90 0.0263 0.1338 0.2741 0.4215 0.7412 1.3019 1.7518
6.00 0.0264 0.1346 0.2757 0.4240 0.7456 1.3094 1.7617

Source: McBean & Rovers, 1998
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