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1 Native/labeled. 
2 Analysis of this pollutant is approved only for the Centralized Waste Treatment industry. 
3 Analysis of this pollutant is approved only for the Centralized Waste Treatment and Landfills industries. 

TABLE 6—ACID EXTRACTABLE COMPOUND CHARACTERISTIC M/Z’S 

Compound Labeled Ana-
log 

Primary 
m/z 1 

p-cresol 2 ............................................................................................................................................ d7 108/116 

m/z = mass to charge ratio. 
1 Native/labeled. 
2 Analysis of this pollutant is approved only for the Centralized Waste Treatment and Landfills industries. 

TABLE 7—ACCEPTANCE CRITERIA FOR PERFORMANCE TESTS 

EGD No. Compound 

Acceptance criteria 

Calibration 
verification 
sec. 12.5 
μg/mL) 

On-going 
accuracy 

sec. 12.7 R 
(μg/L) 

Initial precision and accu-
racy section 8.2 

(μg/L) 

Labeled 
compound 
recovery 

sec. 8.3 and 
14.2 P 

(percent) 
s 

(μg/L) X 

758 ....................... acetophenone 1 ........................... 34 44–167 .................... 85–115 45–162 
658 ....................... acetophenone-d 5

1 ...................... 51 23–254 45–162 85–115 22–264 
757 ....................... aniline 2 ....................................... 32 30–171 .................... 85–115 33–154 
657 ....................... aniline-d 7

2 .................................. 71 15–278 33–154 85–115 12–344 
771 ....................... o-cresol 1 ..................................... 40 31–226 .................... 85–115 35–196 
671 ....................... o-cresol-d 7

1 ................................ 23 30–146 35–196 85–115 31–142 
1744 ..................... p-cresol 2 ..................................... 59 54–140 .................... 85–115 37–203 
1644 ..................... p-cresol-d7

2 ................................ 22 11–618 37–203 85–115 16–415 
578 ....................... 2,3-dichloroaniline 1 ..................... 13 40–160 .................... 85–115 44–144 
1330 ..................... pyridine 2 ..................................... 28 10–421 .................... 83–117 18–238 
1230 ..................... pyridine-d 5

2 ................................ ns 7–392 19–238 85–115 4–621 

s = Standard deviation of four recovery measurements. 
X = Average recovery for four recovery measurements. 
EGD = Effluent Guidelines Division. 
ns = no specification; limit is outside the range that can be measured reliably. 
1 Analysis of this pollutant is approved only for the Centralized Waste Treatment industry. 
2 Analysis of this pollutant is approved only for the Centralized Waste Treatment and Landfills industries. 

[49 FR 43261, Oct. 26, 1984; 50 FR 692, 695, Jan. 4, 1985, as amended at 51 FR 23702, June 30, 1986; 
62 FR 48405, Sept. 15, 1997; 65 FR 3044, Jan. 19, 2000; 65 FR 81295, 81298, Dec. 22, 2000; 82 FR 40875, 
Aug. 28, 2017] 

APPENDIX B TO PART 136—DEFINITION 
AND PROCEDURE FOR THE DETER-
MINATION OF THE METHOD DETEC-
TION LIMIT—REVISION 2 

Definition 

The method detection limit (MDL) is de-
fined as the minimum measured concentra-
tion of a substance that can be reported with 
99% confidence that the measured concentra-
tion is distinguishable from method blank 
results. 

I. Scope and Application 

(1) The MDL procedure is designed to be a 
straightforward technique for estimation of 
the detection limit for a broad variety of 
physical and chemical methods. The proce-
dure requires a complete, specific, and well- 
defined analytical method. It is essential 
that all sample processing steps used by the 

laboratory be included in the determination 
of the method detection limit. 

(2) The MDL procedure is not applicable to 
methods that do not produce results with a 
continuous distribution, such as, but not 
limited to, methods for whole effluent tox-
icity, presence/absence methods, and micro-
biological methods that involve counting 
colonies. The MDL procedure also is not ap-
plicable to measurements such as, but not 
limited to, biochemical oxygen demand, 
color, pH, specific conductance, many titra-
tion methods, and any method where low- 
level spiked samples cannot be prepared. Ex-
cept as described in the addendum, for the 
purposes of this procedure, ‘‘spiked samples’’ 
are prepared from a clean reference matrix, 
such as reagent water, spiked with a known 
and consistent quantity of the analyte. MDL 
determinations using spiked samples may 
not be appropriate for all gravimetric meth-
ods (e.g., residue or total suspended solids), 
but an MDL based on method blanks can be 
determined in such instances. 
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II. Procedure 

(1) Estimate the initial MDL using one or 
more of the following: 

(a) The mean determined concentration 
plus three times the standard deviation of a 
set of method blanks. 

(b) The concentration value that cor-
responds to an instrument signal-to-noise 
ratio in the range of 3 to 5. 

(c) The concentration equivalent to three 
times the standard deviation of replicate in-
strumental measurements of spiked blanks. 

(d) That region of the calibration where 
there is a significant change in sensitivity, 
i.e., a break in the slope of the calibration. 

(e) Instrumental limitations. 
(f) Previously determined MDL. 
NOTE: It is recognized that the experience 

of the analyst is important to this process. 
However, the analyst should include some or 
all of the above considerations in the initial 
estimate of the MDL. 

(2) Determine the initial MDL. 
NOTE: The Initial MDL is used when the 

laboratory does not have adequate data to 
perform the Ongoing Annual Verification 
specified in Section (4), typically when a new 
method is implemented or if a method was 
rarely used in the last 24 months. 

(a) Select a spiking level, typically 2—10 
times the estimated MDL in Section 1. Spik-
ing levels in excess of 10 times the estimated 
detection limit may be required for analytes 
with very poor recovery (e.g., for an analyte 
with 10% recovery, spiked at 100 micrograms/ 
L, with mean recovery of 10 micrograms/L; 
the calculated MDL may be around 3 
micrograms/L. Therefore, in this example, 
the spiking level would be 33 times the MDL, 
but spiking lower may result in no recovery 
at all). 

(b) Process a minimum of seven spiked 
samples and seven method blank samples 
through all steps of the method. The samples 
used for the MDL must be prepared in at 
least three batches on three separate cal-
endar dates and analyzed on three separate 
calendar dates. (Preparation and analysis 
may be on the same day.) Existing data may 
be used, if compliant with the requirements 
for at least three batches, and generated 
within the last twenty four months. The 
most recent available data for method 
blanks and spiked samples must be used. 
Statistical outlier removal procedures 
should not be used to remove data for the 
initial MDL determination, since the total 
number of observations is small and the pur-
pose of the MDL procedure is to capture rou-
tine method variability. However, docu-
mented instances of gross failures (e.g., in-
strument malfunctions, mislabeled samples, 
cracked vials) may be excluded from the cal-
culations, provided that at least seven 
spiked samples and seven method blanks are 

available. (The rationale for removal of spe-
cific outliers must be documented and main-
tained on file with the results of the MDL 
determination.) 

(i) If there are multiple instruments that 
will be assigned the same MDL, then the 
sample analyses must be distributed across 
all of the instruments. 

(ii) A minimum of two spiked samples and 
two method blank samples prepared and ana-
lyzed on different calendar dates is required 
for each instrument. Each analytical batch 
may contain one spiked sample and one 
method blank sample run together. A spiked 
sample and a method blank sample may be 
analyzed in the same batch, but are not re-
quired to be. 

(iii) The same prepared extract may be 
analyzed on multiple instruments so long as 
the minimum requirement of seven prepara-
tions in at least three separate batches is 
maintained. 

(c) Evaluate the spiking level: If any result 
for any individual analyte from the spiked 
samples does not meet the method quali-
tative identification criteria or does not pro-
vide a numerical result greater than zero, 
then repeat the spiked samples at a higher 
concentration. (Qualitative identification 
criteria are a set of rules or guidelines for es-
tablishing the identification or presence of 
an analyte using a measurement system. 
Qualitative identification does not ensure 
that quantitative results for the analyte can 
be obtained.) 

(d) Make all computations as specified in 
the analytical method and express the final 
results in the method-specified reporting 
units. 

(i) Calculate the sample standard deviation 
(S) of the replicate spiked sample measure-
ments and the sample standard deviation of 
the replicate method blank measurements 
from all instruments to which the MDL will 
be applied. 

(ii) Compute the MDLs (the MDL based on 
spiked samples) as follows: 
MDLS = t(n ¥1, 1¥α = 0.99)Ss 

Where: 
MDLs = the method detection limit based on 

spiked samples 
t(n-1, 1¥α = 0.99) = the Student’s t-value appro-

priate for a single-tailed 99th percentile t 
statistic and a standard deviation esti-
mate with n-1 degrees of freedom. See 
Addendum Table 1. 

Ss = sample standard deviation of the rep-
licate spiked sample analyses. 

(iii) Compute the MDLb (the MDL based on 
method blanks) as follows: 

(A) If none of the method blanks give nu-
merical results for an individual analyte, the 
MDLb does not apply. A numerical result in-
cludes both positive and negative results, in-
cluding results below the current MDL, but 
not results of ‘‘ND’’ (not detected) commonly 
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observed when a peak is not present in 
chromatographic analysis. 

(B) If some (but not all) of the method 
blanks for an individual analyte give numer-
ical results, set the MDLb equal to the high-
est method blank result. If more than 100 
method blanks are available, set MDLb to 
the level that is no less than the 99th per-
centile of the method blank results. For ‘‘n’’ 
method blanks where n ≥ 100, sort the meth-
od blanks in rank order. The (n * 0.99) ranked 
method blank result (round to the nearest 
whole number) is the MDLb. For example, to 
find MDLb from a set of 164 method blanks 
where the highest ranked method blank re-
sults are . . . 1.5, 1.7, 1.9, 5.0, and 10, then 164 
× 0.99 = 162.36 which rounds to the 162nd 
method blank result. Therefore, MDLb is 1.9 
for n = 164 (10 is the 164th result, 5.0 is the 
163rd result, and 1.9 is the 162nd result). Al-
ternatively, you may use spreadsheet algo-
rithms to calculate the 99th percentile to in-
terpolate between the ranks more precisely. 

(C) If all of the method blanks for an indi-
vidual analyte give numerical results, then 
calculate the MDLb as: 
MDLb = X + tn¥1,1¥α = (0.99)Sb 
Where: 
MDLb = the MDL based on method blanks 
X = mean of the method blank results (use 

zero in place of the mean if the mean is 
negative) 

t(n¥1, 1α = 0.99) = the Student’s t-value appro-
priate for the single-tailed 99th per-
centile t statistic and a standard devi-
ation estimate with n¥1 degrees of free-
dom. See Addendum Table 1. 

Sb = sample standard deviation of the rep-
licate method blank sample analyses. 
NOTE: If 100 or more method blanks are 

available, as an option, MDLb may be set to 
the concentration that is greater than or 
equal to the 99th percentile of the method 
blank results, as described in Section 
(2)(d)(iii)(B). 

(e) Select the greater of MDLs or MDLb as 
the initial MDL. 

(3) Ongoing Data Collection. 
(a) During any quarter in which samples 

are being analyzed, prepare and analyze a 
minimum of two spiked samples on each in-
strument, in separate batches, using the 
same spiking concentration used in Section 
2. If any analytes are repeatedly not detected 
in the quarterly spiked sample analyses, or 
do not meet the qualitative identification 
criteria of the method (see section 2(c) of 
this procedure), then this is an indication 
that the spiking level is not high enough and 
should be adjusted upward. Note that it is 
not necessary to analyze additional method 
blanks together with the spiked samples, the 
method blank population should include all 
of the routine method blanks analyzed with 
each batch during the course of sample anal-
ysis. 

(b) Ensure that at least seven spiked sam-
ples and seven method blanks are completed 
for the annual verification. If only one in-
strument is in use, a minimum of seven 
spikes are still required, but they may be 
drawn from the last two years of data collec-
tion. 

(c) At least once per year, re-evaluate the 
spiking level. 

(i) If more than 5% of the spiked samples 
do not return positive numerical results that 
meet all method qualitative identification 
criteria, then the spiking level must be in-
creased and the initial MDL re-determined 
following the procedure in section 2. 

(ii) [Reserved] 
(d) If the method is altered in a way that 

can be reasonably expected to change its sen-
sitivity, then re-determine the initial MDL 
according to section 2, and the restart the 
ongoing data collection. 

(e) If a new instrument is added to a group 
of instruments whose data are being pooled 
to create a single MDL, analyze a minimum 
of two spiked replicates and two method 
blank replicates on the new instrument. If 
both method blank results are below the ex-
isting MDL, then the existing MDLb is vali-
dated. Combine the new spiked sample re-
sults to the existing spiked sample results 
and recalculate the MDLs as in Section 4. If 
the recalculated MDLs does not vary by more 
than the factor specified in section 4(f) of 
this procedure, then the existing MDLs is 
validated. If either of these two conditions is 
not met, then calculate a new MDL following 
the instructions in section 2. 

(4) Ongoing Annual Verification. 
(a) At least once every thirteen months, 

re-calculate MDLs and MDLb from the col-
lected spiked samples and method blank re-
sults using the equations in section 2. 

(b) Include data generated within the last 
twenty four months, but only data with the 
same spiking level. Only documented in-
stances of gross failures (e.g., instrument 
malfunctions, mislabeled samples, cracked 
vials) may be excluded from the calcula-
tions. (The rationale for removal of specific 
outliers must be documented and maintained 
on file with the results of the MDL deter-
mination.) If the laboratory believes the sen-
sitivity of the method has changed signifi-
cantly, then the most recent data available 
may be used, maintaining compliance with 
the requirement for at least seven replicates 
in three separate batches on three separate 
days (see section 2b). 

(c) Include the initial MDL spiked samples, 
if the data were generated within twenty 
four months. 

(d) Only use data associated with accept-
able calibrations and batch QC. Include all 
routine data, with the exception of batches 
that are rejected and the associated samples 
reanalyzed. If the method has been altered in 
a way that can be reasonably expected to 
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change its sensitivity, then use only data 
collected after the change. 

(e) Ideally, use all method blank results 
from the last 24 months for the MDLb cal-
culation. The laboratory has the option to 
use only the last six months of method blank 
data or the fifty most recent method blanks, 
whichever criteria yields the greater number 
of method blanks. 

(f) The verified MDL is the greater of the 
MDLs or MDLb. If the verified MDL is within 
0.5 to 2.0 times the existing MDL, and fewer 
than 3% of the method blank results (for the 
individual analyte) have numerical results 
above the existing MDL, then the existing 
MDL may optionally be left unchanged. Oth-
erwise, adjust the MDL to the new 
verification MDL. (The range of 0.5 to 2.0 ap-
proximates the 95th percentile confidence in-
terval for the initial MDL determination 
with six degrees of freedom.) 

ADDENDUM TO SECTION II: DETERMINATION OF 
THE MDL FOR A SPECIFIC MATRIX 

The MDL may be determined in a specific 
sample matrix as well as in reagent water. 

(1) Analyze the sample matrix to deter-
mine the native (background) concentration 
of the analyte(s) of interest. 

(2) If the response for the native concentra-
tion is at a signal-to-noise ratio of approxi-
mately 5–20, determine the matrix-specific 
MDL according to Section 2 but without 
spiking additional analyte. 

(3) Calculate MDLb using the method 
blanks, not the sample matrix. 

(4) If the signal-to-noise ratio is less than 
5, then the analyte(s) should be spiked into 
the sample matrix to obtain a concentration 
that will give results with a signal-to-noise 
ratio of approximately 10–20. 

(5) If the analytes(s) of interest have sig-
nal-to-noise ratio(s) greater than approxi-
mately 20, then the resulting MDL is likely 
to be biased high. 

TABLE 1—SINGLE-TAILED 99th PERCENTILE t STATISTIC 

Number of replicates 
Degrees of 

freedom 
(n¥1) 

t (n¥1, 0.99) 

7 ..................................................................................................................................................... 6 3.143 
8 ..................................................................................................................................................... 7 2.998 
9 ..................................................................................................................................................... 8 2.896 
10 ................................................................................................................................................... 9 2.821 
11 ................................................................................................................................................... 10 2.764 
16 ................................................................................................................................................... 15 2.602 
21 ................................................................................................................................................... 20 2.528 
26 ................................................................................................................................................... 25 2.485 
31 ................................................................................................................................................... 30 2.457 
32 ................................................................................................................................................... 31 2.453 
48 ................................................................................................................................................... 47 2.408 
50 ................................................................................................................................................... 49 2.405 
61 ................................................................................................................................................... 60 2.390 
64 ................................................................................................................................................... 63 2.387 
80 ................................................................................................................................................... 79 2.374 
96 ................................................................................................................................................... 95 2.366 
100 ................................................................................................................................................. 99 2.365 

III. Documentation 

The analytical method used must be spe-
cifically identified by number or title and 
the MDL for each analyte expressed in the 
appropriate method reporting units. Data 
and calculations used to establish the MDL 
must be able to be reconstructed upon re-
quest. The sample matrix used to determine 
the MDL must also be identified with MDL 
value. Document the mean spiked and recov-
ered analyte levels with the MDL. The ra-
tionale for removal of outlier results, if any, 
must be documented and maintained on file 
with the results of the MDL determination. 

[82 FR 40939, Aug. 28, 2017] 

APPENDIX C TO PART 136—DETERMINA-
TION OF METALS AND TRACE ELE-
MENTS IN WATER AND WASTES BY IN-
DUCTIVELY COUPLED PLASMA-ATOM-
IC EMISSION SPECTROMETRY METHOD 
200.7 

1.0 Scope and Application 

1.1 Inductively coupled plasma-atomic 
emission spectrometry (ICP–AES) is used to 
determine metals and some nonmetals in so-
lution. This method is a consolidation of ex-
isting methods for water, wastewater, and 
solid wastes.1–4 (For analysis of petroleum 
products see References 5 and 6, Section 
16.0). This method is applicable to the fol-
lowing analytes: 
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