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INTRODUCTION

The requirement to improve environmental
quality is a force that will shape the
national conscience as the decade unfolds.
This environmental awareness is creating a
generation of regulations that have as their
focus the restriction of chemicals at ever-
decreasing concentrations. The
concentrations of pollutants in many cases
are being regulated at the limit of
detection. This is especially true where
the regulations are driven by water quality-
based effluent limitations for toxic
organoleptic substances and toxins with
bioaccumulation factors over 250.

The Clean Water Act is being re-
authorized in 1992 and contains, in its
initial draft, provisions which prohibit the
discharge of eight chemicals. To have an
understanding of the basis of these
regulations, which require specific
pollutants to be absent or exist at extremely
low concentrations, and to be able to work
with agencies charged with their
enforcement, the metal finishing industry
needs to understand the concept, definition,
and use of the Limit Of Detection (LOD).

The concept of LOD is a very important
and unusual issue in environmental
regulation because it moves the work of
the analytical laboratory below the level of
quantitation and into an imprecise area
where an analyte can be detected but the
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exact amount of that analyte cannot be
precisely measured. This provides an
opening for many regulatory schemes
based on perception vice fact. Analytes
measured at detection are generally
reported in the parts-per-billion (ppb) or
parts-per-trillion (ppt) range in complex
matrices. This low level detection in itself
presents unique difficulties for the
analytical iaboratory. In addition, LOD is
a confusing concept because there are
many definitions of it. Many of these
definitions have been misused and
intermingled with each other, This has
caused unnecessary difficulties in creating
environmental statutes, in interpreting that
legislation, and in equitably enforcing
those laws. Semantics can further
complicate matters in that sometimes zero
discharge is used in place of LOD
terminology, or the terms are used
interchangeably.

Three major agencies provide direction and

~ definition in detection limit discourse,

They are the American Chemical Society
(ACS), the International Union of Pure and
Applied Chemistry (IUPAC), and the
United States Environmental Protection
Agency (EPA). The definitions of Limit
of Detection (LOD), Limit of Quantitation
(LOQ), Method Detection Limit (MDL),
and Practical Quantitation Limit (PQL),
their basts, and the intended use of each
methodology will be developed and
analyzed in this paper.
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TUPAC/ACS METHODOLOGY

As a response to the confusion that existed
in academia and the chemical literature
regarding numerous and conflicting data on
detection limits, the IUPAC adopted a
mode] for these calculations in 1975 (1).
The ACS Subcommittee on Environmental
Analytical Chemistry reaffirmed this
standard in 1980 (2). The IUPAC
definition of 1975 states:

The limit of detection expressed as a
concentration, ¢,, is derived from the
smallest signal, x,, that can be detected
with reasonable certainty for a given
analytical procedure (1).

However, analysts have been slow to adopt
the ITUPAC/ACS methodology, and this has
necessitated additional symposia and
committee reports to reaffirm the preferred
method for determining the detection limit
(3,4).

The limit of detection is a statistical
concept that is intended to reflect the
magnitude of unavoidable random
fluctuations in measurements at low analyte
concentrations. The detection limit of an
analytical procedure is a number expressed
as the lowest concentration of an analyte
that can be distinguished with reasonable
statistical confidence from a field blank.
The blank is a hypothetical sample
containing zero concentrations of the
analyte (5).

The entire ACS procedure is based upon
blank measurements and the calculation of
the standard deviation of those
measurements. The blank used most often
1s reagent grade water or a solvent of
interest that is both reproducible and
controllable. The detection limit is
estimated from the response or signal of an
instrument to the blank, but is usually
reported in terms of concentration or mass.

The conversion of signal output to
concentration limits is accomplished with
the analytical calibration curve. Most
analytical methods require the construction
of an analytical calibration curve for the
determination of unknowns. The
relationship between signal and
concentration is provide by the calibration

- curve shown in Figure 1.
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Figure 1. Analytical calibration curve of
signal, x, vs. concentration, c.

The analytical calibration relationship can
be expressed as a)
X=mc+ i

where m = slope or analytical sensitively
1 = intercept
The functionality between x and ¢ can be

obtained by performing a linear regression
analysis on the data which generates the



calibration curve. The ability to solve
accurately for concentration, ¢, 1s
dependent upon how well the sensitivity
and intercept are known. When the
calibration curve is obtained in the linear
response region of the method and the
number of data points used in the
construction of the calibration curve is
maximized, the values of m and i will be
better defined.

The amount of error associated with a
measurement of signal, x, can be
statistically estimated. If a large number
of observations are made and the results
are plotted versus the frequency of
occurrences, a normal error curve will
result. The population mean value of the
response, u, occurs at the center of the
gaussian curve which is symmetrical about
the mean. The population standard
deviation, o, defines the width of the curve
from the mean. The curve is shown in
Figure 2 and is given by the formula: @)
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For an infinite set of data, the curve 1s
characterized by the mean and standard
deviation. For a finite set of data, u and o
are approximated by the arithmetic mean,
X and the standard deviation, S. These
two parameters are given by the following
formulas:

T x, 3)
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where
n = the total number of finite data points
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Figure 2. Normal distribution curve for a
measured variable, x, with standard
deviation, o, and mean of p.

Since this curve includes all values of x,
the area under the curve can be expressed
in terms of probability that a measured

~value would fall somewhere under the

curve. The relationship between area and
probability can be measured to estimate the
chance that a newly measured x value, xg,
would be a certain number of standard
deviation units away from the mean
response.

The specifics of the ACS methodology for
the calculation of LOD will be useful in
further explaining the relationship of the
normal distribution of data with
calibration curves that the data generates.
The ACS LOD is calculated as follows:

-



The concentration, ¢,, which corresponds
to the smallest discernable analytical
signal, x,, is written as:

(x, - x,) ®

m

Because the mean blank reading, X,, is not
always 0, the signal must be background
corrected (x, - X,). By substituting
Equation 5 into Equation 6.

kS )
L= =2

If k = 3 (3 standard deviations), which
allows for a confidence level of 99.86%
that the signal developed by the analyte
will be very much larger than the average
signal calculated from replicate blank
determinations, then

CL=—=LOD (8)

¢, is a true reflection of the limit of
detection when m is well defined and i is
essentially zero. Equation 8 is the ACS
definition of limit of detection. The
selection of three standard deviation units
(k=3) 1s the choice of the society to insure
that the smallest discernible anatytical
signal, x,, can be measured and is not
caused by random fluctuations of the blank
signal.

The key features of ACS LOD analysis
are:

1. Multiple replicate blanks;
2. Blank measurement devoid of analyte;

»

Blank must be reproducibie;
Non-iterative process;

. Calibration curve required to calculate
the slope and thus derive the LOD.

S

There are other approaches to calculating
¢, values which are similar to the
IUPAC/ACS model in that S, and k factors
are involved. However, some authors
have recommended other values of k which
significantly alters the resuitant value of

¢, (7). Thus, when other limiting
concentrations are reported as the detection
limit but the confidence level k is different,
obviously confusion results. It is for this
reason that the JUPAC and ACS have
recommended that x, be reported in all
literature with their k value, x, (k=3). It
would be very helpful to add the next
logical step and include the k values when
¢, values are reported, ¢, (k=3) (5).

Another source of confusion in the
literature compounding the LOD anomalies
is the use of multiple standard deviations.
The standard deviation of the mean,
standard error of the mean, (8) the pooled
standard deviation of the mean, S,, (9,10)
or the relative standard deviation, RSD,
(9,11) have been used by various authors.

Each of these standard deviation

. expressions is important and has its place

in analytical chemistry. However, the use
of these expressions in calculating ¢, may
result in significant deviations from the
TUPAC/ACS model and further complicate
the reporting of a consistent LOD.

LIMIT OF QUANTITATION

The LOD is designed to statistically
separate the blank measurement signals
from the true analyte signals. As such, it
is an analytical concept which provides
information refarding the detect/no detect

decisions. It is not a value which has
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quantitative analytical significance.
Several authors have recognized the need

to define a "minimum working
concentration” which is an elevated
concentration of analyte that provides
analytical certainty of quantitation (2,12).
The idea behind these higher limits is that
the analyte can be determined with a
reasonable degree of precision when
present at levels significantly above its
LOD.

When the analyte concentration increases
as the analyte signal increases above its
smallest detectable signal, x,, a minimum
criterion representing the ability to quantify
the sample can be established reasonably

far away from the average signal calculated
from replicate analysis of the blank, x,.
This criteria is called the Limit Of
Quantitation.

For limit of detection work, LOQ is
defined by the ACS as 10 standard
deviations away from the x, (2). Samples
that are measured having a signal, x,
where x > 108, are termed to be in the
region of quantitation. Samples having a
signal, x, where 10S,> x > 38, are termed
in the region of detection. Samples having
a signal where x <3S, are not detectable.

This may be shown graphically as:
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FIGURE 5. Relationship of LOD and LOQ to signal strength.



METHOD DETECTIQN LIMIT

In the real world, the requirement to
calculate a detection limit based on a field
blank presents an enormous problem. The
chemical background in which regulated
potlutants exist is most often complex.
The matrices which provide the
background for practical detection limit
work are commonly municipal sewerage,
effluent from complex industrial
operations, the outfall from domestic
sources with its bewildering array of
consumer preducts, and land run-off. To
create a blank which duplicates such
matrices and could be used with the ACS
LOD methodology (devoid of analyte) is a
chemical problem of enormous
proportions. Therefore, for pragmatic
reasons, a detection limit procedure was
developed which focuses on an operational
definition of detection limit. This
procedure, adopted by the United States
Environmental Protection Agency (EPA),
is the Method Detection Limit (8,13).

The MDL is a procedure whereby the limit
of detection is established with the analyte
of concern in a complex matrix. The
procedure establishes a relationship
between detectability and analytical
precision, i.e. an indicator of the
reproductibility of a determination. This
method is very different from ACS
methodology, where the chemistry of the
blank in a relatively simple or reproducible
matrix is used as the basis for detection.
The method detection limit refers to
samples processed through all the steps
comprising an established analytical
procedure. The emphasis in the MDL
approach is on the operational
characteristics of the definition. The MDL

1s considered meaningful only when

the method is in the detect mode, i.e.. the

analyte must be present (8).

The EPA defines the Method Detection
Limit as

"the minimum concentration of a
substance that can be measured and
reported with 99% confidence that the
analyte concentration is greater than zero
and is determined from replicate analysis
of a sample in a given matrix containing
the analyte" (13).

The MDL can be presented as an error
distribution. The definition of MDL
implies that on an average, 99% of the
trials measuring the analyte concentration
at the MDL must be significantly different
from zero analyte concentration. The
assumptions implicit in the methodology
are that the error distribution associated
with the analytical measurement has a
homogeneous variance, is normally
distributed, and that the variability as
measured by the standard deviation is a
function of the concentration being
measured. The exact mathematical
definition of MDL is

MDL = S (t, ,) 9)

where
S = standard deviation of all replicate
measurements of analyte in the matrix of
interest. S is defined as in equation 4.

(t.,) = "Students t" distributions for
99% confidence level for n-1 degrees of
freedom.

This may be depicted graphically as in
Figure 6.
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Figure 6. Method Detection Limit, MDL,
depicted as an error distribution where S(t,
) is selected for 99% confidence that MDL
>0. (13)

The exact methodology for MDL
determination is listed in several
references. ®'* 1t is a method which
establishes a relationship between
detectability and analytical precision based
on an iterative process for analyzing the
analyte in a given matrix. Itisa
procedure which was developed for
applicability to a broad variety of physical
and chemical methods including reagent
grade water as the analyte or matrix
change. It does require a complete and
well defined analytical method. Because
the MDL will vary as the analyte or matrix
change, it is site specific.

To determine MDL, the analyst must
perform at least seven aliquots of sample
which may have been spiked from one to
five times of an estimated MDL level
(knowledge of the analyst and methodology

is a key to this parameter). The final
calculated MDL of the replicate analysis is
then compared to the original estimate to
determine its reasonableness. If the result
fails, the iteration begins again with a new
estimate of MDL.

The specifics of the EPA methodology for
the MDL calculation wili be useful in
explaining the relationship between
operational data and the limit of detection.
The MDL procedure is summarized as
follows:

1. Make an estimate of the detection limit.
This estimate is dependent on the
experience of the analyst. It is based
on any of the following estimates:

a. 2.5 - 5.0 times the instrument
signal to noise ratio;

b. 3 times the standard deviation of
replicate analysis of the analyte in
reagent grade water;

c. that region of the standard
calibration curve that exhibits a
significant change of sensitivity;

d. instrumental limitations.

2. Analyze the sample in the matrix of
interest. If the result is less than the
estimated level (i.e. no detect), spike
the unknown with analyte to bring the
level of analyte between 1 and 5 times
the estimated detection limit. If the
sample result is within 1-5 times the
estimated detection limit, proceed to
step 3. If the sample is greater than 5
times the estimated detection limit,
there are two options:

a. obtain a sample with a lower level
of analyte;

b. the sample may be used if the
anaiyte level is not greater than 10
times the MDL of the analyte in
reagent grade water. The variance
of the analytical method changes as
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the concentration changes.
Therefore, as the concentration
moves away from lower levels, the
MDL may not truly reflect the
variance at lower analyte levels.

Take a minimum of seven aliquots of
the sample and analyze through the
entire analytical procedure. If a blank
measurement is required by the
analytical procedure, obtain a separate
blank for each sample aliquot.

Calculate the standard deviation S,as in
equation 4, and variance S* as

2 ix %)? (10)

n-1

52 =

Compute the MDL as with Equation 9.

If the calculated MDL is within 1 - 5§
times the estimated MDL, the value is
the detection limit for that procedure in
the matrix of interest. Compute the
95% confidence interval estimates for
the MDL. The lower confidence limit
equals (.64)(MDL) and the upper
confidence limit equals (2.20) (MDL).
These confidence limits are derived
from percentiles of the chi-square
distribution (a non-normal distribution).

. If the calculated MDL is not within 1 -

S times the estimated MDL., use this
calculated value as a new estimate of
MDL. Spike the analyte into 7 new
aliquots at the level of the estimated
MDL and proceed with step 3 - step 6.
If this second calculated value is within
1-5 times the estimated MDL, the
procedure is complete. If not, use the
second calculated MDL as the estimate
for the next iteration of detection limit,
The iterations continue until the
calculated MDL falls within 1-5 times
the estimated MDL.

When the detection limit is calculated, a
new aliquot is spiked at 1 -2 times the
calculated MDL. This sample is run
through the analytical procedure and the
percent recovery 1s calculated. A
recovery of greater than 75% is
generally accepted as evidence of a
useable MDL.

There are limitations to the MDL
procedure which must be recognized so
that analysts, engineers and regulators can
understand the basis of the methodologies
they are using in regulations. These
limitations are:

1.

The basic assumption of MDL that
precision is indicative of detectability
may not always be applicable;

The procedure does not take into
account the effects of poor accuracy
(bias). It is possible to be very precise
without being accurate;

. Precision is not entirely independent of

concentration; the concentrations chosen
for an MDL study can make a
difference in the MDLs obtained;

. The procedure warns that it may be

necessary to determine a lower
concentration of analyte that will result
in a lower MDL, but provides only
limited help in estimating this lower
level via the two aliquot process and re-
estimating the MDL,;

. The most significant objection to MDLs

is one for which the procedure is not to
be blamed. Most laboratories tend to
perform MDL determinations with
replicates in reagent grade water, thus
disregarding the effect of complex
matrix components. When the MDL is
determined under these conditions, the
value obtained is one that ni

considered achievable by the laboratory
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under the most favorable circumstances.

It is the detection limit of the "perfect
sample” (14). These MDLs are used

by individual laboratories to determine
the laboratory specific minimum
detection capabilities. Laboratories
have an obligation to identify that these
idealized detection limits are performed
on reagent grade water.

The EPA has derived and published MDLs
for a number of methods and substances in
reagent grade water (15,16,17), but it
acknowledges that those values will vary
depending on both instrument sensitivity
and matrix effects (15,17). As such it
states that these published "idealized”
MDLs should never be used as a basis for

setting regulatory compliance (18).
Several authors and members of the

regulated community have expressed
concern and frustration with the use of
MDL values obtained under ideal situations
as the basis of regulation and their non-
achieveability in real world matrices
(19,20,21). It is important to realize that
these limits are not to be used as the basis
of regulation. Some value greater than
those must be selected so as to account for
interference incumbent in complex
matrices.

An additional and equally important reason
for not using these MDLs is the question
of false positives. By definition of the
MDL, there is a 1% chance that a
measurement of an effluent will be greater
than the MDL. That is, if 100
measurements are made on blanks which
are devoid of analyte, one detect is
expected. There is a statistical variability
on the 100 measurements in that there may
be no detect or two or more. The chance
of getting no detects out of 100
observations is 0.99' = 0.36 or 36%.
The complementary probability of getting
at least one detect is 100 - 36 = 64%.
Thus , there is a 64 % probability that the

10

blank effluent will be declared in violation
by the time 100 tests have been made on
the effluent (22). The risk of being
declared in violation when in fact the
effluent is in compliance associated with a
set of 100 samples is 64%. As the sample
size increases, the discharges risk also
increases and approaches 100%. What this
means is that eventually even blank
effluent will be declared in violation. It is
only a matter of time and number of
samples collected!

PRACTICAL QUANTITATION LIMIT

The MDL is matrix, laboratory,
instrument, and analyst (for certain
methodologies) specific (18,23). As such,
it does not provide a useful measure of
limit of detection which allows qualified
laboratories to communicate, The MDL is
not a measure of an analyte which has
quantitative significance. It is a litmus test
of detection, not quantitation. Because of
a need to provide a more workable
detection limit method between
laboratories, the EPA has defined a
Practical Quantitation Level (PQL). The
EPA defines this term as:

"The lowest level that can be reliably

. achieved within specified limits of
precision and accuracy during routine
laboratory operating conditions is the
Practical Quantitation Level (PQL). The
PQL thus represents the lowest level
achievable by good laboratories within
specified limits during routine laboratory
operating conditions. The PQL is
determined through inter-laboratory
studies. Differences between MDLs and
PQLs are expected since the MDL
represents the lowest achievable level
under ideal laboratory conditions whereas
the PQL represents the lowest achievable
level under PRACTICAL and routine
laboratory conditions.



If data are unavailable from inter-
laboratory studies, PQLs are estimated
based upon the MDL and an estimate of a
higher level which would represent a
practical and routinely achievable level
with relatively good certainty that the
reported value is reliable” (24).

The basis for setting PQLs is:

Quantitation;

Precision and accuracy;

Normal operations of a laboratory;
The fundamental need in a compliance
monitoring program to have a
sufficient number of laboratories
available to conduct analysis.

RSN USRS R

The PQL is analogous to the LOQ as
defined by the American Chemical Society
in that both define the concentration of an
analyte above which is the region of
quantitation and below which is the region
of less certain quantitation. The PQL is a
real world number which has analytical
significance, whereas the MDL is a
measure of the detect/no detect decision
under controlled ideal research-type
conditions. The difference between PQL
and LOQ is that the PQL 1s an inter-
laboratory concept while the LOQ is
specific to an individual laboratory. The
EPA developed the PQL concept to define
a measure of concentration that is time and
laboratory independent for regulatory
purposes. The LOQ and MDL, although
useful to individual laboratories, do not
provide a uniform measurement of
concentration that could be used to set
standards (18).

PQLs are estimated from the MDL when
inter-laboratory data is lacking. The
working quantitation limit may therefore be
written as ‘a1)

PQL = (F)(MDL)

where F is a multiplier to represent matrix
difficulties. The multiplier applied to the
MDL must reflect interferences in the
background matrix which will affect inter-
laboratory bias of the analytical
methodology. As the background matrix
grows more complex, the factor must grow
larger. That is to say, the multiplier is
highly matrix dependent (17). Sample
factors provided by the USEPA and others
are:

MATRIX TYPE FACTOR, F
Drinking Water (23) 5-10
Ground Water (17) 10
Waste Water to POTW (26) 13

Water Miscible Liquid Waste (17) 500

OTHER METHODOLOGIES

The ACS and EPA methodologies are not
the only methods in use to calculate
detection limits, A graphical approach is
used which expresses the slope, m, as a
confidence interval, m % t_Sp,,where Sp;
is the standard deviation of the slope and
t, is a t distribution value chosen for the
desired confidence level, « and the degrees
of freedom, v(5). The insertion of this
interval into Equation 7 produces

kS, (12)

¢, = ——————
L
mzt, S,

The effect of this inclusion is to bracket
the slope of the analytical calibration curve
with error bars which provide a maximum
and minimum slope. These will provide
detection levels for ¢y at reduced
sensitivity, cg,and increased sensitivity.
Generally only the larger value of
concentration cRis reported as the limit of
detection. This can be shown graphically
in Figure 7. = ’
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Figure 7. Graphical approach to the limit
of detection calculation using the analytical
calibration curve of signal, x, and
concentration, ¢. The detection limit at
reduced sensitivity, c; is shown.

In an additional approach, the error in the
intercept, i, as well as the slope, m, is
considered. This method, the propagation
of errors approach, considers the
contribution of each term to the total error;
a complete discussion of this method can
be found in reference 5.

Finally, Instrumental Detection Limits
(IDL) are often used in the literature. They
are provided by analysts who develop new
or modified instrumentation for trace
analysis (4). The IDL are most often
defined in terms of standard deviation of
measurements of the blank usually with the
value of k = 2. The blank used is not a
field blank containing some matrix, but
simply the solvent in which the sample is
presented to the instrument. The IDL has
value when viewed as a rapid way of
comparing instruments which are
constantly evolving in their ability to detect

12

trace amounts of analyte. A caution is
needed with the use of IDL. These limits
in relation to practical analysis are
unrealistically low. These results often
cannot be matched in practical application
outside of the idealized laboratory setting.

EMERGING EPA METHOD IES
In late 1991, the EPA presented at the
American Water Works Association Water
Quality Technology Conference revised
definitions of detection limits. These
definitions which are proposed to replace
MDL and PQL were first presented and
discussed by Keith (27). PQLs have been
criticized for lacking a strong technical
basis since they are derived by the
application of a multiplication factor to
MDL (28). The main critical emphasis
centers on:

1. The use of the word "limit as a
misnomer;

2. The use of a 99% confidence level is
inappropriate. Higher confidence levels
are required;

3. The questions of false positives;

4. The use of zero as an arbitrary
reference point.

The revised definitions for low-level
analysis are Method Detection Level
(MDL ", Reliable Detection Level (RDL)
and Reliable Quantitation Level (RQL).
The intent of these definitions is to provide
a consistent set of rules that reflect the
operations necessary to provide realistic
low level analytical results for both
regulators and those regulated. These
definitions need to be broad to cover a
large spectrum of environmental situations.
It will also be advantageous to have a set
of definitions which would receive broad



acceptance within the scientific and
regulatory community. The new
definitions have been drafted so that they
will provide clearer definitions, provide
definitions with accompanying
recommendations, provide definitions with
accompanying usage guidance, and provide
clearly interreiated terms.

The proposed revisions to method detection
limit will:

1. replace "limit" with "level";

2. accommodate both zero and background
signals of an analyte as a reference

point;

3. accommodate statistically variable
confidence levels that may be used as a
basis for estimating the probability of
eliminating false positive detections;

4. take a representative matrix into
consideration when making analytical
measurements; and

5. provide guidance on use and limitations
of certainty in individual measurements.

The MDL' is defined as:

The lowest concentration at which
individual measurement results for a
specific analyte are statistically different
from a blank (that may be zero) with a
specified confidence level for a given
method and representative matrix. An
intralaboratory MDL' estimate
represents the average detection
capability of a single laboratory for a
specific analyte method and matrix at a
given point in time. An interlaboratory
MDL ' estimate represents the method
detection capability for a specific
analyte and specific matrix determined
in more than one laboratory (28).
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The RDL is defined as :

For a given MDL ', method and
representative matrix, a single analysis
should consistently detect analytes
present at concentrations equal to or
greater than the RDL. When sufficient
data are available, the RDL is the
experimentally determined
concentration at which false negative
and false positive rates are specified.
Otherwise, the RDL is the
concentration which is twice that of the
Method Detection Level (RDL = 2 x
MDL ). The RDL is the
recommended lowest level for
qualitative decisions based on individual
measurements and it provides a much
lower statistical probability of false
negative determinations than the MDL
(28).

The RQL is the recommended lowest level
for quantitative decisions based on
individual measurements for a given
method and representative matrix. The
RQL is the concentration which is two
times the Reliable Detection Level (RQL
= 2 x RDL). This recognizes that the
RDL estimates produced at different times
by different operators for different
representative matrices will not often

~exceed the RQL (28).

The EPA has published these draft
regulations in the June 1992 edition of the
Federal Register. It is important to note
that these are draft regulations and as such
are subject to change. However, during an
ACS sponsored environmental symposium
entitled "Regulatory Problems and
Solutions with Method Detection Limits"
(April 6, 1992), there was overwhelming
support for a change from the current
method detection limit definition to those
identified above.

Y
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CONCLUSION

As regulations develop in the present
decade, the trend toward ever more
stringent numerical standards is clear.
Analytical variability, if not adequately
understood and appropriately defined, can
exacerbate the compliance obligation and
regulatory burdens of both the regulator
and regulated community. It is important
for the metal finishing industry to be
knowledgeable in the definition and
application of detection limit methodologies
since they are becoming increasingly more
common in its industrial regulations.
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